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Helvolinsdure-methylesler (vgl. Figur) 

I I 
3 x CHa-C-: d=0,916 (s); 1,182 (s); 1,450 (s); 1 x CHa-C-H: d ~  

CH~... / H  
1,'275 (d) J = 6,5 eps; 1 x C= C : 0 = 1,600 (d) J~-`2 eps; 

CH~ " /  " C H ~  

1,685 (d) J ~  cps; 2 x C H a - C - O - :  (~=1.950 (s); ~,100 (s); 1X 
II 
o 

CHo~. / C H  a 
C H s - O - C - :  ~=3,633 (s); 1 x " /~C=C~.  : (~=5,120 (bt) 

11 H CH a 
O 

J=7 cps; 2 × H - C - O - A e :  6=5 ,210  (bs); 5,840 (d) J=8,5 cps; 

1 x - C - C H = C H - :  d=5,840 (d) J = 9  eps; 7,300 (d) J ~ 9  cps. 
II 
O 

Cephalosporin P1-methylester 

I I 
3xCHa-C-:  6=1,050 (s); 1,181 (s); l , lS t  (s); 1 xCHa  C-H:  6 =  

[ I c hrs... /H 
0,900 (d) J = 6,5 cps; 1 x c =  c : r9 ~ 1,600 (d) J ~  1 cps; 

CH~ / " C t I ~  

1,685 (d) J~--I cps; `2xCH~-C-O:  (3=1,952 (s); `2,064 (s); 2 x  
II 
o 

H - C - O H :  (~=3,500 (s); 3,670 (bm); 1 x CHa-O-C-:  (9=3,630 (s); 
ti 

O 
CHl.. .  C = c / C H ~  I 

1 x : (~=5,130 (bt) J = 7  cps; '2 × H C-O-Ac:  c~= 
H / " C H ~  l 

4,570 (d) J = 9 , 5  cps; 5,840 (d) J =  8,5 eps. 

Fusidinsiiure-methylester 

t t 
3 × CHa-C-:  /~=0,917 (s); 0,984 (s); 1,392 (s); 1 x CHa-C-H:  ~ =  

1 I 

C Ha'~ C = C/" H 
933 (d) J = 7  cps; 1× : (~:1,601 (d) J__~_l cps; 

CHa / " C H  2 
I 

1,685 (d) J ~ l  cps; l xCH3-C-O:  (5=1,982 (s); 2 × H - C - O H :  
II I 
o 

( ~ 3 , 7 5 0  (m); 4,360 (m); l x C H a - O - C - :  c~--3,630 (s); 1× 
TI 

0 
CH~.~ / C H  a I 

/ C = C  : d=5.120 (bt) J = 7  cps; I × H - C - O - A c :  (5= 
H CHa I 

5,860 (d) J = s,5 eps. 

(s) = Singlett; (d) = Doubiett;  (t) = Triplett; (m) - Multiptett; (b) = 
breites Signal. 

Bildung yon 7-Lactonen aus Helvolins/ture ~ und Cephalo- 
sporin p 4  ist damit  in bestem Einklang. Dutch Integra- 
t ion der Irfiheren Ergebnisse 3, ~ mit  den hier beschriebenen 
IResultaten ergeben sich sowohl fiir Helvolins~ure wie 
auch fiir Cephalosporin t)1 Konstitutionsformeln, die 
wegweisend flit weitere Untersuchungen sein kSnnen. 

Summary. On the basis of nuclear magnetic resonance 
measurements and in agreement with recently reported 
mass-spectrometric investigations it  is shown tha t  the 
molecular formulae of Helvotic acid and Cephatosporin Pl  
must be revised to C33H~40~ and CaaHsoOs respectively, 
and that  the additional carbon atom is present as an angu- 
lar methyl group. 

A comparison with the data obtained with fusidic acid 
points to a similarity among the three substances which 
is closer than hitherto suspected. 
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T h e  S t r u c t u r e - A n t i m i c r o b i a l  R e l a t i o n  o f  

D e p s i p e p t i d e s  1 

In the course of studies in depsipeptide chemistry, we 
have prepared a number of natural  cyclodepsipeptides 
and their analogues. In  particular, the structure was es- 
tablished and total synthesis carried out of two cyclo- 
hexadepsipeptide antibiotics, namely, enniatin B (I) and 
enniatin A (II)2-5. We also prepared tile closely related 
compounds: cyclotetradepsipeptides (III)-(IX)s,7, cyclo- 
hexadepsipeptides (X) and (XI)~, cyclooctadepsipeptides 
(XII)-(XIV) and the cyclododeeadepsipeptide (XV)S,L 

Furthermore, the two natural ly occurring cyclohexadepsi- 
peptides sporidesmolide I (XVI) and sporidesmolide I I  
(XVII) s-xo and a number  of closely related compounds 
(XVII I ) - (XXII I )  were synthesizedT. 

