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Abstract

The assignment of the configuration of natural products or organic compourefseiralgs often carried out by

X-ray crystallography or chemical synthesis. NMR spectroscopy is often used only in a qualitative way in the
context of configuration assignment. This paper will illuminate a systematic investigation of the combined use
of NMR spectroscopy and distance geometry (DG) calculations for the determination of the relative configura-
tion of an organic model compound. The NMR/DG approach allows to quantify configurational assignments.
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cuss how effective NOE (nuclear Overhauser enhancement)
Introduction derived distance restraints in combination with computational
methods can be used for configurational assignments.
The determination of the relative and absolute configuration
of natural products is essential for an understanding of their
biological activity or ecological relevance. In synthetic or- Methods
ganic chemistry the knowledge of the stereochemistry of the
intermediates is necessary to understand stereoselective lROE derived distance restraints may be used in a qualitative
actions. Presently, the standard methods for determining thgay or as restraints in EM or MD simulations. Both ap-
relative or absolute configuration of organic molecules areroaches are problematic for compounds with a large number
X-ray crystallography, chemical synthesis and NMR of unknown stereogenic centers. Therefore, a method is re-
spectroscopy. The first two methods, although powerful, haveuired which allows the determination of all unknown centers
significant drawbacks. X-ray crystallography requires crys-simultaneously and without the necessity of crystalline prod-
talline products whereas the chemical synthesis is usuallyicts. Distance geometry (DG) [1] in combination with dis-
very time consuming and by no means reliable. Here we disance bounds driven dynamics (DDD) [2] calculations using
interproton distances (NOE restraints) and floating chirality
(fc, means no chiral restraints for stereogenic centers) [3] are
discussed here as a novel method for the determination of
$ Presented at the 11. Molecular Modeling Workshop, 6 -7the relative configuration (fc-rDG/DDD).
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cross peaks of were analysed and used as restraints (r) in
the simulations [5a]. The first results with the fc-rDG/DDD
method indicated that this method could to be a very useful
tool for the determination of the relative configuration of
organic compounds.

Results

Here we investigate the fc-rDG/DDD method in a systematic
way. Four combinatorial possibilities for DG/DDD simula-
tions with floating chirality and NOE restraints (a to d) exist
as listed below. Only the fc-rDG/DDD method (a) is of inter-
1 est for the determination of the relative ¢gufaion. The

other methods are needed to investigate if the DG/DDD
Figure 1. Structural formula of the bisoxazolidirig the six =~ method meets the basic demands of configurational assign-
unknown stereogenic centerdliare indicated by grey circles. ments.
The configurations of the six unknown centers ag; 6-R, (a) fc-DG/DDD with experimental restraints (fc-rDG/DDD)
8-R, 11R, 12S and 16R, abbr. asRRRRSR (b) fc-DG/DDD without experimentaéstraints (fc-DG/DDD)

(c) DG/DDD without experimental restraints (DG/DDD)

(d) DG/DDD with experimental restraints (rDG/DDD)

The first complete application of the fc-rDG/DDD method ~ There are two major aspects which have to be investi-
to determine the relative cag@iration of an orgnic com-  gated for the fc-DG/DDD calculations without experimental
pound (bisoxazolidind [4], see Figure 1) was described in distance restraints (b). In these calculations an equal popula-
1994 [5]. In this investigation all unknown stereogenic centersion of theR andS configuration at every stereogenic center
were allowed to change their sense of chirality during thds expected and therefore the averaged chiral volume for each
simulation. Thesix unknown stereogenic centerslofgrey  stereogenic center should be zero over all generated struc-
circles, see Figure 1) were determined simultaneously with &ures. Furthermore, all possible absolute configurations (in
high degree of accuracy [5a]. In this investigation 57 NOEcase of moleculel there are 64) should be equally popu-
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Figure 2. Plot of the average chiral volume of the six unknownFigure 3. Plot of the population of all 64 configurations
stereogenic centers (C-1, C-6, C-8, C-11, C-12 and C-16) ofbtained from the fc-DG/DDD simulans. The meanalue

1in fc-DG/DDD simulations without distance restraints. The is indicated by a circle. As expected all possible configurations
expected chiral volume for a carbon atom is 8.5, the averagshow a similar population.

value found in these simulations is around zero. The standard

deviation is too small to be seen in the graph.
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Figure 4.a) Result of the DG/DDD simulations, the averagetance restraints derived from the X-ray structure (later called
total errors for each configuration is plotted. The values for synthetic or theoretical NOES) [a]. The rDG/DDD calcula-
all configurations are very similar, indicating that DG/DDD tions (d) were carried out with 50 structures for each of the
was able to fulfill very well the holonomiesgtraints; 64 configurations (see Figudb). Wth experimental and
calculations do not favor a certain stereoisomer. b) Results'synthetic” data sets the correct configurationR16-R, 8-

of rDG/DDD simulations with experimental (black squares) R, 11R, 12-Sand 16R, abbr. aRRRRSRshows the small-
and theoretical (red circles) distance restraints. All 64 possibleest violations of the distance restraints and the lowest total
confgurations of1 were investigated (on the x-axis). The y- error [b] (total error of about 20 for the synthetic data and
axis shows the total error, averaged over all generatedabout 30 for the experimentaltdp Thetotal errors of the
structures. The correct cdgiration RRRRSRnumber 25)  next best configurations were double thedsty This result
shows by far the smallest total error for the experimentaldemonstrates that the experimental restraints strongly favor
and theoretical restraints. the correct configuration.

