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In preceding  pape r s  giving informat ion  on the spat ia l  s t ruc tu re  of the m e m b r a n e - a c t i v e  antibiotic 
enniatine B (Fig. 1) i t  was  shown that this cycledepsipept ide  can a s s u m e  conformat ions  of two types - 
Wpolar" (P) and "nonpolar  w (N) [1, 2]. The r e su l t s  of a compar i son  of the cor responding  optical  r o t a to ry  
d i spers ion  cu rves  [1] and c i r c u l a r  d i ch ro i sm cu rves  [3] show that the complexes  of enniatine B with a lkal i -  
meta l  ions have the same  conformat ion as  the antibiotic i t se l f  in po l a r  media .  The p a r a m e t e r s  of this 
conformation (P) - ~ and ~ - have been de te rmined  prev ious ly  in the c rys ta l l ine  s ta te  and in solution [1, 4] 
and have also been calculated theore t ica l ly  [2] as a cenformat ional  ana lys is  of a molecule  re la ted  to ennia-  

t ins B - the cyclohexadepsipept ide l_ (L?MeA!a_D_Lac) 3 ~ *  SO fa r  as  concerns_ the N f o r m ,  on the bas is  of  
NMR spec t ra  taken at low t e m p e r a t u r e s  [1] i t  i s  poss ib le  to suggest  f o r  i t  a spat ia l  s t ruc tu re  in which the 
three  chemica l ly  equivalent f r agmen t s  - L - M e V a l - D - H y I v -  will have di f ferent  conformat ions  (Ax, A y ,  
and AZ) : 

,4y  
A rapid e s t ab l i shmen t  of equi l ibr ium between these  c o n f o r m e r s  at room t e m p e r a t u r e  will lead to an a v e r a g -  
ing of the chemical  shif ts  (CSs) and to the format ion  of s imple  spec t r a .  

Using the absorpt ion of ul t rasound,  Grel l  et al.  [7] have found a conformat ional  t ransi t ion of enniatine 
B in hexane.  Although the German  authors  do not give an accura te  value of the b a r r i e r  to this t rans i t ion,  
which i s  obse rved  at a f requency of 100 MHz, the f r ee  energy  of act ivat ion (AG~ can be evaluated by means  
of the following approx imate  formula:  

c, c'c%j, 
OGHCO 

~ OOH0g / t , IC 

Fig. 1. St ructure  of enaiat ine 
B (the res idues  a r e  numbered  
in the i nne r  c i rc le) .  

AO÷ 
xp ---- ~0 .e- ~ [8], 

where  rp  = 1/2~v  ; T0 ~ 10 - n  sec;  and v is  the f requency of the u l t r a -  
sound at  which the conformat ional  t rans i t ion  is  obse rved .  

Then, fo r  v = 100 MHz, AG ~ = 4.6 kcal . m o l e  -1. In view of the 
low value of the b a r r i e r ,  we cons ider  i t  mos t  p robable  that an equi l i -  
b r i um between r o t a m e r s  with r e s p e c t  to the C a -  C/~ bands  (i.e.,  r o t a m e r s  

* In this p a p e r  the abbrevia ted  designat ions of amino-ac id  res idues  a r e  
used in ag reemen t  with the r ecommenda t ions  of the IUPAC nomenc la tu re  
commiss ion  [5]: Lac and HyIv a re ,  r e spec t ive ly ,  the res idues  of lac t ic  
and o~-hydroxytsovaleric acids .  F o r  the conformat ional  nomencla ture  
of pept ides ,  see [6]. 
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Fig.  2. Main types of or ienta t ion of the amide (A) and e s t e r  (B) carbonyl  
groups  re la t ive  to the amino-ac id  (a-d) and the hydroxy-ac id  (e-h) a - p r o -  
tons.  

d i f fer ing in the or ienta t ion  of the i sopropyl  groups  of the side chains) i s  r e spons ib le  for  the obse rved  Con- 
fo rmat iona l  t rans i t ion .  

