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EDITOR’S PREFACE

Tue progress of Chemistry is so rapid that it is
hecoming o matter of ever-increasing difficulty to
keep abreast of the modern developments of the
science. The volume of periodical literature is so
cnormous  that few can hope to read, far loss
assimilate, all that is published. The preparation
of summaries has thercfore become a necessity, and
has led to the publication of various well-known
journals devoted to the abstraction of original papers.
For obvious reasons, however, these do not fully
supply the wants of advanced students and rescarch
workers, and it is now generally recognised that
monographs on special subjects are also necded.

This series of monographs is intended priwarily for
Advanced and Honours students. As each mono-
graph is written by an author with special knowledge
of the subject, and copious references are given,
it is hoped that the series will prove useful also to
those engaged in research.

January 1913,
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The Organometallic Compounds of
Zinc and Magnesium

SECTION 1.
GRIGNARD'S REACTION—INTRODUCTORY.

In 1899, Barbicr! found that when methylheptenone,
(CH,),. C:CH. CH,. CH,. CO.CH, was allowed
to react with methyl iodide and magnesium in
the presence of ether and the product so formed
decomposed with dilute acid, dimethylheptenol,
(CH,),.C:CH.CH,.CH,.C(OH)(CH,),, was formed.
This observation suggested that the magnesium had
reacted with methyl iodide to form magnesium methyl
iodide, CH,MgI, which had then transformed the
ketone into an alcohol analogously to the well-known
action of zinc alkyls on ketones.

E. Frankland and Wanklyn had previously observed
the formation of the compound, Zn(CH,),. (C,H)),0,
when zine, methyl iodide, and cther werc hcated
in a sealed tube. Starting from these known
facts, Grignard? was led to investigate the action]
of magnesiuin on methyl iodide and similar com-
pounds in the presence of anhydrous ether,
Magnesium alkyl halides were thus obtained, which
are classed generally under the name “Grignard’s
Reagents.”
= A
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GRIGNARD’S REACTION

The preparation and use of Grignard's reagents
are excmplified in the preparation of trimethyl-
carbinol from acetone and magnesium methyl iodide.
The following description is typical :—

Preparation of the Hthereal Solution of
Magnesium Methyl Iodide.—Twenty-five ce. of a
solution of methyl iodide (49 grams) in dry cther
(25 cc.) are allowed to flow on to magnesium
(82 graws) prepared by cutling clean magnesium
ribbon into pieces of 1-2 ems. in length. A brisk
reaction commences after a short period.  The
reaction mixture is cooled with water, two portions
of cther (each 100 c.c.) added, followed by the
remainder of the methyl iodide solution, the latter
being added drop by drop, cooling being adopted
if necessary.  To complete the reaction, the ethereal
solution is heated to gentle boiling during thirty
minutes.

Action of Acetone on Magnesium Methyl Iodide
Solution.—A solution of acetone (20 grams) in dry
ether (20 grams) is added drop by drop to the cooled
solution of magnesium methyl iodide. Each drop
causes a hissing sound and produces a precipilate
which, at first, is redissolved, Lut subsequently
collects as a greenish-grey viscous mass at the
bottom of the flask. Reaction is completed by
allowing the wixture to remain overnight at the
room temperature. The product is decomposed Ly
the addition of ice in swall picces, accompanicd
by brisk agitation. As soon as the colour of the
precipitate is changed to white, sufficient acetic
acid (83 per cent.) is added to bring about its
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solution. The ethercal and the faintly acid aqueous
layers arc now scparated. To isolate the trimethyl-
carbinol—which is present in cach layer—the ether
is distilled oft’ from the cthereal solution and {he
residual oil united with the acid aqueous layer and
distilled with steam until a sample of the distillate
does mot  become cloudy when saturated with
potassium carbonate. The trimethylearbinol is salted
out from the distillate by means of potassium car-
bonate, dried over solid potassium carbonate, and
distilled. 'To complete the desiceation, the product
18 left in contuct with Dbarium oxide, at first at
the room temperature, subsequently at its boiling-
point, after which it is again distilled. The reactions
involved may be represented hy the following
cquations :—

CILT+ Mg ~ CH,.Mg.I
CH, CH,  OMgl
NCeo+cH, Mg 1= 5¢(
cH,” cH \CH,
CH,  OMgl cH,  OH
Ned T im0 - 3>c/ + Mg(OH)I
cH,” \CH cH,/ \cH,

‘ Hacron
3Mg(OH)1+3HC,H,0; - Mgl,+Mg(C,H,0,),+2H,0.

The above cxample is intended to show the most
general method of preparation and use of Grignard’s
reagents. As will be scen labter, under certain
circumstances, the method needs to be modified by
more carcful regulation of temperature and by avoid-
unce of the use of water or acid.  For the prepara-
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tion of small quantities of the reagent, it is generally
sufficient to mix the ether, magnesium, and all
the alkyl or aryl halide in a flask provided with
a reflux condenser.

EXPERIMENTAL DETAILS,

The following points are of general interest :—

It is essential that all apparatus and materials
cmployed should be thoroughly dry, and that all
access of moisture and carbon dioxide to the reacting
mixture should be avoided. This may be sufficiently
assured by providing the upper end of the condenser
with a tube, one half of which is filled with calcium
chloride, the other half with soda-lime. It should
be further noted that the rcagent is not entirely
insensitive to the action of oxygen of the air. For
this reason, some chemists prefer to exclude the
latter by the passage of a slow current of dry
hydrogen through the reaction mixture. This pre-
caution, however, is by no means universally adopted.

Magnesium may be conveniently cmployed either
in the form of turnings or ribbon. The latter should
be thoroughly rubbed with fine emery-paper to
remove the superficial coating of oxide, wiped clean,
and cut into lengths of 1-2 cms. The filings should
be cleansed from greasc by treatment with alcohol
and ether, and dried by heating in the steam-oven.

The following method of purifying and drying
commercial ether has been found to yield satisfactory
results, The cther (500-1000 c.c.) is shaken with
three successive portions (caclh about 100 c.c.) of
dilute sulphuric acid, washed with water, and dried
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over plenty of calcium chloride during two or three
days, after which it is filtered, allowed to stand in
contact with sodium wire until evolution of hydrogen
ceases, and then distilled. The distillate is preserved
over a small quantity of sodium wire in a bottle
provided with a chloride of calcium tube. Im-
mediately previous to use it may be distilled over
phosphorus pentoxide, but this latter precaution is
not always necessary. Dryness of the ether is
essential to success. The presence of the minutest
trace of water betrays itself by the formation of a
white cloudiness at the commencement of a Grignard’s
reaction.

The alkyl (aryl) halide nsed should be carefully dried.

Use of Catalyst to BExpedite the Formation of
Grignard’s Reagents.—It is generally found that
aliphatic bromides and iodides attack magnesium
with great readiness, whereas aryl bromides and
iodides as well as aliphatic chlorides of complex
structure sometimes rcact with difficulty or not at
all. In the latter case, addition of a trace of iodine
or of methyl iodide is frequently sufficient to start
the reaction, which then procecds without difficulty.
The influence of jodine in the case of chlorides is
attributed by Wohl? to the formation of magnesium
jodide, which then converts the chlorides into the
more reactive iodides according to the following
scheme :—

Mg+]I, = Mgl,
2RCl + MglI, = 2RI+ MgCl,
2RI+ 2Mg = 2R.Mgl

2R. Mgl +2R.Cl

i

2R . MgCl + 2RI
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On the other hand, Bacyer and Villiger* found
that no reaction took place when an cthercal solution
of bromo- or iodoaniline or -dimethylaniline was
boiled for days with magnesium, with or without
addition of jodine. Sachs and Ehrlich® confirmed
this result, but brought p-bromodimethylaniline into
reaction with magnesiumn in the following manner:
The magnesium was acted on by an ethereal solution
of ethyl bromide; the bulk of the latter was poured
off and replaced by an ethereal solution of p-bromo-
dimethylaniline, when the magnesium was attacked
by the latter. Bacyer® raised the ohjection that the
reaction was not quantitative and the reagent was
contaminated with magnesium ethyl bromide. To
avoid this, he proposed to “activate” the magnesium
by covering it with a thin film of magnesium iodide,
which could be effected by heating magnesium in
portions of about 10 grams, with continuous shaking,
over a free flame and adding half its weight of jodine
in small portions, and in such a manner that a new
portion was not added until the whole of the previous
portion had been consumed. The temperature must
be high, but not sufficient to cause the mass to melt.
With the given quantity of magnesium, the operation
could be completed in a quarter to hall an hour.
The “activated” magnesium so obtained was a dull
grey powder which became brown in course of time
and required to be carefully protected from moisture.
It reacted readily with an etherecal solution of o-, m-,
or p-iodoaniline or -dimethylaniline.

Again, Hesse” failed to obtain an approximately
quantitative yield of the magnesium compound of
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pinene hydrochloride when iodine, aluminium chloride,
alkyl halides, etc., were used as catalysers. The
method of Ehrlich and Sachs (see above) gave, ab
first, no better results, but when modified in such a
manner that the solution of pinenc hydrochloride was
added to the magnesium whilst it was reacting
vigorously with a readily attackable alkyl halide,
led to the formation of an 80-85 per cent. yield of
the desired magnesium compound. Hesse concludes
that, in the reaction studied by him, the magnesium
alkyl halides and not the alkyl halides themselves are
the actual catalysers.®

It has occasionally been observed that the ether
may contain substances which retard the formation of
Grignard’s reagent, w.e. negative catalysers. Bischoft?
found that the interaction of magnesium powder and
cthylene dibromide in etherecal solution was retarded
by the presence of phenctol or cthyl acetate, or of
small quantities of acetone, acctophenone, benzo-
phenone, ethyl oxalate, cthyl malonate, or ethyl
succinate, even in the presence of iodine. Larger
quantities of the latter six substances prevented
reaction. Ahrens and Stapler!® found that the
method of desiccation of the ether exerted consider-
able influence on the course of the interaction of the
same two substances. This iy in accord with the
observation of TFreundler and Damond,® that
the violence of the interaction of trioxymethylene
and magnesium sec. butyl bromide in ethercal
suspension can be diminished by the addition of a
few drops of carbon disulphide.

