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The detailed phys icochemica l  study of the m e m b r a n e - a c t i v e  antibiotic val inomycin has enabled the 
r eason  for  the high eff ic iency and unique K/Na  select ivi ty  of complex format ion  [1]. 

It has been  es tab l i shed  that complex fo rmat ion  takes place mainly through an ion -d ipo le  in teract ion 
of the e s t e r  carbonyl  group with a cat ion located in the molecu la r  cavity,  the spat ia l  s t ruc tu re  of the com-  
plex being r igidly fixed by a s y s t e m  of six in t r amolecu la r  hydrogen bonds. Since the amides  and N-methy l -  
amides  can also be l igands in complexes  of mac rocy l i c  compounds with a lka l i -meta l  ions [2, 3], analogs of 
val inomycin obtained by the r ep lacement  of e s t e r  groups by N-methylamide  groups  must  be expected to be 
capable  of forming analogous complexes  (in such substi tutions,  the CO and NH groups n e c e s s a r y  fo r  the 
fo rmat ion  of hydrogen bonds are  retained and the ligand carbonyl  groups are  present ) .  

The p re sen t  p a p e r  desc r ibes  the synthes is  of the analogs of val inomycin in which one, two and three  
e s t e r  groups of the molecule  of the antibiotic have been replaced success ive ly  by N-methy lamide  groups  
(compounds 2-9, Table 1) and the de te rmina t ion  of the i r  an t imicrobia l  activity and of the s tabi l i ty  constants  
of the complexes  of these compounds with sodium and po ta s s ium ions in ethanol: 

cyclo [-(D. VaI-L. Lac-L. Val-D. Hylv):,-] (1) 

cyclo [-(D. VaI-L. N-MeAIa-L. Val-D. Hylv) (A2)-*] (2) 

cyclo [-(D. VaI-L. Lac-L. VaI-D. N-MeVal) (A~)-] (3) 

cyclo [-(D. VaI-L. N-MeAIa.L. Val-D. Hylv)2A-] (4) 

cyclo [-(D. VaI-L. Lac-L. VaI-D. N-MeVal),,A-] (5) 

cyclo [-(D-. VaI-L. N-MeAla-L. VaI-D. Hylv):~- I (6) 

cyclo [-(D-. Val-L. Lac-L. Val-D. N-MeVal):~-] (7) 

cyclo [-(D. VaI-L. N-MeA[a-L. VaI-D. Hylv)~-] (8) 

cyclo [-(D. VaI-L. Lac-L. VaI-D. N-MeVal).:-] (9) 

* A-(D. VaI-L. Lac-L. VaI-D. Hylv)- 

Analogs 2 and 2 were  synthesized by Scheme 1, analogs 4 and 5 by Scheme 2, and analogs 6-9 by 
Scheme 3. For  genera l  informat ion on the i r  synthesis ,  see Communicat ion I. The synthes is  of the l inear  
dodecadepsipept ides  cor responding  to compounds 6 and 7 could not be p e r f o r m e d  because  of the pronounced 
res in i f ica t ion  of the reac t ion  mixture  accompanying the acyl chloride condensation of the te t radeps ipept ides .  
Fo r  the synthes is  of these cyclodepsipept ides  we used the hydrobromides  of the cor responding  l inear  t e t r a -  
depsipept ides ,  the molecu les  of which had previous ly  been subjected to doubling and t r ipl ing under  the con- 
ditions of the cycl iza t ion reac t ion  (see Scheme 3) .  

It can be seen  f r o m  Tables  1 and 2 that all the cyclodecadepsipept ldes  obtained a re  dist inguished by 
high s tabi l i ty  constants  of the complexes  and show biological  activity.  Attention is a t t rac ted  by the excep-  
t ionally high stabi l i ty  of the K + complex of analog 6. The resu l t s  of m e a s u r e m e n t s  of the s tabi l i ty  constants  
in var ious  med ia  (Table 3) show that its complex with K + p o s s e s s e s  a " r eco rd"  s tabi l i ty  among the val ino- 
mycin  cyclodepsipept ides ,  f a r  exceeding the antibiotic in this  r e spec t .  The question of the re la t ionship be-  
tween the p r i m a r y  s t ruc tu r e s  of compounds 2-9 and the stabil i ty of the i r  complexes  will be cons idered  in 
our  subsequent  communica t ions  on invest igat ions of the i r  spat ia l  s t i-uctures.  
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TABLE 1. Yields and Physicochemical  P roper t i e s  of the Cyclo- 
depsipeptides (CDP' s) 

