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Several homo- and heteronuclear two-dimensional NMR techniques were used to assign all H- and C-reso- 
nances of the two conformers A and B of [7-(N-methyl-~-leucine)]didemnin B. Didemnine is a biologically highly 
active cytostaticum and immunosuppressivum. The assignment of the aliphatic C-atoms were done by the inverse 
H,C-COSY with TOCSY transfer which connects complete proton spin systems and represents them on C-atoms. 
The structure of both conformers (A and B) in (D,)DMSO solution was derived from homo- and heteronuclear 
couplings ( J ) ,  temperature dependencies of NH protons, and NOE effects. Distances determined from the latter 
were used for refinements by restrained MD calculations using the GROMOS program. The solution structure of 
[Me-~-Leu’]didemnin B (A and B) was compared to that of didemnin B. The backbone structure of the macrocyclic 
ring and of the linear side-chain moiety are very similar in conformer A and didemnin B, though the Istl-Hip’ 
region of the ring is slightly extended in conformer A. This may be caused by the influence of the Me-~-Leu’ residue 
in A and may be responsible for its reduced biological activity in comparison to didemnin B. The more weakly 
populated conformer B exhibits a PVI turn in the linear side-chain moiety. 

Introduction. - Didemnin B is a new highly potent cytostaticum [l]. It belongs to a 
family of cyclic depsipeptides isolated from a Caribbean tunicate of the family Didem- 
nidae (Tridemnum genus). Recently, the synthesis of didemnins was reported by different 
groups [2-41. The conformation of didemnin A and B was determined by NMR spec- 
troscopy [5] [6] and computer calculations [6], and compared to the structure of didemnin 
B in the crystal, obtained by an X-ray analysis [7]. 

The interesting pharmacological properties stimulated us to synthesize derivatives 
and correlate their structure and activity. Here we report the structure of a derivative with 
an N-methyl-L-leucine (Me-L-Leu; short form, MeLeu) residue instead of a Me-D-Leu in 
position 7 (Fig. 1) .  Its 500-MHz ’H-NMR spectrum exhibits a fourfold signal set which 
could result from rotamers about one or several of the secondary amide bonds and/or 
partial racemization during synthesis. The sample was pure in HPLC indicating that 
inversion of configuration of an amino acid in the depsipeptide ring can be excluded. 
Indeed, in such a case we would expect a drastic change in the conformation of the ring, 
giving rise to a strongly changed HPLC retention time as well as a strong differentiation 
of the NMR parameters of almost all amino acids in the ring. This was not observed. A 
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Fig. 1. Constitution of (Me-~-Leu’]didemnin B (A/B) 

racemization at the most sensitive part, at the MeLeu7 residue, could be excluded by 
comparing the spectrum with that of didemnin B which contains M e - ~ - L e u ~ .  

Hence, the evaluation of the spectra were initially performed on the assumption that 
all four isomers (ratio of 57.0 : 24.4 : 15.1 : 3.9, which we call A, B, C, and D, are conforma- 
tional isomers. It turned out later that exchange occurs only between A and B as well as 
between C and D. This observation stimulated the synthesis of an additional epimer 
containing the D-lactoyl moiety (D-LaCt) instead of ~-Lact’, as partial racemization was 
the remaining possibility for the explanation of the occurrence offour signal sets. In fact, 
C and D could be identified as the D-LaCt’ epimer of [Me-~-Leu~]didemnin B. In the 
following, we will demonstrate the potency of high-field NMR spectroscopy for the 
analysis of the extremely complicated mixture of four isomers (two rotamers each of two 
Lact epimers), i.e. [Me-~-Leu~]didemnin B (A/B) and [Me-~-Leu~,  ~-Lact’]didemnin B 

The synthesis of [Me-~-Leu~]didemnin B (A/B) and [Me-~-Leu~,~-Lact’]didemnin 
B (C/D) was carried out by the methods described [3] for the synthesis of didemnin B, 
which make possible the preparation of the didemnins and their analogs in decigram 
amounts. The synthesis of compounds analysed here and of other analogs as well as their 
cytostatic activity will be described in a subsequent report. 

Assignment of the ‘H-NMR Resonances. - The proton resonances of [Me-~-Leu’]/ 
[Me-~-Leu’,~-Lact’]didemnin B (A-D) could be assigned by using the following NMR 
experiments (500 MHz): DQF-COSY [8], TOCSY [9], NOESY [lo], E.COSY [ll], 
inverse H,C-COSY with TOCSY transfer [12] (the pulse sequence used in the latter 
experiment is shown in Fig.5h (see below)), and ‘inverse H,C-COLOC’ with semisoft 
excitation by a Gaussian-shaped pulse [13]. The assignment procedure is very similar to 
the one recently described for didemnin A [5] and didemnin B [6], so we will concentrate 
on the special problems which arose from extreme complexity in the spectra of these 
epimers. Fig.2 shows the downfield NH part of the 500-MHz ‘H-NMR spectrum: the 

(CiD). 
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NH resonances of the four different Leu3 residues are nicely separated. Integration yields 
the relative ratio 57.0:24.4:15.1:3.5. Exact determination of these values is relevant for 
calibration and quantative analysis of the NOE signals as discussed later. 

To proof the existence of four isomers, we have examined the NH (Fig. 2) and CH,N 
part of the 500-MHz NOESY spectrum. The exchange cross-peaks Thr6NH(A)/ 
Thr6NH(B), Thr6NH(C)/Thr6NH(D), Leu3NH(A)/Leu3NH(B), and Leu3NH(C)/ 
Leu3NH(D) illustrated in Fig. 2 give evidence for the existence of two pairs of conformers. 
In the CH3N part of the NOESY spectrum, we again find exchange peaks only between A 
and B or C and D, but no exchange peaks between A and C or D (or B and C or D, resp.). 
We have checked the occurrence of the exchange peaks by a 500-MHz ROESY spectrum 
[ 141. Positive cross-peak amplitudes exclude them to be NOE connectivities. Moreover, a 
600-MHz ROESY spectrum of the independently synthesized [Me-~-Leu',~-Lact']- 
didemnin B (C/D) shows positive exchange peaks between the same pair of resonances for 
C and D as observed in the mixture A-D of the four isomers. 
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Fig. 2. 'H-NMR spectra (500 MHz) of [Me-~-Leu~]/(Mr-~-Leu~.~-Lact~]didemnin B (A-D) in (D,)DMSO: 
ID-NMR andNOESYspectrum. The NH part is shown without the 1st' NH resonances in the aromatic region. 
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The 'H-NMR chemical shifts of A-D are listed in Table 1. Not for all residues a set of 
four signals is observed. E.g., the proton spin patterns of the two prolines (Pro) are only 
found twice, while the residues N,O -dimethyltyrosine ( M ~ - T Y ~ ( M ~ ) ~ ;  short form, 
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Fig.3. a) NHIH-C(aj  part of the TOCSY spectrum (500 MHz, mixing time 80 ms) of [ M e - ~ - L e u ~ 1 / [ M e - ~ -  
Leu7,0-Lact9]didemnin B (A-D) in (D,)DMSO. a,  p, and y = a, p, and y protons. Cross-peaks marked by arrows 

could be distinguished from t ,  ridges by comparison to the signals on the other side of the diagonal. 
b) High-fieldpart of the Leu'spin system in the same TOCSYspectrum as in Fig. 3a. /3$' = 2 H-CW), y = H-C(y), 

6,6' = 2 CH,(6). The two intensive lines marked by asterisks are artifacts. 
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Me,TyrS) and hydroxyisovalerylpropionic acid ( = (2S,4S)-4-hydroxy-2,5-dimethyl-3- 
oxohexanoic acid; Hip2) are simply represented by one set of signals, with the exception of 
two signals for H-C(a) and the CH, group. The side chain of isostatin ( = (3S,4R,5S)-4- 
amino-3-hydroxy-5-methylheptanoic acid; 1st’) delivers the same resonances for all iso- 
mers, whereas the OH group exhibits three signals. Many other resonances exist as a set 
of four signals. In comparison to didemnin B [6], many more resonances of the less 
populated isomers can be assigned because of their higher populations. Examples will be 
given. 

