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COMMUNICATION 45. STRUCTURE AND SYNTHESIS OF VALINOMYCIN 

M. M. S h e m y a k i n ,  N.  A.  A l d a n o v a ,  UDC 541.6+542.91+547.9+615.779.9 
E.  I .  V i n o g r a d o v a ,  a n d  M. Yu .  F e i g i n a  

For  the antibiotic valinomycin,  which has a cyclodepsipeptide s t ruc ture ,  Brockmann [1] proposed the 
two possible formulas  (I) and (II). We have shown previously  [2] that the formula  (I) does not cor respond  
to the s t ruc ture  of valinomycin because the synthesized cyclooctadepsipeptide (I)differs great ly  in its prop-  
e r t i es  f rom the natural compound. In the present  work to check the co r rec tnes s  of the formula (II) we 
synthesized the compound corresponding to this formula ,  but the compound obtained was also not identical 
to valinomycin,  which compelled us to re jec t  the formula  (II) also. 

CHMez Me CHMez CHMe~ CHMe~ Me CHM% Me 
I I I I I f I I 

NHCHCO--OGHCO--NHCHCO--OCHCO NHCHCO--0CHCO--NHCHCO--0CHCO 
D L L D I D L L L 1 

I O L L D [ ] D D D L ] 
COCH0--COCH N H--COCH0--COCHNH COCH0--COCH ~NH--COCHO--COCtINH 

t I I I I I I I 
CHMe2 CHMe2 Me CHMe2 CHMe~ CHMe~ CHM% CHMo2 

(i) (ii) 

It appeared most  probable that val inomycin is a cyclopolylner  homolog of one of the above compounds. 
We have found, in fact, that the molecular  weight of a sample of the antibiotic kindly provided by W. Teuber,  
determined by the the rmoelec t r i c  method in ethyl acetate,  is 1070 :E 30. Simultaneously, by the sedimen-  
tation method Brockmann and co -worke r s  obtained the value of 1149 -~ 50 for val inomycin [3]. The figures 
indicate that val inomycin is probably a cyclododecadepsipeptide (mol.wt. 1111.4). The lat ter  could c o r -  
respond to at least  four different formulas ,  one which, (HI), was regarded  by us as most  c losely  cor respond-  
ing to the s t ructure  of the antibiotic on the basis of data obtained previously  in the hydrolysis  of val ino- 
mycin  [1]. 

CHMe~ Me CHMe2 CHMe2 CHMe~ Me 
I l I I I I 

NHCHC0--0CHC0--NHCHC0--OCHCO--NHCHC0--OCHCO 
D L L D D L ]  

[ D L L D D L [  
COCH0--COCHNH--COCHO--COCHNH--COCH 0--COCHNH 

I I I I I I 
CHM% CHMe~ Me CHMe~ CHMe~ CHM[e2 

(m) 

The co r rec tness  of this hypothesis was confirmed by the synthesis of vatinomycin. The compound 
(III) which we obtained proved to be identical to the antibiotic vatinomycin in its physical ,  chemical ,  and 
biological proper t ies  [4]. The synthesis of the compounds (II) and (Ill) was effected by the methods devel-  
oped previously  in our labora tory ,  which consis t  in the gradual building up of the depsipeptide chain by 
the creat ion f i r s t  of es te r  and then amide links with subsequent cyclizat ion of the l inear depsipeptides ob- 
tained [5, 6]. In all cases  the e s t e r  link was fo rmed by the method of mixed anhydrides (benzene sulfonyl 
chloride in pyridine) and the amide l i n k - b y  the acid chloride method (in benzene in presence  of t r ie thy l -  
amine). The cyclizat ion of the l inear depsipeptides was effected by the acid chloride method under high- 
dilution conditions in benzene in presence  of t r ie thylamine.  We must  mention that in the cyclization p rocess  
we again encountered the phenomenon which we discovered p r e v i o u s l y - t h e  doubling of the depsipeptide 
molecules  [7, 8]. Thus, in the synthesis of the cyclooctadepsipeptide (II)from the corresponding l inear  oc ta -  
depsidpeptide we also obtained a cyclic homolog of twice the molecu la r  we igh t - the  cyclohexadecadepsipep-  
tide (IV) 
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c o  = 

