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次の文章を和訳しなさい。余白が足りない場合、続きは別紙に記入可。（W. Carruthers 著、Modern Methods of Organic Synthesis より） 

 

 

 

7.2 Reduction by dissolving metals 4 2 3

may take place. In some cases a second electron may be added to the radical anion
to form a dianion.

In the reduction of benzophenone with sodium in ether or liquid ammonia, the
first product is the resonance-stabilized radical anion 52, which, in the absence of
a proton donor, dimerizes to the pinacol (7.32). In the presence of a proton source,
however, protonation leads to the radical 53, which is subsequently converted into
the anion and hence to the alcohol 54. The presence in these radical anions of an
unpaired electron that interacts with the atoms in the conjugated system has been
established by measurements of the electron spin resonance spectra. Addition of
organolithium species to benzophenone may also occur via the radical anion, as
demonstrated by the deep blue colour generated in such reactions.
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The metals commonly employed in these reductions include the alkali metals,
calcium, zinc, magnesium, tin and iron. The alkali metals are often used in solution
in liquid ammonia or as suspensions in inert solvents such as ether or toluene,
frequently with addition of an alcohol or water to act as a proton source. Many
reductions are also effected by direct addition of sodium, or particularly, zinc or
tin to a solution of the compound being reduced in a hydroxylic solvent, such as
ethanol, acetic acid or an aqueous mineral acid.

7.2.1 Reduction of carbonyl compounds

Reduction of ketones to secondary alcohols can be effected by catalytic trans
fer hydrogenation (Scheme 7.31), by complex hydrides (see Section 7.3) or by

4 2 4 R e d u c t i o n

Table 7.2. Ratio 55:56 by reduction of
2-methylcyclohexanone

R e a e e n t R a t i o 5 5 : 5 6

9 9 : 1
8 2 : 1 8
6 9 : 3 1
4 2 : 5 8

^30: 70

sodium and an alcohol. One feature of the sodium-alcohol method is that with
cyclic ketones it normally gives rise exclusively or predominantly to the thermo-
dynamically more stable alcohol. The ratios of the more-stable (trans) product
55 (equatorial substituents) and the cis product 56 (7.33), formed by reduction
of 2-methylcyclohexanone with different reducing agents, are given in Table 7.2.
The ketone 4-tert-butylcyclohexanone similarly gives the more stable trans-4-tert-
butylcyclohexanol almost exclusively on reduction with lithium and propanol in
liquid ammonia.

5 5 5 6

The high proportion of the more-stable product (equatorial hydroxyl group)
formed in the reduction with a metal-alcohol is thought to arise from the preference
for the intermediate radical anion (or other intermediate) to adopt the configuration
with the equatorial oxygen atom (7.34).

N a ( 7 . 3 4 )

Reduction of ketones with dissolving metals or low-valent transition metals in
the absence of a proton donor leads to the formation of bimolecular products. The

J. W. Huffman, in Comprehensive Organic Synthesis, ed. B. M. Trost and I. Fleming, vol. 8 (Oxford: Pergamon
Press, 1991), p. 107.
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reductive coupling of two aldehydes or ketones is referred to as the McMurry or
pinacol coupling reaction and gives rise to a 1,2-diol (a pinacol) (see Section 2.9).̂ ®
A number of reagents can be used, such as magnesium, magnesium amalgam, alu
minium amalgam, low valent titanium or chromium species or samarium(II) iodide.
A popular reagent is derived from reduction of titanium(in) chloride with zinc-
copper couple. For example, treatment of the dialdehyde 57 under these conditions
gave the diol sarcophytol 58 (7.35). This methodology is effective for the synthesis
of small- or medium-sized rings and even for intermolecular couplings.

5 7 4 6 % 5 8

Carboxylic esters can be reduced by sodium and alcohols to form primary alco
hols. This, the Bouveault-Blanc reaction, is one of the oldest established methods of
reduction used in organic chemistry, but has now been largely replaced by reduction
with lithium aluminium hydride. When the reaction is carried out in the absence of
a proton donor, for example with sodium in xylene or liquid ammonia, dimerization
takes place, and this is the basis of the acyloin condensation.̂ ^ Intramolecular reac
tion gives ring compounds, including not only five- and six-membered rings but also
medium and large rings. For example, the diester 59 gave the ten-membered ring a-
hydroxy-ketone 60 (7.36) and the diester 61 gave the a-hydroxy-ketone 62, which
was readily converted into oestrone (7.37). Improved yields are often obtained by
carrying out the reactions in the presence of MeaSiCl, which is thought to serve
principally to remove alkoxide ion from the reaction medium, thereby preventing
base-catalysed side reactions.

J. E. McMurry, Chem. Rev., 89 (1989), 1513; E. J. Corey, R. L. Danheiser and S. Chandrasekaran, J. Org.
Chem., 41 (1976), 260." R. Brettle, in Comprehensive Organic Synthesis, ed. B. M. Trost and I. Fleming, vol. 3 (Oxford: Pergamon
Press, 1991), p. 613; J. J. Bloomfield, D. C. Owsley and J. M. Nelke, Org. Reactions, 23 (1976), 259.
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別紙として利用して良い。ただし、解答の続きであることを明記せよ。（使用しなかった場合も本用紙は回収する。） 
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次に示す化合物の効率的な合成を計画するとき、どのような方針で立案するか、その逆合成解析を自由に論ぜよ。 

 

 