Fig. 3a shows the NH/H-C(cr ) part of the TOCSY spectrum. No difficulties arise to 
assign four distinct N H  and H-C(a) resonances of the Ist’, Leu’, and Thr6 residues. 
Fig. 3b shows the high-field part of the Leu’ spin system in the same TOCSY spectrum. 
For the least populated conformer D, the assignment of the Leu’ Me groups can not be 
achieved because of missing TOCSY peaks for the last transfer step. 

The special difficulties in the differentiation between several Leu residues arising from 
the problem of detecting the connectivity between the /3 and y protons was pointed out 
previously by us in the case of cyclosporin A [15]. There, heteronuclear long-range 
coupling was used to assign the Leu residues unambiguously. The limited amount of 
material prevented the application of COLOC to A-D, and the insufficient resolution in 
the C-dimension in a HMBC [16] experiment led us to apply another technique: we used 
the proton-detected H,C-COSY with TOCSY transfer [ 121 which in principle connects 
complete proton spin systems and represents them on C-atoms. This experiment allows 
the differentiation between the 2 H-CU) and H-C(y) resonances of Leu’ and MeLeu7 of 
A and B, respectively. This ‘inverse’ technique [12b] was employed without GARP 
decoupling [ 171 during detection thus exhibiting direct peaks as doublets in the proton 
dimension and relayed peaks as singlets which allows an easy distinction. 

Inverse H.C-COSY COLOC 
with TOCSY transfer 

H-Relayed H,C-COSY 

Fig. 4. Connectivity putterns und the corresponding heteronuclear experiments usedfor their detection 

For comparison, Fig. 4 shows the types of connectivity detected by different hetero- 
nuclear NMR techniques that do provide information about remote (Fig. 4a and c )  or 
long-range (Fig. 4 b )  H,C connectivities. Method a joins the commonly used homonuclear 
TOCSY and the heteronuclear H,C-COSY into one experiment with additional improve- 
ment due to proton detection. We suppose this technique to be one of the most widely 
used methods for combined homo- and heteronuclear resonance assignments in the 
future. The way to evaluate such a spectrum will be described below in detail. 

For the proton assignment of the CH,N resonances, which represent separate spin 
systems, the ‘inverse COLOC’ experiment [ 131 was applied to detect long-range connec- 
tivities (see Table 3 (below) for sequence assignments). The CH’N proton assignment to 
the individual isomers was done by evaluation of the cross-peak intensities in the inverse 
H,C-COSY with TOCSY transfer. A proof of the assignment is given by the NOE data in 
Table 6 (see below). 
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Assignment of the I3C-NMR Resonances. - Aliphatic C-Signals. We used the follow- 
ing H-detected heteronuclear techniques which are more sensitive than conventional 
C-detected experiments: the inverse H,C-COSY (HMQC) [ 181 that delivers the direct 
connectivities and the inverse H,C-COSY with TOCSY transfer [ 121 whose advantages 
resulting from the additional remote connectivities were already mentioned (see Fig. 4 ) .  

Applying those two techniques, we assigned all C-resonances of the main conformer 
A and most of conformer B. With the exception of a few resonances, the sensitivity of the 
inverse experiments was not sufficient to determine the resonances of the two remaining 
isomers C and D. 

Fig. 5. a) Pulse sequence of theproton-detecred H,C-COS Y. b) Sequcvice us in a) with additionul TOCSY transfer step. 

The pulse sequence for the two experiments are shown in Fig.5. In comparison to the 'classical' inverse 
H,C-COSY (HMQC) [lY], three modifications in the applied sequence are used ( F i g . 5 ~ ) ;  i) the additional 
refocussing delay before aquisition, to achieve in-phase doublets in t2  [12], ii) the sequence starts with a BIRD pulse 
which, after optimizing the delay T, causes optimal suppression of proton signals from molecules without I3C and 
enables rapid pulsing [12], and iii) the first Y0°c-i3C pulse ([ = Oo, 180O) eliminates longitudinal I3C magnetization 
[121. 

The I3C-NMR chemical shifts of A-D are listed in Table 2, and the inverse H,C-COSY 
with TOCSY transfer spectrum is illustrated in Fig. 6. The additional remote connectivi- 
ties lead to a large number of cross-peaks in the spectrum. The assignment procedure for 
the Thr' residue of conformers A and B is outlined in Fig. 6. 

Starting with the chemical shift of the Thr6NH resonance at 7.54 (A) and 8.75 (B) ppm, one follows 
horizontally at the chemical-shift line of Thr6C@) (68.9 and 69.6, resp.) until the direct Thr6H-C@) peak at 4.96 
(A) and 4.98 (B) ppm is found. These peaks appear as doublet. Continuing at the Thr6C(,9) resonances, one gets the 
remote Thr6H-C(a) peak at 4.51 (A) and 4.58 (B) ppm and at last the remote Thr6H-C(y) peak at 1.08 (A) and 
1.21 (B) ppm, respectively. Drawing a line at the position of the center of the Thr6C@')/H-C@) doublet 
perpendicular to the Thr6C@)-resonance line, one finds the remote Thr6C(a)/H-C@) peak at 54.9 (A) and 56.2 
(B) ppm. Horizontally at the Thr6C(cc) resonance towards lower field, we find the Thr6NH resonances again. 
Approaching the higher-field region horizontally at the Thr6C(a) chemical shift, we first come to the direct 
ThrhH-C(a) peak again which is represented as a doublet now and then to the remote signal of Thr6H-C(y). 
Following vertically at the Thr6H-C(cc) resonance brings us to the Thr6C(y) resonance at 14.5 (A) and 15.6 (B) 
ppm, respectively. The horizontal line at the Thr6C(y) chemical shift delivers again all proton resonances with the 
exception of the Thr6NHpeak. Summing up, one can say: at every C chemical shift, we find all H resonances on a 
horizontal line and at every H chemical shift, we find all the C resonances on a vertical line. A similar assignment 
procedure is done for the spin systems of the other amino acids, the starting points being outlined in Fig. 6 for Leu3 
and 1st' of conformer A and B. 