New simulations with the fc-rDG/DDD method (a) were
lated. The fc-DG/DDD calculations were carried out five also carried out fod. In the first investigéon of 1 from
times with 500 structes. Asexpected the sum over all chiral 1994, floating chirality was only applied to the six unknown
volumes for each of the six floating stereogenic centers werehiral centers ofl (see grey circles in Figur®. There are
close to zero in the fc-DG/DDD calculations (see Figure 2)two options to reduce the degree of determination of the sys-
The 64 different possible absolute configurations were nearlyem. One is to increase the number of floating centers during
equally populated (see Figu8g. This result was expected the simulation and the other is to reduce the number of NOEs.
since no experimental restraints were applied. It indicates Investigations of the fc-rDG/DDD calculations were car-
that the results are not biased and that the resulting configuied out with an increased number of floating centers. The
rations in fc-rDG/DDD calculations are due to the experi-application of floating chirality to more centers increases the
mental restraints. configurational and conformational freedom and therefore

The DG/DDD calculations with chiral restraints (c) were the “noise” of wrong configurations. When floating chirality
carried out to verify that none of the 64 absolute configurawas applied to four methylene groups (the protons of the
tions of 1 is favored by their total errors if no experimental fifth are isochronous) beside the six unknown centers it still
restraints are applied. It is expected that all configurationgave very reliable results. The relative population of the cor-
show similar total errors. The simulations were run with 50rect configuration RRRRSRwas about 55%. The next most
structures for each possible configuration (64) and resulteghopulated configuration wd%. The calcutzons with float-
for all configurations in structures which fulfilled, both the ing chirality for all ten stereogenic centers (the six unknown
holonomic restraints and the given chiral restraints very welstereogenic centers and the four centers with known con-
(total errors between 2.4 and 2.7, see Figla)e Therefore figuration in the oxazolidines) resulted in a population of the
no configuration is favored by geometrical reasons.

The second fact which had to be investigated for these
simulations without floating chirality is if the DG/DDD [a] In order to get the artificial restraints all interproton distances
method favors the correct configuration when NOE restraints  below 8 A were generated from the X-ray structure. The gener-
are applied. In these calculations (d), the correct configura- ated data was compared with the experimental NOEs, and the
tion should show the lowest total error. The simulations were corresponding distances were used as "synthetic" NOEs.
carried out with the 57 experimental NOEs for all 64 abso{b] The pseudoenergy is not a real energy, it is a quality factor

lute configurations and repeated with the corresponding dis- which describes the degree of satisfaction of the distances and
the chiral wlumes. The ditance term consists of experimental

and holonomic restraints. The latter ones are given by the con-
stitution of the molecule.
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Figure 5. Graphical representation of three of the fc-rDG/ correct relative configuratiolRRRRSRNASSSSR®f about
DDD simulations with a random selection of NOEs out of 5730% (the next configuration was populated by 10%). Even
NOE restraints (experimental and synthetic, respectively)when floating chirality was applied to the four methylene
In each graph the results for theperimental (black squares) groups and all ten stereogenic centers, the correct relative
and the synthetic (red circles) NOE set arewhoThe  confguration RRRRSRNASSSSRSvas still the most popu-
simulations run with 15 (a and d), 25 (b and e) and 35 (c andated. About one-third of the generatedustures have the

f) NOEs are exemplary shown. On the x-axis the possibleorrect relative configuration and both enantiomers were al-
configurations are indicated, on the y-axis the respectivemost equally populated.

relative population is shen. Theleft graphs show the Further investigations were carried out to determine the
population of the different configurations in the context ofminimal number of restraints necessary to obtain reliable
the complete simulation data while on the right side theresults with the DG/DDD method [6, 7]. Out of the 57 ex-
context is reduced to the best 20 structures.
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rDG/DDD calculations with reduced number of NOEs are
shown in Figure 5. For the analysis of this graphical repre-

sentation first all gnerded structures (45 to 50) were used References

(Figure 5a to c¢) and then only the best 20 (Figure 5d to f).
About 42% of structures with the correct absolute configura4
tion are obtained for 25 NOEs, when inspecting all struc-
tures. These results indicate that even with a relatively small
number of NOEs the configuien of 1 can be determined
with a high degree of accuracy. The corresponding results
for the “synthetic NOEs” are included in Figure 5 (red cir-
cles). The graphical representation shows in principle the same
result as for the experimental NOEs (black sgsjgrpreing
the quality of the experimental data set as well as the conclu-
sion which were drawn from it. When the best 20grated 2.
structures (Figure 5b) are inspected, only a small difference
can be observed between the calculations with the experi-
mental and the synthetic NOEs.

3.

Conclusion

The systematic investigation using bisosdédinel has shown 4.
that the fc-rDG/DDD simulations are a reliable method for
the determination of the relative configuration. Even with5.
ten floating centers and without the diastereotopic assign-
ment of the methylene groups the calculations favor the cor-
rect relative configuration. Furthermore a relatively small
number of NOE restraints (20 to 25) was sufficient to deterf.
mine the correct configutian. This result is confirmed us-

ing the theoretical NOE data set which allows the verifica-
tion of the fc-rDG/DDD method without experimental er- 7.
rors. In the future, it has to be demonstrated that this metho8.
can be successfully applied to a wide variety of organic com-
pounds. 9.
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