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CARBON-CARBON BOND FORMATION WITH METALLIC MANGANESE

Tamejiro HIYAMA, * Miwa SAWAHATA, and Michio OBAYASHI
Sagami Chemical Research Center, 4-4-1 Nishiohnuma, Sagamihara, Kanagawa 229

Metallic manganese is found to reduce allylic bromides and achieve the Barbier-type
carbonyl addition of allyl unit.

In view of metallic resources for the future ,1) manganese should play more important roles for organic
synthesis. Whereas oxidation with manganese element is widely used,2) reduction using the same element
has been scarcely studied. An exceptional example is disclosed recently which employs the reagent
generated from 1:1 mixture of manganese(Il) chloride and lithium aluminum hydride. Though effective for
the Grignard-type carbonyl addition ,3) details of the reagent remained unknown. Furthermore, preparation
of this reagent is sometimes troublesome. We have since been studying the synthetic reactions of low valent
manganese and found that metallic manganese powder with the particle size of 10 ym is readily applicable to
C-C bond formation including the Barbier carbonyl addition.4)

A typical experimental procedure is as follows. Manganese powder (10 ym, Alfa, 0.39 g, 7 mmol)
suspended in tetrahydrofuran (THF) (20 ml) containing iodine (0.25 g, 1 mmol) was heated to reflux for 2 h
under an argon atmosphere. To this mixture was added a THF (10 ml) solution of allyl bromide (0.52 ml,

6 mmol) and benzaldehyde (0.102 ml, 1 mmol), and the mixture was again heated at reflux overnight.
Workup and purification by column chromatography gave 1-phenyl-3-buten-1-ol (1)(0.121 g, 82% yield).
Generally 7 molar equivalents of manganese and 6 molar equivalents of allyl bromide were employed for the
reaction with better results.7) Although the reaction can be carried out without the activator (67% yield of I,
the activation by iodine gave reproducible yields. Hg metal was also applicable for the activator (63% yield
of allyl bromide-undecanal adduct). Allyl diethylphosphate also was used for the allyl-carbonyl addition only
in the presence of a Lewis acid coactivator such as diethylaluminum chloride or aluminum (III) chloride

(41 or 31% yield of 1, respectively).

The reaction was applied to other aldehydes and ketones to give the allyl adducts in good yields as shown
in Table 1. With o, B-unsaturated aldehydes and ketones, 1,2-addition took place exclusively (runs 6, 7, 12,
and 13). This procedure should be particularly useful for large scale synthesis of homoallyl alcohols in the
field of perfume industry .8)2-Phenylpropana1 gave erythro/ threog)homoallyl alcohols (3:1) with the preferred
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Table 1. Synthesis of Homoallyl Alcohols with Manganese Powdera)
RCH(OH)CHZCH=CH2 Ketone Adduct
Run R of RCHO % yield) Run Ketone (% yield)
82 Ph Ph
1 Cetls 10 >=0 V 1)
2 p-BuO-C 6H 4 97 Me' H
3 p-Cl-C.H, sgb) 1 o on -
89 | < > l < > : X
4 CGHSCH(CHS)
5 n-Cyplyy 58 12 o on o
6  C.H_CH=CH 78 KA

65

o=

i3

8 (Ref, 8) 63

9/\)4; 68

a) All the reactions were carried out with aldehyde (1 mmol), allyl bromide (6 mmol), manganese
powder (7 mmol), and iodine (1 mmol) in THF (20 ml) at reflux temperature. b) Erythro : threo
(see Ref. 9) = 3 : 1. c) Axial alcohol : equatorial alcohol = 57 : 43.

formation of the Cram product. In contrast to the MnClz—LiAlH 4 reagent system, ca. 1:1 mixture of axial
alcohol and equatorial one formed in the addition to 4-t-butylcyclohexanone. Methallyl bromide also can be

used for the addition. Thus, the reaction with benzaldehyde gave 3-methyl-1-phenyl-3-buten-1-ol in 78%
yield 10, 1)
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