Use of Solvents other than Hther.—Although
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ether is by far the commoncst solvent employed in
the preparation of Grignard’s reagents, its use is by
no means essential. Spencer and Stokes!? found that
when certain aryl halides, such as iodobenzene,
p-iodotoluene, m-bromoaniline, p-bromophenol, or
a-bromonaphthalene, are heated at their boiling-points
with magnesium powder, an energetic action occurs,
and that the products so obtained, according to their
reaction with water, can Dbe represented by the
general formula R.MgHal. Similarly, Spencer and
Crewdson ** showed that aryl chlorides and all the
lower alkyl halides up to the butyl derivatives only
react with magnesium when heated to about 270° in
a sealed tube during several hours, whilst alkyl
halides higher in the series than the butyl deriva-
tives rcact with magnesium when they are heated
with it at their boiling-points for a few minutes. The
reaction is regarded as taking place along the lines
indicated by the equations:

R.Hal+Mg = R.MgHal
2R.Hal+ Mg = R-R+MgHal,

In addition to these compounds, however, un-
saturated hydrocarbons are always found in the
gaseous portion of the reaction products obtained
from all interactions effected in scaled tubes. These
unsaturated hydrocarbons, containing both olefines
and acetylenes, are probably due to the action of heat
on the original halides or on the initial products of
the reaction.’* Similar experiments are recorded by
Spencer.1

Tschelinzew,'® in agreement with previous observa-
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tions of Bruhl?” and Malmgren,'® showed quite gener-
ally that magnesium alkyl salts can be obtained by
heating magnesium with alkyl halides to a sufficiently
high temperaturc in the presence of a varicty of
solvents, notably of xylene. In these cases, however,
the reaction between the metal and alkyl halide is
greatly facilitated by the addition of a trace of
diethyl cther, anisole, or of a tertiary amine such as
dimethylaniline, which appears to play the part of
catalyser. Tschelinzew, indeed, proposed to prepare
Grignard’s reagents by the interaction of wagnesium
and alkyl halide in benzene solution in the presence
of a trace of dimethylaniline, addition of a minute
quantity of iodine being often useful in starting the
reaction. In the hands of other investigators, how-
ever, the method has not led to satisfactory results.®
The so-called “individual” magnesium alkyl salts
thus obtained (so named because, unlike the Grig-
nard’s reagents prepared in ethereal solution, they
do not contain combined solvent) form loose, white
masses, readily soluble in cther or in a mixture of
cther and benzene. They decompose at a high
temperature without melting. Their isolation is, in
general, quite unnecessary when they are to be used
for synthetic purposes, since reaction can generally
be brought about in ethereal or hydrocarbon solution.
This may be regarded, indced, as one of the great
advantages of Grignard’s reagents.

The Quantitative Formation of Grignard’s Re-
agents. — It need scarcely be pointed out that
calculated quantities of alkyl (aryl) halide and
magnesium should be employed, and that the reaction
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should be brought as nearly as possible to completion.
Solution of all the magnesinmn can rarely be secured
if the calculated quantity of halide is employed, but,
in most cases, the quantity of residual metal should
be very small.

Replacement of Magnesium by other Metals,—
Beckmann® has shown that finely divided caleium
reacts with an ethereal solution of iodobenzene or
ethyl iodide, with the formation of compounds of the
formula

C.H, R

oo
c,H,” \cal

which resemble the Grignard reagents, whilst Spencer
and Wallace® observe that aluminium, thallium,
indium, and lithium form complexes, when heated
with alkyl or aryl halides, which yield hydrocarhons
when treated with water. These complexes are not
formed, however, in the presence of ether. Zeltner >
finds that the capacity of metals to form organo-
metallic derivatives, which commences with the metals
of the first group of the Periodic System, reaches its
maximum in the metals of the second group, and
diminishes in the metals of Groups IIL, IV., and V.
The clements of Groups VI. and VII. show no
tendency to form organometallic compounds, but this
tendency reappears in the transition Group VIII
The stability of organometallic compounds of metals
of the same group incrcases with the atomic weight
of the metal and the sizc of the organic radical.

Mode of Employment of Grignard’s Reagents.—
The usual procedure in employing Grignard’s reagents
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is that alveady exemplified in the preparation of
trimethylearbinol, and divides itsclf into two parts:
(1) preparation of the reagent; (2) use of the reagent
so prepared. Davies and Kipping® point out that
this method is not invariably necessary, that it
gencrally involves the use of considerable volumes
of solvent, and, frequently, waste of the halogen
compound employed on account of the formation of
by-produets. The method originally ewmployed by
Barhier *—in which the organomagnesium compound
is not separately preparcd—{requently gives excellent
results, and is, in certain cases, preferable to that
usually adopted. Thus, Jaworsky* has prepared
unsaturated aleohols by treating ketones with
magnesium  and allyl bromide or iodide in the
presence of cther, although magnesium allyl halides
of the usual type are unknown. Analogous observa-
tions have been made hy Oddo* who finds that
similar reactions can be carried out in the presence
of an inert solvent such as benzene which has been
freed from all traces of ether or tertiary base, and
under conditions in which magnesium exerts no
action on the alkyl iodide alone. Thus, in the
presence of benzene, dimethylethylearbinol is obtained
from acetone, ethyl iodide, and magnesium,

Scope of the Reaction.—In the following section,
various syntheses cffeeted by means of the Grignard
reagents will be treated. In the allotted space, it
iy impossible to enumerate all the compounds pre-
pared by means of these reagents, but it is hoped
to deal with the more important classes of syntheses
which have been accomplished by their aid. The
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behaviour of magnesium alkyl compounds will be
seen, in general, to strongly resemble that of the
zinc alkyls. Over these latter compounds the
former possess the great advantages that they are
more readily prepared, arc not spontaneously in-
flammable, do not usually require to be isolated in
the purc state, and have greater reactivity, doubtless
due to the more eclectropositive character of the
metal.



SECTION II.

Tur PRODUCTS FORMED BY THE AID OF
ORIGNARD’S REAGENTS.

'" Saturated Hydrocarbons.

WaEN water is added to a Grignard’s reagent, an
energetic action ensues wherchy a saturated hydro-
carbon is formed:

CH,.Mgl+H,0 = CH,+Mg(OH)L

Dilute acids,” ammonia or amines,®® bring about the
same result :
C,H,.Mgl+NH, = C,H,+Mg(NH)I,

as do also alcohols, and, in general, substances which
contain the hydroxyl group:
CH Mgl + C,H,OH = CH,+ Mg(OC,H)IL.

From many points of view, the most convenient
agent for bringing about this change is dry powdered
ammonium chloride : ¥
2CH,Mgl+NH,Cl = 2CH,+ NH,Mgl + MgICL.

The evolution of methane, which occurs when
magnesium methyl iodide is mixed with a substance
containing the hydroxyl group, has been employed
for the detection and estimation of the latter in
organic substances.*® For this purpose, Zerewitinoff
prepares a solution of magnesium methyl iodide in
dry amyl ether to which pyridine is added, since
amy] cther has insufficient solvent action upon many

substances containing the hydroxyl group. A known
18
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weight of the substance under examination is treated
with an cxeess of the reagent and the volume of
methane evolved is measured. Reaction must be
carried out at the ordinary temperature and with
all reasonable speed, sinee pyridine on long standing,
more (uickly on  heating, veacts with evolution
of a gas,

The same reaction has been applied® to the
estimation of active hydrogen generally in organic
compounds, 4.e., to hydrogen contained in the
sulphydryl, imido-, and amido-groups, and in certain
tantomeric substances, and also™ to the estimation
of mmall quantities of water in substances such as
coal, starch, ete.

It is worthy of notice that allclotropic substances
frequently behave towards Grignard’s reagents as if
they were entively hydroxylicin structure.  McKenzie™
has shown that menthyl acctoacetate reacts according
to the formula, CH,.C (Ol):CH.COUCll,, and
not as CH,. CO. CH,. COOC, 1,

In the formation of Grignard’s reagents a sccond
reaction—analogous to the Wiirtz synthesis of hydro-
carbons {from sodium and alkyl halides—occurs, by
which hydrocarbons, formed by the union of the two
alkyl radicles of the alkyl halide, are produced :

C,H,1+Mg+1.C,H, = Mgl,+C,H,.C,H,

This “synthetic” action only takes place to a small
extent in the casc of halides of the lower members
of the paraffin series. 'The quantity of by-product
increases with increasing molecular weight of the
halide until, with the hexyl iodides, it has become
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the main product of the reaction.  Similarly, diphenyl
is invariably formed when magnesium  acls upon
phenyl bromide or iodide:

2C;H,Hal+ Mg = C;H;.C;H;+MgHal,.

This “synthetic” action of the magnesium may
sometimes Do considerably eliminated by careful
regulation of the temperature during the formation
of the reagent.™

An interesting study of the action of magnesium
on dihalogen compounds has been made by v. Braun
and Sobecki®  Inspection shiows that from a normal
dihalogen compound of the type Br(Cl)br, a
variety of products might be expected; for, on the
one hand, if the metal acts mercly hy the removal of
halogen, polymethylenes of the structure

Lienyd or Ticny,-(cny,!
wmight occur in the final product, whilst, on the
other hand, open chain derivatives, such as
BrMg(CH,),MgBr, or BrMg(CH,),- (CH,),MgBr,
might result. With ud-dibromobutane and the higher
members of the series, substances of the latter two
types are produced, thus:
Br(CH,),Br + 2Mg = BrMg(CH,),MgBr
BrMg . (CH,) MgBr + 2H,0
~ = CH,.CH,.CH,.CH,+2Mg(OH)Br
and Mg+ Br(CH,), Br+ Mg+ Br;(CH,),Br + Mg
= BrMg(CH,), - (CH,),MgBr + MgBr,

BrMg . (CH,), - (CH,), . MgBr + 2H,0
= H(CH,), - (CH,),ll + 2Mg(OH)Br.
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ae-Dibromopentane yiclded pentane, n-decane, penta-
decane, CI(CH,),,CH,, and higher homologues;
ay-dibromoheptane yielded n-heptane and tetra-
decane, CH,.(CH,),,.CH, whilst ax-di-iododecane
yielded decane, cicosane, CH,(CIL),,CH,, and tetra-
contane, CHy(CH,),,CH,. Tissicr and Grignard,* on
the other hand, have shown that ethylene is the sole
product of the action of ethylene dibromide, and
magnesium, whilst Zelinsky and Gutt® found that
ay-dibromopropane and magnesium yielded almost
cutirely a mixture of trimethylene and propylene with
only minute quantities of the magnesium compound
of hexamethylene dibromide, BrMg. (CIL,),. MgBr.

Gomberg and Cone have succeeded in replacing
the chlorine atom in triphenylmethyl chloride by a
variety of alkyl groups, by the action of a solution
of the former in benzene upon an cthereal solution of
the organomaguesium salt. Reaclion oceurs in accord-
ance with the cquation :

(C,H,),C. Cl+ R. MgCl = (C,H,),C. R +MgClL,
Similarly, Werner and Zilkens® have obtained

hydrocarbons by the interaction of methyl sulphate
and magnesium alkyl halides:

(CH,),SO,+R.MgCl = R.CH,+ CH,(MgCI)SO,.
And Houben # has in certain cases obtained analogous

results by the substitution of alkyl halide for methyl
sulphate :

R.MgBr+R'Br = R.R' +MgBr,.

Ethyl benzcene, toluene, and p-xylene were obtuined
in this manncr,
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Unsaturated Hydrocarbons.

Reference to the production of ethylene and
propylenc from ethylene dibromide and ay-dibromo-
propane respectively has already been wade (sce
above).

Alcohols are the normal products of the interaction
of Grignard’s reagents with aldehydes and ketones.
Many of these readily pass by loss of water into
unsaturated hydrocarbons, whilst some are so un-
stable that they cannot themselves be isolated.
Thus, by the action of magnesium benzyl bromide
upon benzaldehyde, Hell# obtained phenylbenzyl-
carbinol, which, when distilled, climinated water with
the formation of stilbene :

Mg +CH,CH,.Br = C,H,CH,.MgBr

H
H

cH,.c{ + CgH,CH, . MgBr = C,H,.C—0. MgBr

No
CH,.C,H,

H H

C;H;.C—OMgBr + H,0 = C;H;.C—OH +Mg(OH)Br
CH,.C.H, \CH,.C,H,

C,H,.CH(OH).CH,.C,H, = C,H;.CH:CH.C,H, + H,0.