CPD 
Stability con- 

~ield, rap, ~C I~li~. deg stant Mol. o~the K + 
% wt. * ,complex (liter/ 

mole, KC1, 
ethanol, 25~C) 

l 25 l l l0  190(dibutyl ether) +32.8 (c 0,2; benzene) 2.106 
2 30 1123 203--204Oaeptane) :-6 (c 0.1;ethanol) 5,5.1iF 
3 25 1123 167--169(hexane) +31 (c 0,1;ethanol) 5.1@, 
4 12 1136 Amorphous -32  (c 0,1; e~anol) ~1~ 
5 17 1136 202--204(cyclohexane) +38 (c O, l;ethanol) ~, 1. lff ~ 
61" 1149 197--199(heptane) --17 (c 0,1;ethanol) ~ 107 8 

1149 208--209(benzene) 
8 2 766 228--229 (heptane) 4-51 (c 0.1; ethanol) <50 
9 28 766 219--220 (ethanol) +190 (c 0,1: ethanol) <50 

• The molecular  weights of the CDP' s were  determined m a s s - s p e c -  
t romet r ica l ly .  
t in  view of the inadequate solubility of compound 7, the stability com-  
plex of its K + complex was not determined.  

TABLE 2. Antimicrobial  Activity of Valinomycin and Its Analogs* 

Gom- 
pound 

I Minimum concentration (ml) suppressing growth 
[ Staph. aureus 20--2-0-9-I ~--" - -  
~oncn. of K + in the ~ ~ 2  Staph. Str 

>25 
>10 
>10 
>20 
>20 
>20 
>20 
>20 

0,2 
0,2 
2 

15 
>20 

0,8 
:-20 
>20 

0,1--0,2 
0,1 
1 

7,5--10 
>20 
0,4--0,8 
>20 
>20 

0.2--0,3 
0,1 
2 

7,5--10 
>20 
0,1--0,2 
>20 
>20 

0,1 --0,2 
0,2--0,4 

4 
7,5 

>20 
0,2--0,4 

>20 
>20 

Minimum concentration ~-D suppressing g r o ~  

Bac. 
mycotdes 

>25 
>10 
:~10 
>20 
>20 
>20 
>20 
>20 

I 
C o m -  | Bac. subtllls 
pound / poncn, of K + in the me- 

Idium ~ nM) t0o 

>25 
>10 
>10 
>20 
>20 
>20 
>20 
>20 

E. coil Mlcob, phlel Candlda alblcans 

1--2 
2 

10--20 
>20 
>20 

1 
>20 
>20 

>25 
>10 
>10 
>20 
>20 
>20 
>20 

20 

0.3 
0,3--0,4 

4--6 
15 

>20 
0,2--0,4 
>20 
> 20 

0 .2-0 ,4  
0,4--0,8 

2--4 
>20 
>20 

0,2--0,4 
>20 
>20 

Sacch. 
cerevlseae 

0,2--0,4 
0,4--0,8 

2--4 
>20 
>20 

0,2--0,4 
>20 
>20 

*In view of the inadequate solubility of compound 7, its antimicro- 
bial activity was not determined. 
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T A B L E  3. S t a b i l i t y  C o n s t a n t s  ( l i t e r / m o l e )  of  
the  K + C o m p l e x e s  of  V a l i n o m y c i n  (1) and I t s  

A n a l o g  6 in  V a r i o u s  S o l v e n t s *  

Solvent 

Compound 42 mo].ff~,H~Ol~+ a2mo|.~8 C,H,OH-~ 
( HOH 58mOl.-/oC'H~Otl 68m01. ~/OCHIOH 

I 2 , 0 .  IO ~ 50(1 100 
6 • 107 ] I 000 3900 

• E x p e r i m e n t a l  r e s u l t s  due  to  G. G.  M a l e n k o v .  

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

F o r  g e n e r a l  i n f o r m a t i o n  on  the  e x p e r i m e n t a l  w o r k ,  

s e e  C o m m u n i c a t i o n  I and T a b l e  4. 

1. t e r t - B u t y l  E s t e r s  of  N - B e n z y l o x y c a r b o n y l t r i -  

d e p s i p e p t i d e s  (10) and (11). Wi th  s t i r r i n g ,  a s o l u t i o n  

of  0.01 m o l e  o f  d i c y c l o h e x y l d i c a r b o d i i m i d e  in  10 m l  

of  m e t h y l e n e  c h l o r i d e  w a s  added  to a s o l u t i o n  of  0.01 

m o l e  of  t he  t e r t - b u t y l  e s t e r  of  D - v a l y l - L - l a e t i c  a c i d  

[4] and 0.01 m o l e  of  N - b e n z y l o x y c a r b o n y l - N - m e t h y l -  

D - v a l i n e  in  30 m l  of  m e t h y l e n e  c h l o r i d e  c o o l e d  t o - 1 0 ° C .  

