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We have p rev ious ly  r epor t ed  the isolat ion of an antibiotic f rom the cul ture  fluid of ac t inomycete  No. 
6604-9 ass igned  to a new spec ies  Act. o l ivovar iab i l i s  sp. nov. Continuing a study of the metabol ic  p r o d -  
ucts  of this  cul ture ,  we have obtained another  new antibiotic,  which we have cal led v a r i a m y c i n  (No. 6604- 
9A). 

Var i amyc in  with the composi t ion Cs2H76024, is  a yellow substance  readi ly  soluble in the lower  a l co -  
hols and in e s t e r s  and m o d e r a t e l y  soluble in water .  The antibiotic p o s s e s s e s  a cons iderable  act ivi ty  
agains t  G r a m - p o s i t i v e  and ac id - sens i t ive  b a c t e r i a . t  Below we give the an t imierobia l  spec t rum of v a r i a -  
mycin.  

Name of the test organism MBC, /ag/ml 
Staph aureus 209 P 0,06 
Str. pyogenes 0,06 
Str. Iaecalls 1,00 
Bac. subt|lls 1,00 
Bae. anthracoldes 0.06 
Cot. diphtherlae 0,16 
E. colt 675 50 
Ps. aeruglnosa 50 
Proteus vulgarls 100 
M. phlel 0,63 
Candlda albicans 50 

The ac t iv i ty  of the ace ta te  of the antibiotic with r e s p e c t  to G r a m - p o s i t i v e  bac te r ia  was approx imate ly  100 
t imes  lower  than that  of the init ial  substance.  

On compar ing  the p r o p e r t i e s  (pa r t i cu la r ly  the spec t r a l  cha r ac t e r i s t i c s )o f  va r i amyc in  and i ts  a c e -  
tate with the p rope r t i e s  of subs tances  having the s ame  an t ibac te r ia l  ac t iv i ty  desc r ibed  in the l i t e r a tu re ,  
a s i m i l a r i t y  was obse rved  between our antibiotic and aureo l ic  acid (mythramycin)  [3, 4]. The two an t i -  
biotics we re  s i m i l a r  in chromatograph ic  behavior  in va r ious  solvent  sys t ems .$  

We c o m p a r e d  the products  of the acid degradat ion of va r i amyc in  and of aureol ic  acid. I t  i s  known 
[5] that  the acid hydro lys i s  of this acid, depending on the conditions, f o r m s  the aglycone chromomycinone  
(I) and d ideoxysugars  [oliose (II), ol ivose (HI), and D - m y c a r o s e  (IV)] and a lso  the t e t r aos ide  (V) (see 
Scheme).  

F r o m  the products  of the comple te  acid hydro lys i s  of va r i amyc in  we i so la ted  the aglycone of the 
antibiotic,  which was identified by d i r ec t  compar i son  with an authentic sample  of chromomycinone  (I). We 
obtained the l a t t e r  f r o m  aureol ic  acid by the method desc r ibed  by Bakhaeva e t  al.  [5]. 

In a ch romatograph ic  study of the hydro lysa te s  of va r i amyc in ,  i t  was found that  the molecule  of the 
antibiotic contains,  in addition to chromomycinone ,  the res idues  of th ree  deoxy sugars ,  two of which, f r o m  

* F o r  a p r e l i m i n a r y  communicat ion,  see  [1]. 
~" The determin}t ion of the an t imicrob ia l  spec t rum of va r i amyc in  was p e r f o r m e d  by P. S. Braginskaya .  