To find out if cisltrans proline isomerism of the peptide bond to Pro4 or Pro' is 
responsible for the two conformers A and B of [Me-~-Leu']didemnin B, we checked the 
ProC(j3) ProC(y ) resonances whose "C-NMR chemical shift give evidence for cis or trans 
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_ _  
Fig. 6. Inverse H,C-COSY with TOCSY transfer for [Me-~-Leu~]/[Me-~-Leu~,o-Lact~]didemnin B (A-D) in 
(D,)DMSO recorded by the sequence of Fig. 5b. The full assignment procedure for the Thr6 residues of A and B is 
given. Arrows indicate peaks from the second conformer. For the 1st' and Leu3 residues of A and B, the start of the 

assignment procedure is shown. 

orientation about this bond [20] (typical values: trans-configurated prolines, 29.5 (CU)) 
and 24.2 (C(y)) ppm; cis-configurated prolines, 31.3 (CU)) and 22.5 (C(y)) ppm). The 
I3C-NMR data of A and B (Table 2) prove trans peptide bonds for both Pro4 and Pro'. 
Thus, excluding this type of cisltrans isomerism, we assume, as already proven didemnin 
B [6], rotational isomerism about the secondary amid bond of N-methylated amino-acid 
residues giving rise to the existence of the different conformers. We will confirm this 
assumption below by discussing the results for the NOESY spectrum. A prerequisite of 
the conclusion concerning the trans peptide bonds to both Pro require an unambiguous 
assignment of the C(J) and C(y) signals. Whereas this is not possible in the conventional 
C,H correlation (pulse sequence Fig. 5a), the additional TOCSY transfer, again, yields 
the desired information. 

As it is obvious from Fig. 6,  the spectral region between 24 and 29 ppm in F, and 1.50 and 2.05 ppm in F2 
showing direct H-C(B) and H-C(y )  connectivities of Pro4 and Pro' is crowded preventing an unambiguous 
assignment of all Cw) and C ( y )  signals to A and B. To gain the desired information, we analysed the expanded 
region of the spectrum marked in Fig.6 (see Fig. 7 )  which contains only remote connectivities (no splitting in the 
proton dimension) of the C w )  and C ( y )  atoms. It is shown for the two Pro residues of A and B, how H-C(a) ,  
H-C(S) ,  and H'-C(6) can be correlated to the C ( y )  and to the C(B) resonances. This example clearly demon- 
strates, how the multistep H,H transfer facilitates the assignment procedure: The remote peaks are all singlets and 
most of them are nicely separated. In this part of the spectrum, a threefold check (H-C(a) ,  H-C(S), H'-(6)) of 
the C assignment is possible. 
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H-C( a)  H-C(6) H'-C(6) 
I 4 -- 

Pros pro4 pros pro4 y4 
B A B A  

PronC( y) 
Prone( y) 

Pro4C(p) - 
Pro8C(p) 

Pro8C( y) 

Pro4C(p) 

--1 ___~ 
. _ "  1 '?' d 5 2  1 ',c 1 II 1 :, : 3 c  3 50 3 13 "* ." 

Fig. 7. Port of the incerse H.C-COSY with TOCSY tronsfir spectrum of A-D in ( D , ) D M S O  (Fig .6)  showing onlj, 
remote peaks of the Pro spin systems. An unambiguous assignment of the CfJ) and C(y) resonances is possible 

excluding cisltruns Pro isomerism. 

Carbonyl Resonances. To assign the CO resonances, we applied an 'inverse H,C- 
COLOC' spectrum with semisoft excitation of the CO resonances by a Gaussian -shaped 
pulse [13]. The cross-peak intensities of the main conformer A in this spectrum are strong 
enough to assign the CO resonances (see Tables 2 and 3 )  with the exception of Hip2C@) 

Table 3. Long-Range Correlations ('J (C,H) and ' J  (C,H)) to the Curbonyl C-Atom for  Sequence Assignments ojthe 
Amino-Acid Residues in the Isomers A, B, and C 

- 

Isomer Residue (CO) COLOC correlations (H-atoms) 

A 1st' 
Hip2 
Leu' 

Me2Tyr5 
Thr6 
MeLeu7 
Pro8 
  act' 

pro4 

B Hip2 
pro4 
Me2Tyr5 
Thr6 
MeLeu7 

C Thr6 

1st'H'-C(a ) 
Hip2H-C(or ) 
L~u 'H-c(~)  
pro4~-C(P)  
Me2TyrSH-C(a ) 
Thr6H-C(a ) 
MeLeu7H-C(cc ) 
Pro'H-C(a ) 
~ a c t ' ~ - C ( a )  
Hip2H-C(a ) 
~ r o ~ ~ - C ( a )  
Me2Tyr5H-C(a ) 
Thr6H-C(a ) 
MeLeu7H-C(a ) 
Thr6NH 

1st' H-C(a ) Hip2H-C(y ) 
Hip2CH3-C(a) Leu'H-C(a) Leu3NH 

Pro4H'-CfJ) Me2Tyr5CH3N Me2TyrSH-C(cc) 
Me2Tyr5H'-C(B) Thr6H-CfJ) 
Thr6H-C(B) Ist'H-C(y) Ist'NH 
MeLeu7H-C(P) Thr6H-C(a ) Thr6NH 
Pro'H-C(P) Pro8H' -C(P) MeLeu7CH3N 
Lact9-CH3fJ) 
Hip2-CH3-C(a ) Leu3NH 
Pro4H'-C(J) Me2TyrSH-C(cc) Me2TyrSCH3N 
Thr6H-C(B) 
Thr6H-C(B) 
Thr6NH 
MeLeu7H-C(a ) 

because this CO resonance at 205.1 ppm was not included in the excitation range of the 
Gaussian pulse to increase the resolution in Fl. For the second conformer B, the assign- 
ment of five CO resonances is possible, and even for the third isomer C, a correlation 
from Thr6C0 to MeLeu7H-C(a) and to Thr6NH appears in the spectrum. Using the 
long-range correlations listed in Table 3, sequence assignments of the different Pro in A 
and B can be done. 

Sequence Analysis. ~ Having a mixture of the four isomers A-D, a special question 
arises: which set of resonances belongs to which isomer? Usually, resonance assignments 
are made with the reasonable assumption, that the cross-peak intensities are proportional 
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to the amount of the different isomers. However, because these intensities also depend on 
the transfer functions [21], a careful check of the so obtained preliminary assignment by 
sequence analysis for isomers A and B was done. Starting with the Leu3 residue for 
sequence determination (from the 1D 'H-NMR spectrum (see Fig. 2), it is known which 
Leu' spin pattern belongs to which isomer), we can walk around the whole ring using the 
COLOC correlations of the main conformer A (see Table 3 ) .  For conformer B, correla- 
tions are missing between the residues 1st' and Thr6, Leu3 and Pro4, and 1st' and Hip2 
(Table 3 ) .  However, the first two sequency pairs can be identified by NOE connectivities. 
NOESY cross-peaks are found between Ist'NH and Thr6H-C(a ) as well as between 
Pro4H-C(y ) and Leu3Hb,,,,,-C@) and Pro4H-C(a ) and Leu3H-C(G). 

Extraction of Conformationally Relevant NMR Parameters for Conformers A and 
B. - Conformational analysis was performed by the determination of chemical-shift 
values, the temperature dependence of N H  chemical-shift values (Table 4 ) ,  and by 
determination of vicinal H,H-coupling constants from the ID 'H-NMR spectrum and the 
E.COSY [l 11 spectrum. The coupling constants are listed in Table 5 .  Fig. 8 shows the part 
of the E.COSY spectrum that was used to extract the J(H-C(a), H-C@)) of the Pro 
residues of the two conformers A and B. 