VI i 70 VII 72 

VIII 57 

IX 85 

M.p, or 
B.p., ~ 

46--#7 
(hex, ane) 
Oil 

92--93 
(0,5 ram) 
oil 

- - 9 , 5  ~ 
(c 2, C2H~OH) 

--52,4 ~ 
(c 2, C~H~0H) 

--26,5 ~ 
(c 2, C._,H~0H) 

-~-4,6 ~ 
(c 2, C~H~OH) 

I Molecular 
Formula 

C~oH~NOs 

CcoH~NO~ 

CxzH~sNO~ 

C~sHzlN0s 

Found, % Calculated, % 

c H c H 

63,51 7,57 

63,41 7,62 

58,3( 9,22 

59,2( 6,38 

63,3C 

63,3r 

58,7E 

59,42 

7,70 

7,70 

9,45 

6,55 

*He-~'~e and below, all t h e  nonerystallizing and nondistilling depsipep- 
tides, apart from acids, were purified by chromatography on neutral 
alumina in benzene-ethyl acetate (gradient elution). 

CHMee Me CHMe~ Me CHM% CHMe._, CHMee  CHMe, 
I I 1 I I I I 1 

~(NHCHCO--OCHCO--NHCHC0--OCHCO--N HCHCO--OCHC0--N HCHC0--oCHCO)e-- 

( Iv )  

In the case of (II) the linear chain was built up by the successive grafting of the corresponding didepsi 
peptides in accordance with Scheme i. 

Scheme 1 
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LnC:-OCH(Me)CO- 

In the preparation of the linear dodecadepsipeptide necessary for the synthesis of valinomycin we 
chose a route based on the twofold addition of the corresponding tetradepsipeptide (Scheme 2). 

Scheme 2 

17-V~L L-Lac 

Hf~rq,~--__- 7 .... i 

I /}Sat 
/}8u t 
0~ 

Z 

9-vt9o L.-L~c L-V~t ~-H~V ~-VaL L-L~C L-VaL ~~H~V 9-WL L-L:c L-V:~ ~-HyV 

*iIere and below the system of abbreviations recommended by the Fifth European Peptide Symposium (Ox- 
ford, 1962) is used; new abbreviations used in this paper are explained in the text. 
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E X P E R I M E N T A L  

O - A c e t y l - L - l a c t i c  A c i d .  1 5 . 5 m l o f a c e t y l  chloride was added in the course  of 3 0 m i n w i t h  
vigorous s t i r r ing  to a suspension of 60.4 g of finely ground L - t h r e o - 2 - a m i n o - l - p - n i t r o p h e n y l - 1 ,  3 -propane-  
diol L- lac ta te  sal t  [6] at 18-20 ~ and the mixture was then s t i r r ed  fur ther  for 10-12 h. The precipitate of 
the amine hydrochloride was f i l tered off, solvent was driven off, and the residue was vacuum-dist i l led.  We 
obtained 18.5 g {70%) of O-ace ty l -L - l ac t i c  acid; b.p. 137-138 ~ (15 mm); nD z~ 1.4250; [a] I~~ ~ is 2, 
CsHs). Found %: C 45.56; H 6.15. C5H804. Calculated %: C 45.45; H 6.10. 