Samples  of m y t h r a m y c i n  were  kindly given to us by M. N. Kolosov, Corresponding M e m b e r  of the Acad-  
e m y  of Sciences  of  the USSR, and by Prof .  S. M. Navashin.  
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the i r  ch romatograph ic  mobi l i t ies ,  a re  identical  with o l iose  (II) and ol ivose (III), while the third di f fers  
f rom m y c a r o s e  (IV); we have cal led i t  va r iose .  The par t ia l  hydro lys i s  of va r i amyc in  fo rms  a substance 
which was identical  on d i rec t  compar i son  with the t e t r aos ide  (V).* This shows the p r e s e n c e  in the m o l e -  
cule of the antibiotic of a f r agmen t  consis t ing of chromomyeinone,  one res idue  of oliose (II), and th ree  
res idues  of ol ivose (~I). Since the difference between the molecu la r  weight of va r i amye in  (1084) and that 
of the t e t r aos ide  f r agmen t  (923) is  comparab le  with the mo lecu l a r  weight of a single sugar ,  i t  may  be a s -  
sumed that the molecule  of the antibiotic contains one va r i o se  res idue.  

H HO ~ M e  

MeO y ' ~ O  HO Oil "~ .:°z: \ 

As a l ready  mentioned, va r io se  and m y e a r o s e  have different  chromatographic  mobi l i t ies .  Unlike 
m y e a r o s e  [61, v a r i o s e  is  not oxidized by sodium metaper ioda te  and, consequently,  does not contain vieinal  
diol groupings.  The p r e s ence  in the s t ruc tu re  of va r i amye in  of a va r io se  res idue  fi~ndamentally dis t in-  
guishes the antibiotic that  we have i so la ted  f rom the otherwise  s im i l a r  aureol ie  acid (mythramyein) .  

I t  follows f r o m  what has been said that  va r i amyc in  is  a new antibiotic of the aureol ie  acid group 
which has not been descr ibed  previous ly .  

E X 2 E R I M E N T A L  

The subs tances  were  i so la ted  and analyzed by column and th in - l ayer  ch romatography  (in a nonfixed 
layer)  on type hydra ted  si l ieie acid s i l ica  gel, using the following solvent sy s t ems :  1) c h l o r o f o r m - m e t h -  
anol (9 : 1), and 2) b e n z e n e - a c e t o n e  (1 : 1). 

The UV spec t r a  were  r e e o r d e d o n a n  SF-4A spee t ropho tomete r  (methanol), the IR spec t r a  on a Ze i s s  
UR-10 ins t rument  (mulls with paraff in  oil), and the NMR spec t rum on a Varian HA-100 s p e c t r o m e t e r  (in 
CDCI3). Substances were  shown to be identical  by compar ing  the i r  mel t ing  points,  specif ic  rotat ions,  and 
IR, UV, and N1VIR spec t ra .  The analyses  of all  the compounds cor responded  to the calcula ted f igures .  

P repa ra t ion  of Var iamyein .  The deep fermenta t ion  of the antibiotic was p e r f o r m e d  by cultivating 
Act. o l ivovar iabi l i s  at 26-28°C for  130-140 h in an appara tus  with a capaci ty  of 100 l i t e r s  on a medium 
with the composi t ion (%): soya flour 2.0; s t a rch  2.0; glucose 2.0; CaCO 3 0.5; (NH4)2SO 4 0.4; K2HPO 4 0.04. 

After  the end of fermenta t ion,  the myce l i a  were  f i l te red  off, and the f i l t ra te  (~ 30 l i ters)  was ac id i -  
fied with 10% HC1 to pH 2-2.5. The act ive substance was ex t rac ted  th ree  t imes  with ethyl aceta te ,  and the 
combined ex t rac t s  were  r e - e x t r a c t e d  with 5% aqueous NaHCO 3 solution. The r e - e x t r a c t  was acidified as 
descr ibed  above, and the antibiotic was ex t rac ted  with ethyl aceta te .  The ex t rac t  was washed with sa tu-  
ra ted  NaC1 solution, dr ied over  Na2SO4, and evapora ted  in vacuum to 0.1 of i ts  or iginal  volume,  and the 
concentra te  was t r ea t ed  with a fivefold volume of pe t ro leum ether  (bp about 69°C). The res idue  (3.5 g) 
was dissolved in a smal l  amount of mix tu re  1 and t r a n s f e r r e d  to a column (55 × 500 ram). Elution was 
p e r f o r m e d  with the s ame  mixture .  The f rac t ions  col lected (100 ml  each) were  analyzed by th in - l ayer  
ch romatography  in mix tu re  1. The f rac t ions  containing the va r i amye in  were  combined and evapora ted  to 
d ryness  in vacuum, and the res idue  was dissolved in a smal l  amount of methanol  and chromatographed  in 
a thin l aye r  in mix ture  1 (plate dimensions 13 × 18 cm; amount deposited 30 rag). 

