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The stereochemistry of syn- and anti-l,&diol acetonides can be assigned from the 13C chemical shifts 
of the acetal methyl groups and from the 13C chemical shifts of the acetal carbon. In general, the 
syn-l,&diol acetonides have acetal methyl shifts at 19 and 30 ppm and acetal carbon shifts at 98.6 
ppm, while the anti-acetonides have methyl shifts at  25 ppm and acetal shifts at 100.5 ppm. We 
have tested the generality and reliability of these two correlations by carrying out a complete literature 
search for l,&diol acetonides and identifying those with assignable 13C spectra. The complete set 
of 221 1,3-diol acetonides, including several newly prepared compounds, were analyzed to test the 
validity of these two 13C chemical shift correlations. The 13C chemical ahif% correlation of the acetal 
methyl groups holds for all cases examined except those containing nitriles a t  the C(4) or C(6) 
position. The 'SC correlation of the acetal carbon is much less reliable; the syn and anti isomers show 
significant overlap with no obvious structural correlation. The acetal methyl shifts are reliable 
indicators of l,&diol acetonide stereochemistry, but the acetal carbon shift correlation is not alwaya 
reliable and should be used with caution. 

Determining the stereochemistry of complex poly01 
natural products in the absence of definitive crystallo- 
graphic information is a time consuming and sometimes 
difficult task2 and provides a strong impetus for the 
development of simple and reliable spectroscopic tools. 
The l,&diol subunit is found in many natural products 
such as the polyene macrolide antibiotic roflamycoin and 
the polypropionate swinholide A (Figure lh3 Several years 
ago we described a method for determining the relative 
stereochemistry of l,&dioh by analyzing the 13C NMR 
spectra of their acetonide~.4*~ The original report was baaed 
on the analysis of polyacetate polyols, and the method 
was later extended to polypropionate polyols by the Evans 
et a1.6 We subsequently demonstrated that the sensitivity 
of this method could be increased 100-fold by using 13C- 
enriched acetone to prepare the acetonide, a strategy that 
was instrumental in the structure determination of mac- 
rolactins B and F.7 The 13C acetonide method has been 
widely used to assign l,&diol stereochemistry.8 Our 
original empirical relationship between l,&diol acetonide 
stereochemistry and 13C chemical shifts was based on the 
analysis of 31 cases.4 In an effort to extend the method 
to different structural types and to analyze its reliability, 
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Figure 1. Structures of the polyol natural producta rotlamycoin 
and swinholide. 

we have completed a thorough search of the literature and 
have identified over 200 cases which are analyzed below. 

The 13C NMR method for the stereochemical identi- 
fication of l,&diole relies on the conformational properties 
of the corresponding 1,bdiol acetonides (4,6-diallryl-2,2- 
dimethyl-l,3-dio~anes).~ Asyn-acetonide exists in a well- 
defmed chair conformation with the C(4) and C(6) alkyl 
substituents in equatorial positions. An anti-acetonide 
exists in a twist-boat conformation in order to avoid the 
l , & d d a l  interactions that would be present in either 
chair conformation (Figure 2).1° These two conformations 
and thus the relative stereochemistryll of the diols can be 
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possible chair conformations and forces the acetonide to 
adopt a twist-boat conformation. When R1 is small  (e.g. 
R1 = H), then the l,&diaxial interaction with the C(2)- 
methyl will be reduced and the acetonide wi l l  adopt a 
chair conformation with RI in the axial position. The 
conformational preference of an anti-l,3-diol acetonide 2 
should correlate with the steric bulk of R1 (or Rz), and the 
transition from a twist-boat to a chair conformation will 
fall somewhere between the steric bulk of methyl and 
hydrogen. A thorough conformational analysis of 1,3-diol 
acetonides is presented elsewhere.13 The 13C NMR 
stereochemical correlation is valid as long as R1 and R2 are 
large enough to force the anti-acetonide 2 to adopt a twist- 
boat conformation. 

