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Abstract: Treatment of equatorial cyclohexanols with Ph;P/DEAD/MsOH gives clean conversion to the axial mesylates.
Subsequent reaction with NaN; gives the equatorial azides in overall yields of 74-87%. Axial hydroxy! groups are not affected,
allowing the regioselective conversion of methyl cholate into a 3o-azidodiol intermediate for steroid-based synthetic receptors.
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The Mitsunobu reaction is one of the most versatile and widely-used transformations in organic
chemistry.' As shown in Scheme 1, the combination of an alcohol, triphenylphosphine, a diazodicarboxylate
(e.g. diethyl azodicarboxylate, DEAD), and an acidic species HX, results in direct replacement of the
hydroxyl group by X, usually with strict inversion of configuration. The method can be applied to a wide
range of conversions, dependent on the pK, of HX. The upper limit of pK, =~ 13.5, resulting from
deceleration of step B in Scheme 1, has been explored quite extensively.” However, a lower limit also
appears to exist, presumably related to the low nucleophilicity of X" for strongly acidic HX. For example,
while the reaction succeeds when HX is a phosphonic acid,” or trifluoroacetic acid,” it is reported to fail when
p-toluenesulfonic acid (TsOH) is employed.5 We now describe the successful deployment of
methanesulfonic acid (MsOH) in the Mitsunobu reaction, as part of a new and efficient method for the
stereoretentive displacement of equatorial hydroxyl by azido groups in cyclohexanols.
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Our work in this area arose from our interest in the bile acids as building blocks for supramolecular
chemistry.® In order to prepare “cyclocholamides™ and podand-type receptors® from cholic acid, we had
needed to replace the 3a-OH in derivatives 1 with an a-NHj; as in 2 (Scheme 2). The method used (Route A)
involved conventional Mitsunobu inversion with formic acid, hydrolysis of the 3B-formate, mesylation and
displacement with azide.

Route A (see ref. 7)
i, PhsP, DEAD, HCO,H
ii, base hydrolysis

\

ili, MeSO,CI, EtzN
iv, NaN;, DMPU
v, reduction
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Scheme 2

Although this process was workable and high yielding, it seemed desirable to seek a shorter sequence.
In particular, direct access to P-sulphonates 3 via Mitsunobu reactions with RSO3™ as nucleophiles would
reduce the number of steps by two (Route B in Scheme 2). As mentioned above, other workers had found
that the first step in Route B was infeasible for RSO;H = TsOH.? On foot of this result, Galynker and Still>®
had proceeded to develop a successful method in which Zn(OTs); replaced the acid. However, in our hands it
gave modest yields (ca. 30%) of 3 (R = p-tolyl), and the requirement for large excesses of reagents (5 equiv
each of Ph;P and DEAD) discouraged large scale use.

Exploring alternatives,” we were pleased 10 find that a Mitsunobu reaction employing MsOH as the
acidic/nucleophilic component can be a highly efficient method for generating mesylates. Thus, addition of
DEAD (3 equiv) to 3B-cholestanol (4a), methyl lithocholate (6a) or methyl cholate (8a), dissolved in dry
THF in the presence of PhsP (3 equiv) and MsOH (2 equiv), gave the corresponding mesylates 5, 7 and 9.
These compounds were partially purified by chromatography, then treated with sodium azide in DMPU.
Azides 4b, 6b, and 8b were isolated in overall yields of 87%, 74% and 75% respectively.'?

As might be expected, the Mitsunobu inversion with MsOH is somewhat slower than the analogous
reactions employing carboxylic acids, requiring 24 hours at 40 °C to reach completion. A notable feature is
its selectivity for equatorial hydroxyl groups. For example, in the conversion of 8a to 8b the reaction seems
to be entirely regioselective, there being no evidence of attack at either of the axial hydroxy! groups in the
starting material."! Similarly, when 3o-cholestanol (10) was subjected to the conditions, it was recovered
largely unchanged. Interestingly, evaporation of the reaction mixture in this case, followed by addition of
NaN3/DMPU, resulted in the Mitsunobu reaction proceeding with N3 as nucleophile, giving 4b as product in
a yield of 75 % (Scheme 3). This result implies that a mixture of 3a- and 3p-cholestanols should undergo a
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stereoconvergent transformation to the equatorial azide if treated with DEAD/Ph;P/MsOH then
When cholesterol was used as substrate, the reaction
proceeded but yielded a mixture of 3o and 3p azides. This lack of stereoselectivity presumably reflects the

NaN3:/DMPU, without an intermediate work-up.12

intervention of the cyclopropanyl intermediates commonly invoked for substitutions at this centre.

4a R=0OH 4b R=N;
l CO,Me
R 6a R=OH 6b R=N,
CO,Me
OH
OH
R
8a R=0OH 8b R= N3
HO
10

13

CO,Me

MsO.

CO,Me

MsO. OH

i, PhyP, DEAD, MsOH _ NsM}

ii, evaporation
iii, NaN3, DMPU 4b

Scheme 3

In conclusion, the use of methanesulfonic acid in the Mitsunobu reaction provides an effective and
high-yielding method for converting a hydroxyl into a leaving group with inversion of configuration, at least

for the equatorial cycloalkanols discussed in this paper.

The preparation of 8b via this method provides

convenient access to a range of asymmetrically functionalised cholic acid derivatives, and is likely to play an
important role in our programme on steroid-based receptors.
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The method of Galynker and Still (ref. 5a) is reported to give tosylation with retention of configuration when
applied to cholesterol.
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