The product  was eluted f rom the zone with Rf 0.5-0.6 with methanol ,  the eluate was evaporated,  and 
the res idue was twice c rys ta l l ized .  The antibiotic obtained gave a single spot on ch romatography  in a thin 
l ayer  in m ix tu r e s  1 and 2, and a lso  on pape r  in the solvent mix ture  b e n z e n e - a c e t i c  a c i d - w a t e r  (4 : 5 : 1) 
[7] (500 ~g). The composi t ion of va r i amyc in  is  C52H76024, mp 162-165°C (ethyl a c e t a t e - h e x a n e ) ;  [~]~ 
- 4 2 - 2  ° (c 0.5; ethanol). UV spec t rum (in methanol) ,  Xmax, rim: 230, 280, 317, 330 (shoulder),  412 (log 
4.27, 4.61, 3.81, 3.74, 3.94). IR spec t rum,  cm- l :  915, 1010, 1070, 1120, 1170, 1520, 1590, 1640, 1730, 

* A sample of the tetraoside (V) was kindly given to us by I. V. Yartseva (Institute of the Chemistry of 
Natural Compounds). 
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3400-3450. The equivalent  weight de te rmined  by poten t iomet r ic  t i t ra t ion  with 0.1 N methanol ic  NaOH so-  
lution in a mix tu re  of benzene and methanol  (1 : 1) was t073 ~ 50. 

Acetylat ion of Var iamycin .  A mix tu re  of 0.3 g of va r i amyc in ,  2 m l  of d ry  pyridine,  and 3 m l  of a c e -  
t ic anhydride was kept  at 20°C for  72 h, a f t e r  which the solution was poured  into cold wate r .  The react ion  
product  was ex t r ac t ed  with ch loroform,  and the ex t r ac t  was washed with 5% solutions of NaHCO s and HC1, 
and with water .  The res idue  a f t e r  the evaporat ion of the dr ied ex t rac t  was  dissolved in a smal l  amount of 
ch lo ro fo rm and ch romatographed  in a thin l aye r  in b e n z e n e - a c e t o n e  (3 : 1). The subs tance  was eluted with 
methanol  f r o m  the zone with Rf 0.6-0.7,  and the eluate was evaporated.  After  c rys ta l l i za t ion ,  the ace ta te  
of the antibiotic was obtained, C72H96034 , m p  145-148°C (benzene-hexane) ,  [ a ] ~ - 4 3  ± 2 ° (c 0.5; ethanol). 
UV spec t rum (in methanol) ,  }`max, nm: 225,255,  267, 315, 325, 370 (log e 4.57; 4.67; 4.87; 3.16; 4.1; 3.56). 
IR spec t rum:  1745 c m  -1 (C = O in e s t e r s ) .  

Hydro lys i s  of Var iamy~in .  A. A solution of 1 g of va r i amyc in  in 100 ml  of 50% acet ic  acid was 
heated  at 75°C for  3 h and evapora ted  to d rynes s  in vacuum. A solution of  the res idue  in 50 ml  of ethyl 
ace ta te  was washed with water ,  dried,  and evapora ted  to d ryness  in vacuum. The res idue  was c h r o m a t -  
ographed in a thin l aye r  in b e n z e n e - a c e t o n e  (3 : 2). The substance  was eluted with methanol  f rom the 
zone with l~f 0.7. The res idue  f r o m  the evaporat ion of the eluate was r e c r y s t a l l i z e d  f rom glacial  acet ic  
acid, giving the solvate  of chromomycinone  C21H~409 • 2Ctt3COOH , mp 185-187°C. UV spec t rum (in m e t h -  
anol), },max, nm: 232, 280, 325, 338, 415; IR spec t rum,  cm- l :  1100, 1160, 1280, 1550, 1710, 1730, 3400; 
NMR spec t rum:  6 2.09 ppm (s, 3H; - C H  3 in an a roma t i c  ring). 

