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Abstract: The preparation and dihydroxylation (OsO,) of a series of conformationally constrained allylic
alcohols is described. By using dichloromethane as solvent, the selectivity that favours the anti triol is
substantially reduced by hydrogen-bonding effects. This principle is applied to the stereoselective
synthesis of syn tetraols from the oxidation of (15,25)-1,2-dihydroxy-3-bromo-3,5-cyclohexadiene.
Copyright © 1996 Elsevier Science Ltd

The transformation of an alkene into a vicinal diol under the action of osmium tetraoxide is a particularly
mild and reliable reaction that has found use in numerous organic syntheses.! Moreover, the stereospecific nature
of the reaction and the development of oxidising systems that are capable of imposing absolute stereochemistry
onto the diol products further augment the value of such a reaction.'

It has been shown that stereogenic centres close to an alkene can affect the diastereoselectivity of a
subsequent dihydroxylation step: Kishi and co-workers reported that the oxidation of allylic alcohols (both cyclic
and acyclic) occurs preferentially from the face of the olefin that is opposite to the hydroxyl group (e.g. 1-2,
Scheme 1).> However, this rule does not apply to all cyclic allylic alcohols and (for example) Carless and co-
workers have shown that the dihydroxylation of 1,2-dihydroxy-3,5-cyclohexadienes proceeds with little or no
facial selectivity (e.g. 3 and 6, Scheme 1).° The value that stereoselective dihydroxylation of cyclic allylic
alcohols holds for synthesis can be in no doubt, and is demonstrated by the large number of naturally occurring
compounds that are accessible by such a reaction (e.g inositols, conduritols etc.).!
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We were intrigued by the factors behind the diastereoselective reactions outlined above, and this prompted
an investigation of the oxidation of conformationally locked cyclohexenols in order to study the relationship
between the orientation of the hydroxyl group and the facial selectivity of subsequent dihydroxylation reactions.

Three alkenes (10, 12 and 14) were prepared as outlined in Scheme 2, starting from commercially
available rbutylcyclohexanol (9, Scheme 2).° Noteworthy steps are the regioselective bromination of -
butylcyclohexene (10) with NBS and the fact that the para-nitrobenzoate derivative of the epimeric mixture of
alcohols (11) can be crystallised to yield only the trans isomer. Reduction of enone 13 proceeds with good
regio- and stereoselectivity (complete 1,2- addition and 97:3 diastereoselectivity).
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Scheme 2: Reagents: (i) KHSOq, A; (ii) NBS; (iii) (ag.) K2COs; (iv) p-NO2CsH4COCI then crystallise;
(v) (aq.) NaOH; (vi) CrOs, HySOy; (vii) LiAlHy, E,0, -78°C.

With the three derivatives in hand, the stereoselectivity of dihydroxylation available with osmium
tetraoxide was examined. We chose to utilise two sets of conditions, namely catalytic osmium tetraoxide in
acetone/water (4:1) with N-methylmorpholine-N-oxide (NMO) as a reoxidant, and stoichiometric osmium
tetraoxide in dichloromethane.® A check on the neutrality of the t-butyl group as an influence on the facial
selectivity of dihydroxylation was made by oxidising 10 (Scheme 3). With each oxidation reaction that was
examined, alkene 10 exhibited only very modest diastereofacial selectivity; a 55:45 ratio of diols was obtained
with the major compound assumed to be the anti diol 15, although this was not proven.’
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As far as oxidation of the axially-locked allylic alcohol 12 was concerned, it was clear that osmium
tetraoxide displayed a penchant for the face of the alkene that was opposite to the alcohol functionality, in
accordance with Kishi’s rule (Scheme 4).’
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This effect holds true (although it is less pronounced) for the oxidation of isomer 14 under agueous
acetone conditions: however, under anhydrous conditions very poor anfi:syn stereoselectivity was observed
(Scheme 5).
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Analysis of these results suggests that under aqueous acetone/NMO conditions the stereodirecting effect of
an equatorial hydroxyl group is less than that of an axial hydroxyl- presumably this is a steric effect (compare
Reaction 1 and 3).* However, the anti selectivity that is observed upon oxidation of these two allylic alcohols can
be ameliorated by performing the oxidations in dichloromethane, (compare Reaction 1 with 2, and 3 with 4). We
choose to assign this effect to hydrogen bonding between the allylic alcohol and the osmium tetraoxide.’
Unfortunately, the magnitude of this directing effect is less than is commonly observed for other useful
transformations such as epoxidation and cyclopropanation etc.,'’ and cannot overcome the (opposing) steric effect
of the hydroxyl group. In keeping with other hydrogen-bonding directed reactions, the best opportunity for
formation of the syn product comes via reaction of an equatorial allylic alcohol rather that an axial one, although
the ratios are very close to each other (compare Reaction 2 with 4).