T h e  r e a c t i o n  m i x t u r e  w a s  s t i r r e d  a t - 1 0 ° C  f o r  a n o t h e r  

1 h and w a s  l e f t  at  20°C f o r  12 h. T h e  p r e c i p i t a t e  o f  

d i c y c l o h e x y l u r e a  tha t  d e p o s i t e d  w a s  f i l t e r e d  off,  and the  f i l t r a t e  w a s  w a s h e d  w i t h  5% h y d r o c h l o r i c  ac id ,  w i th  

w a t e r ,  w i t h  s a t u r a t e d  N a H C O  a s o l u t i o n  and w i t h  w a t e r  aga in ,  and w a s  d r i e d  w i t h  MgSO 4. The  s o l v e n t  w a s  

d i s t i l l e d  of f  and t h e  r e s i d u e  w a s  c h r o m a t o g r a p h e d  on s i l i c i c  ac id ,  and c o m p o u n d  10 w a s  i s o l a t e d  by g r a d i e n t  

e l u t i o n  { b e n z e n e - e t h y l  a c e t a t e ) r  

T h e  p r o t e c t e d  t r i d e p s i p e p t i d e  (11) w a s  o b t a i n e d  u n d e r  s i m i l a r  c o n d i t i o n s  f r o m  N - b e n z y l o x y c a r b o n y l -  

N - m e t h y l - L - a l a n i n e  and the  t e r t - b u t y l  e s t e r  o f  L - v a l y l - D - a - h y d r o x y i s o v a l e r i c  a c i d  [4]. 

2. T h e  t e r t - B u t y l  E s t e r s  of  the T r i d e p s i p e p t i d e s  (12) and (13). C o m p o u n d  (10) (0.02 m o l e )  w a s  d i s -  

s o l v e d  in 100 m l  o f  m e t h a n o l  c o n t a i n i n g  0.02 m o l e  of  c i t r i c  a c i d  and 1 g of  p a l l a d i u m  b l a c k  and h y d r o g e n a t e d  

w i t h  the  p a s s a g e  of  a c u r r e n t  of  h y d r o g e n .  A f t e r  the end  of  h y d r o g e n a t i o n  the  c a t a l y s t  w a s  f i l t e r e d  of f  and 
the  f i l t r a t e  w a s  e v a p o r a t e d  to d r y n e s s ;  the  r e s i d u e  w a s  d i s s o l v e d  in a 5% a q u e o u s  s o l u t i o n  of  c i t r i c  a c id .  

T A B L E  4. Y i e l d s  and  C o n s t a n t s  of  the  L i n e a r  D e p s i p e p t i d e s  

No. ~oield , r~p, i~1~ o. deg Compound 

Z-D N-MeVaI-D. Val- L. Lac-OBu t 81 +58 
Z-L.N-MeAla- L. Val-D. tlylv OBu t 77 - 73 
H-D. N-MeVaI-D. VaI-L. Lac-OBu t 70 -- 13,5~ (c 
H-L. N-MeAIa-L. Val- D. Hylv-OBu t ~5 Oil ' (c 
Z-L. VaI-D. N-MeVaI-D. VaI-L. Lac-OBu t 80 +52 (c 
Z-D.VaI-L. N-MeAla-L. VaI-D. Hylv-OBu t ~5 --37 (c 
Z-L.VaI.D.HyIv-D.VaI-L.Lac-OBu t ~7 70 71 5,5 (c 

(hexane) 
17 Z-D.VaI-L.Lac-L.VaI-D.Hylv-OBu t [4] 
18 Z-L. VaI-D. N-MeVaI-D. VaI-L. Lac-OH 
I c Z-D.VaI-L.N-MeAIa-L.VaI-D. HyIv-OH 
2C H-L. VaI-D. Hylv- D. VaI-L. Lac-OBu t 
21 H-D.VaI-L.Lac-L.VaI-D.Hylv-OBu t [4] 
2~ Z-L. Val- D. N-MeVal- D. Val L. Lac-(B )*- 