As a r e su l t  of the theore t ica l  ana lys i s  mentioned above,  a n u m b e r  of op t imum conformat ions  of 
enniatine B (N1-Ns, see  the table  in [2 ]) have been found which, in pyr id ine ,  could co r respond  to the N f o r m  
actual ly  exist ing;  at the s ame  t ime,  the conformat ion  or ig inal ly  put fo rward  on the bas i s  of the r e su l t s  of a 
cons idera t ion  of conformat ional  maps  of A c - L - M e V a l - O M e  and Ac-D-HHyIv-NMe~ and m o l e c u l a r  models  
[1] was  not conf i rmed.  However ,  in view of the approx imate  nature  of the calculat ion (fixed bond lengths 
and va lence  angles  at C a ,  s impl i f ied side chains ,  etc.) i t s  poss ib le  e r r o r  exceeded-the ene rgy  d i f f e r e n c e s  

• between the individual conformat ions .  Consequently,  i t  i s  imposs ib le  solely on the bas i s  of calcula ted f ig-  
u r e s  to come to a defini te conclusion on the p a r a m e t e r s  of  the N conformat ion ,  although some p r e f e r e n c e  
was given to the N i conformat ion ,  which has  the lowest  energy  in media  with a low d ie lec t r i c  constant .  

The p r e s e n t  p a p e r  g ives  the r e su l t s  of a de te rmina t ion  of the p r e f e r r e d  conformat ion  of enniatine B 
in nonpolar  media ,  fo r  which is  was  n e c e s s a r y  to make  a choice between s t r u c t u r e s  Nt-N 5. In o r d e r  to 
solve this p rob lem,  we made use  of a new approach  to the determinat ion of the spat ia l  s t ruc tu re  of the 
pept ides  based  on a theore t ica l  evaluation of the A5 values  of the CSs of the s ignals  of the Call and N - C H  3 
pro tons  in the li,i NMR s pec t r a  of d i f ferent  c o n f o r m e r s  and a compar i son  of the r e su l t s  obtained with the 
exper imen ta l  r e su l t s .  We s ta r t ed  f r o m  the fac t  that,  in view of the wel l -def ined magnet ic  an iso t ropy  of 
N-me thy lamide  and e s t e r  groups ,  the CSs of the s ignals  f r o m  t h e C a H a n d t h e  N - C H 3 p r e t o n s  a re  d e t e r -  
mined mainly  by the i r  or ienta t ion with r e s p ec t  to the groups  mentioned,  i .e . ,  by the conformat ional  p a r a -  
m e t e r s  and @ and @. Pau l sen  and Todt [9, 10], and also Franc l in  et  al. [11, 12], have shown that the amide  
group,  as  a whole,  with the c is  or ienta t ion  of the carbonyl  with r e s p e c t  to the a - m e t h i n e  proton,  shows an 
anisot ropic  desc reen ing  influence,  and i t s  signal appea r s  in a w e a k e r  field than with the t r ans  or ienta t ion 
of the carbonyl  and the proton.  In these  c i r c u m s t a n c e s ,  the m a x i m u m  di f fe rences  in the CSs of the protons  
in the c i s  and t r ans  or ienta t ion with r e s p e c t  to the amide  carbonyl  amounted to 1.0 ppm. I t  was  a lso  e s -  
tabl ished [9] that in the case  of two neighboring amide groupings the an iso t ropic  effect  has  an additive na -  
tu re .  

Taking as a ba s i s  the expe r imen ta l  r e su l t s  on the anisot ropic  screening  of the amide group,  we have 
cons idered  (Fig. 2a-h) four  l imi t ing  types of mutual or ienta t ion of the c~-proton and the two carbonyl  g roups  

O CI-I 3 R O O R O CH 3 

[ IT I 1T N* I r f l  
in the depsipept ide f r a g m e n t s  - C - N  - C H - C - O -  and - C - O - C H - C - N - .  In the ca se  of the c i s , c i s  
or ien ta t ion  (Fig. 2a, e), the desc reen ing  influence of the amide  (A) and the e s t e r  (B) groups  is  summed ,  
causing the m a x i m u m  downfleld shift  of the s ignals  of the c~-protons, i .e . ,  - A 6 =  A + B. With an a r r a n g e m e n t  
of the t r a n s , t r a n s  type (Fig. 2c ,  g) the anisot ropic  effect  i s  ze ro  ( - A 6  = 0). In the t r ans ,o i s  (Fig. 2b, f) 
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Fig. 3. Influence of the angles  ¢ and 
on the CSs of the ~ -p re tons  in the 
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Fig. 4. Calculated fo rm of the !H NMR spec -  
t r a  fo r  the conformat ions  N1-N ~ of enniatine B 
(region of the C ~ and the N-methyl  protons) .  
The s ignals  f r o m  the o~-pr0tons of the hydroxy-  
acid res idues  a r e  shown dashed.  

