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The information about relative and absolute configuration of
stereogenic centers in natural products and synthetic key inter-rig re 1. Synthesis of both diastereomeric MMP-3 inhibitor key
mediates is indispensable for modern medicinal chemistry. To intermediate$a and 6b.
achieve spatial complementarity between ligands and specific
target enzymes, an understanding of stereoselective transforma- After the assignment ofH NMR resonanceés for 6a and 6b
tions is required. Here we describe the application of a strategy (cf. Supporting Information), distance constraints were extracted
to simultaneously determine configuration and conformation of from 2D NOESY and ROESY spectra by conversion of cross-
key intermediates in the synthesis of enzyme inhibitors using 2D peak volumes into interproton distances using the isolated spin

NMR spectroscopy and simulated annealiimgluding a floating
chirality approach.

Since matrix metalloproteinases are of growing interest in
pharmaceutical researélive have investigated key intermediates
for stromelysin (MMP-3) inhibitors with Sldirected biphenyl-
sulfonyl side chainé. Their relative configurations were unam-

pair approximation (ISPA). Thirty-one and 26 nontrivial distance
constraints were obtained fda and 6b, respectively’? In
addition, homonuclearJ-coupling constants (cf. Supporting
Information) were converted into dihedral angle informatidn.
For both compounds the NMR spectra indicate the existence of
a single preferred conformatidf.

biguously obtained using this approach and could be validated The NOE restrained simulated annealing calculafiomsre
using X-ray structure analysis. To our knowledge, this is the performed using SYBYLL>%6 Since it is not possible to determine
first example of this strategy combined with an independent absolute configurations in distance space, carbon C4 was set to

validation showing its potential to rapidly obtain relevant stere-
ochemical information.

The synthetic route (cf. Figure 1) started froml)-tetrahy-
droisoquinolin-3-carboxylat&, which was N-sulfonatel.2 was
converted to the aldehydeby reduction to3 using BMS and
oxidation usingo-iodoxybenzoic acid IBX. The loss of optical
rotation from3 to 4 indicates racemization despite the extremely
mild conditions. Due to lack of stability} was directly converted
to the configurationally stabl&-methylnitrone5. Heating a
solution of 5 resulted in 1,3-dipolar cycloaddition to give the
desired isoxazolidine8in a 48.6:51.4 ratio ofa (RSFSRR trans)
and 6b (RSRSRS cis). The low cis/trans stereoselectivity has
been overcome in special casedhe stereodirecting effect of
a-chiral nitrones during olefin cycloaddition was described using
different transition state models. Our data suggest that cycload-
dition of tetrahydroisoquinolin nitrones preferably results Ri 4
3S (493R) stereochemistry.
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R-chirality. Thus, four different starting configurations for
carbons C4, C3, and CIRES RSR RRS and RRR were
considered for each intermediate. The NMR-derived distance
constraints were applied as a biharmonical function. An energetic
force field was used where experimentally derived distance
constraints have higher force constants than the terms maintaining
individual atom chiralities. Thus, chiral centers are allowed to
invert during the simulation. For each starting configurations,
50 structures were calculated, which were all combined for
analysis yielding 200 individual structures f@a and 6b,”
respectively.

Acceptable structures were selected on the basis of the
maximum pairwise rmsd violatioksas objective criteria. For
each structure, the maximum rmsd to all structures with lower
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Figure 3. Comparison between representative solution structures (white
PR A carbon atoms) and solid-state structures (grey carbon atoms) for diaster-
B eomersba (left) and 6b (right).
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17 : T for epimer6a is slightly violated by 0.11 A (averaged over 20

