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P K E F A C E

THE student of Organic Chemistry will probably

be impressed at an early stage with the importance

of metallic sodium and its compounds in synthetic

work, and will subsequently mark the value of such

substances as acetoacetic-, malonic-, and cyanacetic-

ester and their sodium compounds.

He will notice the use of aluminium chloride in

the preparation of various aromatic compounds, will

hear the story of the discovery of the zinc alkyls,

and will possibly be attracted by those interesting

bodies, the organo-rnetals.

Various metals arid metallic derivatives have been

utilised in the development of Organic Chemistry,

and during recent years, much attention has been

given to the use of magnesium in the Grrignard

reaction and to the value of the carbides iu the

fixation of atmospheric nitrogen, wliilo tlio reduction

and synthesis of organic compounds in tlio presence

of reduced nickel and other metals has, by develop-

ment, led to the discovery of numerous catalytic

changes in the presence of certain metallic oxides.



VI PREFACE

In this volume an attempt has been made to

present an account of the uses to which the metals

and certain of their compounds have Tbeen put, and

the work is based upon a course of lectures, on this

subject, recently given by the author to the advanced

students of Finsbury Technical College.

Each chapter is supplemented by an appendix of

practical work exemplifying the methods mentioned

in the text.

Most of the preparations have been carried out in

the College laboratories, and in connection with fthis

part of the work the author desires to acknowledge

the valuable assistance of two advanced students,

Messrs. T. McLachlan and E. Mendoza. He is also

indebted to Mr. F. W. Streatfeild, F.LC., Senior

Demonstrator, for help during the reading of the

proofs.

A. J. H.
LONDON;

February, 1914
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T H E S Y N T H E T I C U S E O F M E T A L S

I N O R G A N I C C H E M T S T R Y

C H A P T E R S I

SODIUM AND POTASSIUM

ALMOST the first metal to Tbe used for organic
synthesis, sodium continues to hold a foremost posi-
tk/Ai among all the metals utilised as synthetic agents
in organic chemistry. Although potassium was tho
first used, being applied by Frankland and Kolbe
in 1848 to the preparation of hydrocarbons by heat-
ing the metal with alkyl nitriles^ yet sodium has
always received a far wider application. Twenty-
three parts by weight of sodium suffice to bring
about a chemical change which would require tho
use of thirty-nine parts of potassium^ and thin fact,
together with the lower price of sodium, gives tho
metal an economic advantage.

Another reason for the priority of this metal is that
in many cases the more electro-positive and nioro
chemically active potassium proves to be too violent



2 SYNTHETIC USE OF METALS

in its action, and renders the control of the reaction
difficult.

After the investigation of Frankland and Kolbe
mentioned above, Frankland in the following year
heated metallic zinc with alkyl iodides, and besides
preparing paraffin hydrocarbons in this way, he
also discovered the zinc alkyl s, the first of the
organo-metallic compounds.1

In 1850, Williamson prepared certain ethers by
the interaction of alkyl iodides and sodium ethoxide,
a method of preparation which rendered evident the
constitution of these bodies :

C2H5I + C2H6O]Sra = ]STaI + C2H5.O.C2H5.

In 1855, Wurtz emphasised the importance of
sodium for preparing the paraffin hydrocarbons, and
prepared di-isobutyl, by the action of the metal
upon isobutyl iodide3:

2(CHa)2CH.CH2I + 2Na - (CH3)2CH.CHo.CH2.CH(CH3)3 + 2NaI.

A few years later, Fittig applied this reaction to
the synthesis of aromatic hydrocarbons by condensing
aryl and alkyl radicles. The following reactions
will indicate the usefulness of this method8 :

C6H6Br + CH3Br + 2Na = C6HB*CH3 + 2NaBr.
Brombenzene. Methyl Methyl benzene

bromide. (toluene).
CBH4Br2 + 2C2HfiI + 4Na - C6H4(CaH6)a + 2NaI + 2NaBr

Dibrom-benzene. Ethyl iodide. Diethyl-benssene.

In these changes the alkyl groups take up the
positions occupied by the halogens in the benzene
nucleus.

After 1850, various compounds were prepared by
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the agency o£ sodium and potassium, and tho follow-
ing are examples of some of tho best known roaotionn
oC tills class:

Phenol and other formation :

( l f ) oir,i » <yrfi.o.on3 .» Nai
Sodium phonato. AUIHOIO

(methyl phonyI othor).
Tho samo exchango in offoctod by uning an alkyl

sulphate or an alkyl liydrogon Hulphato:
CaH4OK + cairBnso4 car&.o.<uifi f- KHHO,

Ethyl hydrogon
sulphato.

2C2II5OK + (<nr3)3so4 r- 2cyr&.o.air3 + Ka«o4

Mothyl Htilphato. Ethyl xnoihyl othor.

Tho following aro chai*actoriHtic roacjtionn of
alkyl potassium sulphates:

When hoatod alone they yield olofiuo.s :

When boiled with water Utoy yic l̂tl alcoliols:

oaiiftKso4 •»• nao i cyiftOH «- KHHO4.