Whilst magnesium benzyl chloride and anisaldehyde
yielded p-methoxystilbene, CH,0.C,H,.CH:CH.C,H,,
as immediate product. Similarly, Hell and Stock-
mayer obtained anisylphcnylpropenc,

>c CH.CH,,
CH,0.C,H,
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as innediate product of the action of magnesium
cthyl iodide up n anisylphenylketone. Analogous
results are recorc d by Hell and Wiegandt** and by
F. and L. Sachs.®

A similar interesting application of this reaction is
found in the formation of A***-p-menthadiene, which
was obtained by Kay and Perkin# by the action of
excess of magnesium methyl iodide on optically active
ethyl-A®- tetmhydro-p-toluabe

CH,—

cH,.cH{ "¢ coo, JH,.
*"""NcH,—cH,” "

As intermediate compound, A*p-menthenol, was

formed,
,CH,

CH, CH< >c .ZcH,
e —cH Nog

CH,—CH

which, when left in contact with an ethereal solution
of 1nagnesium methyl jodide at the ordinary tempera-
ture, lost water, yiclding the optically active, un-
saturated hydrocarbon, A**®-p-menthadiene,
,CH,—CH /CH

CH,.CH. Ne
\CH —CH, Ve \\CH

In certain cases it has been found possible to
control similar reactions in such a manner that cither
alcohols or unsaturated hydrocarbons may be pro-
duced at will. Grignard® showed that phenyl-
dimethylearbinol, CyH;.C(OH)CH,),, is produced
when magnesium methyl iodide (1 mol.) reacts with
acetophenone (1 mol.). If, however, the reagents are
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taken in the proportion of 2 molceules of the former
to onc of the latter, the ether distilled off after
completion of the initial reaction, and the residue then
heated at 100" during several hours, metho-(1')-vinyl
benzene, cu
*Nc:cH,
ca,/
is obtained.

Tiffenean ¢ has succeeded in preparing allyl benzene
by the action of magnesium phenyl bromide on allyl
bromide,

C,H,MgBr+ BrCH,.CH:CH,

= C,H,.CH,.CH:CH,+MgBr,,
whilst, according to Resseguier?” allyleyclohexance
results from the action of magnesium cyelohexyl
bromide on allyl jodide. The general applicability
of the reaction has been demonstrated Ly v. Braun,
Deutsch, and Schmatloch,® who have obtained unde-
cylene, C,H,,. CH: CH,, from octyl bromide; unde-
cadiene, CH,: CH. (CH,),. CH: CH,, from ae-di-iodo-
pentane; decadiene, CH,: CH. (CH,),. CLL: CH,, from
ad-di-iodobutane ; phenylamylene,

C,H,(CH,),.CH:CH,,

from phenylethyl bromide; phenylhexylene,
C,H,.(CH,),.CH:CH,,

from phenylpropyl bromide; and phenyloctylene,
C,H;.(CH,),. CH: CH,, from phenylamnyl bromide.

According to Oddo,* the interaction of magnesium
acetylene bromide and water gives acetylene in small
yield :

HC: CMgBr+H,0 = HC: CH +Mg(OH)Br.
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" Todo Compounds.

v. Braun and Deutsch *° have succecded in replacing
bromine by iodine by the action of free iodine upon
the magnesium alkyl bromide. Thus, ade-tribromo-
hexane, when treated with magnesium, yielded
magnesium hexcne bromide, which reacted with
iodine with the formation of a-iodo-Ad-hexenc:
CH,.CHBr.CHBr.(CH,),. CH,Br + 2Mg

= CH,.CH:CH.(CH,),. CH,MgBr + MgBr,
CH,.CH :CH.(CH,),.CH,.MgBr+1,
= CH,.CH:CH.(CH,),.CH,I + MglBr.

Simultancously, addition of iodine at the double
bond occurred to some extent. In a later paper,
v. Braun, Deutsch, and Schinatloch ! find that this
drawback can be avoided if free iodine be replaced
by iodoacetonitrile, I. CH,CN, which reacts in accord-
ance with the equation :

BrMg.R+1.CH,CN = RI+Br.Mg.CH,CN.

In this manner, bromobenzene was converted into
iodobenzene, phenylpropyl bromide, C;H(CH,),Br,
into phenylpropyl iodide, and afx-tribomoheptane,
BrCH,. (CH,),. CH Br. CH,Br, into heptylene iodide,
C,H,IL

N
‘M) Alcohols.

Primary Alcohols.—Grignard’s rcagents have not
found a very cxtensive application in the prepara-
tion of primary alcohols. They are capable, how-
cver, of absorbing dry oxygen with the formation
of oxy-compounds which, when decomposed by water,
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yield primary alcohols. Thus, benzyl alcohol may be
obtained from benzyl chloride : 2

C,H,.CH,Cl+ Mg = C,H,.CH,MgCl
C,H,CH,.MgCl+0 = C;H,.CH,.0.MgCl
C,H,CH,.0.MgCl+ H,0 = C,H,.CH,0H + Mg(OH)CL

Primary alcohols may also be obtained from the
alkyl halides of the next lower series, ze. the halogen
atom may be replaced by the group CH,OH, by
the aid of formaldehyde or of its polymer oxymethy-
lene.®® TFor this purpose, an ethereal solution of the
magnesium alkyl halide is boiled during 1-2 days
with oxymethylene. Subsequently a portion of the
ether is driven off, the residue heated to a somewhat
higher temperature, and finally decomposed by dilute
acid :

H H
&M 40 H, MgBr = H.(-OMgBr
No N\C,H,
H
H.C-OMgBr + H,0 = C,H,.CH,0H + Mg(OH)Br
\C,H,

The same method has been employed in rather
more complicated cases by v. Braun, Deutsch, and
Schmatloch,®* who obtained, for example, the mono-
phenyl ether of a{-hexamethylene glycol,

C,H,0.(CH,),0H,

from trioxymethylene and magnesium e-phenoxyamyl
iodide. 1This result is the more noteworthy since
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Grignard  found that bromophenctol does not yield
a magnesium derivative, but loses hydrobromic acid
with the formation of an unsaturated hydrocarbon.
As the polymethylene chain lengthens, however, the
normal reaction of the metal becomes much more
pronounced, and Grignard's rcagents are formed in
good yield.

Magnesium alkyl halides react readily with ethy-
lene oxide with the formation of primary alcohols.
According to Orignard,® the ecthylene oxide first
forms an oxonium compound,

B o™
CH,” “\MgHal,

which, after removal of the solvent, beecomes trans-
formed into the isomer, R.CH,.CH,.O.MgHal
The latter, when treated with water, yields the prim-
ary alechol, R.CIH,.CH,.OH. If water be added
directly to the primary addition product, cthylene
oxide is re-formed, which combines with the
magnesium halide simultancously produced to yield
an alkylene-halhydrin:

CH CH,Br
| /O +MgBr, = |
CH, CH,.O.MgBr
CH,Br CH,Br

+H,0 = | +Mg(OH)Br
CH,.O.MgBr CH,OH

Similar observations are recorded by Blaise.”
Henry ® has extended this method by using propylene,
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oxide, from which, by the action of magnesium cthyl
bromide, he has obtained the sccondary alcohol,
methyl n-propylearbinol :

CH,.CH,—CH,
.~ +CH, MgBr
O
CH,.CH.CH,.C,H, CH,.CH.CH,.CH,
= | —_— -
O.MgBr OH

When epichlorhydrin is allowed to react with cold
solutions of magnesium alkyl halides, only the
hydrogen of the hydroxyl group is replaced by the
radical, MgHal. If reaction takes places in warm
solution, however, the chlorine atom is also replaced
(by alkyl), and decomposition of the reaction-product
by ice leads to the formation of primary alcohols: ™

CH,C1 CH,C1

| +R.MgHal = | +R.H
CH,OH CH,O . MgHal

CH,CI CH,R

| +R.MgHal= | + MgCI(Hal)
CH,0.MgHal CH,.0O.MgHal

CH,R CH,.R

| +H,0 =| ~  +Mg(OH)Hal
CH,.0.MgHal CH,0H

Secondary Alcohols.—These have been obtained in
large number, and generally in good yield, by the
interaction of Grignard’s reagents with aldehydes,
other than formaldehyde,” and with esters of formic
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acid.® Thus, acetaldehyde and magnesium methyl
iodide yielded 4sopropyl alcohol,

H H

/
cH,.c{ +CH,MgI = CH,.c0OMgl
CH,
H H
CH,.C-OMgl +H,0 = CH,.C—OH +Mg(OH)I
\cH, \cH,

Similarly, benzaldehyde and magnesium methyl iodide
yielded phenylmethylearbinol, C;H,. CHOH. CH,.

Jsopropyl alecohol was also obtained from ethyl
formate and magnesium methyl iodide in accordance
with the equations:

OMglI
a.c”° Mol -
oy M = H.(}<CH3
H, OC,H,
oMgl _/oMgl
H.cCCH, +CH, Mgl= H.C_CH, +Mg(OC,H)I
Noc,H, \cH,
OMgl OH
H.cC.CH, +H0O = H.C—CH,+Mg(OH)I
\cH, CH,

Tertiary Alcohols.—These may be readily obtained
by the action of Grignard’s reagents on ketones,
esters other than those of formic acid, acid chlorides,
and anhydrides, Thus, triphenylearbinol may be
obtained by the action of magnesium phenyl bromide
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on benzophenone or ethyl benzoate, according to the
schemes:

I CH CH, ,OMgB
NG04 CH, MgBr = © e o
CﬁHﬁ/ - CﬁH-')/ \CﬁHf)
CeH; OMgBr C.H; OH
N +HO - >c/ +Mg(OH)By
CH/ \CH, CH N\C,
IL. 0 OMgBr
C.H,. c< +C,H,MgBr= C,H,.C—C.H,
OC.H, \OC2H5
OMgBr /OMgBr OC,H.
CH, . C—CH, + C;H,MgBr=C,H,.C.C;H; + Mg\B i
OC,H, N\, r
OMgBr OH -
CH,.c..CH, +HO = C,;HB.C—COH5+Mg<
CcHr, C«‘.H.’o Br

Tertiary aleohols may likewise be obtained from
cyclic ketones: thus, Murat ® transformed l-menthone
(Formula 1) into I-3-phenyl-1-methyl-4-isopropyl-3-
cyclohexanol (Formula II.),

CH, CH,
CcH ch
AN AN
¢ cH, HC  CH,
L . | | JoH
HC C=0 H,C c<
\/ \/ \GH,
ch cH

|
CH CH,
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Similarly, Jermain and Creighton® obtained phenyl-
borneol, C, H,, . CyH; . O, by the action of magnesium
phenyl bromide on camphor in equimolecular propor-
tions at 60°.

An interesting synthesis of terpineol,

CH —CH
7 N
CH,.C CH.C(OH)(CH,),,
0 car. o, CH- CCOMCHL),
has been effected by Perkin® by the action of
magnesium methyl iodide on ethyl A*-tetrahydro-p-
toluate,

.c /CH

Z \CH COOC,H,.
CH, —-CH
The reactions employed are thus precisely analogous
to those used in the preparation of secondary aleohols
from aldehydes or formic esters. A modification of
the second reaction, in which all three alkyl radicals
of the tertiary alcohol are supplied in the form of
their organomagnesium compounds, consists in con-
verting the compound AlkMgHal by means of dry
carbon dioxide into a compound of the type
AlkCO,Mglal, and trecating the latter with a further
proportion of the organomagnesium salt (2 mols.): %

R.MgHal + CO, = R.CO,MgHal

/OM gHal
R.C—R
\OM gHal

]

C\ +R.MgHal
OMgHal
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0.MgHal R
R.C—R +R.MgHal = R.C—R +MgO + MgHal,
N0 . MgHal \OMgHal
R R
R.CCR +H,0 - R.CZR +Mg(OH)Hal.

