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(a) Carbon can make bonds not only with C, H, N, O, S, etc. but also with metals such as Li, Mg, Al, Zn and
Cu. Such compounds having carbon-metal bond(s) are called organometallic compounds. In many cases, the
carbon atom is electronically more negative than metals, thus leading to polarity of organometallic
compounds. For example, the carbon atom of a carbon-lithium bond is highly electronegative, reflecting the
electronegativity” difference between carbon and lithium. The reactivity of organometallic compounds is
related to the ionic character of their carbon-metal bonds.

Formation of carbon-carbon bonds is the most important transformation in organic chemistry.
Organometallic compounds can function as carbanions (electronically negative carbon species), useful for
carbon-carbon bond formation: organometallic compounds show efficient reactivity with various types of
electronically positive reaction partners, such as carbonyl compounds (having a carbon-oxygen double bond).
In 1900, Victor Grignard discovered organomagnesium compounds, which are called "Grignard reagents"
today. These reagents are prepared by the reaction of halogenated aliphatic® or aromatic'® hydrocarbons
with magnesium metal in ether. For example, the reaction of bromobenzene with magnesium in diethyl ether
produces a Grignard reagent 1A (eq 1). Grignard reagents react with carbonyl compounds including esters,
aldehydes or ketones to give various types of alcohols after acid treatment. Today, Grignard reagents are
widely used in organic synthesis for carbon-carbon bond formation.

ether
Br + Mg MgBr (eq 1)

1A

1. Reaction with esters. As shown in eq 2, an ester 2 reacts with two molecules of the Grignard reagent 1A
to produce magnesium salts. Treatment of these salts with an acid (H;0") produces an alcohol 3 having two
aromatic groups, along with the eliminated alcohol 4.
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Taro investigated the reaction of an ester 2A with the Grignard reagent 1A. After treatment with dilute
hydrochloric acid, he obtained the alcohol 3A (molecular formula: C;7;H,00) and alcohol 4A (molecular
formula: C;H¢O).
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(b) 2. Reaction with aldehydes. An aldehyde 5 reacts with a Grignard reagent 1 to produce an alcohol 6 as
shown in eq 3.
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The experimental protocol for the preparation of Grignard reagent 1B and its reaction with acetaldehyde
5A is as follows: in a 3 L three-necked flask, fitted with a mechanical stirrer, a dropping funnel,") and a
reflux condenser® the upper end of which is protected by a calcium chloride tube, are placed 146 g (6 gram
atoms) of dry magnesium turnings and about 250 mL of dry diethyl ether.

A solution of 600 g (4.9 moles) of isopropyl bromide!® in 300 mL of dry diethyl ether is then added
through the dropping funnel. The reaction begins after about 15 mL of the solution has been added. It should
be noted that heating on the water bath to start the reaction should be unnecessary if all the apparatus and
reagents are completely dry. The solution is added at such a rate that the reaction mixture refluxes gently. It
is well to arrange to cool the flask with running water if the refluxing becomes too vigorous. The addition of
the isopropyl bromide solution should require from three and one-half to four hours. The reaction mixture is
refluxed on the water bath for forty minutes after addition of the isopropyl bromide solution is complete.

The flask is then cooled to —5 °C, and a solution of 198 g of acetaldehyde 5A in 250 mL of dry diethyl
ether is added at this temperature over a period of one hour.

After addition of the acetaldehyde solution is complete, the product is decomposed by pouring the reaction
mixture onto 2 kg of cracked ice. The excess magnesium may be removed conveniently by decantation at
this point. The basic magnesium halide is dissolved by addition of about 1 L of 15% H,S0,. (DThe diethyl
ether solution is separated, and the aqueous layer is extracted with four 150 mL portions of diethyl ether. The
ether solutions are combined, dried over 25 g of calcined potassium carbonate, filtered, and fractionally
distilled, using a short column. The 3-methylbutan-2-0l” 6A distills at 110-111.5 °C. @The fraction
boiling at 37-109 °C should be dried and refractionated. The total yield of 6A is 205-215 g.
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(6) isopropyl bromide : £[X|Z Br H H

(7) 3-methylbutan-2-ol : £7[XZ isopropyl bromide  3-methylbutan-2-ol
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