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ORGANIC REACTIONS AT HIGH PRESSURE. 

INTERCONVERSION OF PREVITAMIN D, AND VITAMIN D,.’ 

William G. Dauben*, Bruce A. Kowalczyk, and Dirk J. H. Funhoff 

Department of Chemistry, University of California, 
Berkeley, California 94720 

Abstract: The interconversion of previtamin D, and vitamin Ds at 20 ‘C was effected at high pressure (15 

kbar) in three solvent mixtures. The rate constants of k, and k, were determined to be 30 to 45 times 

larger than the corresponding 1 bar rate constants. The AV* was calculated to be -5.14 cm3/mol or lower, 

indicating a concerted [ 1,7] sigmatropic hydrogen shift. 

Vitamin Ds is formed in vivo and in vitro by the thermal interconversion of previtamin D3.2 This 

is a very important chemical transformation and thus has been extensively studied. It is believed to 

proceed via a concerted [1,7] sigmatropic hydrogen shift.3 The position of equilibrium has been 

determined at various temperatures, and kinetic data are available in several solvents.4 The 

interconversion at 1 bar is solvent independent and is not influenced by acid, base or radical chain 

inhibitors.4b 

H+ 

Previtamin D, 

HOW 

Vitamin D, 

High pressure has become a valuable tool in both organic synthesis and as a probe of reaction 

mechanism.5 Upon examination of the literature, no study of a [1,7] sigmatropic shift under pressure 

conditions could be found. The closest analogies are [1,5] sigmatropic shifts which have been studied 

recently under pressure conditions. 6 These findings reveal a range of activation volumes (AV*) depending 
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upon the reaction mechanism. 

The actual synthetic production of vitamin Ds from previtamin D, is carried out at elevated 

temperature. This is done because the rate at room temperature is quite slow. Analogues of vitamin D, 

are frequently prepared by use of this [ 1,7] sigmatropic hydrogen shift. However, this hydrogen shift can 

proceed slowly with low yield even at elevated temperatures. 7 The application of synthetically useful high 

pressures could solve this problem if the AV* is significantly negative. Synthetically useful high pressures 

generally begin at 5 kbar. At this pressure or above, rate enhancement can be quite substantial. Little 

kinetic data is available at these high pressures despite their synthetic usefulness. In this study, the rate of 

previtamin D, interconversion to vitamin D, was examined at 15 kbar. 

Three dilute solutions of previtamin D, were made: solution bt (benzene/toluene, 3/8.25; 5.4~10-~ 

mol/L), solution ae (absolute ethanol; 1.4~10” mol/L), and solution ew (ethanol/water 9/l; 1.3~10~ 

mol/L). These solutions were pressurized to 15 kbar for various times, and the final amounts of previtamin 

Ds and vitamin D, were determined by analytical HPLC with UV detection (Table 1). 

Table 1 
Percent vitamin D, after time t 

at 15 kbar. 

A=percent vitamin Ds 

A plot of ln[(A,-A,,)/(A-A,)] versus time for a unimolecular reaction should give a straight line 

with the slope equal to kt+k,. The slope was determined with a least squares fit. The correlation 

coefficient for each of the slopes was 20.985. 

The rate constants for this [I,71 hydrogen shift were increased by approximately 30 fold for the 

forward (kt) and approximately 35 fold for the reverse (k2) compared to the 1 bar rate constants (Table 2). 
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This rate increase does provide significantly more vitamin D, in the same amount of time at 20 ‘C (eg., 

82% vitamin Ds from previtamin Ds in 11.5 h at 15 kbar, versus 80% in 13.3 d at 1 baIda). There was 

quantitative recovery of material under high pressure conditions, determined by using an external standard. 

Table 2 Table 3 

Rate constants at 15 kbar. Activation volumes. 

solution I I k,x103 k2x104 
(mitt-‘) (mm’) 

at 1 bar in ae4 k,=9.5x10-5 mitt-’ 

k,=7.3x10-6 min.’ 

I so1ution Ik201~l kf201) I ,. , 
bt -5.45 -5.66 

ae -5.70 -6.11 

ew -5.14 -5.60 

The activation volume (AV’) of previtamin D, interconversion to vitamin D, was determined 

with the rate at 15 kbar and the rate at 1 bar (Table 3). Having only two points to determine the slope is a 

limitation, because AV* at high pressure tends to be pressure dependent. This non-ideal behavior at high 

pressure decreases the absolute magnitude of AV* as the pressure increases. Therefore, the value of AV* 

determined above provides a lower limit of the absolute magnitude of AV*. 

The mechanism of previtamin D3 interconversion to vitamin D3 is formally a [1,7] sigmatropic 

hydrogen shift. The reaction rate is essentially solvent independent both at 1 bar and at 15 kbar. This 

result is not consistent with an ionic mechanism, leaving a non-ionic diiadical or concerted mechanism. 

The range of AV* for [1,5] shifts has been found to be +lO to -30 cm3/mol, the stepwise diradical 

mechanism having a positive AV* and the concerted mechanism having a negative AV*.6 With a AV* of 

-5.14 cm3/mol, or lower, for previtamin D3 interconversion to vitamin D,, a stepwise diradical mechanism 

can be deemed unlikely. Typical values for concerted [1,5] sigmatropic shifts range from -4 to -30 

cm3/mol, the larger having some diiadical character. 6 Therefore, this present interconversion appears to be 

a concerted [ 1,7] sigmatropic hydrogen shift. 

The equilibrium concentration of vitamin D3 and previtamin D3 is essentially unchanged at 15 

kbar (91 to 9) compared to 1 bar (93 to 7), therefore the AV of previtamin D3 and vitamin D3 is essentially 

zero. 

In conclusion, the interconversion of previtamin D3 to vitamin D3 was accelerated at high 
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pressure (15 kbar). The significant rate increase and quantitative material recovery could be used 

beneficially in the production of vitamin D, analogues when the [1,7] hydrogen shift is slow or the 

compounds are thermally labile. The AV* was determined to be -5.14 cm3/mol or lower, indicating a 

concerted [ 1,7] sigmatropic hydrogen shift mechanism. 
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