t - B u t y 1 L - L a c t a t e (V) : A solution of 26.4 g of O-ace ty l -L - l ae t i c  acid and 1.2 ml of concen-  
t ra ted  sulfuric acid in 200 ml of methylene chloride was saturated with isobutene at 0-5~ the volume 
had increased  by 150 ml, and the mixture was then left for 40 h at  18-20 ~ The solution was diluted with 
ether ,  washed with 10% sodium carbonate solution and water ,  and dried with MgSO 4. Solvent was vacuum-  
ditilled off, and we obtained t-butyl  O-ace ty l -L - l ac t a t e  (33.8 g, 90%); this was dissolved in 1"7 ml of water ,  
and in the course  of one hour 95 ml of 2 N NaOH was added with s t i r r ing  at 0-5 ~ The ~nixture was 
s t i r r ed  for four hours,  af ter  which it was ext rac ted  with ether ,  and the ex t rac t  was washed with water  and 
dried with MgSO 4. Solvent was driven off, and the residue was vacuum-dis t i l led.  We obtained 19.8 g (68%) 
of the e s t e r  (V), m.p. 42 ~ (petroleum ether);  [a] D 2~ --10.5 ~ (s 2, C6H6). Found %: C 57.55; H 9.50. 
CTH1403. Calculated %: C 57.51; H 9.65. 

P r o t e c t e d  D i d e p s i p e p t i d e s .  t -Butyl  (benzyloxycarbonyl ) -D-valy l ,L- lac ta te  (VI) , t -butyl  
(benzyloxycarbonyl ) -L-va ly l -L- lac ta te  (VII), t-butyl L -va ly l -L - l ac t a t e  (VIII), and (benzyloxycarbonyl)-D- 
va ly l -L- l ac t i c  acid (IX) were p repared  by the methods descr ibed in  [6]; their  constants andyields  are  
given in the table. 

t - B u t y l  ( b e n z y l o x y c a r b o n y l ) - D - v a l  y l - L - l a e t o y l - L - v a l y l - D - ~ - h y d r  o x y i s  o v a l e -  
r a t e  iX) �9 3.23 g of (IX) was dissolved in 6 ml of SOC12, the  solution was kept at 30 ~ for  30 min, excess  
of SOC12 was careful ly  vacuum-dis t i l led off, and the acid chloride which remained was dissolved in 30 ml 
of dry  benzene. One half of this solution was added with cooling to 0 ~ and s t i r r ing  to a solution of 2.73 g of 
t-butyl L -va ly l -D-~-hydroxy i sova le ra t e  [9] and 0.75 ml of dry  tr iethylamine in 20 ml of dry benzene; then 
we added a fur ther  0.75 ml of t r iethylamine and the second half of the acid chloride solution. The mixture 
was s t i r r ed  for  two hours at 18-20 ~ the solution was washed with 5% HC1, water ,  sa turated NaHCO 3 solu-  
tion, and again water  and was dried with MgSO 4, and solvent was driven off. We obtained 5.3 g (92%) of 
(X) as an oil; In] D2~ ~ (s 2, CzHsOH). Found %: C 62.10; H 8.05. C30H46N200. Calculated %: C 62.26; 
H 8.01. 

t - B u t y l  ( B e n z y l o x y c a r b o n y l ) - D - v a l y l - L - l a c t o y l - L - v a l y l - L - l a c t a t e  (XI )  
was prepared  as an oil under the conditions of the preceding exper iment  f rom (IX) and(VIII) in 83%yield: 
[a] D2~ ~ is 1.5, C2HsOH). Found %: C 60.98; H 7.84. C28H42N2Og. Calculated %: C 61.07; H 7.68. 

t - B u t y l  D - V a l y l - L - l a c t o y l - L - v a l y l - D -  ~ - h y d r o x y i s o b a l e r a t e  (XII) .  5.7gof 
(X) was hydrogenated in 80 ml of methanol (20 ~ 760 ram) in presence of 0.4 g of palladium black until the 
theoretical amount of hydrogen had been absorbed (about two hours). The carbon dioxide liberated in the 
hydrogenation was absorbed in 1N NaOH. Catalyst was filtered off, solvent was extracted with 1 M tartaric 
acid solution. The acid extract was neutralized with dry NaHCO 3, the oil liberated was extracted with ether 
and the ethereal solution was washed with water and dried with MgSO 4. After the removal of solvent we 
obtained 3.7 g (77%) of the ester (XII), m.p. 97-98 ~ (ether); [(~] ]32~176 (sl, C2H5OH). Found%: C 59.21; 
H 9.17. C22H40N207. Calculated %: C 59.43; H 9.07. 