\OMgHal OH

Another method of obtaining tertiary alcohols,
which is very similar to that given above, consists
in allowing an excess of Grignard’s reagent to react
with the free acid (sec also p. 42).

Acid chlorides behave towards magnesium alkyl
salts in a manner similar to esters: %

o OMgHal
V
R.c/ +2RMgHal = R.C-R' +MgClHal
Nl R

R,.R.C.OMgHal + H,O — R,.R.C.OH + Mg(OH) Hal.

Carbonyl chloride, when treated with organo-
magnesium compounds (2 mols.) yiclds a mixture of
sccondary and tertiary alcohols which frequently
contains unsaturated hydrocarbons. In the methane
and ethane series the action of magnesium alkyl
halide (3 mols.) on carbonyl chloride (1 mol.) leads
exclusively to tertiary aleohols, whereas in the higher
series secondary alcohols are simultaneously pro-
duced.”” Tertiary alcohols may also be obtained in
‘small quantity from carbon oxysulphide, COS, and
Grignard’s reagent.®

The behaviour of acid anhydrides towards Grig-
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nard’s reagents is somewhat similar to that of acid
chlorides,® and is expressed by the equations:

0 OMgHal
7
R—C R—CR
>o sRMgHal =\,
R nc’
No
/OMgHal
R—C—R OMgHal
2 >o +2R.MgHal = 2R.6_R + Mg(0.COR), + MgHal,
R—C
So R
OMgHal OH
R.CCR +H0 = R.C-R +Mg(OH)Hal.
R R

The interaction of acctic anhydride and its homo-
logues with magnesium alkyl halides has been made
the subject of further investigation by Fournier,®
who finds that, under certain circumstances, ketones
are produced in addition to tertiary aleohols. The
chief reactions which occur are represented by the

equations:
R.CO R.CO
>o +R.MgBr = )0
R.CO R.COMgBr
\r
R.CO

+H,0 = Mg(OH)Br+R.CO,H+R.O. R
R.C—OMgBr
\r
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Thus, when magnesium ethyl bromide (1 mol.) was
slowly added to an ethereal solution of acetic
anhydride (1 mol), cooled in a mixture of ice
and salt, and the mixture decomposed after three
hours by ice-cold water, methyl ethyl ketone was
obtained.

The investigation of the interaction of succinic
anhydride and magnesium organic halides has been
carried out by Houben and Hahn,™ who found that
reaction did not readily take place, but ultimately
led to the formation of ditertiary glycols of the type
(HO)R,C.CH,-CH,.C(OH)R,. Phthalic anhydride
behaved similarly towards magnesium p-tolyl bromide
yielding o-di-p-toluoylbenzene, C;H,(CO. CH,. CH,),,
but, when trcated with magnesium methyl, ethyl, or
propyl halides, it gave dimcthyl-, dictheyl-, and
dipropylphthalide respectively,™

Cco C(CHy), C(CHy),
H4< >o+ 2CH,. Mgl —> C;H, NOH —> C,H, >0
Lo \coos N0

whilst camphoric anhydride and {magnesium benzyl
chloride yielded the two isomeric campholides,™

CH,CH——C(CH,C,H,), CH,—~CH—CO

N

CMe, O and CMe, O

| / l /
CH,—CMc¢—CO CH,—CMe—C(CH,C,H,),

Primary Tertiary «-Glycols.—These may be pre-
pared by the action of magnesium alkyl halides on
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glyeerine a-chlorhydrin™  Thus, magnesium amyl
bromide yicelded the compound

T con
cH, (OH). CH,OH,
together with small quantities of the glycol,
C,H,,.CH,.CH(OH).CH,0H.
Monoalkyl cthers of primary tertiary glycols have
been obtained by Béhal and Sommelet 7 from ethoxy-
acctic esters or cthoxylketones :

O
OC,H,.CH,.C +2R. MgHal
N0,
- OMgHal
-~ OC,H,.CH,.C—R +Mg(OC,H,)Hal
“R
OMgHal
OC,H,.CH,.(-R +H,0
R
//OH
= OC,H,.CH,.C—R  +Mg(OH)Hal
R
R
5C.CH,.OC,H, + k. MgHal
o7 7 7
R
= >C(OMgHal).CH,.OC,H,
R’
R

R>C(OMgHal) .CH,.OC,H, + H,0

R\
= |, /C(OH). CH,. OC,H, + Mg(OH) Hal.



GLYCOLS 31

Secondary Tertiary Glycols.—Compounds of the
type R.CHOH.C(OH).R.R have been obtained
by Acrec by the action of Grignard’s reagents upon
r-benzoin, CgH,.CH(OH).CO.CH, and wmethyl
r-mandelate, C;H;. CHOH.COOCLHL,."" A similar
series of optically active glycols have been prepared
by McKenzie and Wren ™ from I-benzoin and methyl
{-mandelate.

Ditertiary Glycols.—These compounds may Dbe
readily obtained according to Valeur™ by treatment
of esters of dibasic acids with cxcess of an organo-
magnesimmn  halide.  Thus, ethyl oxalate yiclded
tetramethylglycol when treated with an cxcess of
magncsium methyl jodide :

0
\\c 7 +4CH Mgl
g
c,H,0 NOCH,
lMgO\ OMgl
CH,—C—C_CH, +2Mg(OC,H,)I
/ AN
CH, \CH,

IMgO. OMgl
CH,—C—(—CH, +2H,0
CH, % \(,H

= (CH,),C.(OH).C(OH) (CH,), + 2Mg(OH)I
Similarly, Valeur® and Dilthey and Last 3 found
that the final products of the interaction of succinic
esters and excess of organomagnesium salts are di-
tertiary glycols of the type
N R

AN
R—C.CH,.CH,.CR
on/’ “\OH
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Ethyl phthalate, on the other hand*® appears to
yield phthalides in the first place:

_/COOR
C,H, +9R'MgHal
\COOR
y ,OMgHal
cw
: CR,
- C0H4< R/ — CGH4< “>o
COOR co

Generally, however, the reaction proceeds a step
further, the ketone group contained in the dialkyl-
phthalide first formed reacting with another molecule
of the Grignard reagent and the resulting compound
decomposing on contact with water, with the produc-
tion of a derivative of phthalan (o-xylylene oxide):

OB
CeH o >o +R'MgHal + H,0
CR,! CR,
- cﬁu4< >o —> CH, >o
CROH C=K"

Frankland and Twiss® found that the normal
aclion took place when methyl d-tartrate was treated
with excess of magnesium phenyl bromide, optically
active tetraphenylerithritol,

(CH,),. C(OH). CH(OH).CH(OH). C(OH)(CH,),
being obtained.

Acree® has also obtained ditertiary glycols from
a-diketones. Thus, benzil yiclded tetraphenyl glycol
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when acted on by excess of magnesium phenyl
bromide :

C,H,.C=0
| +2C,H,MgBr
¢H,.C=0
,OMgBr OH
(‘()H.’) * (‘M—(‘(SH!) C(;H.A . C_CHHJ
= —_—
OMgBr
CH,. ¢ CH, O
C,H, ¢ H

It may be pointed out that the benzil molecule
contains two carbonyl groups, cach of which—as in
the case cited above—may be attacked by Grignard's
reagent. By a suitable adjustment of the conditions
of reaction and the quantities of material employed,
Acree was able to limit the action of the rcagent to
one of the carbonyl groups and thus to obtain, c.g.
phenyl benzoin, C ;. CO. C(OH)YC H,),.

Bamberger and Blangey ® have obtained small
yields of quinols by the action of Grignard’s reagents
on p-quinones. The interaction of magunesium ethyl
bromide and anthraquinone ® leads to the production
of dihydroxydiethyldihydroanthracene,

CEt(OH)
C’GH4'< > CeHy,
CEt(OH)

when cxeess ot the Grignard reagent is employed;

when, however, anthraquinone is kept in excess,

ethyloxanthranol is produced. Werner and Grob®

have similarly prepared 9:10-dihydroxydiphenyldi-
: C
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hydrophenanthrene by the action of magnesiumn
phenyl bromide upon phenanthrenequinone :

OH
C,H,.CO i~
I ‘ CH,
———
OH
(,H,.CO c,;Hr_c<
C,H,

Phenols, Thiophenols, and Selenophenol. —
Bodroux® found that small quantitics of phenols
were formed when oxygen was passed through a
solution of magnesium aryl halides. This observa-
tion is confirmed by Wuyts,® who, however, found
the action to be rather more complex. Thus, when
oxygen was bubbled through an ethereal solution of
magnesium phenyl bromide, other phenolic compounds
were also formed, together with diphenyl, p-diphenyl-
benzene, phenylethylearbinol, and ethyl alecohol. He
suggests that, in all probability, a peroxide is the
primary compound of the oxidation.

Wuyts % found that a thiol was the only product
of the action of finely divided sulphur upon organo-
magmesium compounds, if the reaction was carried out
in an atmospherc of dry hydrogen and care was
taken to avoid excess of sulphur. The yield attained
80 per cent. of the theoretical. By the action of
sulphur on the compound formed by the condensation
of the thiol with an additional molecule of the
reagent, a disulphide was formed :

R.S.H+R.MgHal = R.S.MgHal+R.H
91.S . MgHal + S R—S—S—R +S(MgHal),,

]
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whilst, by the interaction of the disulphide and the
organomagnesium salt, a monosulphide was obtained :

R—S—S—R+R.MgHal = R—S—R+R—S.MgHal.

When the same precautions were adopted as in the
case of sulphur, selenophenol, Cgli;Scll, could be
obtained by the action of selenium on magnesium
phenyl bromide. The yield obtained was 81 per cent.
of the theoretical.

Hthers.

Ethers of the type, R.CH,.O.CH,, have been
prepared by Hamonel® by the interaction of
Grignard’s reagents and halogen substituted methyl
ethers. An cthercal solution of chlorodimethyl ether,
CICH,. O.CH,, is not attacked by magnesium, and
also prevents the solution of the metal by methyl
iodide or cthyl bromide. It reacts rcadily, however,
with a solution of magncsium alkyl halide with the
production of mixed cthers:

CH,;.0.CH,Cl+R.MgBr = CH,.O.CH,R + MgBrCl.

Similar observations have been recorded by
Reychler.®

Klages % has prepared a series of phenol ethers by
the action of magnesium alkyl halides on alkoxyalde-
hydes; thus, magnesium propyl iodide and anisaldehyde
yielded p-butlenylanisol :

(CH,0).C,H,.CH:CH.CH,.CH,

Scission of Phenolic Bthers.—Grignard® found
that organometallic derivatives do not react with
phenolic ethers under ordinary conditions. By adding
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maguesium, however, to a mixture of equimolccular
proportions of an alkyl bromide with anisole or
phenetole, using benzene as solvent, reaction may
be brought about. If the resultant product is
immediately decomposed, the ether is recovered un-
changed; if, however, the solvent is distilled off and
the residue heated at 150°-160° under 10-15 mm.,
only one-half of the ether is recovered, the remainder
having undergone conversion into the corresponding
phenol.  This is explained by supposing that an
oxonium complex is first produced by addition and
that this undergoes scission, yielding the compound
CgH;.O.MgBr, together with, probably, cthylene
and a saturated hydrocarbon.