and c i s , t r ans  (Fig. 2d, ]1) or ien ta t ions  the values  of A~ a re  de te rmined  by the descreen ing  influence of only 
one of the groups  ( e s t e r  o r  amide) ,  i.eo, - A 6  = B o r  - A 5  = A. As shown in Fig. 2a, f o r  the c is  or ienta t ion 
of the ~-pro ten  with r e spec t  to the neighboring carbonyl  groups ,  the H---O d is tances  between the proton and 
the oxygens of these groups  a re  e x t r e m e l y  c lose  - 2.50 and 2.38 ~,  r e spec t ive ly ,  i .e . ,  just  as in the c o m -  
pounds descr ibed  by Paulson and Todt [9, 10]. Hence,  taldng into account a lso  the s imi l a r i t y  of the e l ec -  
tl 'onic s t r uc tu r e s  of the amide and e s t e r  g roups  [13] we can take A ~ B ~ 1 ppm. 

To evaluate  the change in the CSs in i n t e rmed ia t e  or ien ta t ions  of the ~ -p re tons  and the CO groups  
we adopted a sinusoidal f o r m  of the dependence of the magnitude - A 6  on the angles ~ and ~ (Fig. 3a, b), 
see  [9, 14], and the initial  va lues  of the CSs (at - A ~  = 0) fo r  the C ~ protons  of the amino-ac id  and hydroxy-  
acid res idues  were  taken to be the same .  The descreen ing  of the N-methyl  protons  by the amide carbonyl  
group i s  constant  (all the amide groups  in the molecule  of enniatine B have the t r aus  orientat ion) ,  and 
the re fo re  the CS of these  protons  i s  de te rmined  solely by the or ientat ion of the e s t e r  carbonyl .  
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Fig.  5. tH NMR s p e c t r a  (region of the ~ -p ro tons )  of a label led sample  of enant io-  
enniatine B in CS2 (top spect rum) and in a mix tu re  of CS 2 and CD3CeD 5 (2 : 1) at v a r i -  
ous t e m p e r a t u r e s .  

Fig.  6. Conformation of enniatine B in nonpolar  solvents  (~l = 89, ~I,1 = - 1 0 9 ;  4,2 = 
- 1 1 8 ,  ~I,2 = 92; ~3 = 154, ~I,3 = 32; ~4 = 73, @4=-55; ~ 5 = - 5 8 ,  ~I,s = - 9 2 ;  ~6 = - 1 3 3 ,  
~I,e = 140). 

