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Determination of the activation energy and rate constants 
for the chair-to-chair interconversion of cis-inositol by 
n.m.r. spectroscopy 
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Department of Chemistry. Clemson University, Clemson, SC 29 634-l 905 (U.S.A.) 

(Received September IOth, 1990; accepted for publication, November 28th, 1990) 

The solution dynamics of carbohydrates and their chelation of metal ions have 

been of interest to scientists for a number of years’.‘. Solution dynamics may affect the 

structures of complex oligosaccharides (e.g., antigen epitopes) and carbohydrate-metal 
ion interactions may influence events occurring at cell surfaces3,4. 

As a beginning to the investigation of carbohydrate solution dynamics as well as 
interactions with metal ions we decided to focus on a simple carbohydrate analogue. 
The model system we chose is cis-inositol (1). In this symmetrical compound hydroxyl 

groups can be found in alternate axial and equatorial arrangements, and the two chair 

forms are energetically equivalent. Furthermore, its axial-equatorial-axial “trihydrox- 
yl” pockets provide chelation sites for metals having certain ionic radii’. 

Using n.m.r. line-shape analysis we obtained rate constants for the chair-to-chair 
interconversion of cis-inositol as well as the activation parameters for this process. The 

effect of Ca*’ on the interconversion of 1 was also investigated. 

EXPERIMENTAL 

1,2:3,4-Di-O-cyclohexylidene-cis-inositol was a gift from Dr. Stephen J. Angyal 
of the University of New South Wales, Australia. As previously described, it was 

converted into cis-inositol and the ‘3C-n.m.r. spectra were determined’. For the present 
study, ‘H-n.m.r. spectra were recorded in D,O on an IBM AE200 n.m.r. spectrometer 

operating at 200 MHz. The chemical exchange rate constants for the chair-to-chair 
interconversion were obtained by comparing experimental spectra and the simulated 

spectra. 

* To whom correspondence should be addressed. 
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Fig. 1. ‘H-N.m.r. spectra of 1 (I .OM, pH 7.0) in D,O at various temperatures. 
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Fig. 2. Comparison of the experimental (obs) and simulated (talc) spectra of cis-inositol at 333 K. The 
parameters are the same as those for the spectra of Figs. 1 and 3. 
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Fig. 4. Plot of In k as a function of the inverse of the absolute temperature 

TABLE I 

Values of the interconversion rate constant for cis-inositol as a function of temoerature 

T (Kl k(s-‘) 

278 288 

298 
308 

318 

323 

333 

cis-Inosirol 

7 13 

24 
55 

105 

150 

300 

cis-lnositolplus Cu’+. I:1 

;: 

9 
26 

55 

80 

150 

” Errors in the values are I 10%. h Value obtained by the selective inversion recovery method (see ref. 11 for 

details). 

On the basis of previous results, it was expected that Ca’+, having an ionic radius 

of - 1 A (ref. l), would interact preferentially with one of the axial-equatorial-axial 
hydroxyl sequences in the molecule’~“, e.g., O-l-O-2-0-3 in conformer a. This interac- 

tion would slow down the interconversion of the two chair forms. Table I shows the 
effects of added Ca*+ (at a cis-inositol:Ca*+ ratio of 1: 1) on the rate constants of the 

interconversion. The value is decreased by almost an order of magnitude at 278 K but 
only by a factor of two at the highest temperature studied. Therefore, the interaction 

between cis-inositol and Ca2’ is weak, and the exchange is fast on the n.m.r. time scale. 
In conclusion, our results show that the chair-to-chair interconversion of cis- 

inositol does occur slowly at room temperature. Furthermore, the interaction of Ca*+ 
with cis-inositol slows down this interconversion. 
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