't} Aldehydes.

Aldehydes have been prepared by a number of
methods which, generally, involve the action of
Grignard’s reagents upon derivatives of formic acid.
Gattermann and Maffezzoli® found that when two
molecules of an organomagnesiumn compound are
allowed to react with one molecule of ethyl formate,
the main product of the reaction is a secondary
alcohol; but if, on the other hand, an excess of
the formic ester is employed, an aldehyde is formed
according to the following equation :

0
H.cZ +IMgR = H.C

Y (0C,H,)1
+ g /2 5 .
Noc,H, No ’

N

A series of aldehydes has been prepared by
Tschitschibatin® by the interaction of ethyl ortho-
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formate and magnesium alkyl salts. Acetals are
first obtained which, when hydrolysed, yield alde-
hydes:

0C,H, s LOCH,
H.C—OCH, +R.Mgl = H.C—OC,H, +Mg{
Noc,H, \OC,H,
R N
/
H.CC0CH, + H,0+[HC) = H.C{ +2C,H,0H+[HCI]
\OC,H, 0

The yields of the various aldehydes so obtained
differed greatly.

Shdanovitsch,” in a rather more complex instance,
has obtained ethyl B-keto-dé-diethoxy-aayy-tetra-
methyl valerate as one of the products of the action
of magnesium on a mixture of ethyl orthoformate
and ethyl a-bromoisobutyrate :

OEt Me Me Me Me
H.C— OEt + BrMg .C + BrMg .C
[ . ‘
\OEt CO OEt COOEt
H.C(OEt),
OFt CMe,
= 2Mg< + |
Br (¢10)
|
Me,C.COOEt

In the place of formie esters, the free acid in dilute
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cthereal solution, or its copper salt, has been used
in the preparation of aldehydes.™

Bouveault® has investigated the action of
Grignard’s reagents on disubstituted formainides,
and obtained, for example, benzaldehyde from
magnesium phenyl bromide and ethyl formamide.
The reaction is expressed by the general cquation:

o OMgHal
/ ’
H.( +R"MgHal = H.C_R
AN ’ N,
NRE \NRE
OMgHal y
H.CR +H,0 = H.C\g +NHER + Mg(OH) Hal
NRER

Isonitriles, according to Sachs and Loevy,'® form
addition compounds with organomagnesium salts
(Formula 1), which, when treated with mineral
acids, are converted into aldehyde-imide derivatives
(Formula IL), and then into aldehydes (Formula
IIL):

Aryl A
o

R.N: O n ene™ woo
\H

\MgBr \H

Monier-Willidms @ has prepared a series of alde-
hydes from ethoxymethyleneaniline,
C;H,.N:CH.OC,H,,

The method leads, in the first place, to the anhydro-

compounds of the aldehyde with aniline which,

when acted on by mineral acids, are hydrolysed

to the aldehydes themselves and aniline.  Thus,
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a-naphthaldehyde was obtained in 48 per cent. yield
from magnesium q-naphthyl bromide according to
the equations:
C,H,N:CH.O.C,H,+Br.Mg.C,H,
— Br.Mg.OC,H, +C,H,N:CH.CH,
C,H,.N:CH . C,H, + H,0+HC
= C,H;.CHO+C,H,NH, . HCL
ﬂ, «
etones.

Blaise > has succeeded in preparing ketones by
the action of Grignard’s reagents upon nitriles.
Magnesium ethyl iodide and benzonitrile gave an
80 per cent. yield of phenyl ethyl ketone:

N. Mgl
CH,.C=N+CH, . Mgl = CH,.c7
NC,H,
CH,C=N.Mgl+H,0 = CH,.C=NH +Mg(OH)I
C,H, C,H;

C,H,.C(:NH).C,H, + H,0 = C,H,.CO .C,H, + NH,.

With nitriles of the type of benzyl cyanide,
C,H,.CH,CN,
much poorer yields were obtained.

Similarly, varying yields of ketones were also ob-
tained by Beis 1% by prolonged heating of acid amnides
with an excess of Grignard’s reagents. On the probable
assumption that the amide reacts in the enolic form,

NH
R—C?

\OH,
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the action may be represented in the following manner :

. C/NH ’ | /N’HMgHaI ’
- € +2R'MgHal = R.C—R +R'H
) \OMgHal
NHMgHal NH,
R.C—R +2H,0 = R.(—R +2Mg(OH)Hal
“\OMgHal \OH

R.RC(OH)NH, = R.CO.R +NH,.

An analogous reaction has been employed by
McKenzie and Wren, % and by Wren,% in preparing
-, l-, and d- benzoin, C;H,;. CIIOH. CO. C],, from
»-, I-, and d- mandelamide, C;H,. CHIOH. CO.NH,,
respectively ; and also by Ryan and Nolan,® for the
production of a servies of ketones from palmitamide
and stearamide.

Busch and Fleischmann found that inagnesium
phenyl bromide reacted with substituted anilides in
the following manner :

o C.H,
, V. ' ‘
CH;. ¢ +C;H, . MgBr = C,H,.C—~OMgBr
NEtC, H, .
oHs \NEtC,H,
CGHﬁ
C¢H,.C—OMgBr +H,0
\NEtC,H,

= C,H,.CO.C,H, + NHEtC,H, + Mg(OH)Br.

1f, however, a second molecule of the reagent is
used, a stable compound,

"

(C H.‘;)S(" . N/ o
’ \C(}HB’
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is formed. The latter readily decomposes in alcoholic
solution, with the formation of triphenylearbinol and
cthylaniline.

By the regulated action of Grignard’s reagents upon
acid chlorides it appears to be theoretically possible to
prepare ketones:

R.COCl+ R'MgHal = R.CO.R +MgClHal.

In gencral, however, this reaction does not appear to
be casily controllable in such a manner that good
yields of ketones are obtained. Acree 1% has prepared
phenyl a-naphthyl ketone, C;H,.CO.C,H,, by the
interaction of benzoyl chloride and magnesium
a-naphthyl bromide under conditions which might
bhe expected to lead to the production of phenyl
di-a-naphthylearbinol, whilst Gomberg and Cone 1%
obtained a small yield of benzophenone from benzoyl
chloride and magnesium phenyl bromide. Further,
Oddo " found that magnesiuin pyrryl iodide reacts
with acyl chlorides with formation of ketones of the

type

,CH = CH
NH( |
C =CH
I
COR.

Ketones may also hbe produced under certain
circumstances by the action of carbon dioxide on
organomagnesium salts. Schrocter!* thus obtained
benzophenone in small yield from magnesium phenyl
bromide, and Bodroux 112 showed that ketones are the
main product of the action of carbon dioxide on warm
solutions of magnesium p-chlorophenyl bromide and
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magnesium p-bromophenyl bromide. v. Braun and
Sobecki™ obtained cyclopentanone by treating
magnesium butylene dibromide with carbon dioxide:

CH,.CH,. MgBr CH,.CH,
+CO, = >co +MgO + MgBr,.
CH,.CH,. MgBr CH,.CA,

The action of magnesium organic compounds on
free acids has not been very extensively studied.
Since the main products formed arc tertiary aleohols
and ketones, the results may be briefly considered in
this section. The first step in the reaction consists
in the replacement of the hydrogen of the carboxyl
group,

R’.COOH +R.MgHal = R'. COOMgHal + RH,
and the compound so formed is convertible by excess
of the reagent into tertiary alcohols and ketones
(compare the action of carbon dioxide on Grignard’s
reagents, p. 26). Thus, benzoic acid can be converted
into diethylphenylcarbinol : 114

0 OMgBr
/ Al
CH,.{_ +3CH,. MgBr = CH; C—C,H, +CH,
OH OMgBr
OMgBr C,H,
C,H,. C—C,H, +C,H,MgBr = C,H,.C—C,H, + MgO +MgBr,
\OMgBr \OMgBr
C,H, CH,
CH,.C—CH, +H,0 = CH,.C—CH,+Mg(OH)Br.

\OMgBr OH
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Whilst formic acid ™ yields aldechydes under the

same conditions :
R

O /
H.¢Z  4+9R.Mgl - H.C_OMgI+R.H
"OH ~OMgI
R R
é
H.C-OMgl+H,0 = H.C{ +2Mg(OH)L
\OMgl 0

The production of ketones from acids has been
investigated in the case of phthalic acid by Simonis
and Arand,®™ who find that this substance, when
acted on by cxcess of Grignard's reagents, yields two
products, viz., a dialkyl phthalide and a Xketonc.
Thus, phthalic acid and magnesium cthyl bromide
gave dicthylphthalide (Formula I.) and propio-
phenone-o-carboxylic acid (Formula IT1.):

SCEHD, CoC,H,
1. ¢HS 0 1. CHy
AN BERRNG
co COOH
The analogous compound, naphthoyl-o-benzoic acid,
COC,,H,

C,H

""*\cooH,
has been prepared by Pickles and Weizmann " by
the interaction of magnesium a-naphthyl bromide and
phthalic anhydride.

.19} Acids.

Carboxylic acids were prepared by Grignard,®

who showed that solutions of magnesium organic
halides readily absorb carbon dioxide. Thus, when
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dry carbon dioxide was passed into an cthereal
solution of magnesium methyl iodide and the product
decomposed by dilute acid, acetic acid was obtained :
CH,.Mgl +CO, = CH,.CO,MgI
CH,.CO,Mgl + H,0 = CH,.COOH + Mg(OH)L

Similarly, Zelinsky obtained a GO per cent. yield
of benzoic acid from magnesium phenyl iodide,*?
and Schmidlin®® prepared triphenylacetic acid,
(CH,),CCOOH, in good yield by the decom-
position of magnesimmn triphenylmethyl chloride,
(CeH,),C. MgCl, by carbon dioxide.

Schrocter 12 substituted magnesium phenyl bromide
for the iodide when a more complex change occurred
whereby benzoic acid, benzophenone, and triphenyl-
carbinol were obtained. The course of the reaction
may be represented by the equations:

I C;H,.MgBr+CO, = C,H,.COOMgBr

\ /OMgBr

C,H,.COOMgBr + C,H,MgBr =

C,H,” “OMgBr

CH, OMgBr

“Ned T 4 CH MgBr = >c/+Mg0+Mgm,
c,H, \omg c,H,” \OMgBr

II. C.H,.COOMgBr+H,0 = C,H,.COOH + Mg(OH)Br

H OMgBr C,H,
Ne/ +HO = ° "NC=04+2Mg(OH)Br
¢,H,” “OMgBr cH,/

b

CH. CH, C.H,
e o OO ® 4 Mg (OH)Br.

cH” NoMghr CH/ “OH
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Later,'” the same author showed that the experi-
mental conditions may be so adjusted that no benzoic
acid is formed, and that the production of the latter
depended upon the quantity of carbon dioxide
employed and the temperaturc at which the gas was
passed into the ethereal solution.’® In this connec-
tion it is interesting to note that Grignard!* has
prepared trialkylearbinols by saturating a solution of
alkyl magnesium halide with carbon dioxide, and
protracted heating of the compound so formed with
two additional molecules of the organomagnesium salt
(see p. 26); and further, that Bodroux ** has observed
that carbon dioxide transforms magnesium p-chloro-
and p-bromophenyl bromide at a higher temperature
chiefly into dichloro- and dibromo- benzophenone, at
a lower temperature, however, into the corresponding
substituted benzoic acids.