I B e n z y l o x y c a r b o n y l ) - D - v a l y l - L - l a e t o y l - L - v a l y l - D -  ~ - h y d r 0 x y i s o v a l e r i c  
Acid (XII I ) .  5.7 g of (X) was dissolved in 12 ml of trifluoroacetic acid, the solution was left at 18'20 ~ 
for 20 rain, and solvent was driven off in a vacuum at 30-35 ~ The residue was dissolved in ether, and the 
solution was extracted repeatedly with saturated sodium bicarbonate solution. The extract was acidified 
with 10% HCI, and the oil which separated was extracted with ether. The ethereal solution was washed with 
water until neutral to Congo Red and dried with MgSO 4. Solvent was vacuum-diStilled off. We obtained 
4.5 g (87%) of the acid (XIII) as an amorphous powder; [c~] D2~ ~ (s 1, C2HsOH). Found %: C 59.50; 
H 7.25; mol. wt. 537 (titration). C26H38N209. Calculated %: C 59.75; H 7.31; reel. wt. 522.5. 

( B e n z y l o x y e a r b o n y l ) - D - v a l y l - L - l a c t o y l - L - v a l y l - L - l a c t i e  Acid (XIV) was 
prepared as an amorphous powder from (XI) under the conditions of the preceding experiment in 82% yield; 
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[a] D 2~ - 2 L 5  ~ (s 1.8, C2HsOH ). Found %: C 58.42; H 7.06; m o l . w t .  515 ( t i t ra l ion) .  C24H34N2Og. 
Ca lcu la ted  %: C 58.29; H 6. 93; tool .  wt. 494. 

t - B u t y l  ( B e n z y l o x y c a r b o n y l ) - D - v a l  y l - L - l a c t o y l - L - v a l y l - L - l a c t o y l -  L - v a l y l -  
D - a - h y d r o x y i s o v a 1 e r a t e (X V ) was  p r e p a r e d  by  the ac id  ch lo r ide  me thod  under  the condi t ions  o~ 
the p r e p a r a t i o n  of (X) f r o m  (XIV) and t -bu ty l  L - v a l y l - D - a - h y d r o x y i s o v a l e r a t e  [9] in 95% yield;  [a] D 2~ 
+27 ~ (s 2, C2HsOH ). Found %: C 61.04; H 8.07. C38H59N3OI2. Ca lcu la ted  %: C 60.86; H 7.93. 

( B e n z y t o x y c a r b o n y l ) - D - v a l y l - L - l a c t o y l - L - v a l y l - L - l a c t o y l - L - v a l y l - D - a -  
h y d r o X y i s ova I e r i c A c i d (X V I) was prepared from (XV) under the conditions of the synthesis of 
(XIH) as an amorphous powder in 93% yield; [a]D2~ ~ (s 1.8, C2HsOH). Found %: C 58.96; H 7.54; tool. 
wt. 660 (titration). C34HsIN3Oi2 . Calculated %: C 58.86; H 7.41; tool. wt. 693. 

t-Butyl (benzyloxyearbonyl) -D-valyl- L-laetoyl- L- valyl- L-laetoyl- L- valyl- 
D-a-hydroxyisovaleryl-D-valyl-D-a-hydroxyisovalerate (XVII) waspreparedbythe 
acid chloride method under the conditions of the synthesis of (X) from (XVI) and t-butyl-D-valyl-D-a- 
hydroxyisovalerate [6] as an amorphous powder in 95% yield; [a] D2~ ~ (s 2, C2HsOH). Found %: 

C 60.55; H 8.07. C48HT~NlOIs. Calculated %: C 60.73; H 8.07. 

t-Butyl (Benzyloxycarbonyl)D-valyl-L-lactoyl-L-valyl-D-a-hydroxyisova- 
leryl-D-valyl-L-laetoyl-L-valyl-D-a-hydroxyisovalerate (XVIII) was prepared as 
an amorphous powder under the conditions of the synthesis of (X) from (XII) and (XIII) in 90% yield; 

[a] D2~ ~ (s 2, C2HsOH). Found%: C 60.62; H 8.18. C~sHTGN4Ois. Calculated %: C 60.73; H 8.07. 

