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The synthes is  has  been p e r f o r m e d  of a la rge  number  of analogs of the m e m b r a n e - a c t i v e  antibiotics 
val inomycin (1) and enniatine B (2); fo r  many  of them the i r  capaci ty  for  fo rming  complexes  with sodium 
and po ta s s ium ions has  been studied, the i r  an t imicrob ia l  act ivi ty  has been measu red ,  and the i r  con fo rma-  
t ional  s t a t e s  have been invest igated (see [1] and the l i t e ra tu re  ci ted therein) .  The resu l t s  obtained include 
valuable informat ion of the connection between s t ruc tu re  and function in this s e r i e s  of cyelodepsipept ides ,  
the function cons idered  being the ionophoric act ivi ty  of these  compounds,  i .e. ,  t he i r  capaci ty  for  act ing as 
c a r r i e r s  of ions through ar t i f ic ia l  and biological  m e m b r a n e s .  In this invest igation,  the role  of such fac to r s  
as  the s ize  of the ring, the configurat ion of the amino-ac id  and hydroxy-ac id  res idues  and the na ture  and 
s ize  of the al iphatic  side chains we re  studied. 

The p re sen t  communica t ion  gives the r e su l t s  of the synthesis  of functional der iva t ives  of val inomycin 
and enniatine B containing amine  or  ca rboxy  groups in the side chains (compounds 3-6): 

(1) [ (-D-VaI-L-Lac-L-Val-D-Hylv-):~ ], Valinomycin 

(2) I(-L-MeVal-D-Hylv-):~] Ennniatine B 

(3) [ D-VaI-L-Lae-L-Lys-D-Hylv (-D-VaI-L-Lac-L-VaI-D-HyIv)~ ] 

(4) [ D-Vat-L-Lac-L-GIu-D-Hylv (-D-VaI-L-Lac-L.VaI-D-IIylv-):. ], 

(5) [ L-MeLys-D-Hylv (-L-MeVaI-D-Hylv-)e], 

(6) [L-MeGlu-D-Hylv (-L-MeVal-D-Hylv-):]. 

The in te res t  in obtaining the compounds l is ted is due to the fact  the i r  side chains contain ionogenic 
groups which affect  the to ta l  charge  of the corresponding complex cations; in cont ras t  to the singly pos i -  
t i ve ly -cha rged  complexes  (1) .M + and (2) "M +, the complexes  (3)-M + and (5)-M + may  be doubly charged  under 
ce r t a in  conditions and (4)'M + and (6)-M + be e lec t r i ca l ly  neut ra l  (M r e p r e s e n t s  an alkal i  metal ) .  This fact,  
natural ly ,  must  be re f l ec ted  in the ionophoric p r o p e r t i e s  of the analogs 3-6.  In pa r t i cu la r ,  compounds 4 
and 6 may  be expected to have p r o p e r t i e s  in common with the ant ibiot ics  of the n iger ie in  group, a c h a r a c t e r -  
is t ic  fea ture  of which is the p r e sence  of ca rboxy  groups and a capaci ty  for  fo rming  e l ec t r i ca l ly  neut ra l  c o m -  
p lexes  with me ta l  ions [2-4]. A study of the dependence of the s tabi l i ty  of complexes  of compounds 3-6 on 
the pH of the medium will enable new information to be obtained on the nature  of the fo rces  respons ib le  for  
complex format ion ,  on the screening  of  the cent ra l  ion in a complex,  etc.  Finally,  the p r e sence  of reac t ive  
functional  groups can be used fo r  the covalent  bonding of the molecules  of the cyclodepsipept ides  to various 
c a r r i e r s ,  reagents ,  o r  spec t r a l  labels .  As an example ,  on the bas i s  of the lysine analogs 3 and 5, the spin-  
labeled der iva t ives  7 and 8 containing a stable iminoxyl radical ,  and also the cor responding  dansyl  de r iva -  
t i ves  9 and 10 which it is p roposed  to use  as f l uo rescence - l abe led  ionophores have been obtained. 
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(7) [D-VaI-L-Lac-L-Lys-D-Hylv (-D-VaI-L-Lac-L-VaI-D-Hylv-)2], 

X 
I 

(~) [L-Megys-O-Hylv (-LMeVal-O-Hylv-)..,[, 

Y 
I 

(9) [D-VaI-L-Lac-L-Lys-D-Mylv (-D-VaI-L-Lac-L-VaI-D-Hylv-).,], 

V 
I 

(10) [L-MeLys-D-Hylv (-L-MeVaI-D-Hylv),_, ]. 