Oddo* found that a small amount of propiolic
acid was formed when magnesio-acetylene bromide
was treated with carbon dioxide followed by dilute
sulphuric acid :

HC=C.MgBr+CO, = 11.C=C.CO,MgBr

2H.C:=C.CO,MgBr + H,0 + H,SO,
= 2H.C=C.COOH +MgBr, + MgSO, + H,0.

Houben and Pohl'# have shown that carbithionic
acids are formed when carbon disulphide is substi-
tuted for carbon dioxide in the above reactions,
Thus, when carbon disulphide was added to a cooled
solution of magnesium methyl iodide in absolute
cther and the product decomposed with ice and cooled
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hydrochloric acid, dithicacctic acid, CH,. CSSH, was
obtained as an unstable, reddish-yellow oil.

Hydroxy-acids have been obtained by the action
of Grignard’s reagents upon ketonic esters followed
by saponification of the product so formed. A ketonic
ester presents two points of attack to the Grignard
reagent, viz., the carbonyl group and the carbalkoxy
group, but, by carcful regulation of the relative
quantities of ester and reagent employed, and by so
conducting the experiment that the latter is never in
excess, it is possible lo limit the action completely,
or almost completely, to the carbonyl group.
Grignard ' has prepared a series of hydroxy-acids
in this manner,

R
R.CO...CO.0C,H, + RMgl — \/>C(()H)...CO.O(32115,
it

but the reaction cannot be applied to B-ketonic esters
which possess the ability to pass into an enolic form.
In a similar manner, the reaction has been exten-
sively employed in the investigation of the problem of
asymmetric synthesis by McKenzie,'® the action of
various organomagnesium salts on the menthyl,
bornyl, and amyl csters of a-, 8-, and - ketonic acids
having been cexamined. Thus, when {-menthyl
benzoylformate was acted on by magnesium methyl
iodide, a mixture of unequal amounts of I-menthyl
d-phenylmethylglycollate and {-menthyl {-phenyl-
methylglycollate was produced, and when this mixture
was saponiied by an excess of alkali and the
resulting menthol completely removed, the potassium
salt formed was optically active, as also was the acid
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obtained from it. The asymmetric synthesis of an
optically active phenylmethylglycollic acid (atro-
lactinic acid) had therefore been accomplished in
accordance with the scheme:

(,H, .CO. COOH (inactive) —->
C,,.C0.COO0CH,, (active) —»

CH,

[

|

(H,.C—COOC,H,, (active) —>
I

OH

CH,

6

C.H, . C—COOH (active).
l
OH

Oddo ¥ has investigated the behaviour of carbon
dioxide towards the iodo-magnesium derivatives of
various phenols which can undergo conversion into
the corresponding hydroxy-acids (according to Kolbe’s
synthesis of aromatic hydroxy-acids from sodium
aryloxides by means of carbon dioxide). With the
phenol and resorcinol derivatives this change only
occurred in the absence of solvent, and at a somewhat
elevated temperature. With derivatives of the
following phenols the reaction proceceded in the
presence of a solvent (benzene or toluene) : 8-naphthol,
which yielded B-naphthol-a-carboxylic acid; phloro-
glucinol, giving phloroglucinol carboxylic acid;
thymol, giving o-thymotic acid

[CHg:CO,H:OH:C;H, = 1:2:3:4].
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Au interesting synthesis of aromatic amino-acids
by rcarrangement has been accomplished by Houben
and Schottmiiller ¥ by treatment of methylaniline,
methyl iodide, and magnesium with dry carbon
dioxide. Reaction was found to proceed in accordance
with the equation :

,CH,
C,U,;NHCH, + €O, + CH,T + Mg = CH, + C H,N
M('00Mgl

The latter compound underwent rearrangement
with the formation of the substance,

CH,.NH.(,H,.COOMgI,

from which an almost quantitative yicld of p-mono-
methylaminobenzoiec  acid, CL,.NH.CH,.COOILI,
was obtained. Methylaniline, in this reaction, may
be replaced by a mixture of aniline and dimethyl-
aniline, whilst dimethylaniline hydroiodide may be
used in place of a mixture of methylaniline and
methyl iodide.

The action of sulphur dioxide on an ethercal
solution of an organomagnesium salt leads, according
to Rosenheim and Singer, to the formation of
sulphinic acids, the yiclds being 50 to 60 per cent.
of the theoretical. Thus, phenyl magnesium bromide
and sulphur dioxide yiclded phenyl sulphinic acid :

C,H, . MgBr+S0,
C,H, .S0,. MgBr + H,0

I

C;H;.S0,.MgBr
CyH,.SO,H +Mg(OH)Br.

As by-product, diphenyl sulphoxide, (CgH;),S0, was
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obtained. The authors, however, point out that
reduction and transformation of the sulphinic acids
so formed readily takes place. This fact probably
accounts for the circumstance that Oddo!¥ finds
that phenyl sulphide, smail quantities of phenyl
sulphoxide and diphenyl, are the products of inter-
action of the same two substances.

Houben prepared dihydropinenesulphinic acid by
the action of sulphur dioxide on magnesium pinyl
chloride, C;)H ;. MgCL

The replacement of sulphur dioxide by thionyl
chloride in the above reactions led to the production
of sulphoxides and sulphides. Thus, magnesium ethyl
iodide yielded ecthyl sulphide, magnesiumm phenyl
bromide gave phenyl sulphide in addition to small
quantities of phenyl sulphoxide and diphenyl. '3
Similarly, Strecker'® obtained benzyl sulphoxide
and benzyl sulphide by the action of magnesium
benzyl bromide on thionyl chloride. The former
compound was also obtained when magnesium
benzyl bromide acted on symmetrical diethyl sulphite,
whereas phenylethylsulphone resulted from the inter-
action of magnesium phenyl bromide and unsym-
metrical diethyl sulphite.

L ’_/‘ Esters.

Numerous syntheses of esters are recorded, based
upon the action of Grignard’s reagents with ethyl
carbonate and closely allied comipounds. Houben 136
found that when magnesium phenyl bromide was
added to ethyl chlorocarbonate, C1. COOC,Hj, in such

. b
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a mwanner that cxcess of the former was avmded
cthyl henzoate was obtained:

C,H, . MgBr + Cl. COOC,H,
= C,H,.COOC,H, + MgBrCl.
Tschitschibabin *¥7 obtained varying yields of esters
by the interaction of organomagnesium compounds

and ecthyl carbonate. The reaction appears to
proceed in accordance with the equation:

OCH,

) _OMgHal
R.MgHal+C=0 = R.C
\()le—lb (()C2H5)2
_OMgHal
R.C{ +H,0 = R.COOC,H, +C,H,OH
N(0cC,H,), +Mg(OH)Hal.

The yiclds are stated to be considerably improved
if air is excluded during the reaction by means of
a current of dry hydrogen.

The same author!® found that the regulated
action of orthocarbonic esters on organomagnesium
compounds led to the production of ortho-esters, from
which, by the action of acids, the normal esters
could be obtained :

C(OC,H,), + R.MgHal = R.C(OC,H,), + Mg(OC,H,)Hal
R.C(OC,H,), + H,0 = R.COOC,H, + 2C,H,0OH.

An interesting tnethod for the preparation of
osters from aleohols and phenols is described by
Houben.'™ It depends upon the decomposition of
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a suitable Grignard’s reagent hy the alcohol (or
phenol),

R.OH +R'Mg(l = R.O.MgCl+R'H,

and subsequent addition of acetic anhydride (or, less
frequently, of acetyl chloride) to the product so
formed :

R.O.MgCl +(CH,C0),0
= R.0.COCH,+CHj.COOMgCL.

In this manner a large number of alcohols were con-
verted into esters, the yield being generally cxcellent.
Houben concludes that alkyl bromo- and iodo-
magnesium  alcoholates are only suitable when
saturated alcohols and, possibly, phenols arc to be
esterified, whereas chloromagnesium alcoholates can
be employed with satisfactory results even with
unstable and unsaturated aleohols and phenols; and,
further, that polyhydroxy and solid, sparingly soluble
alcohols can be esterified in this manner.

Esters of ketonic acids have been prepared by
Meyor and Togel * by the action of acid chlorides on
the magnesium compounds of halogenated esters. Thus,
ethyl benzoylacctate, C;H;. CO. ClL,. COOC,H,, was
obtained by adding benzoyl bromide to magnesiumn
ethyl bromoacctate :

C,H,COBr + BrMg . CH, . COOC,H,
= C,H,.CO.CH,.COOC,H, + MgBr,.

Ethyl acctoacctate, ethyl a-benzoylpropionate, and
ethyl B-benzoylpropionate were formed in an anal-
ogous manner.



52 GRIGNARD’S REACTION

Zeltner ! has obtained esters of B-ketonic acids by
the action of magnesium on the esters of u«-halogen
fatty acids. In this manner, cthyl a-bromopropionate
gave a 35 per cent. yield of ethyl a-propionylpro-
pionate, CH,. CH.(CO. CH,.CH,). COOCH,.

CH,.CHBr.COOC,H, + Mg = CH,.CH(MgBr).COOC,H,

CH,.CH(MgBr). C<O +CH,. CH(MgBr). COOC,H,
OC,H,
-OMgBr
= CH,.CH(MgBr).C—CHCH,.COOC,H,
" 0C,H,

AOMgBr
CH,.CH(MgBr). (- -CHCH,. COOC,H, + 2H,0
“OC,H,
_OH
= CH,.CH,.C—CHCH,.COOC,H,
NOC,H, + 2Mg(OH)Br

OH
CH,.CH,.C —-CHCH,. COOC,H;
~OC,H,

~ CH,.CH,.CO.CH(CH,)COOC,H, + C,H,0H.

‘7 Nitriles.

Two methods of preparing nitriles with the aid of
magnesium organic salts have recently been proposed
by Grignard*® The first consists in the cautious
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addition of ethereal solutions of magnesium alkyl
halides to an ethereal solution of cyanogen chloride,

R.MgHal+Cl.CN = R.CN +Mg(Hal)Cl

The yiclds obtained are satisfactory.

Cyanogen bromide and iodide are not suitable for
this purpose; with the latter, reaction proceeds
entirely in accordance with the equation,

R.MgBr+CNI = RI+MgBrCN,

whilst, with cyanogen bromide, reactions of both
types occur, the latter preponderating.

The second method consists in substituting cyanogen
itself for its halogen derivative. It has been used to
prepare benzonitrile, 4sohexonitrile, and phenyl-
butyronitrile, but the yields are inferior to those
obtained with cyanogen chloride. If cyanogen or its
chloride is added to the solution of the organo-
magnesium compound, ketones are produced in the
usual manner.

According to Grignard and Bellet,'® alkyl eyclic
nitriles can be prepared by adding the corresponding
magnesium alkyl bromide drop by drop to a cold
ethereal solution of cyanogen. In this manner,
cyanohexamethylene, o-, m-, and p-methyleyclohexane-
carboxylonitriles have been obtained.

Cyanuric chloride and magnesium phenyl bromide
react in ethereal solution with the successive pro-
duction of dichlorophenyltriazine, C,N,C1,C,H,, and
chlorodiphenyltriazine, C,N,CI(C,H),.1*

o

Ry Nitrogen Compounds.

LI
Aromatic amides have heen obtained by Blaise
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by the action of organomagnesium compounds on
aryl carbimides:
,OMgl
C,HN=C=0+R.Mgl = C;H,.N=("
‘R

OMgl
CH,.N= C< +H,0 = C,H,NH.CO.R+Mg(OH)I.