Method. To test the limits of the 13C NMR method we 
conducted a literature search for appropriate examples 
and prepared several new ~ompounds.'~ Only 13C NMR 
data collected in CDCk was considered in this analysis.16 
The Chemical Abstracta Service database was searched 
for the 1,3-diol acetonide substructure shown below, and 
a total of 1799 structures were found in 372 references.16 

'2' H 
Chsir 

1 : synl,9diol acetonide 
~is=4,6-dialkyl-2,2-dimethyl-l,9dioxane 

2: anti-l,8diol acetonide 
trans-4,6-dialkyl-2,2-dimethyl-l ,&dioxane 

Figure 2. Conformations of syn-l,&diol acetonidea 1 and anti- 
l,&diol acetonide 2.9 

distinguished by the 13C chemical shifts of the acetonide 
C(2)-methylgro~ps.'~ The 13C NMRspectrum of a typical 
syn-acetonide shows an axial methyl group at ca. 19 ppm 
and an equatorial methyl group at ca. 30 ppm, whereas 
the l3C NMR spectrum of a typical anti-acetonide shows 
both methyl groups at  ca. 25 ppm. The C(2)-acetal 13C 
chemical shift is also indicative of the change in confor- 
mation, where typical syn- and anti-acetonides have 13C 
chemical shifta of 98.5 and 100.4 ppm, respectively. The 
methyl and acetal chemical shift correlations allow the 
relative stereochemistry of a typical l,3-diol acetonide to 
be assigned by inspection of ita 13C NMR spectrum. 

The stereochemical correlation is only reliable where 
the syn- and anti-l,&diol acetonides adopt different 
conformations. Virtually any syn-acetonide 1 wil l  adopt 
a chair conformation,loa but the anti-acetonide 2 will only 
adopt the twist-boat conformation when the chair con- 
formation is strongly destabilized. When R1 and RZ are 
large (e.g. R1, RZ = CH2R) the 1,3-diaxial interaction with 
the appropriate C(2)-methyl destabilizes both of the 
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The majority of compounds were eliminated due to the 
absence of any 13C NMR data, and a small number of 
others were eliminated because stereochemical information 
was absent or the acetonide methyl groups could not be 
unambiguously assigned from the published 13C NMR 
data. The result was 211 1,b-diol acetonide rings with a 
variety of subetituents. Several common functional group 
were poorly represented among the literature examples, 
and so several new compounde were prepared to add 
diversity to the final set of 221 acetonide rings.I4 The 
complete list of acetonide structures with the appropriate 
l3C NMR chemical shifts and literature reference are given 
in the supplementary material. 

Results and Discussion 
Methyl lX! Chemical Shifts and Stereochemirtry. 

The 13C NMR data for the syn- and anti-acetonides are 
plotted in Figures 3 and 4, and an overview is presented 
in Table I. Both the 13C chemical shift and the difference 
between the 13C NMR chemical shifts of the two C(2)- 
methyl groups are plotted in Figure 3. The chemical shift 
difference plots clearly illustrate the degree of nonequiv- 
alence between the two C(2)-methyl groups. Essentially 
all of the ayn-acetonides show the expected chemical ehifts 
for the C(2)-methyl groups. The average values are 19.6 
ppm for the axial carbon and 30.0 ppm for the equatorial 
carbon with mean standard deviations of <0.35 ppm. The 
anti-acetonides show sisnificantly more variation, with 
C(2) methyl signals as low as 21 ppm to as high as 30 ppm, 
but the vast majority have chemical shifts that fall between 
23 and 26 ppm. The C(2)-methyl NMR difference plota 
very clearly show the homogeneity of the syn-acetonide 
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Structural 
Class 13C Methyl Signals (ppm) 
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Figure 3. The C(2)-methyl 13C chemical shift and difference histograms for syn- and anti-1,3-diol acetonides. 

Table I. I3C Stereochemical Correlation of 1,3-Diol AcetonideP 
~~ 

structural class no.b low methyl high methyl methyl difference acetal 

SYn 145 19.66 f 0.35 30.00 f 0.30 10.34 f 0.30 98.93 f 0.67 
anti 76 23.65 f 0.93 25.64 f 1.79 1.98 f 2.60 100.64 f 0.82 
anti class 1 23 24.49 f 0.26 24.69 f 0.25 0.20 f 0.20 100.31 f 0.49 
anti class 2 4 24.22 f 0.66 26.14 f 0.84 1.91 f 1.43 100.39 f 0.35 
anti class 3 10 21.97 f 0.66 29.41 f 0.48 7.44 f 1.05 100.87 f 0.56 
anti class 4 26 23.59 f 0.32 24.92 f 0.54 1.33 f 0.56 100.59 f 1.15 
anti class 5 6 23.80 f 0.26 25.12 f 0.23 1.31 f 0.35 100.78 f 0.25 
anti class 6 3 21.93 f 0.11 29.10 f 0.62 7.17 f 0.51 101.33 f 0.21 

0 The l3C chemical shifts are reported in ppm as the mean f std deviation. The combined anti statistics include several examples that 
do not fall into class 1-6. 

data and the heterogeneity of the anti-acetonide data. 
Even with the heterogeneity of the anti-acetonide data, 
it is important to note that when C(2)-methyl shift 
differences are considered, there is no overlap between 
the syn stereoisomers with a difference of >9 ppm and the 
anti stereoisomers with a difference of <9 ppm. 