Since, as is well known, enniatins A and t3 are highly 
active against various mycobacteria 11, we deemed it  of 
interest to test the antimicrobial activity of ( I ) - (XXIII )  
against bacteria, yeasts and fungi, which could have given 
some insight into the effect of the structure (nature, con- 
figuration and sequence of the hydroxy and amino acid 
residues, ring size, etc.) upon the biological action of depsi- 
peptides. Owing to the slight solubility of the cyclodepsi- 
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p e p t i d e s  in w a t e r ,  t h e  c o m p o u n d s  w e r e  f i rs t  d i s so lved  in 
d i m e t h y l f o r m a m i d e  a n d  t h e n  d i lu t ed  w i t h  dis t i l led w a t e r .  
T h e  m a i n  r e s u l t s  of  t h e  b io logica l  t e s t s  are p r e s e n t e d  in 
t h e  Tab le .  

R [ -  CH(CH~h R'" 7 CH(CH92 
I / I t | 

c o t o c H  co c .  co t o coq 

I n - -2  (ImLI~LD), R=CHa, R ' = R ' - C H ( C H 3 ) 2 ;  
II  n - 2  (LDLDLD), R=CH~, R ' =  R'=CH(CHa)CH2CHa; 
I I I  n =  I (LOLD), R =  CHa, R ' =  R '=CH(CHa)I ;  
IV n = 1 (LDLD), R = CHa, R'= R" = CH(CH~)CH~CHa; 
V n = l  (LDLD), R=CHa,  R ' ~ R " = C H s C H ( C H ~ ) z ;  
VI n = l  (LDLD), R=CHa,  R'=CH(CHa)~, 

R'" = CH(CHa)CH=CH a; 
VII n =  I (LDLD), R=CHa,  R'=CH(CHa)2 ,  R"=CH2CH(CHa)2 ;  
VIII  n =  1 (LDLn), R=CHa, R'=CH(CHa)CHzCHa, 

R "  = CHaCH(CHa)g; 
IX n -  1 (all n), R = CHa, R'  = R "  = CH(CHa)a; 
X n = 2  (LDLDLD), R=CHa, R ' =  CH(CHa)e, 

R" = CH(CHa)CHaCHa; 
XI~ n - 2  (all L), R = H ,  R ' =  R " = C H ( C H a ) 2 ;  
XlI  n-- 3 (LDLDLDLD), R = CHa, R' = R ' - -  CH(CHa) =; 
X l I I  n - 3  (all D), R~CHa, R ' =  R"=CH(CHa)z; 
XIV n - 3  (LDLDLDLD), R =  H, R ' =  R"=CH(CHa)=; 
XV n = 5 (LDLDLDLm.DLD), R = H, R" = R " -  Ctt(CHa) =. 

a Cyclodeps!peptide {XI) was synthesized in our laboratory by 
g.  I. VINOGRADOVA. 

;Ha)2CH X X" (CHa)~CH R' X "  
I I I I I I 

-O-CH - C 0 - N - C H  - C 0 - N - C  H ~ C 0 - 0 - C H - C O - N - C H - C O - N - C  H - C 0 -  
1 I I I I 

I ( c . , ) , c .  u x R I 

XVI 

XVII 

XVII I  
XIX 

XX 

XXI  

XXII  

X X I I I  

(LLLLDD), X = X "t = H, X" = CHa, R = CH2CH(CHa)s, 
R" = CH (CHa)~; 
(LLLLDD), X = X "  = H, X" = CHs, R = CH2CH(CHa)s, 
R' = CH(CHa)CH2CH a; 
(all L), X ~ X '  = X "  = CHa, R = CH2CH(CH3)2, R' ~ CH(CHa): 
(all L), X = H, X'  = X "  = CHa, R = CHzCH(CHa)~, 
R' ~ CH(CHa) 2; 
(LDLLDL), X = H, X '  = X'" = CH3, R = CHaCH(CHa)~, 
R" = CH(CHa)a; 
(DDLDDL), X = H,  X" = X "  = CHa, R = CH(CH~)CH2CH3, 
R ' =  CH(CHa)2; 
(DLLD~L), X = H,  X '  = X " =  CH3, R = CH(CHs)CH~CHa, 
R' = CH(CHa)~; 
(LDDLDD), X ~ X' ~ X" = H, R - CHICH(CHa)I, 
R' = CH(CHa) v 

