
J. Org. Chem. 1994,59 ,  705-706 705 

Chelation-Controlled Protocol for the Diastereoselective Reduction of Ketones 

Christopher R. Sarko, Ian C. Guch, and Marcello DiMare' 
Depar tment  of Chemistry ,  Univers i ty  of California, Santa Barbara, California 93106 

Received July  16, 1993 (Revised Manuscript Received December 9, 199P) 

Summary: A new chelation-controlled, a-chiral ketone 
reduction protocol is presented based on titanium tetra- 
chloride and a wide variety of reducing agents. Features 
of the proposed intermediate titanium chelates necessary 
to obtain high diastereoselectivity are discussed. 

The components necessary for chelation control are well 
understood chelate formation between a Lewis acid and 
substrate that activates and organizes followed by addition 
of a nucleophile.' This has been applied with great success 
in diastereoselective additions to substituted aldehydes 
using carbon nucleophiles (e.g., allylsilanes, allylstannanes, 
RzZn, enol-silanes) and Lewis acids capable of bis-ligation 
(e.g., TiC14, SnC14, MgC12). A similar two-component 
approach to tackle the widely studied problem of dias- 
tereoselective acyclic ketone reduction,2 however, has seen 
little attention,3 although the Lewis acid/nucleophile Zn- 
(BH4)2 should be noted.4 In this paper, we report a 
convenient method for the chelation-controlled, diaste- 
reoselective reduction of a-chiral acyclic ketones using a 
wide variety of reducing agents in conjunction with 
titanium tetrachloride. The structural features necessary 
in substrates to achieve high levels of diastereocontrol are 
discussed. 

After some optimization, the following conditions proved 
to be effective: ketone (1.0 equiv) is treated with TiCL6 
(1.0 equiv) in CH2C12 at  -78 "C for 10 min followed by 
addition of the reductant (1.0 equiv). The application of 
these conditions to two representative ketones capable of 
chelation employing a variety of reducing agents is shown 
in Table 1.6 These data are striking in several regards. 
First, the level of diastereocontrol is uniformly high. 
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Table 1. Reduction of &Alkoxy Ketone 1 and &Keto Ester 
3 wi th  Tic14 and Various Reductants. 

1 syn2 anti-2 

0 0  TiCld OH 0 OH 0 
Reductant 

p h ~ o E t  CH& Ph 
$e -7a-oc- 

3 syn-4 antC4 
~ ~~~ 

reductant ketone ratio (syn:anti)* yield (%) 

EtrN.NCBH3' 1 98:2 87 
t-BuNHrBHa 1 96:4 89 
MesN-BHs 1 >99:1 84 
Me4N.BH4 1 >99:1 93 
THF-BHs 1 >991 72 
pyridine-BH3 1 982 87 
DIBAL-Hd 1 946 88 
Et4N-NCBH3' 3 96:4 96 
t-BuNHz-BHs 3 94:6 81 
Me3N-BH3 3 >99:1 88 
BQN*BH~ 3 >99:1 84 
THF-BHs 3 >99:1 80 

DIBAL-Hd 3 97:3 80 

a General experimental procedure of ref 6 used. b Diastereomer 
ratios were measured by GLC or 1H NMR. 1.2 equiv of Tic4 was 
used. d 2.0 equiv of DIBAL-H was used. 

Second, only 9-BBN of the CH2Cl2-soluble reducing agents 
attempted to date has failedtogive product alcoh01.~ Third, 
both electrophilic (borane, DIBAL-H) and nucleophilic 
(borohydride) reducing agents can be used. Fourth, 
reagents that require ketone activation for reduction to 
occur (e.g., Me3N-BH3 and pyridine-BH3) as well as 
reagents that do not (t-BuNH2-BH3 and Me4N.BH4) can 
be employed. 

A number of substrates that might be subject to chelation 
control were treated with Et4N.NCBH38 and T i c 4  (Table 
2). The presumed chelate intermediates involved 5-,  6-, 
and possibly 7-membered ringsg and led generally to useful 
levels of diastereoselectivity. In particular, a number of 
hydroxyl-protected derivatives of a common P-hydroxy 
ketone were evaluated. Methoxymethyl, benzyl, and tert- 
butyldiphenylsilyl ethers proved effective, while p-meth- 
oxybenzyl and tert-butyldimethylsilyl ethers were labile 
under the reaction conditions.1° The level of diastereo- 
control achieved with the tert-butyldiphenylsilyl ether 
example is notable. Silyl ethers are recognized generally 
for their poor coordinating and chelating abilities" with 
few exceptions.12 

pyridine-BHs 3 >99:1 91 

(7) With 9-BBN, no reduction was observed. Ethereal Bolventa can be 
used, but the resulting ratios me depressed compared to CH&L. 
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Org. Chem. 1975,5,337-345. Bu,N.NCBH~is&o effective;see: Hutchins, 
R. 0.; Kandasamy, D. J. Am. Chem. SOC. 1973,95,6131-6133. 
(9) 2-(Benzoyloxy)propiophenone (Table 2) presumably forme a seven- 

membered chelate. 
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Table 2. Reduction of Ketones by TiCll and  EtrN.NCBHs. 

Communications 

~ ~~ ~ ~ ~~ 

combined syn: 
substrate syn diastereomer R1 R2 yield (%) antib 
0 OR2 QH OR2 Ph MOM 86 982 

Ph  Bn 94 964 
Me Me Ph TBDPS 84 928 

t-Bu Me 89 97:3 

R I V  13’4 

Me Me 90 5842 
91 8911 

Me Me 

91 946 

7822 

0 0  OH 0 t-Bu OEt 91 982 
R’ VRZ R , v R 2  

Me Piperidyl 92 982 
Me Me 

a General experimental procedure of ref 6 used with 1.2 equiv of 
Tick. Diastereomer ratios were measured by GLC or lH NMR. 

As would be expected, substrates that are selectively 
reduced by Zn(BH4)z are also selectively reduced by the 
system reported here. While good selectivity involving 
5-membered chelates is not unexpected given their well- 
defined conformation,13 the lack of selectivity with the 
presumed six-membered chelates derived from 4-methoxy- 
3-methyl-2-butanone and 4-methoxy-2-pentanone de- 
manded further explanation (see Table 2). In studies 
similar to those of Keck and co-workers concerning chelates 
of &alkoxy aldehydes,14 we have examined by lH NMR 
six-membered, Tickketone chelates. These studies 
suggest that the position of the equilibrium between 
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addition described in the general experimental procedure (ref 6) was 
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SOC. 1990,112,6130-6131. 
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conformers A and B determines reduction selectivity,15 
rather thandifferences in coordinating ability as suggested 
by Nakata and Oishi for Zn(BH4)zS4 When R is small, 
conformer A is favored; it displays no clear facial biasing 
of the ketone, and low selectivity is a consequence. When 
R is large or an sp2-hybridized center, conformer B is 
favored because it avoids the steric interaction then present 
in conformer A, leading to a facial biasing of the ketone 
and preferred formation of the syn reduction product. Like 
considerations predict the selectivity observed with other 
ketone reductions involving six-membered chelates. 

In summary, the two-component approach to chelation 
control can be applied to diasteroselective ketone reduc- 
tion. The wide range of reductants that can be employed 
in this method dramatically expands the number of 
nucleophiles that may be used in chelation-controlled 
processes.16 An understanding of chelate conformation is 
critical in predicing the level of reduction diastereocontrol 
with six-membered ketone chelates. Extending these 
observations is the subject of ongoing studies. 
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