It should be noted that oxidation of 14 with stoichiometric quantities of osmium tetraoxide in
dichloromethane gave only a 45% yield of the diastereoisomeric triols: this was subsequently shown to be a
consequence of competing oxidation of the allylic alcohol to the enone 13, which appeared to be resistant to
further oxidation under these conditions. This observation may be taken as circumstantial evidence of some kind
of association between the osmium tetraoxide and the allylic alcohol, prior to osmate ester formation.

Further evidence for the operation of hydrogen-bonding was sought in the oxidation of methyl ether 21
under anhydrous conditions (Scheme 6). In contrast to the low stereoselectivity observed in the oxidation of
14, the ether (which cannot act as a hydrogen-bond donor) displayed remarkably high facial selectivity (95:5)
with the major diol assigned as the anti isomer 22.}
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Scheme 6: Reagents: (i) NaH, Mel, DMSO; (ii) OsO,4, DCM.

In order to obtain a more accurate value of this directing effect, we decided to oxidise a substrate that
showed little or no bias under standard dihydroxylation conditions (catalytic OsO,, NMO, acetone/water). The
most obvious candidate for oxidation was (1S, 2S§)-1,2-dihydroxy-3-bromo-3,5-cyclohexadiene (6), as
illustrated in Scheme 1.° Unfortunately, this substrate did not appear to be compatible with stoichiometric
amounts of osmium tetraoxide and low yields of tetraols (<30%) were obtained. However, preliminary
experiments have shown that the ‘hydrogen-bonding’ conditions may be duplicated using catalytic amounts of
osmium tetraoxide in dichloromethane by using trimethylamine-N-oxide dihydrate as a reoxidant.!" Therefore,
when (15, 2.5)-6 was reacted under these conditions, an 82:18 mixture of tetraols was obtained in 79% yield
(Scheme 7). In this case the major product was the syn tetraol (15, 25, 35, 45)-8, and this contra-steric facial
selectivity has clear implications for the efficient synthesis of natural products such as the conduritols.
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(18, 285)-6 (15, 25,35, 45)-8 (1R, 2R, 38, 45)-7
0504 (cat), MesNO, DCM 82:18 (19%)
Scheme 7 0Os0; (cat), NMO, acetone/water 47:53 (84%) Ref3

We assume that the syn selectivity described above originates from hydrogen-bonding between the allylic
hydroxy! group (and possibly the homo-allylic hydroxyl) and the oxidant. The use of catalytic amounts of
osmium tetraoxide (1 mol %) to effect this transformation is significantly more practicable than procedures which
involve stoichiometric quantities of transition metal.

In conclusion this study has outlined the facial selectivity and directing effect of cyclic allylic alcohols by
utilising conformationally locked derivatives. The presence of hydrogen-bonding appears to influence the
diastereoselectivity of oxidation, and this effect has been extended to the stereoselective synthesis of syn tetraols.
Futher work is continuing in this area.
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