(Benz yloxycarbonyl)-D-valyl- L-laetoyl-L-valyl-D-a-hydroxyisovaleryl-D- 
valyl-L-lactoyl-L-valyl-D-o~-hydroxyisovalerie Acid (XIX) was prepared from (XVIII) 
as an amorphous powder under the conditions of the synthesis of (XIII) i n 84% yield; [c~]D2~ ~ (s 1.5, 

C2HsOH). Found %: C 59.36; H 7.60; tool. ,~r 894 (titration). C44H68N40/5. Calculated %: C 59.17; H 7.68; 
tool  wt. 893, 

t - B u t y l  ( B e n z y l o x y c a r b o n y l ) - D - v a l y l - L - l a c t o y l - L - v a l y l - D - a - h y d r o x y i s o v a -  
l e r y l - D - v a l y l - L - l a c t o y l - L - v a l y l - D - a - h y d r o x y i s o v a l e r y l - D - v a l y l - L - L a e t o y l - L -  
v a 1 y 1 - D - a - h y d r o x y i  s o v a 1 e r a t e (X X ) was p r e p a r e d  under  the condi t ions  of the syn thes i s  of (X) 
f r o m  (XIX) and (XII) in 87% yield; [a] DZ~ ~ (s 1.5, C2H5OH). Found %: C 60.21; H 8.21. C66H106N6Ozl 
Ca lcu la ted  %: C 60.07; H 8.09. 

D - V a l y t - L - l a e t o y l - L - v a l y l - L - l a e t o y l - L - v a l y l - D - a - h y d r o x y i s o v a l e r y l - D -  
valyl-D-a-hydroxyisovaleric Acid Hydrobromine (XXI).3goftheprotected octadepsipep- 
tide (XVII) was dissolved in 50 ml of methanol and hydrogenated in presence of 0.15 g of palladium black 
until the theoretical amount of hydrogen had been absorbed (about two hours). Catalyst was filtered off, 
the filtrate was evaporated to dryness, and the residue was dissolved in 15 ml of a 30% solution of HBr in 
glacial acetic acid. The solution was left for one hour at room temperature, solvent was driven off, and 

the residue was washed carefully with dry ether and vacuum-dried over P205. We obtained 2.4 g (90%) of 
the hydrobromide (XXI) as an amorphous powder; [a] D2~ ~ (s 1, C2HsOH). Found %: Br 9.80; tool. 

wt. 820 (titration). C36H63BrN4OI3. Calculated %: Br 9.52; tool. wt. 839.8. 

D-Valyl-L-lactoyl-L-valyl-D-a-hydroxyisovaleryI-D-valyl-L-lactoyl-L- 
v a l y l - D - a - h y d r o x y i s o v a l e r y l - D - v a l y l - L - l a e t o y l - 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  H y d r o b r o m i d e  ( X X I I )  was  p r e p a r e d  f r o m  the p r o t e c t e d d o d e c a d e p s i p e p t i d e  (XX)under  the c o o -  
di t ions of the p r e c e d i n g  e x p e r i m e n t  as  an a m o r p h o u s  powder  in 91% yield; [a] D2~  ~ (s 1, C2HsOH ) . 
Found %: Br  6.84; tool~ wt. 1200 (t i t rat ion).  C54H93BrN6019. Ca lcu la ted  %: Br  6.61; tool.  wt. 1210.4. 