Me Me 

X=-CO-( ]H~~N--O 
. " , - - - / - -Me 

Me 

Compounds 3 and 4 were  synthes ized  by Schemes  1-3 using methods developed p rev ious ly  [1] wbXch 
ensure  high yields and the optical  pur i ty  of the depsipept ide.  In the p repa ra t ion  of the l inear  depsipept ides ,  
the e s t e r  bonds were  c rea ted  by the benzenesulfonyl  chloride method, and the amide bonds by the acid chlo-  
r ide  method; cycl izat ion was also effected by the acid chlor ide method.  The y - c a r b o x y  function of the 
g lu tamie  acid res idue  was p ro tec ted  by a p -n i t robengyl  group, which was r emoved  a f t e r  eyc l~a t ion  by hy-  
d rogenolys i s .  For  p ro tec t ing  the a - amino  group of lysine,  we f i r s t  used the phthaloyl group, but i ts  r e -  
mova l  f r o m t h e  cyclodepsipept ide (11) was assocm.ted with cons iderable  difficulty. Under mi ld  conditions 
(one equivalent  of hydraz ine  in ethanol,  3 0~C, 10 h), the phthaloyl group was r emoved  f r o m  the eyc lodeps i -  
peptide (11) e x t r e m e l y  slowly, and under m o r e  s e v e r e  conditions (5 equivalents of hydraz ine  in ethanol, 
80°C, 72 h) the hydraz inolys i s  of the e s t e r  bonds took place with the c leavage of the depsipeptide chain. 
The phthaloyl pro tec t ion  is r emoved  cons iderab ly  f a s t e r  in the p r e sence  of po tass ium ions (apparent ly  be -  
cause  of the pe r iphe ra l  a r r a n g e m e n t  of the side chain of the phthaloyl lysine res idue  in the K + complex),  but 
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in this  case  as well the yield of compound 3 did not exceed 30%. In view of this,  we obtained the cyclo-  
depsipeptide (12), the benzyloxycarbonyl  group of which was easi ly  removed  by hydrogenolysis  with quanti-  
ta t ive yield. 

Pth 
i 

(ll) [D-VaI-L-Lac-L-Lys-D-HyIv (D-VaI-L-Lac-L-VaI.D.HyIv-)_ 1 

Z 
[ 

(12) [D-VaI-L-Lac-L-Lys-D-HyIv (-D-VaI-L-Lac-L-VaI-D-Hylv-),] 

Bzl  (NO::) 
I 

03) [D-Val-L-Lac-L-Olu-D-Hylv (-D-VaI-L-Lac-L-VaI-D-Hylv-)=,] 

The functional derivatives of enniatine B (5 and 6) were obtained by eliminating the protective groups 
from compounds 13 and 14 isolated after the N-methylation of the cyclodepsipeptides (21 and 22). The lat- 
ter, in their turn, were obtained by Schemes 4 and 5; the direct elimination of their protective groups led 
to the formation of the functional derivatives (17) and (18) of a biologically active analog of enniatine B- 
mono-N-demethylenniatine B (16) [5, 6]. 

Pth 

(14) [L-MeLys-D-Hylv (-L-MeVal-D-Hylv-):] 

Bzl (NO=) 

(15) [L-MeGlu-D-Hylv (-L-MeVal-D-tlylv-): l 
(lit) [L-Val-D-Hylv (-L-MeVaI-D-Hylv-)~ 1Mono-N-dimethylenniatine B 

(17) [L-Lvs-D-Hvlv (-L-MeVaI-D-Hy[v-)~] 

(Ig) [L-Glu-D-Hylv (-L-MeVaI-D-Hylv-L] 

X 
I 

(19) [L-Lvs-D-Hylv f-L-MeVaI-D-Hvlv-)~ I 

Y 

(20) [L-Ly~-D-Hylv (-L-MeVal-D-Hylv-)~ l 

Pth 
I 

(21) [L-Lys-D-Hvlv (-L-MeVaI-D-Hvlv-)~] 
Bzl (NO): 

(22) [L-Glu-D-Hylv (-L-~deVaI-D-Hylv-)=,] 

The spin-labeled compounds (7), (8), and (19) were obtained f rom compounds (3), (5), and (17) and the 
N-hydroxysuccinimide e s t e r  of 1 -oxyl -2 ,2 ,6- te t ramethylpyr id in-4-y lace t ic  acid; the react ion of compounds 
(3), (5), and (17) with dansyl chloride gave the f luorescence- labe led  der ivat ives  (9), (10), and (20). 