F i r s t  of  all one  can  n o t e  a v e r y  def in i te  d e p e n d e n c e  of  
t he  a n t i m i c r o b i a l  a c t i v i t y  of  c y c l o d e p s i p e p t i d e s  u p o n  the  
size of  t h e  r ing .  T h e  c y c l o t e t r a d e p s i p e p t i d e s  (III)-(IX) 
are p r a c t i c a l l y  i nac t i ve  a g a i n s t  a n y  of  t h e  o r g a n i s m s  we  
h a v e  t e s t e d  x2. T h e  h i g h e s t  a c t i v i t y  a n d  b r o a d e s t  s p e c t r u m  
b e l o n g  to  t h e  c y c l o h e x a d e p s i p e p t i d e s  of  t h e  e n n i a t i n  
g r o u p  w i t h  r e g u l a r l y  a l t e r n a t i n g  a m i n o  a n d  h y d r o x y  acid  
r e s idues  ( the  n a t u r a l  e n n i a t i n s  (I)  a n d  ( I I )  a n d  a l so  t h e  
s y n t h e t i c  a n a l o g u e  (X)) .  Of  c o n s i d e r a b l e  i n t e r e s t  is t h e  
f ac t  t h a t  t h e i r  a c t i v i t y  is n o t  o n l y  l i t t le  d e p e n d e n t  u p o n  
t h e  n a t u r e  o f  t h e i r  N - m e t h y l a m i n o  ac id  res idues ,  b u t  t h a t  
t h e y  a l so  r e t a i n  t h e i r  a c t i v i t y  ( a l t h o u g h  i t  fal ls  t o  a c e r t a i n  
e x t e n t )  w h e n  t h e s e  r e s idues  a re  r e p l a c e d  b y  c o r r e s p o n d i n g  
a m i n o  ac ids ,  a n d  m o r e o v e r  t h a t  c h a n g e  in c o n f i g u r a t i o n  
is a lso  p e r m i s s i b l e  ( c o m p o u n d  X I ) .  O n  t h e  c o n t r a r y ,  
c y c l o h e x a d e p s i p e p t i d e s  w i t h  i r r egu la r  s e q u e n c e  of  t h e  
h y d r o x y  a n d  a m i n o  acid  r e s idues  ( s p o r i d e s m o l i d e s  a n d  
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Com- 
pound 

Minimal growth inhibiting concentration (y/ml) 

Staph.  Slaph.  B .  B.  Sarcina 
aureus aureus mycoides subti l is  lu tes  
209-P UV-3 

E.  cell Can& Sacch. M .  phlei Mycobact. M .  3 l .  a v i u m  
albicans cerevisiae B-5 tuberculosis 

Ha7 

I 75-100 

II 9 

I I I - I X > 1 0 0  

X 12-18 

XI > 100 

XII  > 1O0 

X I I I  > 25 

XIV- >i00 
XXIII 

9 25-37 37-50 

1,5 4,5 6 

2>100 >100 2>100 

2 9 9 

30 30 > t00 

1,5-3 > 100 2> 100 

> 25 > 25 > 25 

2>100 2>100 2>100 

18 2> 100 37 37 

2 >100 9 6 

2>100 > I 0 0  >100  2>100 

4,5 2> 100 9 9 

30 2>100 > 100 2>100 

3-4,5 2>100 2>100 2>100 

> 25 > 25 > 25 > 25 

>100 2>100 >lOO 2>100 

9-12 18 4,5-6 75 

1,5-2,5 2,5 0~75 6 

2>100 >100 2>100 2>100 

1,5-2 3 1,5 12 

30 - - - 

18-25 50 ,1,5 2> 100 

2 >  2 5  - - - 

> 1 0 0  >lOO >100 2>100 
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their analogues X V I - X X I I I )  are completely devoid of 
antimicrobial activity. Further increase in ring size causes 
a fall in biological activity of the depsipeptide molecule. 
Thus, the cyclooctadepsipeptide (XII) built up similarly 
to enniatin B (I ) ,  has a narrower antimicrobial spectrum 
than the latter. The act ivi ty  is completely lost when the 
L-N-methylvaline residues of this compound are replaced 
by L-valine residues (compound XIV) or when their con- 
Iiguration is changed. One of the closest cyclopolymer 
homologues of compound (XII),  namely cyclododeca- 
depsipeptide (XV) is also without antimicrobial activity. 

I t  is noteworthy tha t  all linear depsipeptides corres- 
ponding to the cyclodepsipeptides ( I ) - (XXII I )  are en- 
tirely inactive. 

We have thus found that  of the depsipeptide cyclo- 
polymer homologues we have studied, the highest act ivi ty 
is manifested by cyclohexadepsipeptides with regularly 
alternating hydroxy and amino acid residues. This is ap- 
parently due to the fact tha t  such cyclohexadepsipeptides 
possess the most appropriate conformation, sterically corn- 

plementary to the active centre of the corresponding en- 
zymes. 