In addition, a quantitative evaluation of NOE cross-peak intensities was done in a 
500-MHz NOESY spectrum with a mixing time of 120 ms. Exact evaluation of the NOE 
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Table 4. Temperature Dependence of the N H  Chemical Shifis, Given as -A&/AT[ppb/K] 

Isomer -AdlAT 

1st) ~ e u ~  Thr' 

A 
B 
C 
D 

0.3 
1 .o 
1 .o 
2.3 

3.8 
1.8 
5.0 
3.5 

4.9 
4.5 
5.5 
6.4 

Table 5. 3J (H,H) Coupling Constants of Isomer Aa) 

Residue 3 J ( N H ,  H-C(cr ))b) 'J(H-C(cr),H-C(P))C) 3 J ( H - C ( ~ ) , H - C ( B ) ) " )  

1st' d, "1 
Hip' - 4.01') - 

~ e u ~  8.1 (9.4, 8.1, 9.1) (2.2) e) (1 1.1) 
pro4 - 4.5 (5.8) 8.9 (8.9) 
Me2Tyr5 - 11.1 (11.1) 4.9 (4.9) 
Thr6 e, (7.47, e), 9.4) < 5  - 

MeLeu' - 4.9 (8.0, 8.9) 10.3 (6.2) 
Pro' - 4.9 (5.8) 8.5 (7.6) 
  act' 7 

- 

- - 

") 

b, 

") 
d, 3J(NH, H - C ( y ) )  not determined. 
") Not determined. 
') Here: ' J ( H - C ( y ) ,  H-C(6)) .  

In parentheses, the data of isomers B-D are given in the order of decreasing population: B, C, and D, 
respectively. 
Determined from the ID spectrum after Lorentz to Gauss transformation. 
Determined from the E. COSY spectrum. 
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H-C(U) 

Pro4 B Pro4 A 

Pro' A 

, , , ,  

Fig. 8 .  Pro4 and Pro8 H-C(c()/ H-C(b) cross-peuk region oJ the 500-MHz E.COSY spectrum o j [ M e - ~ - L e u ~ ] -  
didemnin B (A/B) in (D,)DMSO. Negative levels are indicated by only one contour line. Extraction of the ' J ( a J )  

values followed the usual way and is demonstrated for one coupling constant of the second conformer B. 

cross-peak intensities was not so easy as expected due to overlapping cross-peaks for the 
different isomers. First of all, we had to find a suitable NOE cross-peak as reference for 
H,H-distance (r  (H,H)) Calibration. For conformer A, we took the Thr6H-C(P)/H-C(y) 
correlation whose integral had to be diminished by the contribution of the overlapping 
cross-peak of isomer C. 

At the first glance, the H,H-distance calibration seems to be very important for the 
total result of the corresponding molecular dynamics (MD) refinement. However, if the 
calibration is incorrect, one observes a systematic deviation of all calculated distances in 
the MD refinement. Hence, the results of the calculation are also useful if the calibration 
is incorrect. In our case, the values obtained in this process (see Table 6) show good 
agreement for the calculated and observed distances (r(H,H)MD and r(H,H)NoE, resp.). 
Thus, a correction of the calibration as it was done in other cases where no suitable 
cross-peak for calibration was available [22] is not necessary. As a first approximation, we 
made the assumption that the contributions to the NOE cross-peak intensity of A and B 
are related in the same proportion as their populations are. Expanding this assumption to 
all overlapping NOE correlations of the different isomers, we had to correct the experi- 
mental integration values of overlapping signals in this sense by subtraction of the signals 
of the not relevant isomers. The NOE connectivity Leu3NH/Leu3H-C(a) which repre- 
sents only conformer B served as reference for this conformer. The NOE connectivities of 
the two remaining isomers C and D were not evaluated quantitatively. All experimental 
and MD calculated distance values are listed in Table 6. 
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Table 6. Comparison of Experimental (NOESY) and Calculated (Molecular Dynamics) H,H Distances for the Two 
Conformers A and B of [Me- ~-Leu'[Didernnin B 

Involved protons Conformer A Conformer B 

r ( H , H ) ~ O ~  r ( H , H ) ~ ~  r ( H , H ) ~ O ~  r ( H , H ) ~ ~  

Ist'NH 
Ist'NH 
Ist'NH 
Ist'NH 
1st' H@,o.s)-C(~ ) 
Ist'H-C(B) 
Ist'H-C(y) 
Ist'H-C(y) 
Ist'OH 
Hip2H-C(a) 
Hip2H-C(y) 
Leu'NH 
Leu'NH 
Leu'NH 
Lcu'NH 
Leu'NH 
Leu'NH 
Leu'H-C(a ) 
Leu3H-C(B) 
Leu'H-C(y) 
Pro4H -C(a ) 
Pro4H -C(a ) 
Pro4H-C(cc) 
Pro4H-C(y ) 

Me2Tyr5H-C(a ) 
Me,Tyr5H -C(a ) 
Me2Tyr5CH,N 
Me2Tyr5CH,N 
Thr6NH 
Thr6NH 
Thr6NH 
Thr6NH 
Thr6NH 
Thr6NH 
Thr6H-C(a) 
Thr6H-C(B) 
Thr6H-C(B) 
Thr6H-C(B) 
MeLeu'CH'N 

Pro'H -C(a ) 

P~o~H'-c(s) 

Pro8H-C(a) 

Ist'H@,,.,-C(a ) 

Thr6H-C(a ) 
Hip2CH3(&) 
Hip2H-C(S) 
Ist'H@,,q-C(a ) 
kt'H@,o.,)-C(a ) 
Ist'H-C(G) 
Ist'H-C(G) 

Ist'H-C(P) 

M~L~U~H@,,.~)-C(B) 
Hip'H-C(S) 
Leu3H-C(a ) 
Leu3 H -C(B) 
Hip2H-C(a ) 
Pro4H-C(G) 
Ist'H@,,.q-C(a ) 
Hip*CH,-C(a ) 
Pro4H-C(G) 
Leu'CH,(S) 
Leu3CH3(G) 
P ~ O ~ H ~ , , . ~ -  CU ) 
Me2Tyr5CH,N 
Leu3H-C(G) 
L~U~H@,,.~-C(B) 
Leu3H-C(P) 

Me2Tyr5CH3N 
L ~ U ' R  -C(S) 

Thr6H-C(a ) 
Thr6H-C(B) 
Thr6H-C(y ) 
Leu3H-C(P) 
MeLeu7H-C(a ) 
MeLeu7CH,N 
Leu3H- C@) 
Thr6H-C(a ) 
Thr6H-C(y) 
Lact9H-C(a) 
MeLeu7H-C(y ) 
MeLeu7H-C(a ) 
MeLeu7CH3N 

M~~TY~~H@,, .~-c(B) 

Pro4~@,,-R)-C@) 

256 

211 

295a) 
260 
278 
254 
336 
287 
275 
300') 
259 
218 
338b) 
277 
302a) 
218 
255")b) 
240a)b) 
241 
215 