The individuality of all  the compounds was checked by th in - layer  chromatography on si l ica gel. The 
s t ruc tu re  of the cycl ic  depsipeptides was conf i rmed by the resu l t s  of microana lys i s  and mass  spec t romet ry .  
The investigation of the compounds obtained that is being pe r fo rmed  at the presen t  t ime by the methods of 
optical  ro ta to ry  dispersion,  c i r cu la r  dtchroism,  and IR, UV, and NMR spec t roscopy also indicates the i r  
pur i ty .  The physicochemical  constants of the cycl ic  products  obtained and of the in termedia tes  a re  given 
in Tables  1 and 2. 

The ant imicrobial  act ivi ty of the cyclodepsipeptides synthesized was studied by the se r ia l  dilution 
method in re la t ion of Gram-posi t ive ,  Gram-negat ive ,  and ac id- res i s tan t  bac ter ia ,  and also some yeast  fungi 
(Table 3). This table also gives (for comparison) information on the ant imierobial  act ivi ty of valinomycin, 
enniatine B, and mono-N-demethylenniat ine  B. It can be seen f rom these  f igures  that the appearance of 
ionogenic groups sharply lowers the ant imicrobial  act ivi ty of the depsipeptide antibiotics,  although in a num- 
be r  of cases  (compounds 3 and 4) it does not lead to t he i r  complete inactivation. One of the possible causes  
of the reduction in act ivi ty is the lower lyophtlicity of the molecu la r  surface of complex cations of the type 
of cyclodepsipeptide -K +. So f a r  as concerns  the protec ted  analogs, some of them (compounds 11 and 14) 
a r e  not infer ior  in ant imicrobia l  act ivi ty to the natural  antibiotics while others  (12, 13, and 22) a re  p r ac t i c -  
al ly inactive.  Fur the r  chemical  and biophysical  investigations a re  nece s sa ry  to explain the reasons  for  
such different  behaviors  of these compounds. 
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TABLE 1. 
C y c l o d e p s i p e p t t d e s  * 

co  m - 
pound 

(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

(to) 
(11) 
(12) 
(13) 
(14) 
(15) 
(17) 
(IS) 
(I!~) 
O1) 
(21) 
(22) 

P h y s i c o c h e m i c a l  Constants of  the 

l=l~,deg 

+7,5  0.I0 
+15,0 0,10 
--52,5 0,20 
--7~-,0 0,20 
+4 ,0  0.10 
+13,0 0,10 
+13,0 0,10 
+32,0 0,14 

+1~,4 0,~3 
+32.0 0,09 
4-20,0 0,10 
--44,1 o,'~0 
--69,8 0.20 
--77.8 0,90 
--10,0 0,20 
--74,9 0, l0 
--38,0 0,10 
--8,2 0,20 
--91,1 0,20 

Solvent- 

CoHo 
CoHo 
C.K~ 
c , ~  
C~Hr, OH 
C.H~OH 
Ca H:,OH i 
C,H~O.~ , 

C~HsOH 
C.H,~ 
C~H~ 

C.H,~ 
C.H. 
C~H,~ 
C,H:,OH 
C.,Hr,OH 
C,~H,; 
C~H,~ 

, t s y s "  . Ool. wt. 
R/ imm Imass spec- 

trometric) 

0,~ 0,3 1 1140 
1155"* 

0,7 668¢ 
0,4 ~ 669 
0,6 1336 
0.55 3 864 
0,65 1373 
0,6 901 

0.7 12~5 
0,8 1274 
0,7 4 1276 
0,3 813 
0,4 804 
0,8 I e54 
0,6 655 
0,5 3 85O 
0,55 887 
0,5 4 799 
0,6 790 

* All the compounds given in the table were  ob-  
tained in the form of amorphous  vowders .  

The methyl  e s t e r  of  compound ii, obtained by 
treat ing it by diazomethane in e ther ,  was  used 
for the molecu lar  weight determinat ion.  

TABLE 2. P h y s i c o c h e m i c a l  Constants  of the 
Intermediate  Compounds 

Corn- J [=l~.deg pound rap. "C 

(25) 
(20 
(27) 
(29) 
(3o) 
(33) 
(35) 
(.~) 
(37) 
(,~) 
(41) 
(4~) 
(43) 
(40 
(47) 
O'J) 

1-~) --12,2 
Amotph, .L.4,0 

1 ,.q 
Oil --6,6 

- - i ,5  
41-42 +5.9  
Oil .-? 8,4 
220 --3.7 
Amorph. -~-I 2,5 
Oil +1,8 
60 --15,5 

--10,0 
--7,0 

Oil + 2,8 
--76.4 
--61,5 

0,20 
1,00 
0,40 
0,50 
0,50 
0,40 
0,40 
0,20 
0,60 
0.20 
0,20 
0.20 
0,27 
0,30 
0,20 
0,20 