The 13C NMR data suggests that the anti-acetonides 
exist in different conformations depending on their 
substituents. The importance of substitution on confor- 
mation was confirmed by dividing the anti-acetonides into 
six different structural classes and plotting the C(2)-methyl 
chemical shift and difference values for each class (Figure 
4). The first three classes of anti-acetonides are derived 
from polyacetates with the C(5) carbon unsubstituted. The 
second three classes of anti-acetonides are derived pri- 
marily from polypropionates where the C(5) carbon bears 
a methyl group. The C(6) alkyl substituent in each class 
is an sp3 carbon atom, while the C(4) alkyl substituent is 
an sp3 carbon in classes 1 and 4, an sp2 carbon in classes 
2 and 5, and an sp carbon in classes 3 and 6. These classes 
were chosen to be easily assignable, to cover the most 
common structural types, and to logically divide the 
substituents into classes with comparable steric bulk. 

All of the C(2)-methyl 13C shifts in class 1 (sp3) 
compounds are very similar, and the difference between 
the two chemical shifts averages only 0.2 ppm (Figure 4). 
When the two alkyl substituents in a class 1 acetonides 
are equivalent, then the molecule has C2 symmetry: thus 
the two C(2)-methyl groups are homotopic and must have 
identical chemical shifts. Even when the two sp3 alkyl 
substituents on a class 1 acetonide are slightly different 
the two C(2)-methyl groups are in very similar environ- 

ments and have very similar chemical shifts. The class 2 
(sp2) compounds show dissimilar C(2)-methyl 13C NMR 
shifts, presumably due to the presence of both twist-boat 
and chair conformations. The chemical shift difference 
of 1-4 ppm is easily distinguished from that of the syn 
isomer (>9 ppm) and presents no problem with stereo- 
chemical assignment. The class 3 (sp) compounds are more 
problematic. The two sp functional groups represented 
are an alkyne with a chemical shift difference of 4.5 ppm 
and several nitriles with chemical shift differences of ca. 
8 ppm. The nitrile-substituted acetonides exist predom- 
inantly in chair conformations, whereas the alkyne is 
present as a mixture of chair and twist-boat conforma- 
t i o n ~ . ~ ~  The class 3 anti isomers can be distinguished from 
the syn isomers by chemical shift difference, but this is 
more useful with alkynes where the chemical shift dif- 
ference is more significant. With the exception of nitriles, 
the methyl 13C chemical shift differences for each com- 
pounds in class 1-3 can be used to assign the relative 
stereochemistry as syn (>9 ppm) or anti (<5 ppm). 

The compounds in class 4 (sp3) differ from those in class 
1 (sp3) in that the difference between the two C(2)-methyl 
NMR shifts is significantly larger, 1.3 ppm verses 0.2 ppm. 
Where class 1 (sp3) molecules are nearly C2 symmetric, 
the additional C(5) substituent in class 4 molecules removes 
the possibility of C2 symmetry. We believe that the class 
4 (sp3) molecules adopt a slightly distorted twist-boat 
conformation rather than significantly populating the chair 
conformations, and that this distortion accounts for the 
nonequivalence of the two C(2)-methyl chemical shifts.13 
The class 5 (sp2) acetonides show similar C(2)-methyl 
chemical shifts as both class 2 (sp2) and class 4 (sp3). Finally, 
all of the examples in class 6 (sp) are nitriles and they 
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Structural 
Class 13C Methyl Signals (ppm) Difference between Methyl Signals (ppm) 

1 " " " " " " " " " " " " " ' t  

0 

O(" 
10 

0 Class 1 
R =C(sp3) 18 19 20 21 22 23 24 25 26 27 28 29 30 31 3 2  0 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  

t " " " " " " " " " " " " " ' t  t" '  " " ' " "  ' " ' " " " " " '  " '  ' " " " " " " I  " '  t 
I I 2 