R

By a preciscly similar reaction, Sachs and Loevy 146
have prepared thioanilides from mustard oils. Phenyl
mustard oil and magnesium benzyl bromide yielded
the anilide of thiophenylacetic acid,

C,H,.CH,.CS.NHC,H,:

C,H,.N=C=S8+CH,CH,. MgBr
CH,C,H,
- ¢H,.N:¢c/
“SMgBr

= C,H,.NH.CS.CH,(;H,+ Mg(OH)Br.

Anilides have also been obtained by Bodroux 47 by
treatment of the compounds formed by the action of
magnesium organic halides on primary amines (of the
type R. NH.MgHal) with the ester of a monobasic
acid and subsequent decomposition of this product by
means of dilute acid :

R.NH,+X.MgHal = R.NH.MgHal+XH

0 OMgHal
9R.NHMgHal+R.C7 = R.C-NHR +Mg(OR")Hal
“OR” \NHR
0. MgHal
R’.C< £HCl = R.NH,+R,.CO.NHR + Mg(Hal)Cl
\(NHR),
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The same author!® found that a substituted
urethane was obtained when ethyl carbonate was
substituted for the ester of a monobasic acid in the

above reaction :
NHR
0C,H, | Nur

c20 +2R.NH.Mgl = c< +Mg(OC,H)I
NOC,H, | oMl

OC,H,
_(NHR), _(NHR),
cZoMgl +H,0 - cCOH  +Mg(OH)I
NOC,H, N .oCH,
N R
NHR ,NHR
c< - C=0 +NH,R
OH “oc,H
oc H,

Busch and Rinck 1 have succeeded in transforming
alkylidene bases into secondary amines by means
of Grignard’s reagents. Thus, C-ethylbenzylaniline
was obtained from inagnesium ethyl iodide and
benzylidene aniline :

CH,.N C,H,.N—CH.CH,

]l +C,H, . Mgl - |

C,H,.CH Mgl C,H,

C,H,.N——CH.C.H, + H,0

l
Mgl C,H,
= C,H;.NH.CH(C,H,).C,H, + Mg(OH)L

The interaction of oximes and organomagnesi
salts has been investigated by Busch and Ho
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in the expectation that addition of the reagents would
take place at the =C=N— linkage in the same
manner as with alkylidene bases. This was found
to be the case, but the process was not limited to this
addition, since the hydroxyl group was also replaced
by alkyl. In some cases the second reaction alone
occurred. The whole process is represented by the
equations :
R.CH=N.OH +2R". MgHal

= R.CH—N—R +Mg(OH)Hal

|
R MgHal
R.CH—N—R +H,0 = R.CH—NHR' + Mg(OH) Hal.

Ilt’ l\l'IgHal 14

Thus, a-benzaldoxime and magnesium phenyl

bromide yiclded diphenylanilidomethane,
(C,H,),. CH.NHC H,.

The same products were obtained when O-ethers
of oximes were substituted for the simple oximes:
C,H,.CH:N.OCH,+2C,H, . MgBr

= C,H,.CH——N.CH,+Mg(OCH,)Br

C,;H, MgBr
CH,.CH——N.C/H,
+H,0
CH, MgBr
CJI,.CH—NH.CH, /OH

+ Mg
C.H, Br. -
The replacement of oximes or ethers of oximes

in the above reaction by B-phenylhydroxylamine 1!
led to unecxpected results, This compound was
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converted by magnesium phenyl bromide into
triphenylhydrazine, azobenzene being possibly formed
as an intermediate product and reacting with the
organomagnesium salt, thus:

¢,H,.N=N.C,H, +C,;H,. MgBr = (,H,.N-——N.CH,

(]/'GH5 MgBr
CH, .N—N.CH;
| J +H,0
C,H, MgBr
CH;,.N—N.CH,
+Mg(OH)Br.

|
CH, 1

Or, more probably, the phenylhydroxylamine is
partly transformed into diphenylamine, which then
condenses with an additional molecule of phenyl-
hydroxylamine,

(CH;),NH + OH.NHC;H; = (C,;H;),N.NHC,;H,+ H,0.

BB-Dialkylhydroxylamines, R,NOH, have heen
obtained by Wieland ¥ by the action of nitrogen
peroxide upon magnesium alkyl halides, the nitrogen
being reduced from the tetravalent to the trivalent
condition. An attempt to obtain similar compounds
from magnesium aryl halides was unsuccessful. 1%

Nitric oxide reacts with magnesium alkyl salts
with the formation of nitrosoalkylhydroxylamines,
according to the scheme :

O . MgBr
NO —>O=N-—N=0 —> O=N—-N~
~C,H

5

OH
> O = N_..N\/
CH,
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An interesting case, in which magnesium alkyl
salts appear to function as reducing agents, has
been examined by Franzen and Diebel,’> who find
that a good yield of hydrazobenzene may be obtained
by the action of magnesium ethyl bromide on
azobenzene :

CH,.N . C,H,.N.MgBr
|| +2C,H; . MgBr = | +C.Hy,
CH,.N C;H, .N.MgBr
C;H,.N.MgBr C,H,.NH
| +2H,0 = | +2Mg(OH)Br
C,H,.N.MgBr C,H,.NH

In a somewhat similar manner, benzaldazine is
reduced to benzaldehydebenzylhydrazone :

C,H,.CH:N C,H,.CH(MgBr). N.MgBr
| +2C,HMgBr = | +CH,,
C,H1,.CH:N CH,.CH=N
C,H,.CH(MgBr).N.MgBr  C/H,.CH,.NH
2H,0= | +2Mg(OH)Br
CH;.CH=N C,H;.CH=N

Busch and Fleischmann ¥ find that, in addition to
this reaction, which may even proceed to the extent
of forming dibenzylhydrazine, the normal addition
also occurs. Thus, magnesium phenyl bromide and
benzaldazine yielded a mixture of benzaldchyde-
benzylhydrazone and benzaldehydediphenylmethyl- -

hydrazone :
(C,H,),CH—NH

CH,.CH=N
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The action of organomagnesium salts on quaternary
ammonium halides, which react with alkali to form
pseudobases, has been investigated by Freund and
his co-workers,¥” who find that they yicld substances
which differ from the pscudobases by containing a
hydrocarbon residuc in place of the hydroxyl group.
The action of magnesiuin ethyl bromide on quinoline
methiodide may be considered as typical. It lcads to
the formation of 1-methyl-2-ethyldihydroquinoline :

/

H
| lN/V . \/I\N/I<CQH5
VAN |
CH, I CH,

Addition likewise occurs even if the hydrogen
atom in position 2 is replaced by an alkyl group:
2-methylquinoline methiodide and magnesium cthyl
bromide yiclded 1 :2-dimethyl-2-ethyldihydroquino-

line:
VA VAN VA VAN
U\/ICHs —_ |\/I\/I/ CH,
N X N\CH,
AN

l
cH, 1 CH,

Dimroth 1%® has utilised organomagnesium salts in
the preparation of diazoamino - compounds. Thus,
diazoaminomethane (dimethyltriazine) was obtained
by leading a current of methylazoimide into a well-
cooled, ethereal solution of magnesium methyl iodide
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and decomposing the product by means of a concen-
trated aqueous solution of ammonium chloride :
CH,.Mgl+N CH,.N=N.N.CH,
| ON.CH, =
N

CH,.N=N.N.CH,
| +H,0=CH,.N=N.NHCH, +Mg(OH)I
Mgl

Mgl

The interaction of organomagnesium salts and
nitro-compounds does not appear to have been very
thoroughly examined. Nitrobenzene, ethyl iodide,
and magnesium react in benzene solution with the
formation of phenylethylamine and azobenzene.
Nitroethane and amyl nitrite, according to Mouren,*”
are converted by magnesium ethyl iodide into
diethylhydroxylamine.

Strecker ™ finds that neither magnesium ethyl
iodide nor magnesium phenyl bromide reacts with
nitrogen trichloride dissolved in henzene.

Formation of Additive Compounds by
Means of Grignard’s Reagents.

In the foregoing section on nitrogen compounds,
reference has been made to the addition of Grignard’s
reagents to the —C=N— and —N=N— groups.

The interaction of organomagnesium salts and un-
saturated carbon compounds has been extensively
investigated by Kohler and his co-workers,®! who
find that, in the casc of of unsaturated ketones, the
course of the reaction depends upon the nature of the
ketone. If the latter contains the methyl group
attached to the carbonyl group, it reacts as a
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saturated ketone, and the final product is a tertiary
alcohol; if, however, a phenyl group is next the
carbonyl group, addition of the magnesium alkyl salt
oceurs in the «f position, and a ketone results:

/CH:;
. CH. .(H=CH—C . MgHal
I. C,H,.CH=CH (‘\O +R.MgHa
_CH,
= C,H,.CH =CH—(C—OMgHal
\\R
CH,
C,H,.CH=CH.—(- OMgHal + H,0
“R
CH,
~ C,H,.CH=CH—(—OH +Mg(OH)1lal.
\R
1I. CH..CH=CH—C f“H”Jrn MgHal
. i . = — . a.
[ ) \\() g
/CGH!‘:
= C,H,.CH—CH=C.
~OMgHal
R
/CGH.‘S
CH,.CH—CH =C(- +H,0
| “OMgHal

R
= C,H,.CH.CH,.CO.CH;+Mg(OH)Hal.

R

Doubly unsaturated ketones containing the group
~—C=C—C=C— behave similarly. Thus, cinnamyl-

ideneacetophenone,
. CUHS
CuH, . CH = CH—CH = CHL €

2
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and magnesium phenyl bromide yicld the ketone
B-phenyl-B-styrylpropiophenone,

CH,.CH=CH—CH(CH,).CH,.CO.CH,
addition again occurring in the -8 position.

Further, it has been found that eertain ketones can
act in both the above ways, and that the relative
proportions in which «8 and «f addition takes
place depend upon the nature of the unsaturated
compound, the number and arrangement of the
hydrocarbon residues, and the character of the
magnesium derivatives.

A typical case of the addition of organomagnesium
compounds to unsaturated esters has been inves-
tigated by (Miss) Reynolds,' who has studied
the interaction of Grignard’s reagents with the
isomeric methyl esters of cinnamylideneacetic acid,
CH,—CH=CH—-CH=CH—CO,CH,. The forma-
tion of the following compounds is possible :—

L. Tertiary alcohols, formed by replacement of the
methoxy group and addition of the magnesium com-
pound to the carbonyl group:

CH,.CH=CH—CH=CH—CR,OH.

II. Unsaturated ketones,
C,H,.CH=CH-CHR.CH,.C.O.R,
produced by a:¢ addition and simultancous replace-

ment of the methoxy group:

OCH,
C,H, . CH = CH—CH = CH—(} +9R. MgBr
No
- C,H,.CH=CH.CH—CH=C—R
| +Mg(OCH,)Br

|
i OMgBr
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CH,.CH=CH—CH—CH=C—R
[ [ + H,0
R OMgBr

— (,H,.CH=CH—CI—CH=C—R
| | +Mg(OH)Br
R OH
(,H,.CH=CH.CH—CH=C—R
[ 4
R | OH
I
= C,H,.CH=CH.CHR.CH,.CO.R.

