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Abstract: The reaction of Grundmann's ketone 2a with ruthenium tetroxide, generated in situ from ruthenium
trichloride and sodium metaperiodate, has been investigated. In addition to the main 25-hydroxylated compound
2b the minor oxidation products have been isolated and identified. The examined catalytic process results in the
oxidation of methylene groups and hydroxylation at tertiary positions occurring with retention of configuration.

The discovery of the metabolic pathway of vitamin D3 (1a) and an isolation of its two main active forms,
25-OH-Dj3 (1b)! and 1,25-(OH);Dj3 (1¢),2 has stimulated great interest in the synthesis of vitamin D metabolites
and analogs. One of the most important synthetic strategies, pioneered by the Lythgoe group,3 involves
attachment of the cyclohexane A-ring fragment to the hydrindane CD unit. Grundmann's ketone 2a, readily
available from the ozonolysis of 1a,4 usually serves the role of the CD fragment during the synthesis of vitamin
D analogs possessing saturated cholestane side chain*®-5 whereas 2b (usually with protected tertiary hydroxyl
group) is valuable intermediate for the preparation of 25-hydroxylated vitamin D3 analogs.5b:6.7 Since oxidative
cleavage of 25-OH-Dj (1b) has to be considered as an extremely expensive way of preparing hydroxylated
hydrindane derivative 2a, other synthetic approaches have been developed.6.8

As part of an ongoing project on the modified vitamin D compounds we searched for a method suitable
for the synthesis of larger quantities of 2b. Our attention has been focused on the direct 25-hydroxylation® of 2a
with NalO4/RuClj system recently reported by Uskokovic group.8® We investigated the catalytic oxidation of
Grundmann's ketone 2a with ruthenium tetroxide generated in situ, carrying out the reactions!? at room
temperature and using 0.15 mol equivalent of ruthenium chloride and 3.6 mol equivalent of sodium periodate as
the cooxidant in a solvent system containing CCl4-CH3CN-H0.!! We performed severat experiments changing
the reaction time and separated the unreacted substrate from the desired 25-hydroxylated product 2b by flash
chromatography. It has been established that the optimal length of the ruthenium tetroxide oxidation process is
close to 3 days. Elongation of the reaction time up to 5 and more days did not improve yield of 2b but resulted
in diminished amounts of recovered starting material 2a. During chromatographical separation of the reaction
mixtures we obtained always fractions containing several compounds of higher polarity than the substrate. Since
the ruthenium tetroxide oxidation of non-acivated C-H bonds is recognized as an important process and the
derivatization of Grundmann'’s ketone seems to be also of considerable importance, it was therefore of interest to
isolate and identify the minor products formed in this reaction.

Separation of the oxidation mixture (reaction time 72 hours) was done by flash chromatography on silica
followed by careful HPLC (Zorbax Sil column) of the corresponding fractions. In addition to the unreacted
substrate 2a (32.2%), the following oxidation products were isolated (in order of increasing polarity; yields
based on recovered starting material): 3 (2.3%), 4 (4.8%), 5 (5.4%) , 6 (1.7%), 7 (3.3%), 8 (1.2%), 9 (1.0%)
and 25-hydroxy Grundmann's ketone 2b (43.3%). The struclural assignments of the isolated compounds have
been based on the TH NMR and mass spectroscopy.!2 The distinct molecular peaks have been observed in the
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mass spectra of all products. Moreover, characteristic fragmentation patterns have been found for the closely
related ketones 3, 4 and 5 which undergo preferential cleavages of the bonds a to their side-chain ketonic
groups. Similarly, the peaks resulting from scission of the C-C bonds o to the hydroxyl-substituted carbon in
the mass spectra of the tertiary alcohols 7 and 9 confirmed the positions of the newly introduced oxygen
functions. The chemical shifts of the methyl groups observed in the 'H NMR spectra of products provided the
important contribution to their structural investigation. We have computed the substituent increments from the
relevant literature 'H NMR data and used these values for the calculation of the chemical shifts of methyl groups
for the corresponding compounds derived from the parent Grundmann's ketone 2a. The calculated chemical
shifts (Table) of methyl groups resonances were found to be in a very good agreement with the observed values.

Table. 'H Chemical Shiftst of Methyl Groups for Grundmann's Ketone 2a and Its Oxidation Products

18-H3 21-H3? 26- and 27-H31
Compound obs. calc. obs.  calct obs.  calct
2a 0.64 0.95 0.87
2b 0.64 0.97 1.22
3 0.66 0.67%; 0.68> 1.13 1.139; 1,15% 0.90 0.90% 0.91°
4 0.68 0.70P 0.95 0.95» 0.91 0.930
5 0.64 0.64° 0.95 0.95% 1.10 1.10b
6 0.79 0.81b 0.99 1.020 0.87 0.88%
7 0.82 0.81¢; 0.832 1.30 1.312 0.88 0.88¢°
8 0.64 0.642 0.97 0.972 2.14 2.142
9 0.72 0.75¢ 0.94 0.87 0.87¢

1400 MHZ, CDCl; solutions, d values given in ppm downfield from internal Me,Si; 15 values given for the mid points of signals
(singlets, doublets or double doublets); *chemical shifts computed using the 8 values for 2a and substituent increments calculated
from the following model structures: ? cholesterol and its 22-ketone (ref. 13), 20S-hydroxy (ref. 14) and 27-nor-25-ketone (authentic
specimen, see ref. 15) derivatives; ® cholestane-3p,50,6f-triyl triacetate and its 16-, 22-, 23- and 24-ketone analogs (ref. 16); ©des-
AB-cholestan-8B-yl acetate and its | 70- and 20S-hydroxylated analogs (ref. 8a).

Although the above data seemed to be sufficient for structure establishments we have decided to support the
configurational assignments given for the tertiary alcohols 7 and 9 by converting them into the derivatives
described in the literature. 8-Keto group in these compounds was reduced with NaBHy4 and the resulted diols
10a and 11a were selectively acetylated (AcpO, pyr, rt) to the known hydroxy acetates 10b and 11b,
respectively. Their 'H NMR spectra were found to be in close agreement with those reported by Mazur et al.8
Studies on ruthenium tetroxide oxidation of branched saturated hydrocarbons have showed that the
reaction is sensitive to steric hindrance and the order of reactivity is as follows: CH>CHy>>CH3.17 These
findings are in agreement with our observations. Thus, we isolated all possible tertiary alcohols with the
exception of the 14-hydroxy compound, and the main oxidation product resulted from the hydroxylation of the
least hindered tertiary atom C-25. We also isolated all ketones derived from the oxidation of the secondary
positions of the side chain fragment. Interestingly, only two ring positions (C-16 and C-17) underwent
oxidation. Another important finding was the stereoselectivity of the hydroxylation process and the absence of
products resulting from Wagner-Meerwein type rearrangements. All these experimental facts do not support the
mechanism of RuO4 oxidation proceeding with the intermediate carbocation!” but they seem to be in agreement
with the mechanistic pathway postulated by Tenaglia et al.!8 These authors explained the ruthenium tetroxide
oxidation of non-activated carbon-hydrogen bonds suggesting a concerted mechanism where polarization of C-H
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bond by approaching RuO4 facilitates the insertion of the oxoruthenium group in the cyclic transition state. Since

the crucial step of this mechanistic pathway involves the activation of C-H bond and developing of a partial

positive charge on the carbon, such mechanism also offers an explanation of the observed resistance of the ring

positions neighbouring to the 8-keto group toward RuQOy4 oxidation.
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