Cl[:~Olt 
C,;I[,~ 
C_,H:,O H 
C,,H. 
C~H,; 
CjH~,O H 

C H:~O H. 
C,)H,) 
C~,H~,OH 
CH:~COOH 
C~ H,~ 
CJl,j 
~H~OH 
CH,, 
C~[1,~ 

Solvent R/ System 

0,8 
0,6 
0,5 
0,35 
{),5 
0,6 
0,7 
0,2 
0,5 
0,5 
0,7 
0,5 
0,6 
0,4 
0,6 
0,7 

TABLE 3. Ant imlcrobia l  Act iv i ty  of  the Cyclodepsipeptides  

C o m -  
pound 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
O) 

(io) 
(l l)  
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(1:1) 
(20) 
(21) 
(22) 

Minimum concentration (y /ml)  suppressing the growth of 

Sf. aureus  
209-P Sat. lutea 

> 25 
> 40 

>40 

,,!--0,2 
>25 
>40 
7,5 

19.--18 
37--50 

>40 
>4O 
>80 
>40 

12--18 
>40 

Bac. Str .  Bac. subnlls faeca Is mycoldes  

o 
>40 >40 >40 
>25 :~ 2") >55 
>40 >40 >40 
>40 
>40 >40 
>40 >40 

> 25 > 25 > 25 

~2 40 > 40 > 40 
' --  >40 >40 

> 40 50--7>405 > 40 
>10 

>4"0 >40 >40 
>40 >40 >40 
> 80 > 80 > 80 
>40 ~ >40 
>40 >40 
>40 >40 

E. i~olI Mycob. 
phlel 

2 
>40 937 
>25 --  
>40 >40 
>40 >40 
>5 >5 
>40 >40 
>40 >40 
> ~  12 

0,3 
>25 >25 
>40 >40 
>40 ,5--12 
>40 12--18 
> 10( 25--37 
>40 >40 
>40 >40 
>80 >80 
>40 >40 
>40 12--18 
>40 >40 

Cafld. 
alblcans 

Sacch. 
cereyl~¢il~ 

0 ,2 -0 ,4  
12 

>4O 
>25 
> 44) 
>4O 
>5 

• >40 
>44) 
>40 

0,2--0,4 
> ?5 
>40 

12--i8 
>40 

75 
>40 
> 0 
>80 
>4{) 
>40 
>4{) 
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EXPERIMENTAL 

All the mel t ing  points a r e  uncor rec ted .  The individuality of the compounds obtained was checked by 
t h in - l aye r  ch roma tog raphy  on s i l ica  gel (" Eas tman"  plates) in the following solvent sys t ems :  1} butan-1-  
o l - p y r i d i n e - w a t e r - a c e t i c  acid (4 : 1 : 2 : 1}; 2) d i o x a n e - w a t e r  (4 : 1); 3) c h l o r o f o r m - m e t h a n o l  (4 : 1); 4) 
b e n z e n e - e t h y l  aceta te  (1 : 2); and 5} b e n z e n e - e t h y l  ace ta te  (2 : 1). F o r  all  t h e c o m p o u n d s  the resu l t s  of 
e l e m e n t a r y  analys is  ag reed  sa t i s f ac to r i l y  with the calculated f igures  for  C, H, and N. 

1. N-Benzy loxyca rbony l -T -p -n i t robenzy l  E s t e r  of L-Glu tamic  Acid (41) and Benzy loxyca rbony l -8 -  
N-ph tha loy l -L- ly s ine  (25}. The y - p - n i t r o b e n z y l  e s t e r  of L-g lu tamic  acid (40) [7] (0.01 mole) or  e - N -  
ph tha lo ly l -L- lys ine  (24) [8] (0.01 mole) and NaHCO 3 (2 g; 0.024 mole) were  suspended in 180 ml  of a mix -  
t u r e  of dioxane and wate r  (4: 1), and 2 ml  (0.012 mole) of benzyl  eh lo ro fo rmate  was added at 20°C, a f t e r  
which the mix tu re  was s t i r r e d  fo r  20 h. Then it was ex t rac ted  with e ther ,  made alkaline with HCI, and ex- 
t r a c t e d  with ethyl aceta te ;  ex t rac t  was dr ied  with MgSO 4 and evapora ted .  The res idue  was r e c r y s t a l l i z e d  
f r o m  a mix tu re  of e the r  and hexane [to isola te  compound (41)] or  f rom methylene chlor ide [for the isolat ion 
compound (25)]. Yields 80%. 