Zusammenfassung. Die Beziehungen zwischen Struktur 
und antimikrobieller Aktivi tgt  in der Reihe der Depsi- 
peptide wurden untersucht. Cyclotetradepsipeptide sind 
praktisch inaktiv. Die gr6sste AktivitXt besitzen die 
Cyclohexadepsipeptide mit  regulS.rer Oxy- und Amino- 
s~iurensequenz. Eine weitere Vergr6sserung des Depsi- 
peptidringes fiihrt zu einem Abfall der biologischen Akti- 
vitAt. Cyclohexadepsipeptide mit irregul~Lrer Oxy- und 
AminosAurensequenz sind vSllig inaktiv. 

M. M. SHEMYAKIN, YU. A. 0VCHINNIKOV, 
V. T. IVANOV, A. A. KIRYUSHKIN, 
G. L. ZHDANOV, and [. D. RYABOVA 
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Academy o/Sciences, Moscow (USSR), 
July 22, t963. 

In f luence  of  D i ~ l y c y l - ~ l y c i n e  o n  the  R a d i a t i o n  
S e n s i t i v i t y  of  Cata la se  

Recently we have shown ~ that  glycerol added to cata- 
lase solution prior to irradiation provides excellent protec- 
tion to the enzyme. A maximum protective effect was 
obtained with very small amounts of glycerol (0.0004 vol 
%). The protective factor was about 13 as compared with 
controls containing no glycerol, and at  higher glycerol 
concentrations the protective effect was found to decrease 
slightly. In order to explain this protective effect, we 
proposed a chelating mechanism by which glycerol forms 
a complex with the metal-ions present in the catalase 
molecule. These comptexed metal-ions consequently inhi- 
bit the decomposition of radiation produced H20 ~ into 
reactive radicals. Metal-ions, such as Cu ~+ or Fe3+, catalyse 
this destruction as is well known*. 

There is also additional radiation damage produced by 
radicals which originate from the decomposition of radia- 
tion produced H20 ~ in solution. Because of their short life- 
time, they will, preferably, undergo competit ive reactions 
such as radical combinations and reactions with H202 
rather than reactions with the enzyme molecules. This 
depends, however, on the degree of dilution s. 

If  this mechanism is correct, a modification of the 
radiation response should be expected when other organic 
substances, acting as a radical scavenger, are added to the 
catalase solution. 

In our investigations we used diglycyl-glycine as a 
radical scavenging agent .  Diglycyl-glycine (Nutritional 
Biochemicals Corp., Cleveland, Ohio) was dissolved in the 
enzyme solution before irradiation. Concentrations which 
were used are mentioned in Figure I and are expressed in 
mg/ml. Catalase solution (8 × 10-SM) was prepared by 
dissolving 2 mg of lyophilized beef liver catalase (Wor- 
thington Biochemical Corp., Freehold, New Jersey) in 
100 ml of a 0.05M phosphate buffer, pH  7.0. Hydrogen 
peroxide (5 × 10-3iV/) was prepared by diluting 0.15 ml 
of a 30% H~O, solution (Superoxol, Merck & Co., Rail- 
way, New Jersey) with 25 ml of 0.05M phosphate buffer, 
pH 7.0. 

The catalase act ivi ty was determined spectrophoto- 
metrically using the decrease in optical density (of H~O~) 
at  240 m~x as function of t ime after mixing enzyme and 
substrate (method of BEERS and SIZ~R4). A Cary 14 

Spectrophotometer (Applied Physics Corp., Monrovia, 
California) was used for the determination. 1 ml of H~O, 
was rapidly injected into 2 ml of catalase solution. All 
measurements and irradiations were done at room tem- 
perature. 2 ml samples of catalase solution were irradiated 
in Lucite containers with different doses (0 to 2.7 × 10 ~ r). 
The irradiations were done with a beryllium-window X- 
ray tube (100 kV, 12 mA, HVL 0.064 mm A1; Philips 
Electronics Inc., Mount Vernon, New York). The dose 
rate was about 9 × 104 r/min. The X-ray tube was cali- 
brated with an air-wall ionization chamber. 

The modification of the radiation effect on catalase by 
diglycyl-glycine is shown in Figure 1. As can be seen, di- 
glycyl-glycine protects catalase very well. The 50%- 

I00 

Oi-glycy[-glycine \ \  0 
80 (NHz_CHz_C~Z)z N=CHz_COOH 

:N 

Z~ 2o g~t 

0 9 1,5 90 135 180 2Z5 Z?O~IO r 
Radiation dose 

Pig. l. The influence of different concentrations of dlglycyl-glycine 
(mglml) on the radiation sensitivity of catalase. 
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