- 

- 

- 

- 

242b) 
250 
227 
237a) 
267a) 
267 
264 
266 
42 1 
239 
322a) 
258b) 
233 
240d) 

286a) 

23 1 

- 

- 

305 

208 

407 
293 
375 
25 1 
364 
316 
24 1 
294 
263 
212 
458 
315 
398 
209 
314 
245 
234 
229 

- 

- 

- 

- 

449 
247 
236 
463 
41 1 
280 
263 
296 
486 
264 
324 
366 
245 
24 1 

320 

238 

- 

- 

- 

233 
219 
463 
- 

- 

287 
249 
- 

- 

284 
300d) 
254' 
224 

325 
- 

- 

- 

- 

- 

268 
246 
233a) 
236b) 

258 
234 
242a)a) 

313 
238 
269 

254 

- 

- 

- 

- 

- 

- 

- 

228 

200 
- 

- 

247 
212 
553 
- 

- 

274 
244 

- 

- 

296 
289 
362 
220 

406 
- 

- 

- 

- 

- 

245 
236 
432 
360 

257 
232 
438 

277 
238 
312 

23 1 

- 

- 

- 

- 

- 

- 

233 

163 
- 

- 

") 
b, 

") 
d, Calibration distance. 

Increased by 100 pm for MD run (CH, group [26]). 
Increased by 90 pm for MD run, because of the lack of diastereotopic assignment [26]. 
Was corrected up to 300 pm considering the '/(NH,H-C(a)). 
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For conformer B, one observes a distinct NOE cross-peak between MeLeu7H-C(cc) 
and Pro8H-C(cc) (see Fig.9) indicating a cis peptide bond between these residues. Note 
that the numbering of the three amino acids in the side chain of [Me-~-Leu~]didemnin B 
(see Fig. 1 )  is reversed as compared to the normal numbering of peptide sequences (from 
N-terminal to the C-terminal end). Hence, the cis peptide bond Pro8-MeLeu7 does not 
cause the C(J) and C(y)  shifts in the I3C-NMR typical for cis proline [20] as mentioned 
above! Because of overlap (see exchange peak 1 in Fig. 9 ) ,  no attempt was made to get the 
volume integral of this H-C(a)/H-C(a) NOE signal (peak 2). In accordance with [23] 
[24], a H,H distance of 200 pm served as the input value of this distance for structure 
refinements by MD calculation 

[ 4 7 0  

t 5 2 0  
3 D M  , " '  

5 10 5 0 0  4 90 4 ao 4 70 
PPM 

Fig. 9. Part of the 500-MHz NOESY spectrum of (Me-~-Leu~]/[Me-~-Leu~,~-Lact~]didemnin B (A-D) in 
(D,)DMSO. The MeLeu7 H-C(c()/Pro8 H-C(a) NOE cross-peak of conformer B (peak 2) ,  verifying the cis 
peptid bond in B, is indicated by an arrow. The residual peaks 1,3 and 4,5 are exchange peaks (H-C(a) of 
A/H-C(c() of B and OHIOH, resp.) which could be confirmed by positive cross-peak amplitudes in a 500-MHz 

ROESY spectrum. 

Determination of the Solution Structure of Conformers A and B by MD Calculation. - 
The MD calculations were performed using the GROMOS [25-271 program system. The 
force field is specially parameterized for peptides and nucleic acids. The starting coordi- 
nates were taken from the recently solved X-ray structure of didemnin B [7] with addi- 
tional conversion of the C(cc) configuration of MeLeu7. After energy minimization, we 
performed a 50 ps restrained MD run. The temperature gradients of the N H  chemical 
shifts were implemented as factors reducing the charges of the solvent-exposed N H  [28]: 
full charge was left at the temperature gradient of 0.3 ppb/K for IstlNH of A, whereas for 
Thr6NH of A ( A s / A t  = 4.9 ppb/K), a reduction to 25 YO was used. Intermediate values 
were linearily interpolated. The MD run consisted of two different steps: 5 ps at 300 K 
with a strong coupling to the temperature bath [29], followed by 45 ps at 300 K with a 
weak coupling to the bath. The applied force constant for the restraint was 2000 KJ mol-' 
nrn-'. Besides this, the MD calculation was performed as described before [6] [28]. The 
same procedure was applied to the second conformer B by using its individual set of 
constraints, though in one point the procedure differentiated. We turned the Pro8- 
MeLeu7 peptid bond from trans to cis in the starting structure because of the 
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fi 
11 
1 

A IJ 
‘6 

6- -qb 
Fig 10 Stereoview of the mean trajectory of [Me-~-Leu~]didemnin B (conformer A) obtained b j  50 p s  reatrained 

M D  calculation (in vacuo) 

Fig. 1 1 .  Stereoview of the mean trajectory of [Me-L-Leu7]didemnin B (conformer B) obtained by Sops  restrained 
MD calculation (in vacuo) 

Pro8H-C(a)/MeLeu7H-C(a) NOE. The trajectory from 5 to 50 ps was used to derive a 
‘mean’ conformation for A (Fig. 10) and for B (Fig. 11) as usual [6] [27]. 

Comparison of the Solution Structure of Conformer A of [Me-~-Leu~]Didemnin B with 
the Solution and Crystal Structure of Didemnin B. - Similarly to didemnin B, its epimer 
[Me-~-Leu~]didemnin B is not homogeneous on the time scale of the NMR experiment, 
but in contrast to didemnin B where three conformations in a ratio of 8 : l : l  were 
observed, [Me-~-Leu~]didemnin B exhibits only two conformations, allowing to obtain 
sufficient NMR parameters to perform a conformational analysis for both, A and B. 

First, we will concentrate on the most populated conformer A of [Me-~-Leu’]- 
didemnin B. The 23-membered ring is folded like a bend ‘figure-of-eight’ as in the case of 
didemnin B. The ring structure is stabilized by a transannular H-bridge that links Ist’NH 
and Leu3C0, though the population during the MD run of this H-bond is a bit lower 
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Table 7. Comparison of the MD-Calculated H-Bonds of [Me-~-Leu~]Didemnin B (Conformer A and B) and of 
Didemnin B, Including the Values of the X-Ray Structure of Didemnin B 

Hydrogen bridgea) [Me-~-Leu~]Didemnin B Didemnin B 

Donor Acceptor Conformer A (MD) Conformer B (MD) MD X-ray 

1st'NH Leu3C0 r[pm] 
0 [degl 
P [ "01 

0 [desl 
P[%] 

0 [degl 
P[%] 

Lact'OH Me2TyrSC0 r [pm] 
0 [degl 
P[%] 

0 [degl 
P[%] 

Leu3NH MeLeu7COC) r [pm] 

Thr6NH Lact'CO r [pm] 

Ist'OH Thr6C0 r[pm] 

293 
143 
85 

289 
153 
99 

329 
136 
63 

317 
146 
71 

31 1 
144 
51 

284b) 
1449 
949 
-dl 

297 
135 
42 

315 
133 
38 
"1 

280 
158 
99 

290 
162 
100 
289 
152 
96 

296 
159 
90 

- d, 

302 
142 

29 1 
169 

309 
156 

4339 

") 

") 
b, 

") 
d, H-Bridge not apparent here. 

Definition of H-bonds: distance r, angle 0 and population P as described before [6]. 
Donor Leu3NH and acceptor Ist'CO. 
Me-t-Leu7C0 in the case of didemnin B. 