2: p-Ni t robenzyl  Es t e r  of D - ~ - H y d r o x y i s o v a l e r i e  Acid (33}. A mix tu re  of 11.8 g (0.1 mole} of D- 
~ - h y d r o x y i s o v a l e r i c  acid (32), 21.6 g (0.1 mole) of p -n i t robenzy l  b romide ,  and 13.9 ml  (0.1 mole) of t r i -  
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ethylamine in 120 ml  of ethyl aceta te  was boiled fo r  7 h. The prec ip i ta te  of t r i e thy lamine  hydrobromide  
was f i l t e red  off, 6 ml  of methanol  was added to the f i l t ra te ,  the solution was cooled, and it was washed suc-  
ce s s ive ly  with water ,  1 N HC1, sa tu ra ted  in NaHCO 3 solution and water ,  dr ied with MgSO4, and evapora ted  
in vacuum. The res idue  was r e c r y s t a l l i z e d  f r o m  a mix tu re  of ethyl ace ta te  and hexane. Yield 21 g (83%). 

3. The Didepsipept ides (26, 35, and 42). With s t i r r ing ,  (0°C, 10 min) 0.11 mole  of f r e sh ly  dist i l led 
benzenesulfonyl  chlor ide was added to a solut ion of 0.12 mole  of a N ,p ro tec t ed  amino acid with a blocked 
side group (25, 34 [9], o r  41) in 100 ml  of d ry  pyr idine.  After 15 min at 0°C, 0.1 mole  of the t e r t -bu ty l  or  
p -n l t robenzy l  e s t e r  of D - ~ - h y d r o x y i s o v a l e r t c  acid (23 [10] or  32) in 20 ml  of d ry  pyridine was added. The 
reac t ion  mix tu re  was s t i r r e d  at 0°C for  2 h and then at 20°C for  3 h, poured into water ,  and ex t rac ted  with 
e ther .  The ex t rac t  was washed with a 1 N solution of H2S04, a sa tura ted  solution of NaHCOs, and water ,  
dr ied with MgSO4, and evapora ted .  The oil obtained was chromatographed  on neutra l  a lumina in the hex-  
a n e - b e n z e n e - e t h y l  ace ta te  s y s t e m  (gradient  elution). Yield 75-85%. 

4. a - t e r t - B u t o x y e a r b o n y l - L - l y s y l - D - ~ - h y d r o x y i s o v a l e r i c  Acid (36). A mix ture  of 6.1 g (0.01 mole) 
of p -n i t robenzy l  ~ - t e r t - b u t o x y e a r b o n y l - c  - b e n z y l o x y c a r b o n y l - L - l y s y l - D - ~ - h y d r o x y i s o v a l e r i c  acid (35) and 
1.2 g (0.02 mole) of CH3COOH in 60 ml  of absolute dioxane was hydrogenated in the p r e sence  of a pal ladium 
ca ta lys t  with the p a s s a g e  of a cu r r en t  of hydrogen through the solution for  12 h. The ca ta lys t  was f i l t e red  
off, the methanol  was evapora ted  off, and the resul t ing  powder was washed with d ry  e ther  and r ec rys t a l l i zed  
f r o m  methanol .  Yield 3.3 g (83%). 

5. ~ - t e r t - B u t o x y c a r b o n y l - e - b e n z y l o x y e a r b o n y l - L - l y s y l - D - ~ - h y d r o x y i s o v a l e r i c  Acid (37). With vig-  
orous  s t i r r ing ,  (0°C, 15 min}, 2 ml  (0.02 mole) of benzyl  ch lo ro fo rmate  were  added d ropwise to  34 g (0.01 
mole) of ~ - t e r t - b u t o x y c a r b o n y l - L - l y s y l - D - ~ - h y d r o x y i s o v a l e r i c  acid  (36) and 4.2 g (0.05 mole  of NaHCO 3 
in 70 ml  of wa te r  and 10 ml  of dioxane). The mix ture  was s t i r r ed  at  20°C at pH 8 for  48 h. Then it was ex-  
t r a c t ed  with ether ,  and the b icarbonate  f rac t ion  was acidified with 10% ci t r ic  acid and ex t rac ted  with ethyl 
ace ta te ,  a f t e r  which the ethyl ace ta te  ex t rac t  was dr ied with MgSO 4 and evapora ted .  The resul t ing oil was 
ch romatographed  on s i l ica  gel in the b e n z e n e - e t h y l  ace ta te  sy s t em (gradient  elution). Yield 3.5 g (73%). 

