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Chem 106E. Kwan NMR V

This means we are looking at the coupling between the proton in 

the front, marked H2, and the carbon along the axis of the 

Newman projection, C3.  C3 is behind C2, so you can’t see it.

Let us now consider a 1,2-methine system.  It can have a threo 

or erythro relative stereochemical relationship (we don’t want to 

use words like syn or anti, since they would depend on how the 

chain was drawn).  One forms three staggered rotamers for both 

diastereomers and assigns expected couplings to them.  Then, 

results can be compared against the experimental data.  Note 

that there is no way to tell between the two anti conformers of

the threo and erythro compounds.  Typically, additional 

information, available through dipolar couplings (nOe) is needed 

to distinguish those two possibilities.

For X=OR, Y=OR and the threo stereoisomer:
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For the erythro:

(I copied these charts from page 3747 of the review.  Note that 

there seems to be an error in the annotation on the right hand 

side of Figure 3: this is X=Y=OR, not X=Me, Y=OR.)

Charts for other substitution patterns are available in the review.  

The presence of medium sized couplings is a sign that there are 

multiple conformers whose couplings are being Boltzmann-

averaged.  This is a complicated situation and I will not get into it 

here.

Computations are helping in this arena, too.  What if you have a 

functional group pattern which is not covered by this?  For 

example, Carreira (JACS 2009, 131, 15866) recently dealt with 

polychlorinated natural products:

In this case, they chose to do something that is more or less a 

kind of universal NMR database method: they synthesized 

fragments and obtained some characteristic chemical shift and 

coupling constant data.  A comparison of the natural product 

and these data allowed an assignment by analogy.

The other approach is to use computations to generate this set 

of characteristic data.  For example, Bifulco recently looked at 

this polyketide (OL 2004 6 1025):
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Bifulco noted that:

“…test calculations of ours have shown that such an 

intensive computational task is seldom necessary, since 

magnitudes of coupling constants are affected mainly by the 

local atomic environment and effects extending further than 

two atoms away from the nuclei involved in the coupling are 

usually not relevant…”

Therefore, they took two carbon fragments from the molecule 

and performed constrained optimizations for all of the staggered 

rotamers at mPW1PW91/6-31g(d).  Then, they took these 

geometries and obtained GIAO predictions of the coupling 

constants with a larger 6-31g(d,p) basis set.  Finally, they 

compared the expected and observed coupling constants by 

mean absolute error (MAE):

Evidently, the agreement is particularly good for the gauche+ 

rotamer of the erythro stereoisomer.  Another advantage of this 

approach is that one no longer needs to rely on semi-quantitative 

descriptors like “large” or “small.”

The NMR Database Method

One of the original demonstrations of this technique was done 

on the oasomycins by Kishi (OL 1999 1 2181):

The flat structure was known, but the relative configuration 

was not.  In this particular study, they looked at the region 

highlighted above.  They synthesized all the possible 

diastereomers of that region:
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The chemical shifts of these diastereomeric fragments were 

compared to the chemical shifts of the natural product.  For this 

to work, one assumes that (Kishi’s words):

the structural properties of a compound are (1) inherent to the 

specific stereochemical arrangements of (small) substituents on 

its carbon backbone and (2) independent from the rest of the 

molecule.

This latter assumption is called the “self contained box” 

approach.  Evidently the former assumption is quite reasonable:

One then compares the empirical data with the observed data.  

In this case, the carbon chemical shifts were used (but other 

metrics have also been used).  According to Kishi’s convention, 

the deviations are presented in bar chart form:

In this case, one would conclude that the deviations in 1e are the 

smallest, and therefore the relative stereochemistry of the 

natural product matches that of 1e.  






























