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Saturation transfer NMR experiments have been used to study the 
thermodynamic characteristics of the interconversion of two solute 
conformations of the chlamydocin derivative 2 in DMSO-d 6. 
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Cis-trans-Isomerisierung der Prolin-Peptidbindung in einem Derivat yon 
Chlamydocin 

Dutch Sgttigungstransferexperimente wurde die Kinetik der Isomerisierung 
mittels NMR-Spektroskopie untersucht. Die thermodynamischen GrSften der 
Reaktion wurden bestimmt. 

The threedimensional structure of a peptide or protein can be related 
to biological functions of this molecule 1. Therefore the conformational 
behaviour of small cyclic peptides was the aim of many 
investigations 2-7. Chlamydocin (1), a cyclic tetrapeptide isolated from 
culture filtrates of Diheterospora chlamydosporia s, has been studied 
recently by NMI~. I t  has been shown that  ehlamydocin and similar 
cyclic tetrapeptides exist in two conformations in DMSO-d6 s'6'9. We 
have studied the eonformational behaviour of cyelo[Aibu-L-Phe-D-Pro - 
L-Ada], 2, which is closely related to chlamydocin. 

* Herrn Prof. Dr. K. SchlSgl mit den besten Wiinschen zum 60. Geburtstag 
gewidmet. 
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The  two conformers  of  2 in D M S O - d  6 have  i n t e rna l  h y d r o g e n  bonds  
a n d  i n t e r c o n v e r t  s lowly  on the  N M R  t ime  scale. One of  these  conformers  
is an all-trans con fo rma t ion  w i th  two 7- turns  f rom the  a m i d e  p r o t o n  of  
P h e  to  t he  c a r b o n y l  oxygen  of  A d a  and  f rom the  a m i d e  p r o t o n  of  A d ~  to  
t he  ea rbony l  o x y g e n  of  Phe,  r e spec t ive ly  5'9. The  second  conformer  h~s a 
cis P h e - P r o - a m i d e  b o n d  5'6. The  e x t r e m e  downf ie ld  shif t  of  t he  a m i d e  
p r o t o n  of  A d a  (AS ~ 2.5 ppm)  in th is  conformer  ind ica tes  an  exposu re  of  

Table 1. Chemical shifts [ppm] and coupling constants [Hz] of the amide protons of 
the two conformers of 2 in DMSO-d6; peptide backbone angles • L [deg] derived from 

the coupling constants ( 4- 10~o); room temperature 

Aibu Phe Ada 
A B A B A B 

5 8.00 7.94 7.71 6.86 6.98 8,51 
3J(HNCaH) . . . . .  11.2 7.6 11.2 8.8 

Ada Phe 
A B A B 

OL -- 120 - -80  -- 120 - -80  

Ada = ethylene ket~l of 2~amino-10-ethoxy-8-oxo-decanoie acid (see 
formula). 

Aibu = aminoisobutyrie acid. 
For  definition of • L see ge l .  10 
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Fig. l. Downfield part of the 250MHz-lH-NMR-spectrum of 2 in DMSO-d 6. 
Amide resonances are marked according to conformers A and B. T = 305 K 
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Fig. 2. Time dependence of the intensity of signal Ada-A upon instantaneous 
saturation of signal Ada-B at 325 K 

this proton to the solvent and thus rupture  of the 7-turn to the carbonyl 
oxygen of Phe during the eonformational  change. This is supported by  
the values of the coupling constants of the amide protons of Phe and 
Ada 1°'tl (Tab. 1). 

We have invest igated the kinetics of the isomerisation by NMI~ 
double resonance techniques, first employed by  Hofmann  and 
Forsgn12,13. These experiments  have been done in the Pulse-FT-mode 
with the NH-pro tons  of both  isomers (Fig. 1). Ins tantaneous  saturat ion 
of the transit ions of one NH-pro ton  was transferred to the signal of the 
corresponding NH-pro ton  in the second isomer via the chemical 
exchange process, decreasing its intensity. The saturat ion transfer was 
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moni tored  as a funct ion of  t ime (Fig. 2) and yielded the magnet ic  
re laxat ion times T1A and  T1B of the corresponding pro tons  and the 
values of  k A and/~B of  the chemical exchange.  Measurements  of  the ra te  
constants /c  A and  k B at  var ious t empera tures  yielded the t h e r m o d y n a m i c  
parameters  of  the isomerisat ion process (Tab. 2). 

Table 2. Kinetic and thermodynamic parameters of the isomerisation A ,~- B. We 
estimate the accuracy of the activation parameters to ± 5% 

T k A k B K AG AH AS 
[1] [2] [2] [3] [4] [5] 

295 1.62 1.67 0.97 75 --18 
300 2.16 2.27 0.95 124 --18 
305 3.08 3.48 0.89 310 -- 5.2 -- 18 
315 5.24 6.13 0.85 411 --18 

T Aa~ aO~ aH1 AH~ As~ as~ 
[1] [4] [4] [4] [4] [5] [5] 

295 71.0 71.0 -- 86 -- 68 

300 71.6 71.4 -- 86 -- 68 

305 71.9 71.6 45.8 51.0 -- 86 -- 68 

315 73.0 72.5 -- 86 -- 68 

Units: [1]: K; [2]: s-l ;  [3]: Jmol-X; [4]: kJmol-1;  [5]: JK- lmo1-1 .  

AG* of  our  s tudy  corresponds ve ry  well with AG* from earlier 
invest igat ions which revealed values of  65 to 8 0 k J m o l  -~ for the 
cis - trans-isomerisation of X - P r o  -bonds ~l' ~4. A S* of  the conformat iona l  
change is negative,  suggest ing a highly ordered t rans i t ion  state.  
P r o b a b l y  a solvent  molecule is bound  to the  N H - p r o t o n  of  Ada  
suppor t ing  the rup tu re  of  the 7-turn. This too will cont r ibute  to a 
negat ive  AS* as well as a high degree of  order  of  the  solvent  molecules 
a round  the ac t iva ted  complex. This indicates the i m p o r t a n t  role of  the 
solvent  during conformat ional  changes of  cyclic te t rapept ides .  
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