6. The Acids (27 and 43). A pro tec ted  depsipeptide (26 o r  42) (50 mmole)  was dissolved in 15 ml  of 
t r i eh lo roace t i c  acid and the solution was  kept at 20°C for  40-50 min.  The excess  of acid was evapora ted  
off in vacuum at a bath t e m p e r a t u r e  not exceeding 50°C, the res idua l  oil was dissolved in 10 ml of dry  to l -  
uene and the solvent  was again dis t i l led off in vacuum. The res idue  was dissolved in e ther  and ex t rac ted  
with a sa tu ra ted  solution of NaHCO3; the b icarbonate  ex t rac t  was acidified with concent ra ted  HC1 and ex-  
t r a c t ed  with e ther ,  and the e the rea l  ex t rac t  was dr ied with MgSO 4 and evapora ted .  Yield 85-95%. 

7. The Pro tec ted  Hexapept ides  (47 and 49). A solution of 10 mmole  of the p ro tec ted  depsipeptide 
(27 or  43) in 35 ml  of thionyl chlor ide was kept at 20°C for  1 h. The thionyl chloride was dist i l led off in 
vacuum at a bath t e m p e r a t u r e  not exceeding 30°C, and then absolute  benzene was added to the res idue  and 
this was dis t i l led off in vacuum. The acid chloride obtained was dissolved in 50 ml  of absolute e ther  and 
added dropwise  (-30°C, 1 h), to a solution of 10 mmole  of the amino e s t e r  (46) [10] and 1 ml  (15 mmole)  of 
t r i e thy lamine  in 50 ml  of absolute ether ;  and then the mix tu re  was s t i r r e d  at -30°C for  1 h and at 20°C for  
2 h. The reac t ion  mix tu re  was washed with 1 N H2SO 4 and with a sa tura ted  solution of NaHCO3, dried with 
MgSO4, and evapora ted .  The res idue  was eh romatographed  on neutra l  a lmina  in the b e n z e n e - e t h y l  aceta te  
s y s t e m  (gradient elution). Yield 85%. 

8. The Decadepsipept ide t e r t -Bu ty l  Es t e r  (29). The hydrogenation of 22.4 g (20 mmole)  of the t e r t -  
butyl e s t e r  of the p ro tec ted  deeadepsipept ide  (28) [11] was p e r f o r m e d  in solution in 50 ml  of methanol  in 
the p r e s e n c e  of a pa l lad ium ca ta lys t  with the pa s sage  of a cur ren t  hydrogen through the solution fo r  4 h. 
Then the ca ta lys t  was f i l t e red  off, and the solvent was dis t i l led off in vacuum, giving 15.7 g (80%) of the 
amino e s t e r  (29). 

9. The p ro tec ted  dodecadepsipept ides  (30, 38, and 44) were  obtained in the fo rm of amorphous  powders  
f r o m  the p ro tec ted  acids (27, 37, and 43) and the decadepsipept ide  t e r t -bu ty l  e s t e r  (29) under  the conditions 
of exper iment  6 using benzene instead of e ther  (0-5°C). Yield 85-95%. 

10. Cyclizat ion of the L inear  Depsipept ides .  A. A solution of 10 mmole  of a p ro tec ted  depsipeptide 
(30, 44, 47, or  49) in 10 ml  of glacial  acet ic  acid was t r ea t ed  with 60 ml  of a 35% solution of HBr in glacial  
ace t ic  acid.  The mix tu re  was kept at 20°C for  1 h, and the solvent  was ca re fu l ly  dis t i l led off in vacuum, 
giving the cor responding  hydrobromide  (31, 45, 48, o r  50) in the f o r m  of an oil .  

B. In the case  of the depsipeptide (38)~ 10 m m o l e  was d isso lved  in'30 ml of aqueous t r i f luoroace t i c  
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acid  (15% of water} and the solution was kept at 20°C for  40 min,  a f t e r  which the solvent  was ca re fu l ly  d i s -  
t i l led  off in vacuum, giving the t r i f h o r o a c e t a t e  (39). 