Figure 2. Results of the NMR-based analysis of both epimers. In the conformers). A similar agreement is observed for the second

upper left panel, the conformational ensemble of 20 acceptable structuresa i
for 6a (RSSchirality) is given. In the lower left panel, the maximum of Seplmeer’ although the resonance overlap of protons H2, H3,

the rms deviation is shown between pairs of conformers with a rms NOE and H5 led to a higher uncertainty in the NOE distance restraints,
violation smaller than a cutoff value as objective criterium for ensemble causing a higher NOE violation for all 2BSRconformers.
selection. The sample of structures for rms deviation gets progressively

larger with increasing cutoff values for the NOE violation, as plotted on For 6a, strong NOE between H1 and H4 and a weaker

}heti(]-aXiS- On t_h%{-aXiSt, t?he maXing; fme ggviationtvilluestaretgivenf. correlation for H1 and H3 count for a HH3 trans orientation.
diastereomerb. (ROR chirality) is shown in combination with the . However, the full differentiation between all possible stereoiso-
corresponding maximum rmsd graph (lower right panel). mers at C4, C3, and C1 could only be achieved in a straightfor-
ward manner using this combined experimental and computational

constraint violations was plotted on tlyeaxis as a function of ~ approach. The situation was even more difficult @orsince no
the constraint violation (Figure 2, lower panel). For a conformer unambiguous NOE effects between protons—# and H}+
family, the maximum rmsd raises continuously as a function of H3 were observed, whereas the calculation unambiguously led
the violation of the experimental data. However the scatter plots to the RSRdiastereomer with a cis orientation of H1 and H3.
in Figure 2 reveal significant steps, indicating that new confor- . I
mational and/or configuration states become accessible, which Subsequently an X-ray structure analy%ior validation
differ significantly from all structures with lower violations. These ~confirmed the relative configurations for both epimers obtained
plateaus with higher violations and rmsd values correspond to PY NMR. The comparison between solid state and solution
alternative configurations at carbons C1 and/or C3. structures for6a and 6b is displayed in Figure 3. The only

For 6a, 69 structures with low NOE violations are acceptable. remarkable difference between solution and solid-state structures
All reveal RSSchirality at C4, C3, and C1 (Figure 2, box in lower is the orientation of the biphenyl moiety in both epimers, which
panel). Interestingly, 40% of those structures were obtained from might result from crystal packing effects. Concerning the
different starting configurations by inversion of chiral centers. heterocyclic system, conformations and distances are very similar.
In fact, the structure with the lowest NOE violation results from

an RSRstarting diastereomer. In contrast, all diastereomers ¢ i d P " idl d efficienty ded
starting withRSSmaintain their chiralities. For analysis, the first coniormation and contiguration rapidly and €efliciently deduces

well-defined plateaus in Figure 2 (left) with rms NOE violations the correct relative stereochemistry. As earlier propodede
between 0.03 and 0.04 A were considered, leading to 20 field modifications allowing chiral centers to convert produce
representative structures fﬁa(F|gure 2, upper |eft pane') The Conﬁgurations COI’]SiStent W|th a" eXpeI‘imental data The unbiased
second p|ateau foBa with 49 conformers also corresponds to Structure analysis based on NOE rms violation of individual
RSSconfigurations but now represents another conformational conformers unambiguously allows the selection of acceptable
state characterized by a different orientation of the biphenyl structures in accord with experimental data. For further testing
moiety. during implementation of this strategy, compoundf reference

The same analysis fdb revealed theRSRconfiguration at 5 was used, leading to identical results as described therein. Thus,
C4, C3, and C1. Again, no chirality inversion was observed for our results clearly demonstrate the potential of this powerful
the RSRstarting structures. The most acceptable 28 conformers approach to obtain relevant information in a timely and straight-
a_ng the maximum rmsd plots are displayed in Figure 2 on the forward manner.
right.

All NOE-derived constraints are fulfilled for both epimers (cf.

Supporting Information). Only one NOE in the biphenyl residue Acknowledgment. The work of Holger Thiel during the synthesis of
the herein described molecules is gratefully acknowledged.

This validated approach for the simultaneous determination of
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4 ps and minimized resulting a protocol of 50 cycles with 4 ps simulation
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