(85%) than the same bond in didemnin B (99%, Table 7) .  The temperature dependence 
of the Ist'NH chemical shift is very similar to the one of didemnin B: a small value (0.3 
ppb/K for A and 0.5 ppb/K for didemnin B, see Table 4 )  clearly indicates the intramolec- 
ular H-bridge. The second H-bond involving Leu3NH and MeLeu7C0 (A) or Me-D- 
Leu7C0 (didemnin B) is responsible for the back folding of the linear moiety towards the 
ring system. The population of this H-bond during the MD calculation is the same for A 
and didemnin B (99 and loo%, resp.), though the temperature gradient of the Leu'NH 
(3.8 ppb/K) is not as small as the one for didemnin B (1.8 ppb/K). The third H-bond 
observed in didemnin B between Thr6NH and Lact'CO is involved in the PI1 turn with 
Pro8 in the i + 1 and M e - ~ - L e u ~  in the i + 2 position. This H-bond is only populated by 
63 YO during the MD run of A (see Table 7). 

It is obvious from the calculated dihedrals (see Table 8) and the Ramachandran 
diagrams in Fig. 12 that the conformational requirements for the PII-turn structure are 
fulfilled for A as good as for didemnin B, though the chirality at C ( a )  of MeLeu7 is 
reversed. Normally, one expects a conformational change when an L-amino acid is 
substituted by a D-configurated residue. On the other hand, often the overall conforma- 
tion is retained and only a small region such as a PII' turn changes to a PI1 turn. E.g.,  
cyclo(-Xaa-Phe,-D-Pro-Phe,-) where Xaa is L-Pro or D-Pro adopts conformations with a 
PII' about D-Pro-Phe, but a PI1 about L-Pro-Phe [30]. Similar results are obtained in cyclo 
(-D-Pro-Phe-Thr-Lys-Xaa-Phe-) with Xaa = L-Trp or D-Trp [30]. In conformer A, the 
described PII-turn structure could be confirmed by two NOE effects: one between 
Pro*H-C(cr) and MeLeu7CH3N which was stronger (distance 23 1 pm) than in didemnin 
B (distance 286 pm), and one between MeLeu7CH,N and Thr6NH (distance 322 pm for A 
and 260 pm for didemnin B). The third weak NOE connectivity Thr6NH/Pro8H-C(a) 
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Table 8. Comparison of the MD-Calculated Backbone Dihedrals in the Macrocyclic Ring and in the Linear Peptide 
Side-chain of (Me-L-Leu71Didemnin B (Conformer A and B) and of Didemnin B, Including the Dihedrals of the 

X-Ray Structure of Didemnin B 

Residue Dihedral angle [Me-~-Leu~]Didemnin B Didemnin B 

- Conformer A (MD) Conformer B (MD) MD 

1st' 

Hip' 

~ e u ~  

pro4 

Me,Tyr5 

Thr6 

MeLeuTa) 

Pro8 

  act^ 

co-N-C(~) -c@)(~)  
N-C(y)-C@)-C(a ) ( w )  
C(y )-C@)-C(a )-CO 
C@)-C(a )-CO-0 
C(a )-co-0-C(y ) 
co-0-C(y )-C@) 
O-C(y)-C@)-C(a) 
C(y )-C@)-C(a )-co 
C@)-C(a)-CO-N ( a )  
C(a)-CO-N-C(a) ( w )  
CO-N-C(a)-CO (4) 
N-C(a )-CO-N (a )  
C(a)-CO-N-C(a) (0) 

CO-N-C(a)-CO(4) 
N-C(a)-CO-N(a) 
C(a)-CO-N-C(a) ( w )  
CO-N-C(a)-CO(4) 
N-C(~)-CO-O(W) 
C(a )-CO-0-C(a ) 
co-0-C@)-C(a ) 
O-C@)-C(a ) - co  
C(P)-C(a)-CO-N ( w )  
C(a)-CO-N-C(y) ( w )  
C@)-C(a)-N-CO (4) 
C(a)-CO-N-C(y) ( w )  
N-C(a)-CO-N(a) 
CO-N-C(a)-CO (4) 
C(a)-CO-N-C(a) ( w )  
N-C(a)-CO-N (a)  
CO-N-C(a)-CO(4) 
C(a)-CO-N-C(a) ( w )  
C(B)-C(a )-CO-N(a) 

98 
44 
90 

-152 
-175 
-1 54 
-18 
117 

-1 17 
-175 
-123 

136 
172 
-76 
118 

-175 
92 
60 

-163 
124 

-165 
79 

-172 
-74 
178 
47 
58 

-178 
118 
-6 1 
179 
4 6  

137 
-53 
134 
79 

-175 
-102 

94 
41 

-98 
180 

-101 
176 
168 
-75 
116 
173 
54 

111 
-177 

108 

140 
-1 79 

-63 
-178 

138 
-108 

-7 
99 

-107 
177 
-36 

-155 

122 
-60 
168 

-151 
179 

-123 
-26 
112 

-130 
-173 
-1 10 

148 
164 
-58 
149 

-176 
52 
56 

129 
-153 

121 
-176 

4 3  
179 
-18 
112 

-164 
120 
-53 

-177 
121 

-170 

X-ray 

113 
-58 
164 
166 
177 

-142 
39 
60 

-134 
-167 
-124 

158 
174 
-75 
163 
178 
51 
84 

-121 
152 

-155 
156 

-178 
-68 

-170 
-29 
103 
180 
124 
-63 

-169 
158 

- 

~~ 

") Me-D-Leu in the case of didemnin B. 

that is indicative for the ,811 turn in didemnin B (distance 353 pm), and should account for 
an even shorter distance in its Me-~-Leu' derivative A could not be observed in the latter 
case, probably because of the smaller signal/noise level in our measurement. We observed 
two additional H-bonds for A: the side chain stabilizing H-bond between Lact'OH and 
Me,Tyr5C0 that was already observed for didemnin B in solution but not in the crys- 
talline state, and a H-bridge between Ist'OH and Thr6C0 which was not found for 
didemnin B before and might be an artifact caused by vacuum effects in the calculation. 

The same two unconventional ,811 turns described for didemnin B were found also for 
A. The first ,811 turn involves Thr6 in the i + 1 and 1st' in the i + 2 position. Although 
H-bond formation is not possible, the turn type in A can be described even better by a 
,811-turn type than in didemnin B itself because the deviation ( A  y~ = 44") of the calculated 
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Fig. 12. Ramachandran diagram of the turns (4 and y 
angles calculated by MD) in conformer A (+) and B (*) of 
[Me-~-Leu~]didemnin Bundin didemnin B (0). The data 
calculated by X-ray for didemnin B (x) (Me-o-Leu' in- 
stead of MeLeu7) are included. 

ty dihedral angle for 1st' from its ideal value (ty = 0) is smaller in A than in didemnin B 
(dty = 60"). This can be visualized in the Ramachandran diagram in Fig. 12a. The follow- 
ing NMR data will confirm our assumption of the turn structure: i )  The Leu3NH/Ist' 
H@,,.,-C(a) NOE is observed in A as well as in didemnin B (277 and 264 pm, resp.). 
ii) The Ist'NH/Thr6H-C(a) NOE with 21 1 and 210 pm in A and didemnin B, respec- 
tively, accounts for a very similar structure in both molecules and confirms Thr6 being 
involved in the i + 1 position of the PI1 turn type. iii) A small J(H-C(a), H-C(j3)) value 
for Thr' was already expected from the X-ray structure of didemnin B, and we find it 
again in A (see Table 5 ) .  As shown in Fig. 12a, the requirements for the torsion angles of 
Thr6 for the assumed turn type are fulfilled satisfactorily. 