OBu t 
22 Z-D. VaI-L. N-MeAla-L. VaI-D. Hylv-(A)- 

OBu t 
24 Z-L. Val- D .N-MeVaI-D.VaI-L.Lac-(B)- 

OH 
2~ Z-D.VaI-L.N-MeAIa-L.VaI-D. Hylv- 

(A)-OH 
2f H-L. VaI-D .N-MeVaI-D.VaI-L.Lac-(B)- 

OBu t 
27 H- D.VaI-L. N-MeAIa-L.Val- D. Hylv-(A) - 

OBu t 
28 Z-L. Val- D. N-MeVal- D. VaI-L. Lac- (B}e- 

OBu t 
29 Z-D. VaI-L.N-MeAIa-L.VaI-D. Hylv- 

(A)~-OBu t 
30 Z-(L.VaI-D.N-MeVaI-D Val-L Lac),- 

('B)-OBut " " " 
31 Z-(D.VaI-L.N-MeAIa-L.VaI-D. Hylv).,- 

(A)_OBu t 
32 HBr. H-L. VaI-D .N-MeVaI-D.VaI-L. Lac- 
e31 ~ ):-OH HBr. H-D. VaI-L. N-MeAIa-L. Val- 
341 D. Hy|v-(A)~-OH 

HBr. H-(L.VaI-D.N-MeVal- D. Val- 
t L.LacI,~-(B)-OH 

35 H Br- H-( D. Val-L. N-MeAla-L. Vai- 
l D .Hylv)~-(A)-OH 

361 HBr,H- D .VaI-L.N-MeAIa-L.Val- 

I D. Hylv-OH 
37 HBr. H-L. VaI-D. N-MeVal- D. Vatl- 

I L.Lac- !ri 

* L , V a l -  D . H y I v -  D . V a l -  L .  L e e  

.92 
90 
85 

80 

77 

85 

80 

68 

(c 0,1; ethanol) 
ic 0,1; ethanol) 

0.2; ethanol) 
0,1; ethanol) 
0,1: ethanol) 
0,1; ethanol) 
0,2; ethanol) 

~ Amorph. 
/ ous 

Oil 

+60 
+ 1,5 
- 23 

+35 

- 1 3  

--17 

=27 

+31 

70 - 1 4  

90 + 9 

(c 0,1; ethanol) 
(c 0,2; ethanol) 
(c 0,2; ethanol) 

(e 0,1; ethanol) 

(c 0,1; ethanol) 

(c 0,1; ethanol) 

(c 0,1; ethanol) 

(c 0,1; ethanol) 

(c 0,I; ethanol) 

(c 0,1; ethanol) 

ethanol) 

ethanol) 

ethanol) 

ethanol) 

ethanol) 

ethanol) 

ethanol) 

ethanol) 

ethanol) 

89 

Amorph- 
ous 

- - 1 8  (c 

+30 (c 

-14 (c 

+ 15 (c 

- -  20 (c 

+ 1 8  (c 

5 Ic 

140 (c 

+ 6~ (c 

0,1; 

0,1; 

0,1; 

0,2; 

0,2; 

0,1; 

0,1; 

0,1; 

0,1; 
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The solution was washed with e the r  and, with i ce -wa te r  cooling, was neutral ized with sodium bicarbonate.  
The compound (12) that separated out in the fo rm of an oil was ext rac ted  with e ther .  The e therea l  ex t rac t  
was washed with wa te r  and dried with magnesium sulfate.  After  the disti l lation of the solvent, compound 
(12) remained.  

Compound (13) was obtained s imi la r ly  f rom the tr idepsipeptide (11). 

3. The te r t -bu ty l  e s t e r s  of N-benzyloxycarbonyl te t radepsipept ides  (14) and (15) were obtained by con- 
densing the te r t -buty l  e s t e r s  of the t r idepsipept ides  (12) and (13) with N-benzyloxycarbonylvaline of the 
appropriate  configuration under the conditions of Exper iment  1. 

4. The N-benzyloxycarbonyl te t radepsipept ide te r t -buty l  e s t e r  (16) was obtained by condensing N- 
benzyloxycarbonyl-L-valyl -D-oz-hydroxyisovaleryl  chloride [3] and te r t -buty l  D-va ly l -L- lac ta te  under the 
conditions of Exper iment  3 (Communication I). 

5. The N-benzyloxycarbonyl te t radepsipept ides  (compounds 18 and 19) were obtained f rom compounds 
14 and 15 under  the conditions of Experiment  4 (Communication I). 

6. The te t radepsipept ide ter t -butyl  e s t e r  (20) was obtained by the hydrogenolysis  of the te r t -buty l  
e s t e r  of the N-benzyloxycarbonyl te t radepsipept ide  (16) under  the conditions of Exper iment  2. 