C__=. Without additional puri f icat ion,  3 m m o l e  of a depsipept ide hydrobromide  (31, 45, 48, o r  50) or  the 
depsipept ide t r i f l uo roace ta t e  (39) was d isso lved  in 30 ml  of f r e sh ly  dis t i l led thionyl chloride,  t h e  solution 
was kept at 20°C for  1 h, the excess  of thionyl chlor ide  was ca re fu l ly  dis t i l led off in vacuum, the res idue  
was t r e a t e d  with 20 ml  of absolute benzene,  3.nd the resul t ing  solution was evapora ted  in vacuum. The 
r e s idua l  hydroehlor ide  was d isso lved  in 800 ml  of absolute  benzene and with s t i r r i ng  (20°C, 12 h) this  so -  
lution was gradual ly  added s imul taneous ly  with a solution of 30 m m o l e  of t r i e thy lamine  in 800 ml  of ab-  
solute  benzene to 2.5 l i t e r s  of absolute  benzene.  Then the mix tu r e  was left fo r  20 h and was concent ra ted  
to  a volume of 500 ml .  It was washed with 5% HC1, water ,  and sa tu ra ted  NaHCO 3 solution, d r ied  with MgSO4, 
and evapora ted .  Compounds 11, 12, and 13 were  i so la ted  by ch romatography  on a column of neut ra l  a lu-  
mina  (act ivi ty  grade  IID with gradient  elution in the b e n z e n e - e t h y l  ace ta te  s y s t e m  with a yield of 20-30%. 
Compounds 21 and 22 were  d issolved in ethyl ace ta te  and a sa tu ra ted  solution of KCNS was added until the 
prec ip i ta t ion  of the complex ceased .  The complex was f i l t e red  off and r e c r y s t a l l i z e d  f r o m  me thano l .  To 
decompose  it, a suspens ion in ethyl ace ta te  was shaken with wate r ,  sa tura ted  with MgSO 4 and was then evap-  
ora ted .  Yield 40%. 

11. Methylation of the Cyclic Hexadepsipept ides  (21 and 22). A mix tu re  of 0.34 m m o l e  of a cyc lo-  
hexadepsipept ide  (21) or  (22) in 20 ml  of absolute d imethy l formamide ,  4.0 g of s i l ve r  oxide, and 15 ml  of 
methyl  iodide was shaken in a sea led  tube at  20°C fo r  96 h. The p rec ip i t a t e  was f i l t e red  off and was washed 
on the f i l t e r  with 15 ml of d ime thy l fo rmamide ,  the combined f i l t ra tes  were  evapora ted  in vacuum to a volume of 
3 ml, 50 ml of  ch lo ro fo rm were  added, and the resu l t ing  solution was washed with 5% KCN solution (2 x 10 ml), 
dr ied with MgSO4, and evapors ted .  The res idue  was ch romatographed  on neutra l  a lumina in the b e n z e n e -  ethyl 
aceta te  s y s t e m  (grsdient  elution}, and compounds (14) and (15} were  isolated withyields  of 20-30%. 

12. The Cycl0depsipept ides  (4, 6, and 18}. A cyclodepsipept ide p -n i t robenzy l  e s t e r  (13, 15, o r  22) 
(0.1 rdmole} and ace t ic  acid (0.12 mmole)  were  d issolved in 20 ml  of absolute  dioxane and hydrogenat ion 
was p e r f o r m e d  in the p r e s e n c e  of a pal ladium ca ta lys t  with the pa s sage  of a cu r ren t  of hydrogen for  10 h. 
The ca ta lys t  was  f i l t e red  off and the solution was diluted with wa te r  (15%), and, to e l iminate  p-toluidine,  it 
was p a s s e d  through the ion-exchange r e s in  Dowex 50× 2 in the H + fo rm.  The f i l t ra te  was evapora ted  giving 
the acid (4, 6, or  18) with a yield of 85-90%. 

13. The Cyclodepsipept ides  (3, 5, and 17). A. A mix tu re  of 0.1 m m o l e  of a phthaloylcyclodepsipept ide 
(14 o r  21) in 2 ml  of ethanol and 0.1 ml  (0.1 mmole} of a 1 N ethanolic solution of hydrazine  was boiled for  
1 h and was then left at - 5 ° C  fo r  24 h. The p rec ip i t a te  that  had deposi ted was f i l t e red  off, the solution was 
diluted with wa te r  (15%} and, to e l iminate  the phthaloylhydrazine it was p a s s e d  through the ion-exchange 
r e s in  Dowex 1× 4 in the HCO~ f o r m .  The f i l t ra te  was pas sed  through the r e s in  Dowex 50× 2 in the H+form,  
a f t e r  which the requ i red  product  was eluted with a 10% solution of t r i e thy lamine  in aqueous ethanol (15% of 
water}.  After  evapora t ion  of the f i l t ra te ,  the yield was 60%. 

B_.~. The po tass ium complex  of the phthaloyl depsipeptide (11) (obtained under the conditions of expe r i -  
ment  10C) (0.1 mmole)  was boiled with 0.3 mmole  of hydraz ine  in 3 ml  of ethanol fo r  20 h. After  working 
up as in p a r a g r a p h  A, the yield was 30%. 

C. A solution of 0.1 mmole  of the benzyloxycarbonyldepsipept ide  (12} in 20 ml  of methanol  was hydro -  
genated in the p r e s e n c e  of a pal ladium ca ta lys t  with the pas sage  of a cur ren t  of hydrogen f o r  3 h. Then the 
ca ta lys t  was f i l t e red  off, giving substance  3 with a yield of 98%. 