The second nonclassical PI1 turn involves Pro4 (i + 1 position) and Me,TyrS (i + 2 
position). The bond from Me,Tyr5 to Thr6 is a lacton instead of an amide bond. The 
following NOE pattern (cf. Table 6) strengthen the assumption of the turn type (for 
comparison, data of didemnin B are given in parentheses). Me,TyrSCH,N/ 
Me,TyrSH-C(a) NOE with 227 (204) pm, Me,Tyr5CH,N/Pro4H-C(a) NOE with 215 
(192) pm; and Leu3NH/Ist'H@,,.,-C(a) NOE with 277 (264) pm. A view onto the 
Ramachandran plots in Fig. 12b indicates again that the deviations of the MD-calculated 
values from the ideal values for the torsion angles (Pro4: 4 = -60" and ty = 120"; 
Me,TyrS: 4 = 80" and ly = 0") are similar for A and didemnin B (solution structure by 
MD and crystal structure). 

Summing up, one can say that there exists a near equivalence of the solution structure 
of conformer A and didemnin B. The r.m.s. deviations for positional fluctuations of 
selected backbone atoms during the MD calculations confirm the prediction of a fairly 
rigid ring system in [Me-~-Leu']didemnin B (conformer A), as in the case of didemnin B 
(see Fig. 13). Distinct higher fluctuations for HipZC(y), as shown for didemnin B, could 



H ~ L V E T I C A  C H I M I ~ A  ACTA ~ Vol. 7 3  (1990) 
F7.m.s. deviation [nm] 

012 0.1 1 7 
43 

0.06 0’07 t 
0 05 

0 04 

0 03 

0 02 

0 01 

0 1 didemnin El 

f l A  
O B  

0 1 2 3 4 5 6 7 8 9 10 11 12 
Selected atoms 

Fig. 13. R.m.s. deviations [nm] from the mean atomic positions of selected atoms of conformer A and B of [Me-L- 
Leu7]didemnin Band of didemnin B (Me-o-Leu’ instead of MeLeu’) 

not be observed for [Me-~-Leu~]didemnin B which might be a consequence of the ‘pushed 
away’ Isti-HipZ part of the molecule by the Me-L-Leu’ residue (see below) resulting in a 
better definition of this region. As Fig. 13 shows, the MeLeu1-Pro8-Lac9 side chain is quite 
well defined as well. 

Despite the close analogy of the structures of A and didemin B, there exists a distinct 
difference in the orientation of the Isti-Hip2 region which points more towards the outer 
side of the ring in A, thus giving rise to a more expanded ring system in this amino-acid 
region (see Fig. 14). This may be caused by the influence of the linear side-chain moiety: 

pro4 6 

Didemnin B 

pj 

[Me-L-Leu’] Didemnin B 
(conformer A) 

Fig. 14. Comparison of the ‘mean’ conformations of didemnin B and conformer A. The arrows indicate the region 
where the change in the ring structure occurs. For the sake of clarity, the linear side chain consisting of MeLeu’- 

Pro8-Lac’ is omitted. 

3 
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Assuming (see below) a xI dihedral angle of -60" for Me-~-Leu~  of A (a x1 angle of +60" 
accounts for a PI conformation in a D-amino acid, whereas the P ,  conformation of a 
L-amino acid is represented by a xI of -60°), one of the CH, groups of MeLeu7 comes 
fairly close to CH3-C(a) of Hip2. This interaction could lead to the observed change in 
the ring structure. We expect a smaller distance of MeLeu'H-C(P) to Hip*CH,-C(cc) in 
[Me-~-Leu~]didemnin B than in didemnin B. This assumption may be confirmed by the 
Hip2H-C(a)/MeLeu7H-C(P) NOE of A (see Table 6) which is not found in the case of 
didemnin B. This major difference could be responsible for the deviations in the biologi- 
cal activity of the two epimers. 

Structure of Conformer B of [Me-~-Leu']Didemnin B in Solution. - The solution 
structure of the second most populated conformer B of [Me-~-Leu~]didemnin B is not as 
well determined as that of conformer A because of the smaller number of available NOE 
values. The data for the NOE effects, the coupling constants, the temperature gradients, 
the torsion angles, and the H-bonds are given in Tables 4-9 and will not be discussed in 
detail. None of the p-turns are retained in this conformer which can be realized from the 
Ramachandran plots in Fig. 12 a-c where the values of the dihedrals are included. The PI1 
turn of the linear side chain involving Pro8 in the i + 1 and Me-~-Leu~ in the i + 2 position 
is converted to a PVI-turn-type structure [31] (see Fig. 15) ,  which is determined by the 

Thr6 

Fig. 15. Stereoview of thePVZturn (part of the 'mean' conformation obtained by a 50 ps restrained MD in uacuo) in 
the linear side chain of conformer B involving Pro8 in the i + I and M e - ~ - L e u ~  in the i + 2 position. The cis peptide 

bond is clearly visible. 

Pro8H-C(a)/MeLeu7H-C(a) NOE effect indicating a cis peptide bond. In the 'mean' 
conformation of the MD calculation, the cis peptide bond deviates by -24" from planar- 
ity which may be caused by the repulsion of the MeLeu7CH,N group and Pro8C0. A 
similar PVI turn determined by an H-C(a)/H-C(a) NOE was already observed for the 
weakly populated conformer of VDA 008, the cyclic hexapeptide cyclo(-D-Ala'-Phe'- 
Va13-Lys(Z)4-TrpS-Phe6-), involving Val3 in the i position [32]. 

Though the MD-calculated value for the iy angle of Me-~-Leu' (see Table 8) deviates 
considerably from its ideal value ( i y  = 0) [31] in a PVI turn, this bend can be described by 
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a ,OVI turn type because of the following classification: In general, a bend belongs to the 
indicated turn type if the 4L+ I ,  tyz+ I ,  and 4t+, angles are within *40" of the ideal values 
[33]. Those requirements are fulfilled in our case. Additionally, the BVI-turn type is 
indicated by the Thr6NH/MeLeu7H-C(a ) NOE (254 pm). 

Comparison of the Side-Chain Structure of Conformers A and B with that of Didemnin 
B. -The conformation of the side chains were determined as usual [34] using 3J(H-C(a), 
H-CV)) and 3J(H-C(a)/H'-C~)) and COLOC cross-peak intensities. Also some NOE 
effects deliver the assignments of the diastereotopic ,O protons which is essential for the 
discrimination between conformation I 01' = -60"), I1 (,yl = 180"), and Il l  01, = +60"). In 
all cases, nearly identical side-chain conformations were found in conformer A and 
didemnin B (see Tables 5, 6, and 9) .  This supports also the above mentioned similar 
backbone conformation of both peptides, whereby the observed change in the ring 
structure (see above) is assumed to be caused by the Me-~-Leu~ residue. Hence, its 
side-chain analysis will be discussed in detail. 
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Table 9. MD-Calculated x1 Dihedrals of [Me-~-Leu~]Didemnin B (Conformer A and B )  in Comparison to the x1 
Dihedrals of Didemnin B (MD and X-ray) 

Residue [Me-~-Leu~]Didemnin Didemnin B 

Conformer A (MD) Conformer B (MD) MD X-ray 

I&) 84 14 64 64 

pro4 22 26 5 36 
~ e u ~  178 55 -12 4 7  

Me,Tyr5 -65 -64 -62 -42 
Thr6 -165 -1 55 -153 -155 
M ~ L ~ u ~ ~ )  4 5  -1 17 14 61 
pro8 -5 17 -16 -3 1 

") 
') 

Here, the dihedral angle is N-C(y)-C(S)-CH,. 
M e - ~ - L e u ~  in the case of didemnin B. 

The configuration of the residue at position 7 is L in the case of A and v in the case of 
didemnin B. As already expected, the coupling constants are reversed in the following 
sense: for didemnin B (Me-~-Leu~),  we observed 11.1 and 5.0 Hz for 3J(H-C(a), 
H@,U.n-CQ3)) and 'J(H-C(a ), H,,,,.,,-C(p)), respectively, while for A (Me-~-Leu'), we 
find 4.9 and 10.3 Hz respectively (for the corresponding coupling constants of conformer 
B, see Table 5). The calculated populations [35] determine rotamer I or I1 in solution for 
A and B. The NOE between Me-v-Leu7CH3N and Me-v-Leu7H-Cu) which was ob- 
served for didemnin B and indicated for rotamer I in solution was not found for the 
Me-~-Leu~  derivatives A and B. But the weak COLOC correlation to one /3 proton of 
conformer A (see Table 3 )  and the MD-calculated xI angle of -65" (A) and - 1 17" (B) lead 
us to propose rotamer I for conformer A and B of [Me-~-Leu~]didemnin B in solution. 

In the cases where the side-chain structures of conformer B were accessible, the 
population of the rotamers are similar to those of A. 

Conclusion. -The substitution of the Me-v-Leu residue of didemnin B by a Me-L-Leu 
residue induces only minor changes in the backbone conformation in the main conforma- 
tion A. Only a slight extension of the 1st'-Hip2 region giving rise to a more expanded ring 
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is observed. On the other hand, the biological activity is considerably reduced. It is not 
known so far if this is due to an important contribution of the MeLeu residue in the 
binding or if the mentioned small backbone conformational change is sufficient to reduce 
the receptor binding ability of the Me-~-Leu' derivative in comparison to that of 
didemnin B. 

Measurement Conditions. - General. All NMR spectra were recorded at 300 K on a A M  500 spectrometer 
(v,('H) 500 MHz) equipped with an Aspect 3000 computer (Bruker). A sample containing 20 mg of material in 
degassed (D,)DMSO was used for all measurements. 

1. ID'H-NMRSpectra.  Size 16K, sweepwidth 5319.15,pulselength 3.0ps, 128acquisitions. Lorentzto Gauss 
multiplication (GB = 0.3, LB = -3 )  was applied. The spectra for determination of the temp. gradients were 
recorded at 300-340 K in steps of 10 K. 

2. DQF-COSY Spectrum. Sequence: Dl-90"-tl-900-D2-90"-t2. Relaxation delay D ,  = 1.6 s, delay D,  = 4 ps, 
90"-pulse 7.7 ps, acquisition time 417.8 ms, spectral width in fl andfi 4902.0 Hz, size 4 K, 32 acquisitions, 1024 
increments, quadrature detection in both dimensions, single zero filling in f i  and apodization with a squared 
n/3-shifted sine bell in both dimensions. 

3 .  NOESY Spectrum. Sequence: D l - ~ ~ 0 - t , - ~ ~ " - t , - ~ ~ " - ~ m ~ ~ - ~ ~ o - t 2 .  Relaxation delay D, = 1.5 s, mixing time 
T~~~ = 120 ms, random variation of T~~~ (in 10% of T ~ ~ ~ )  was applied to suppress zero quantum coherences, sweep 
width 5319.15 Hz infi and f2, 750 experiments in I , ,  quadrature detection in both dimensions, zero tilling up to 2 K 
in f l  and apodization with a squared n/2-shifted sine bell in both dimensions, baseline correction. For the plot of 
Fig.9, Gauss multiplication in both dimension was applied (LB = -5, GB = 0.1). 

4. TOCSY spectra. Sequence: D,-9O0-t,-MLEV17-f,. Relaxation delay Dl = 1.5 s, 90"-pulse length 10.5 ps, 
spectra with different mixing times (duration of the spin-lock period) were recorded: a) 20 ms b) 80 ms, sweep width 
5376.34 Hz, 500 increments, size 4 K infi, zero filling to 1 K in f, and apodization with squared n /3-shifted sine bell 
in both dimensions. 

5. E.COSY Spectrum. Sequence: Dl-90"-tl-90"-D2-90"-t~, phase cycling for three spin E.COSY was applied in 
accordance to [Ild], relaxation delay D, = 1.4 s, delay D, = 2 ps, 90"-pulse length 8 ps, 72 acquisitions, 940 
increments, sweep width in both dimensions 3649.64 Hz, size 4 K infi, Lorentz to Gauss multiplication in both 
dimensions (GB = 0.15, LB = -1.5). For extraction of the J values, inverse Fourier transformation of respective 
rows was applied and zero filled up to 16 K. 

6. 'Inverse COLOC' Spectrum. Sequence: Dl-90"('H)-D2-900~,l,~~~~~('3C)-t ,/2- 1 80"-tl/2-900('3C)-t2( 'H). Relax- 
ation delay 1.5 s, 90"-pulselength: 8.9 ps OH), 13.2 ps (13C, hard), 2000 ps ( ' k ,  soft), D,  = 60 ms, sweep with infi 
1200 Hz and in f, 5319.15 Hz, t ,  ridges were eliminated by subtracting coadded rows of a region without 
cross-peaks from the 2D matrix. The spectrum was phase-sensitively recorded and processed, followed by a 
magnitude calculation. 

7. Proton-Detected 'H,"C-COSY Spectrum ( H M Q C ) .  Sequence, see Fig.% Relaxation delay 95.1 ms, 
90°-pulse length: 10.5 ps ('H), 13.8 ps (I3C), A = 3.45 ms, T = 172.8 ms, spectral range in.f2 5319.149 Hz and infi 
10000 Hz ((t80 ppm), quadrature detection in both dimensions 2 dummy scans, 144 acquisitions, size 2 K, zero 
tilling to 4 K infi and to 1 K infi. recording and processing in the phase-sensitive mode, coadded rows of a spectral 
region without cross-peaks were substrated from the 2D matrix. 

8. Proton-Detected 'H,'jC-COSY with TOCSY Transfer Spectrum. Sequence, see Fig. 5b. Identical conditions 
as in Exper.8, except that the spectral range infi was expanded to 17000 Hz (0-140 ppm) and 176 acquisitions were 
recorded; mixing time for the spin lock, T , , , ~ ~  = 80 ms. 
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