7. The N-benzyloxycarbonyloctadepsipept ides  te r t -buty l  e s t e r s  (22 and 23) were obtained by the con- 
densation of the acid chloride der ivat ives  of the N-benzyloxycarbonyl te t radepsipept ides  (18 and 19) with the 
te t radepsipept ide  te r t -bu ty l  e s t e r s  (20 and 21) under  the conditions of Experiment  3 (Communication I). 

8. The N-benzyloxycarbonyloctadepsipept ides  (24 and 25) were obtained f rom N-benzyloxycarbonyl-  
octadepsipeptide te r t -buty l  e s t e r s  (22 and 23) under  the conditions of Experiment  4 (Communication I). 

9. The octadepsipeptide ter t -butyl  e s t e r s  (26, 27) were obtained by the hydrogenolysis  of the N-benzyl-  
oxycarbonyloctadepsipeptide te r t -bu ty l  e s t e r s  (22) and (23) under the conditions of Experiment  2. 

10. The N-benzyloxycarbonyldodecapepsipeptides t e r t - B u t y l e s t e r s  (28-31). Compounds 28 and 29 
were  obtained by condensing the acid chloride der ivat ives  of the N-benzyloxycarbonyloctadepsipept ides (24 
and 25) with the te tradepsipept ide ter t -butyl  e s t e r s  (20 and 21), and compounds 30 and 31 by the condensa- 
tion of the acid chloride der ivat ives  of the N-benzyloxycarbonyl te t radepsipept ides  (18) and (19) with the 
octadepsipeptide te r t -buty l  e s t e r s  (26) and (27) under the conditions of Exper iment  3 (Communication I). 

11. The dodecadepsipeptide hydrobromides  (32-35) and the tetradepsipeptides hydrobromides  (36, 
37) were  obtained f rom compounds (14, 15, 28-31) under the conditions of Experiment  9 (Communication I). 

12. The cyclododecapepsipeptides (2-5) were  obtained by the cyclizat ion of the acid chloride der iva-  
t ives of compounds (32-35) under the conditions of Exper iment  10 (Communication I), 

13. The Cyclododeca- and Cyclooctadecadepsipeptides (6-9). A solution of 0.002 mole of the t e t r a -  
depsipeptide hydrobromide (36) in 10 ml of SOC12 was kept at 20°C for  30 rain, and the  excess  of SOC12 was 
careful ly  disti l led off in vacuum. The residual  acid chloride was distilled in 200 ml of absolute dioxane, 
and the solution was added with s t i r r ing  (4 h at 20°C) simultaneously with a solution of 0.004 mole of t r i -  
e thylamine in 200 ml of absolute benzene to 400 ml of absolute benzene.  The react ion mixture was kept at 
20°C for  24 h and was then washed with 5% hydrochlor ic  acid, water,  saturated sodium bicarbonate solution, 
and water  again, dried with magnesium sulfate, and evaporated to dryness .  The purif icat ion and p r i m a r y  
separa t ion  of the mixture  of cyclohomologs obtained was pe r fo rmed  by column chromatography on si l ica 
gel (Silikagel L.); gradient  elution in the b e n z e n e - e t h y l  acetate sys tem yielded a mixture  of compounds 6 
and 8. Compounds =6 and 8 were separated finally by gel f i l t rat ion and columns containing Sephadex LH-20 
in methanol.  

The cycl izat ion of the hydrobromide (37) was pe r fo rmed  under s imi la r  conditions. The mixture  of 
cyclodepsipept ides  (7) and (9) obtained was dissolved in 20 ml of boiling ethanol, and the insoluble ma t t e r  
was f i l tered off. Af ter  48 h, the f i l t ra te  deposited the eyclododecadepsipeptide (7). The mother  solution 
was evaporated to dryness .  The residue was chromatographed on columns of neutral  alumina (activity g 
grade III), the cyclooctadepsipeptide (9) being isolated by gradient  elution {benzene-ethyl  acetate).  

The ant imicrobial  activit ies of the cyclodepsipeptides (see Table 2) were  determined as descr ibed 
in Communicat ion I. The stabil i ty constants  of the complexes were measured  by the conductometr ic  meth-  
od [2]. 
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C ONC LUSIONS 

I. The synthesis of eight cycloocta- and cyclododecapepsipeptide analogs of valinomyein containing 
different numbers of ester, amide, and N-methyl amide bonds has been effected. 

2. The stability constants of the complexes of these analogs with potassium ions in ethanolic solution 
has been determined. 

3. The antimicrobial activity of the compounds obtained has been studied. 
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2. 

3. 
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