14. The Spin-Labeled  Compounds (7, 8, and 19}. A mix ture  of 0.1 p m o l e  of compounds (3, 5, or  17) 
and 0.13 p mole  of the N-hydroxysucc in imide  e s t e r  of 1 -oxy l -2 ,2 ,6 ,6 - t e t r ame thy lpy r id in -4 -y l ace t i c  acid 
(obtained f r o m  the cor responding  acid [12] and N-hydroxysucc in imide  by the carbodi imide  method [13]} was 
d isso lved  in 1 ml  of absolute  d ime thy l fo rmamide  and the solution was s t i r r ed  at 20°C for  24 h. Then the 
solvent was ev~aporated and the res idue  was d isso lved  in methanol  and chromatographed  on a column of 
Sephadex LH-20 (200× 0.8 cm).  The h igh-molecu la r -we igh t  f rac t ion  gave compounds (7, 8, or  19, r e s p e c -  
t ively) with a yield of 70%. 

15. The Dansyl Der iva t ives  (9, 10, and 20}. A solution of 0.1 p m o l e  of a compound (3, 5, or  17} in 1 
ml  of a sa tu ra ted  solution of NaHCO 3 was t r e a t e d  with a solution of 0.13 p mole  o'f dansyl  chloride in 1 ml  
of acetone,  and the mix tu re  was s t i r r e d  at 20°C fo r  24 h. Then the solvent  was evapora ted  off and the r e s i -  
due was d isso lved  in ethyl ace ta te ,  and this  solution was washed with water ,  with sa tu ra ted  NaHCO 3 solu-  
t ion, and again with water ,  dr ied with MgSO4, and  evapora ted .  The res idue  was dissolved in methanol  and 
ch roma tog raphed  on a column of Sephadex LH-20 (200× 0.3 cm).  The h igh-molecu la r -we igh t  f rac t ion  gave 
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compounds (9, 10, o r  20, respect ively)  with a yield of 70%. The 1-oxyl -2 ,2 ,6 ,6- te t ramethylpyr id in-4-y lace t ic  
acid was given to us by A. B. Shapiro. 

CONCLUSIONS 

1. The synthesis of six functional derivatives of valinomycin and enniatine B containing amine or 
earboxy groups in the side chain has been effeeted. 

2. Four analogs of valinomycin and enniatine B containing spin-labeled or fluorescent groups have 
been obtained. 

3. The antimicrobial activity of the compounds mentioned and also of the intermediate cyclodepsi- 
peptides obtained during their synthesis has been studied. 

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

1. Yu. A. Ovehinnikov, XXIII-rd International  Congress of Pure  and Applied Chemistry,  Vol. 2, But ter -  
worths,  London (1971), p. 121. 

2. W . K .  Lutz, H. K. Wipf, and W. Simon, Helv. Chim. Acta, 5_33, 1741 (1970}. 
3. M. Pinkerton and L. K. Steinrauf, J.  Mol. Biol., 4_.99, 533 (1970}. 
4. M. Shiro and N. Koyama, J.  Chem. Ser.  B, 243 (1970}. 
5. R . O .  Studer, P. Quirt, E. Bohni, and K. Vogler, Monatsh., 9_..66, 461 (1965}. 
6. I . I .  Mikheleva, I. D. Ryabova, T.A. Romanova, T . I .  Tarasova ,  V. T. Ivanov, Yu. A. Ovchinnikov, and 

M. M. Shemyakin, Zh. Obshch. Khim., 3._~8, 1228 (1968). 
7. R. Ledger  and F . H . C .  Stewart,  Austr .  J.  Chem., 1_88, 1477 (1965}. 
8. G . H . L .  Nefkens, G. J .  T e s s e r ,  J.  Am. Chem. Soc., 8__3_3 , 1263 (1961}. 
9. G .W.  Anderson and A. C. McGregor ,  J.  Am. Chem. Soc., 7._99, 6180 (1957}. 

10. A. Plat tner ,  K. Vogler, R. O. Studer, P. Quitt, and W. Kel le r -Sc ier le in ,  Helv. Ctiim. Acta., 4._.66, 927 
(1969). 

11. L.A. Fonina, A. A. Sanasaryan, and E. I. Vinogradova, K_him. Prirodn. Soedin., 69 (1971). 
/ 

12. A.B. Shapiro, K. Baimagambekov, M. G. Gol, dfel'd, and E. G. Rozantsev, Zh. Organ. Khim., 1_~1, 2263 
(1972). 

13. G.W. Anderson, J. E. Zimmerman, and F. M. Callahan, J. Am. Chem. Soc., 8_~5, 3039 (1963). 

358 