B. A solution of 5 mg of v a r i a m y c i n  in 5 ml  of 50% acet ic  acid was heated at 75°C fo r  5 h and evap-  
o ra ted  in vacuum to dryness ;  the res idue  was dissolved in ethanol and subjected to descending c h r o m a -  
tography  on pape r  (Leningrad type nS" ["medium"])  in b u t a n o l - e t h a n o l - w a t e r  (4 : 1 : 5). Solutions of t r i -  
phenyl te t razo l ium chloride and SbCt 3 were  used to r evea l  the spots [8]. Three  spots  were  found with Rf 
0.48, 0.54, and 0.70, r espec t ive ly .  

C. A solution of 10 m g  of v a r i a m y c i n  in 10 ml  of 0.01 N HC1 solution was heated  at  75°C for  1.5 h 
and ex t r ac t ed  with ethyl ace ta te .  Af ter  washing with wa te r  and drying, the ex t r ac t  was  evapora ted  to smal l  
volume,  and the concent ra te  was ch romatographed  in a thin l aye r  in mix tu re  1. The subs tance  was ex-  
t r a c t e d  with methanol  f rom the zone with Rf 0.2-0.3.  The eluate was evapora ted  to d ryness  in vacuum, 
and the res idue  was dissolved in a smal l  amount  of ethyl ace ta te  and prec ip i t a ted  with pe t ro l eum ether .  
This  gave a ye l low-orange  amorphous  powder  of the t e t r aos ide  (V), [ a ] ~ - 8 2  • 2 ° (c 0.5; ethanol). UV 
s p e c t r u m  (in methanol) ,  }`max, nm: 230, 280, 315, 415 (log e 4.69; 4.96; 4.24; 4.27); IR spec t rum,  cm- l :  
1070, 1170; 1520; 1590; 1635; 1720; 3400. 

When the t e t r aos ide  V was hydro lyzed  under  the conditions desc r ibed  in p a r a g r a p h s  A and B, ch ro -  
momycinone ,  ol iose,  and ol ivose were  identif ied chromatographica l ly .  

D. A solution of 2 g of va r i amyc in  in 10 ml  of 50% acet ic  acid was t r ea t ed  as  desc r ibed  in p a r a -  
graph A. 

Af ter  evapora t ion  in vacuum, the hydrolysa te  was dissolved in 50 ml  of ethyl ace ta te ,  and the so lu-  
tion was ex t rac ted  with wa te r  (5 x 15 ml).  The combined ex t r ac t s  were  evapora ted  in vacuum to dryness ,  
and the res idue  was dissolved in methanol  and ch romatographed  in a thin l aye r  in solvent  s y s t e m  2 [the 
spots  being r evea l ed  with H2SO 4 in methanol  (1 : 1)]. 

The subs tance  was eluted with methanol  f r o m  the zone with Rf  0.4-0.5,  the eluate  was concent ra ted  
to 1/4 of i ts  or ig inal  volume,  and the concent ra te  was pa s sed  through a l aye r  of A120 a to decolor ize  it, 
a f t e r  which it  was  evapora ted  to d ryness .  A co lo r l e s s  syrup  was fo rmed  which, according  to ch roma tog -  
raphy,  contained only va r i o s e  [ a ] ~ + 5 4  ° (c 0.5; water) .  

SUMMARY 

A new antibiotic,  va r i amyc in ,  belonging to the aureo l ie  acid group and dist inguished f r o m  the l a t t e r  
by the p r e s e n c e  in the molecule  of a res idue  of the deoxy suga r  va r i o se  has  been isolated.  
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