C y c l o  ( D - v a l y l - L - l a c t o y l - L - v a l y l - L - l a e t o y l - L - v a l y l - D - a - h y d r o x y i s o v a l e -  
r y l - D - v a t y l - D - a - h y d r o x y i s o v a l e r y l )  ( I I )  a n d  C y c l o  ( D - v a l y I - L - l a c t o y l - L - v a l y l -  
L -  l a  c t o y l -  L - v a l y l - D -  a - h y d r o x y l s  o v a l  e r y l -  D - v a l y l -  D -  a - h y d r o x y i s o v a l e r y l )  2 { I V ) .  
1.2 g of the hydrobromide (XXI) was dissolved in I0 ml of SOCI 2, the solution was left for 30 min at 30 ~ 
excess of SOCI 2 was vacuum-distilled off, dry benzene was added to the residue, and the mixture was again 
vacuum-evaporated at not above 30-35 ~ The acid chloride formed was dissolved in 250 ml of dry benzene 
and this solution and a solution of 1.5 ml of triethylamine in 250 ml of dry benzene were added simultaneous- 

ly dropwise in the course of nine hours to 1500 ml of dry benzene at 20 ~ The mixture was left overnight 

benzene was vacuum-distilled off down to a volume of 200 ml, and the solution was washed with 5~0 HCI, 
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saturated NaHCO~ solution, and water  and was dried with MgSO 4. Solvent was driven off, and the~ residue 
(about lg) was chromatographed on a column of neutral alumina (activity II). By gradient  elation in ben-  
zene -ethyl acetate we obtained two fract ions.  

Frac t ions  I was the eyclooctadepsipeptide (II), 90 mg (8%); m.p. 221-222 ~ (benzene-ether);  [~] D 20 
+2 ~ (s 1, CHCI~). Found %: C 58.37; H 8.03; mol. wt. 762; 750 ( thermoelectr ic  method in chloroform).  
C36H60N4OI2. Calculated %: C 58.36; H 8.16; tool. wt. 740.8. 

Fraction II was the cyclohexadecadepsipeptide (IV), 220 mg (20%); m.p. 260-261 ~ (alcohol)~; [~] D2~ ~ 
(s 2, CHCI3). Found %: C 58.76; H 8.13; mol. wt. 1420, 1445. C72HI20NsO24. Calculated %: C 58.36; 
H 8.16; tool. wt. 1481.7. 

Cyclo (D-valyl-L-lactoyl-L-valyl-D- ~-hydroxyisovaleryl) 3, Valinomycin 
(III). Under the conditions of the preceding experiment from I'.2 g of the hydrobromide (XXII) we ob- 
tained an acid chloride, which was dissolved in 250 ml of dry benzene and added (20 ~ nine hours) simulta- 
neously with a solution of 0.6 ml of triethylamine in 250 ml of dry benzene of 1 liter of dry benzene. The 
reaction mixture was treated as in the preceding experiment. We obtained 0.9 g of an amorphous sub- 
stance, which was ehromategraphed on a column of neutral alumina (activity II). By gradient elution in 
benzene-ethyl acetate we isolated 270 mg (24.5%) of the cyelododeeadepsipeptide (III); m.p. 187-188 ~ 
(dibutyl ether); [~]D2~ ~ (s I, C6H6). Found %: C 58.45; H 8.20; tool. wt. 1086. CMHg0N2OIs. 
Calculated %: C 58.36; H 8.16; tool. wt. 1111.4. 

The substance melted without depression in admixture with a sample of natural valinomycin; its bio- 
logical activity was identical to that of the natural antibiotic (0.75 7/ml against Candida albicans and 
47/mi against Mycobaeterium phlei). 

CONCLUSIONS 

i. The octadepsipeptide cyclo (D-valyl-L-lactoyl-L-valyl-L-lactoyl-L-valyl-D-~-hydroisovaleryl- 
D-valyl-D-c~-hydroxyisovaleryl) (If) was synthesized. The formula (If) does not correspond to the struc- 
ture of the antibiotic valinomycin. 

2. Valinomycin is the dodeeadepsipeptide cyclo (D-va ly l -L- l ac toy l -L-va ly l -D-~-hydroxy i sova le ry l )  3, 
and its synthesis  was effected by the cyclizat ion of the corresponding l inear dodecapdepsipeptide. 
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