When treated with Kl, KC5N, K^S, KHH, ilusy
yield alkyl iodidos, nitrih^H, thio-ethern and mor-
captans respectively:

2UKS<)4 + KM «« K.H.R -̂  akjH()4
KKHOt + KBU « K.S.U. 4 K9HO4.

When heated with tho alkali HHIIH of organic u<*itlN;

esters are obtained ;

RKSOj + OH8COOK t CirsCOOR 4 K.HO,

Sodium b(aizoato.
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Acid anhydrides are produced by distilling a
mixture of the acid chloride with an alkali salt of
the acid :

CH3COC1 + CH3COONa = (CH3CO)X> + NaCl
Acetyl chloride. Acetic anhydride.

C6H5COC1 + C6H5COOK - (CCH5CO)2O + KC1
Benzoyl chloride. Benzoic anhydride.

Numerous hydrocarbons can be prepared by the
action of sodium upon halogen substitution products.

In addition to those already mentioned, un-
saturated hydrocarbons can be synthesised in this
way:

2CH2: CH.CH2I + 2Na « CH2: CH.CH2.CH2.CH: CH2 + 2NaI
Allyl iodide. Diallyl.

2CH2: CHBr + 2Na = CH-: CH.CH: OIL + 2NaBr
Vinyl bromide. Divinyl.

Sodium has played an important role in the pre-
paration of many polymethylene hydrocarbons and
their derivatives.

The first member of this series of hydrocarbons
was prepared by Freund (1882), by allowing sodium
to act upon trimethylene bromide4 :

yCH2Br y CIL
OH/ + 2Na == Oil/ I " + 2NaBr.

\CH2Br "\CH3

The same method was used in 1888, for preparing-
methyl tetra-methylene from 1 : 4-dibrompentane5 :

CH3.CH. CH2

CH3.CHBr.CHo.CHfl.CH2Br + 2Na » | I +
CH2.CH2

and again in 1894 for preparing hexamethylene from
the corresponding dibromide :

. C 2
I + 2NaBr,

2.CH
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CH3.CH2.CH2Br CH2.CH2.CHS
| + 2Na - | | + 2NaBr.
OH2.CH2.CH2Br OH2.CH2.OH2

Cyclohexane.

Many polymethylene carboxylic acids can bo pro-
pared by the aid of di-sodium malonato :

CIl.Br /COOC.JIs CIIjV /OOOO0II5 + 2NaBr

OH2Br \COOCaH5 OHo/ \COOCaUs

Triinetliylene dicarboxylio oatoir.

The condensation product when hydrolysod given
the corresponding acid and the latter on heating,
passes to a monocarboxyl compound :

CHo\ yCOOH Heat CPL>\
I " NCX -> I " NCn.CO0H -i- COo.

CH2/ \COOH OIL/

Similar compounds are formed by using triinothy-
lenc dibvomide and pentamothyloiio dibromido.0

Numerous acids may bo prcparod by tlie action of
carbon dioxide upon aromatic halogen compouudsj in
the presence of sodium.

This method was first used by Kekule iu 18G0 for
preparing benzoic and toluic acids from brombonzouo
and bromtoluene:

CoHfiBr + CO3 + 2Na == C(5HftCOONa + NaBr
/OH3 .Qll,

C6H4< + COo + 2Na = C()II4< + NaBv.
xBr XiOONa

Magnesium is now used instoad of sodium for this
type of reaction (see later).

Wurtz, by the aid of chloroformic ester, prepared
the corresponding esters of these itcids:

O6H5Br + 2N"a + CICOOC-II5 « CoU^COOC^ -I- NaCl + Kalir.
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USES OF ACETO-ACETIC ESTEB.

This useful reagent was discovered by G-euther in
1863, who pi*epared it by the action of sodium upon
ethyl acetate.

About the same time Frankland and Duppa, using
the same reaction, discovered that the hydrogen
atoms of the raethylene group are replaceable by
sodium and various organic radicles.

G-euther represented the substance as OH3.C(OH)
: CH.COOC2H6, that is /3-hydroxycrotonic ester, but
Frankland and Duppa preferred the keto formula
OHg.CO.OHg.OOOOgHg, and represented it as aceto-
acetic ester.7

The formation of the substance may be represented
thus:
CH3.COOC2H5 + CH3.COOC2H5 = CH3.CO.CH2.COOC3H6 + CaH6On«

Wislicenus had by 1877, investigated the substance
and shown that other substances contained methy-
lene groups, the hydrogen of which could be replaced
by sodium.9

A few years later, Conrad showed that an alcoholic
solution of sodium ethoxide would suffice, in place of
metallic sodium or the dry ethoxide, for this type of
reaction; he applied his method in particular to the
preparation of alkyl malonic esters.10

Not only does condensation take place between two
molecules of an ester such as acetic ester, but also be-
tween an ester and a ketonc. Acetyl acetone can be
prepared, for example, from acetic oster and acetone :
OH3.COOC2H5 + CH3.CO.CH3 « CH3.CO.CH2.CO.CH3 + C2H5OH.

Propionic and butyric esters undergo the same
type of condensation:


