PREDICTING THE STRUCTURE OF
HEXACYCLINOL
We discuss computed NMR spectra, and in particular note some successes in
correlating predicted chemical shifts with experiment values. Recently,
Rychnovsky took the next logical step, utilizing computational methods to predict
the NMR spectrum of a compound whose structure was in doubt.
Hexacyclinol was isolated from Panus Rudis, a type of mushroom. Based on
spectroscopic studies, Gräfe proposed 1 as its structure.1 Le Clair claimed to have
synthesized a substance with this structure in 2006.2 This article became a cause
célèbre in the blogosphere,3 with serious doubts cast upon the veracity of the
author and his claims.

Rychnovsky4 doubted that the molecule actually possessed the unusual structure
of 1. Since the actual structure was unknown, he proposed to compute the NMR
shifts based on the optimized structure of 1 and compare them with the
experimental values. Given the very large size of hexacyclinol, the computational
approach would have to be rather limited. Therefore, whatever (small) method was
to be employed would have to be tested for adequate predictive performance with
known compounds. Rychnovsky selected the three diterpenes elisapterosin B 2,
elisabethin A3, and maoecrystal V 4 to benchmark his computations. His
computational approach was to first utilize a Monte Carlo search with the MMFF
force field to identify low lying conformers. The best conformer was then
optimized at HF/3-21G and the chemical shifts were computed using this geometry
with the GIAO/mPW1PW91/6-31G(d,p). The optimized structures of the
diterpenes 2-3are shown in Figure 1.
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Figure 1. HF/3-21G optimized structures of 2-3.4

The computed 13C chemical shifts for these test compounds were then plotted
against the experimental values and a linear fit was determined to correct the
computed values. The average13C chemical shift difference between computation
and experiment is less than 2 ppm, and no difference exceeds 5 ppm. Next,
Rychnovsky optimized the proposed structure of hexacyclinol 1, shown in Figure
2, and computed its 13C chemical shifts and corrected them using the fitting
procedure developed for the three test compounds. These computed chemical shifts
were in poor agreement with the experimental values; the average deviation was
6.8 ppm and five shifts differ by more than 10 ppm. Rychnovsky concluded that
this poor agreement discredits the proposed structure 1.
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Figure 2. HF/3-21G optimized structures of 1.4
As an alternative, Rychnovsky proposed that hexacyclinol is in fact the by-product
from work-up of the natural product panepophenanthrin, also obtained from Panus
rudis. He proposed that hexacylinol has the structure shown in 5.

He optimized the geometry of 5 and obtained two low-energy conformers. The
second-lowest conformer, shown in Figure 3, has a predicted 13C NMR spectrum in
very close agreement with experiment. Its average chemical shift deviation is 1.8
ppm with a maximum difference of 5.8 ppm. These differences are consistent with
those found in the diterpenes test set. This structure has now been synthesized by
Porco and its x-ray structure obtained.5 This compound has the structure predicted
by Rychnovsky and is completely consistent with the original hexacyclinol
compound reported by Gräfe. This successful resolution of the structure of
hexacycliinol should spur further use of computational methods to predict NMR
spectra and evaluate chemical structures. ACD has recently applied its method for
predicting NMR spectra to the problem of hexacylinol.6 You can read about this on
the ChemSpider blog.
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Figure 3. HF/3-21G optimized structures of 5.4
Source: http://comporgchem.com/blog/?p=17