The r e su l t s  of an e s t ima te  of the CSs of the C~H and N - C H  3 s ignals  in the tH NMR spec t r a  of the 
conformat ions  N1-Nsof enniatine B obtained ln th i s  way a re  given in Fig.  4. In a compar i son  of the theore t i -  
cal  and exper imen ta l  s p e c t r a  i t  can be seen  that  the spec t rum obse rved  in CS~, in which there  a r e  th ree  
groups  of s ignals  in the region of C~-I pro tons  with an in tens i ty  ra t io  of 1 : 4 : 1  and two groups  in the N - C H  3 
region with a ra t io  of 6 : 3 , c o r r e s p o n d s t o t h e  calcula ted spec t r a  of two c o n f o r m a t i o n s -  I~ and N 3. The equi-  
d is tant  (0.31 ppm) posi t ion of the th ree  N ' -CH 3 s ignals  fo r  the spec t rum in a mix tu re  of CS~ and CI~CsD 5 
(2 : 1) does  not  ag ree  with any of the calcula ted spec t r a  which i s  apparent ly  due to the specif ic  in te rac t ion  
of one of these  g roups  with the a rom a t i c  solvent .  In view of the signif icantly d i f ferent  d is t r ibut ions  of the 
s ignals  f r o m  the C ~ I  amino-ac id  and hydrexy-ac id  res idues  with r e s p e c t  to the th ree  g roups  mentioned in 
the s p e c t r a  of N 1 and N 3 (see Fig.  4) i t  i s  poss ib le  to make  a choice between these  two conformat ions  i f  the 
app rop r i a t e  spec t r a l  a s s ignmen t s  a r e  obtained. F o r  this pu rpose  we p e r f o r m e d  the synthes is  of a label led  
enan t iomer  of enniatine B in which in the N-me thy l -D-va l i ne  res idues  w e r e  rep laced  by N-me thy l -D-va l i ne  
-C~-d  r e s idues  [15] (the conclusions  based upon i t s  invest igat ion a r e ,  of course ,  fully t r ans f e r ab l e  to 
enniatine B). As can be seen f r o m  Fig.  5, theNMR s p e c t r u m o f t h e  deutera ted  analog in the 2.4-5.6 ppm 
region c o r r e s p o n d s  to the calcula ted f igures  fo r  the N 3 conformat ion,  which gives  grounds fo r  consider ing 
i t  to be demons t r a t ed  fo r  enuiatine B in nonpolar  media .  The calculated dipole momen t  of this conformat ion  
(3.80 D, see  the table  in [2]) also ag ree s  well  with the exper imenta l  value of 3.35 ~- 0.1 D in CC14) i f  the 
app rox ima te  na tu re  of the method of calculat ion i s  taken into account.  

F o r  the conformat ion  of enntatine B in a nonpolar  medium that  has  been found, which i s  shown in Fig.  
6, as fo r  the P f o r m  [1], the pseudoequator ia l  or ienta t ion of all the i sopropy l  g roups  is  c h a r a c t e r i s t i c .  Two 
of i t s  amide  and one of i t s  e s t e r  carbonyl  g roups  a r e  or iented above the mean  plane of the r ing,  and the 
o ther  three  carbonyl  g roups  below it.  Fo rmaUy ,  the N 3 ~ P t rans i t ion  can take place  by the rota t ion of the 
methy lamide  bond located between C 4 and C s through 180 °. The energy  b a r r i e r s  of these t rans i t ions  a lso ,  
poss ib ly ,  de t e rmine  the kinet ics  of the conformat ional  t r ans fo rma t ions  of the antibiotic:  a rough e s t ima te  
of the b a r r i e r  to the N - -  P t rans i t ion  g ives  a value of 6.9 kcal  • mole  -1 (from the r e su l t s  on the absorp t ion  
of ul t rasound).  A theoret ica l  confo rmat iona l  ana lys is  shows that in re la t ion to nonvalent  in te rac t ions  the 
N f o r m  i s  l e s s  sui table than the P fo rm.  However ,  the l a t t e r  i s  des tabi l ized  because  of the e l ec t ros t a t i c  
repuls ion of the s i m i l a r l y  charged and spat ia l ly  c lose  carbonyl  g roups .  The in te rac t ion  of these  groups  . . . . .  
with a p o l a r  solvent  o r  with a cation r educes  this repuls ion  and leads  to the rea l iza t ion  of the P fo rm.  

Thus,  the r e s u l t s  of the p r e s en t  work  show that the enniatine cyclodeps ipept ides  belong to the sub-  
s tances  the spa~a l  s t ruc tu re  of which in solutions cannot be de te rmined  by any single phys icochemica l  o r  
theore t ica l  method.  Apparent ly ,  only by the combined use  of a combinat ion of exper imenta l  and ma th e -  
mat ica l  methods  i s  i t  poss ib le  to count upon succes s  in the study of the conformat ional  s t a t e s  of such 
lab i le  peptide s y s t e m s  in solut ions.  
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C O N C L U S I O N S  

1. The relative positions of the C~H and N-CH3 signals in the IH NMR spectra of different conform- 
ers  of enniatine B have been evaluated. 

2. The 1H NMR spectra [tri- (N-methyl-D-valyl-C~-d) ] enniatine B have been investigated. 

3. The spatial structure of enniatine B in nonpolar media has been determined. 
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