1 

1 

0 0 Class 2 
R =C(sp3) 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 0 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  

1 " " " " " " " " " " " " " " " " " " " " " " " ' t  

Class 3 
R =C(sp3) 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 0 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  

R&C(sp3) 
t " " " " " " " " " " " " " " " " " " " " " " " ' t  

12 6 

8 4 

4 2 

0 0 

O X 0  

Class 4 

R' # H 
9' 

R =C(sp3) 
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 0 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  

1 " " " " " " " " " " " " " ' t  t " " " " " " " " " " " " " " " " " " " " " " " ' t  

Class 5 

R' # H 
R =C(sp3) 

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 0 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  

1 " " " " " " " " " " " " " ' t  

Class 6 

R' # H 
R =C(sp3) 

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 0 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  

Figure 4. The C(2)-methyl 13C chemical shift and difference histograms for classes 1-6 of anti-1,3-diol acetonides. 

show the 13C-methyl shift differences typical of the class 
3 (sp) acetonides. One would expect an alkyne substituent 
to give a C(Z)-methyl shift difference of ca. 5 ppm based 
on the single class 3 acetonides, but no examples were 
found. With the exception of nitriles, the C(2)-methyl 
13C chemical shift differences for each compound in class 
4-6 can be used to assign the relative stereochemistry as 
syn (>9 ppm) or anti (<5 ppm). 

Acetal Correlation with Stereochemistry. The 
correlation of C(2)-acetal 13C chemical shift with stere- 
ochemistry is shown in Figure 5 and Table I. In our initial 
report we observed that the 13C-acetal chemical shifts for 

syn-acetonides averages 98.5 ppm while the corresponding 
chemical shift in the anti-acetonides average 100.4 ppm. 
Evans pointed out that the 13C-acetal chemical shift is 
much easier to identify than the acetonides C(2)-methyl 
signals, particularly in polypropionate-derived acetonides 
where the 2&30 ppm region of the 13C spectrum is crowded 
with other methyl signals. The syn and anti 13C acetal 
signals plotted in Figure 5 immediately demonstrate the 
limits of this strategy. The average values for syn (98.9 
ppm) and anti (100.6 ppm) acetal 13C peaks are different, 
but there is significant overlap between the two sets. For 
instance, if one assumed that any acetonide with an acetal 
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Structural 
Class I3C Acetal Signals (ppm) 
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Figure 5. The C(2)-acetal 13C chemical shift histograms for syn- 
and anti-1,3-diol acetonides. 

peak below 100 ppm were syn and above 100 ppm were 
anti, then 10 of 145 or 6.9% of the syn acetals would be 
misassigned as anti and 3 of 76 or 4% of the anti isomers 
would be misassigned as syn. Poorly referenced 13C NMR 
spectra may be responsible for some, but certainly not all 
of this overlap. For instance, the highest ppm acetal peaks 
for syn-acetonides come from a paper where a series of 
synthetic intermediates show normal acetal peak positions 
with the exception of these two acetonides, Figure 6.17 
Acetal 13C chemical shifts are indicative of stereochemistry, 
but should be used with caution particularly in the region 
between 99.5 and 100.5 ppm. 

Conclusions 
Stereochemistry of 1,3-diol acetonides can be assigned 

based on the C(2)-methyl 13C chemical shifts. The 
difference in chemical shift between the two C(2)-methyl 
groups is the most reliable indicator of stereochemistry, 
with all of the syn isomers showing a difference of >9 ppm 

(17) Mulzer, J.; Kirstein, H. M.; Buschmann, J.; Lehmann, C.; Luger, 
P. J.  Am. Chem. SOC. 1991,113,910-23. 

o y - o s  
19.89, 29.66; 101.21 19.86, 29.85; 101.34 

SPh 

19.69, 29.96; 99.64 

Figure 6. Two syn-acetonides that show anomalous C(2)-acetal 
chemical shifts and two closely related acetonides." 

and all of the anti isomers (except those bearing a nitrile 
substituent) showing a difference of <5 ppm. The chemical 
shift of the acetal carbon is also indicative of stereochem- 
istry in 1,3-diol acetonides, with most acetals below 99.5 
ppm having the syn stereochemistry and most acetals 
above 100.5 ppm having the anti stereochemistry. As- 
signments based on intermediate acetal values are less 
reliable and should be confirmed using C(2)-methyl 
chemical shift differences. 
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