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Summary: Inversion of configuration of hydroxy functionalities in biologically
significant structures has been performed under mild conditions through
nucleophilic displacement by nitrate ion.

In connection with our studies in the prostaglandin areal, we had
recently the opportunity of searching a mild and efficient method to attain the
inversion of a hydroxy functionali in a synthetic intermediate of our interest.
Altough a number of procedures’ have been proposed in recent years for the
purpose of inverting chiral - alcohols, we found that better results could be
obtained, in our case, by nucleophilic displacement of sulfonate of the alcohol by
means of nitrate ions .
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The nitroester prepared could be readily converted to hydroxy group by reductive
processes and, due to the low basicity of nucleophile, the competing elimination
reaction, a serious obstacle in several procedures, was almost completely suppressed.
This positive result, prompted us to a broader investigation with the aim of
exploring the scope and limitation of our method.

Concerning the nitroesters, a few ways have been described to accomplish their
preparation: esterification of alcohols and methathetical reaction between alkyl
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halides and silver nitrates, or mercury (I1) nitrateé.

In recent years we have been interested in the use, in organic5 synthesis, of phase
transfer catalyst as tetralkylammonium salts and ion-exchangers.

We have therefore taken into account the possibility of preparing nitroesters by
reactiné; electrophiles like alkyl halides or sulfonates with tetrabutylammonium
nitrate or with an anion exchanger in the nitrate form (easily obtained by
washing the chloride form of the resin Amberlyst A-26, as purchased from Rohm and
Haas, with potassium nitrate aqueous solution).

Reactions have been performed by treating alkyl halides and sulfonates with
nitrating agents in refluxing hydrocarbons. With low molecular weight materials the
process has been performed in pentane, under pressure, in order to achieve the
desired temperature and to easily remove the solvent. A 1.5 molar excess of tetra
butyl-ammonium nitrate was usually sufficient to lead the reaction to completion.
Similar results have been obtained by means of the polymerj7c reagent, altough a
much more substantial excess of the latter was usually needed.

The method appeared to work well, giving high yields of nitroesters along with a
few percentage of elimination products. Thel ext(fgt of this reaction has been found
to be less than 10%, as evaluated from H, C NMR spectra of crude reaction
products, even in the case of the tosylate of ethyl-2-hydroxy-butanoate (entry 3 of
the Table), perhaps the substrate most likely to eliminate among the listed ones.
Results, summarized in the Table, show that our technique is useful in the steroid,
prostaglan%in, beta-lactamic fields, as well as for other biologically significant
structures. 13

The measurements of optical activity and the C NMR spectra performed on the
chiral alcohols obtained by reduction of the nitroesters gave evidence of high
enantiomeric excess (e.e.), although a limited racemization almost always occurred.
The latter can be explained in terms of displacement of the nitroester group by
nitrate anion in excess during the running of the reaction. As a matter of fact, a
sample of (S)-2-octyl nitrate, refluxed for twenty hours with tetrabutylammonium
nitrate, showed a partial racemization.

This handicap can be circumvented by the use of more efficient leaving groups in
the original substrate allowing milder conditions and shorter reaction times. As can
be seen from the Table (entry 2) the pyridyl sulfonates seem to meet this
requirements giving the best result in terms of e.e. for the item so fuélctil%nalized.
In the course of our research we have been aware of two papers’’ referring
about alcohol epimerization performed by tetrabutylammonium nitrate over triflates
of some sugar. We feel, nevertheless, to have herein demonstrate a noteworthy
larger applicability of this technique for inverting the configuration of chiral
alcohols.
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TABLE
Substrate Method Time Solvent Nitrate Reduction Inversion
(hours) (Yield %) (Yield %) (Yield %)
OMs ONO. a
. H B 3 Toluene 2 (90} C (85) 94.5
1 NN otue /k/\/\/
2. /Q\Si?\/;:l\/ A 0.5 Benzene ﬂiz\/\/ (70) C (85) 100a
ots A 6 Benzene  9NO (90) C (87) 942
3. AN OO B 6 Benzene /k/cozﬂ (90) C (87) 9Aa
OMms oNo,
b Ao B 5 Pentane” L co (%) D (85  78°
b3

OMs ONO.

NG G A2 Tolume A~ (76) D (8D -

ONQ.
6 °3*‘ coge A g Pentane” Scogt  (g6) C (80)  90°
ars CO.Et b b CO.Et
7. O’ = A 4 Pentane g:r 2 (80) C (80) 88.5°
QTs oNO c
8. S~ A 6 Benzene H (95) D (74) 90
o CO,Et OQ‘COE:
P (s
OMs

0 b ONO,
9. /‘f,rNPh A 3 Benzene. 1, " . e (70) D (60) 90
1 ol:h"/\/
QOMQ

OMe
clil
10. a cholestan-3-yl B 2 Toluene  fcholestan-3-yl (80) C (60) 100
p-toluene sulfonate nitrate
12
11. Methyl-3ap-toluene A 7 Toluene Methyl 3Bnitroxy C (83) 100¢
sulfonyloxy-58—cholate -58-cholate (60)

Method A: (n-Bu,)N'NO_ ; Method B: Amberlyst A-26 NO.  form.;
Method C: Hz/Pdfcno%?CH OH; Method D: Zn/CH_COOH; 13

a: enantiomeric excess; g: "120 °C in sealed “tube; c: evaluated by 1H and C NMR
analyses.
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