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ABSTRACT
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1,3-Diketones can be reduced in high yields and with excellent diastereoselectivity to the corresponding syn-1,3-diols by carrying out the
reaction with BH;—pyridine complex in CH,Cl, at =78 °C in the presence of an equivalent of TiCl, and 0.1 equiv of pyridine. This protocol
shows a general character: excellent results are obtained when the groups bound to the carbonylic functions are linear or branched carbon
chains and aromatic or benzylic frameworks as well.

The development of new protocols for the diastereoselectivegies for catalytic hydrogenatidrand enzymatic methotls
synthesis of 1,3-diols continues to be of great interest in are available, at the present time the stereoselective reduction
organic chemistry since this unit is present either gyaor by metallic hydride$remains an unresolved problem (see
anti relationship in a large variety of natural produtts. Scheme 1).

Toward this goal, stereocontrolled reductiong3etfiydroxy

ketoned? and the Tishchenko reactibare the most inves- _

tigated approaches to date. . . . .
. . h 1. R f 1,3-Dik hH
The reduction of 1,3-diketones should represent an alterna- Scheme eduction of 1,3-Diketones with Hydrides 1)

tive protocol. However, while a large variety of methodolo- o 90 [H] QH oH
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Table 1. Reduction of Benzoylacetorie with Various Reducing Agents under Different Reaction Conditions

entry Lewis acid reducing agent solvent amine (equiv) yields (%)ab syn/anti
1 BHs;—py CHClI, no reaction

2 BH3-py CHxClI, py (0.1) no reaction

3 TiCls Na—Selectride toluene—THF 20 70/30
4 TiCly BH3-py toluene py (0.1) 50 80/20
5 TiCly BH3-py CHCl; 78 85/15
6 TiCls BH3-py CH.Cl, py (0.1) 87 9713
7 TiCls BH;s-lutidine toluene 65 70/30
8 TiCl4 BH;s-lutidine CH.Cl, lutidine (0.1) 85 90/10
9 TiCl4 BHjs-lutidine CH.Cl» lutidine (1) 50 60/40
10 TiCl4 BH3;-DMAP CH.Cl, DMAP (0.1) 70 95/5
11 TiCly BH3-PhNEt; CHCl> PhNEt; (0.1) 65 75125

aYields refer to pure isolated productsThe decomposition of cyclic boronates was carried out with method A.

LilnH 4,2 are employed since the reaction suffers from the

1.1 equiv of TiC} (solution 1 M in CHCI,) and 0.1 equiv

occurrence of extensive side processes such as enolizationpf pyridine at—30 °C. After 30 min an excess of BHpy

reductive elimination, and reduction to monoalcohol. Only

(3—4 equiv) is added at78 °C. After 2 h the reaction is

when two methyl groups are present at position 2 are high quenched with aqueous HCI (1 M). The usual workup gives

yields of 1,3-diols obtained.
In the present Letter we report a general and simple

method for the reduction of 1,3-diketones to the correspond-

a mixture ofsyn-2and the boron cyclic derivativeyn-3%10
To convertsyn-3to syn-2 this mixture is submitted to
treatment with HO, in a basic medium (method A).

ing syn-1,3-diols based on the use of borane complexes adAlternatively, puresyn-2can be obtained by quenching the

reducing agents in the presence of TiCl

A series of preliminary experiments was performed on
benzoyl acetonéa in order to determine the best reaction
conditions (see Table 1).

From the obtained data the following indications
emerged: (a) The presence of TiGs essential for the

reaction; in fact the reaction carried out in absence of the

Lewis acid does not work (Table 1, entries 1 and 2). (b)
The use of a boranreamine complex in nonpolar solvent is

necessary to achieve high yields and high selectivity; in fact

the reduction carried out with N-Selectride in a toluene
THF solvent mixture (Table 1, entry 3) gives moderate
selectivity (syn/anti= 70/30) and very low yields (20%).
(c) Among nonpolar solvents, GBI, gives better results
than toluene. (d) We tested a variety of Btamine

reaction with aqueous HCI (1 M) and stirring the mixture
overnight (method B) (Scheme 2).

Scheme 2
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complexes as reducing agents, and the best results were

obtained with the simple Bitpyridine system. (e) Yields

and diastereoselectivity increase if, after mixing the substrate

with TiCly, 0.1 equiv of the appropriate amine is added prior
to treatment with the borareamine complex (see Table 1,

entries 5 and 6). Stoichiometric amounts of amine give worse

results (Table 1, entry 9).

As a consequence, the best reaction conditions follow: 1

equiv of 1,3-diketond, dissolved in CHLCl,, is treated with
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H,0,, EtOH,
NaOH

OH OH

syn-2a-g

This methodology was applied to a series of 1,3-diketones.
While the reactions reported in Table 1 were carried out by
adopting exclusively decomposition method A, r the reactions
reported in Table 2 employed both methods A and B.

The obtained results (Table 2, entries 1, 4, and 5) showed
that both decomposition methods are practically equivalent,
giving very similar results.

The reaction proceeds with excellent diastereoselectivities
in all examined examples, showing that this procedure works
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s Reactions products, when known, were characterized by

Table 2. Reduction of 1,3-Diketonesa—g with BHz—py in comparison of spectroscopic data with those available from

the Presence of TiGK1 equiv) and py (0.1 equiv) the literature. Structure and stereochemical assignment of
starting yields unknown compounds were made on the basi#Hodnd**C

entry material R R?  product  (%)* syn/anti NMR data (Hoffman rules)? The syn/antiratio was deter-

% E _Pg me gg g;’;(%)c 3322(96/4)° mined by integration of somé3C NMR peaks using

3 o 'F;thZCHZ Mo 0 g6b 95/5b appropriate long delay times.

‘5‘ ig t"_gﬁ"'z E{.EL gg ;g‘;g;g“ gggzggggg° In conclusion, we were able to set up the first general

6 if o0-Cl-Ph Pr  of 81b 97/3b protocol for the diastereoselective reduction of 1,3-diketones

7 19 Ph Ph 29 4504 >99/1P to syn-1,3-diols with metallic hydrides. This method utilizes

aYields refer to pure isolated productsData refer to decompositon  the reducing system recently optimized for the diastereose-

of cyclic boronates carried out with method PData refer to decomposition ; ; i i i -
of cyclic boronates carried out with method BTogether with 37% of lective reduction of various classes of functionalized ke

recovered starting material. tones!s
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