III. Unsaturated esters of the type
C,H,.CH=CH.CHR.CH,.CO,CH,,

formed by «é addition only :

LOCH,
C,H, . CH=CH—CH = CH—(, +R. MgHal
\()
_ocil,
= (1, CH.CH—CH—CH =/
| ‘OMgHal
R
_OCH,
Gyl - CH = CH . CH—CH = +H,0
| OMgHal
R
LOCII,
= C,H,.CH = CH—CH—CH = (¥ +Mg(OH) Hal
| NoH
R
OCH,

CH,.CH=CH.CH—CH=C
| OH
k||

C,H,.CH=CH.CHR.CH,.CO,CH,.
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It was found that the mnature of the product
depended  upon the organomagnesium compound
cmployed.  Whilst  magnesium  phenyl  bromide
formed only an unsaturated kctone and magnesium
cthyl iodide only a tertiary alcohol, the action of
magnesium  benzyl bromide led to a mizture of
compounds belonging to all three classes.

Somewhat similar cascs have been investigated by
Blaise and Courtot, who found that the addition of
magnesium methyl iodide to unsaturated csters, at
temperatures below 0°, led to the production of
ketones together with varying yields of tertiary
alecohols and hydrocarbons. In this manner, cthyl
a-methylacrylate yielded 3-methylpentanone (2).

/,()Mgl
0 CH,—CMe—C--Me
CH,=CMe—C7  +2MeMgl= | | NOEt
“OEt Me Mgl
OMgI
CH,—CMe—(—Me +H,0
| l \OF
Me Mgl OEt
CH,.CHMe.CO.Me
= | +2Mg(OH)I + EtOH.
Me

Reducing Action of Organomagnesium Compounds.

Reference has already been made to the reduction
of the azo to the hydrazo group by means of
magnesium alkyl salts (p. 58). An interesting
pavallel case has been examined by Letellier,'™ who



SILICON COMPOUNDS 65

found that a certain amount of B8B3-dimethylpentane-
ay-diol, CH,OH.C(CH,),. CHOH.CH,.CH, was
formed in addition to the tertiary alcohol, B3-
dimethyl-y-ethylpentane-ay-diol,

CH,OH, C(CH,), . C(C,H,),0H,

when magnesium ethyl bromide was allowed to react
with ethylhydroxypivalate,
CH,OH, C(CH,),. COOC,H,,

The mechanisin of the reduction of the former glycol
is represented by the scheme:

CH,OH CH,OH CH,OH
| | l
C(CH,), —> C(CH,), — C(CH,),
i
COOC,H, /C:H, co
C—OC,H, |
-OMgBr C,Hs

the ketone so formed being reduced by .the organo-
magnesium compound with the evolution of ethylene.
Lowering the temperature of the reaction mixture
appeared to favour the reduction.

Silicon Compounds.

Grignard’s reagents have been extensively employed
in the synthesis of orgamic compounds of silicon.
Khotinsky and Seregenkoft'® found that -ethyl
orthosilicate exhibited towards organomagnesium
salts a behaviour similar to that of orthocarbonic
ester. It was converted by magnesium phenyl
bromide, for example, into cthylorthosilicobenzoate,

E
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which was transformed into silicobenzoic acid by
means of acids:

0(“3H:} (:(bI]:'
‘ OC,H, OC,H,
si” +C,H,MgBr = Si/ +Mg(OC,H,)Br
NOC,H, IR
OC,H, OC,H,
O H, ”/(‘“H:’
i +2H0 =8 =0 +3C,HOII
(OC,H ), “OH

Kven when an excess of the reagent was employed,
it appeared impossible to displace more than one
cthoxy group of the ester.

A large number of derivatives of silicon have heen
prepared by Kipping and his co-workers,6¢ who used
silicon tetrachloride as starting-point, and replaced
the chlorine atomns successively by alkyl or aryl
radicals. The preparation of phenylbenzylethyl-
propylsilicane, Si(C,11,)(C,H;)(C,H,)(C;H,), may be
considered as typical.  Silicon tetrachloride was
diluted wilth abhout three volumes of ether, the
solution well cooled, and gradually treated with an
ethercal solution of magnesiutu ethyl bromide. The
main reaction may be represented by the cquation :

SiCl, + MgEtBr = SiEtCl;+ MgClBr,
although it appears impossible to regulate the reaction
in such a manner that all the silicon tetrachloride is

attacked and the formation of more highly alkylated
products is avoided.
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When this cthylsilicon trichloride was treated with
maguesium phenyl bromide, phenylethylsilicon di-
chloride was obtained :

SiEtCl,+ PhMgBr = SiEtPh(l,+ MgClBr.

Introduction of the propyl group into this compound
was cffected with the aid of wmagnesium  propyl
Dbromide :

SiEtPh(l,+ PrMgBr = SiEtPhPr('l1+ MgClBr.

Lastly, when the siliconethylphenylpropyl chloride
so obtained was treated with an cthercal solution of
magnesium henzyl chloride, and the residue, after
removal of the solvent, heated at about 160, phenyl-
benzylethylpropylsilicane was obtained :

SiEtPhPrCl+ MgBz(l = MgC(l,+ SiEtPhBzPrBz.

Compounds similar to the above have been deseribed
by Dilthey and Eduardoft6™ and by Dilthey.26

When dichlorides such as benzylethylsilicon di-
chloride are decomposed with water, silicones arce
obtained which react with organomagnesium salts
in the same manner as ketones.  Kipping and Hack-
ford ¥ found that benzylethylsilicone and magunesium
cthyl bromide yiclded benzyldiethylsilicol :

C,H,.CH,
/SIO+( ,JH MgBr
C,H,
CH,.CH,  CH, ¢ H,CH, C,H,
- >8i¢ > s
¢,H,7" “\OMgBr ¢,H,” SoH
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Bygdén ¥ has described similar compounds in addi-
tion to hexamethylsilicoethane, (CH,),Si.Si(CH,),,
which resulted from the interaction of silicon hexa-
chloride with magnesiumn methyl bromide in ethereal
solution.

Martin!™ has observed that complex silicon com-
pounds containing silicon chains, such as

0=S5i—0H
CgHs—SIiAOH
HO- —Sli—--OH
chﬁsli(OH)_z,

are obtained when a solution of silicon tetrachloride
(1 mol.) in dry ether is brought into reaction with
magnesium (2 atoms) and ethyl bromide (1 mol.), and
the product decomposed by water.

Action of Grignard’s Reagents on various
Inorganic Substances.

The action of organomagnesium salts upon sulphur
chloride lhas been examined by Strecker,””” who found
that this substance yielded phenyl disulphide when
treated with magnesium phenyl bromide. According
to Ferrario,'™ however, a rather more complex change
takes place, since the product obtained by him from
the same two substances was decomposed by water
with the formation of chlorobenzene, bromobenzene,
diphenyl, phenyl sulphide, phenyl disulphide, phenyl
trisulphide, and phenyl  tetrasulphide.  Sulphur
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dichloride and sulphur tetrachloride furnished similar
products when similarly trecated.

Khotinsky and Melamed '™ observed that organo-
magnesium compounds react with boric esters in
much the same manner as with the esters of ortho-
carbonic and orthosilicic acids, only one alkoxy group
being replaced by a hydrocarbon radical :

OR’ R
B—OR’+R.MgHal = B--OR’'+Mg(OR’)Hal.
N AN
OR’ OR’

The resulting esters of alkylated boric acids were
readily hydrolysed by water to the corresponding
acids. Aryl boric acids were best prepared by the
action of 7sobutyl borate on aryl magnesium halides;
but, on the other hand, the best yields of akyl borie
acids were obtained from methyl borate.

It was also noticed that methyl borate has a
methylating action on magnesium phenyl bromide,
since tolucne was obtained in addition to phenyl boric
acid.

According to Strecker,’® only one of the chlorine
atoms of boron trichloride is replaced when the
latter substance reacts with magnesium phenyl
bromide. The ultimate product of the action is
phenyl boric acid, resulting from the decomposition
of phenylborondichloride by water.

Pfeiffer and Schnurmann 1 have prepared a series
of tin alkyl compounds by the action of Grignard’s
reagents upon tin tetrahalides. Tin tetraethyl and
tin tetraphenyl were obtained from stannic chloride
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and magnesium ethyl bromide and magnesium phenyl
bromide respectively :

SnCl, +4C;H MgBr = Sn(C,H,), +4MgBrCl,

whilst magnesium benzyl chloride yiclded tribenzyl-
stannic chloride, Sn(CH;CH,),Cl.

The same authors™ have also converted tin
tetraiodide into methylstannic tri-iodide, CH,SnI,, and
trimethylstannic iodide (CH,),Snl, by means of mag-
nesium methyl iodide, whilst Davies and Kipping™
found that dicthylstannic chlovide, (C,11,),SnCl,, was
produced when stanmic chloride (1 mol) and ethyl
bromide (1 mol.) reacted with magnesium in cthercal
solution.!™

In a further series of papers, Pleiffer and Schnur-
mann % have extended their researches to a variety
of inorganic chlorides. Lead chloride was found to
react readily with magnesium phenyl bromide with
the production of lead tetraphenyl and deposition
of metallic lead :

2PbC1, +4C,H,MgBr = Pb(C,H.),+4MgCIBr + Pb.

Under similar circumstances, mercuric chloride
yielded mercury diphenyl, Hg(CyH,),, whilst mereurous
chloride also readily yielded the sane product, with
liberation of metallic mercury.

The triphenyl derivatives of phosphorus, arsenie,
and bismuth were readily obtained from the corre-
sponding trihalides. Antimony triphenyl and tvi-p-
tolyl were also prepared from antimony trichloride,
and magnesium phenyl bromide and magnesium p-
tolyl bromide respectively.
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Sachs and XKantorowicz™ {ound that finely
powdered arsenious oxide readily veacted with
ethereal solutions of organomagnesium salts. With
a cold solution of magnesium phenyl bromide it yielded
diphenylarsenic oxide, (C;H;),As. O . As(CH,),, whilst
prolonged heating of the two substances resulted in
the formation of triphenylarsine, As(Cglly),



SECTION III
THEORETICAL.

IN what has alrcady been written, it has been
tacitly assumed that organomagnesium halides may
be represented by the general formula, R. Mg. Hal
The usc of such formulae does not, in general, involve
any inaccuracy, and has been adopted for the sake
of simplicity and ecconomy of space. Indeed, such
so-called ““individual ” complexes have been prepared
by Tschelinzeff;’® by the interaction of magnesium
and various halides in benzene solution in the
presence of u trace of ether or anisole. They form
white masses which contain no ether, and which
cxhibit all the characteristic reactions of Grignard's
reagents.

The preparation of magnesium organic salts in
ethereal solution, however, docs not lead to the
production of “individual” compounds. Thus, when
ethyl iodide reacts with magnesium in the presence
of ether and the reaction-product is heated under
diminished pressure in a current of dry hydrogen,
the ether is mot completely expelled, a portion of
it being so firinly retained that it can only he
partly removed even at 100° to 125°. In the residue
there exists the compound,

C,HMgl . (C,H,),0.
72
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This ether was at first regarded by Grignard and
Blaise as playing the part of ether of erystallisation.
v. Baeyer,®® however, proposed to formulate these
substances as oxonium compounds, the oxygen atom
being quadrivalent :

R o /MgR
R “Hal

An alternative formula was proposed hy Grignard :
1
R o /M gHa
<
R” DR,

whilst the compounds have also been regarded in
accordance with Werner's ideas and formulated :

R.
( 0... Mgn>na1
R/

1f the formula of v. Bacyer be accepted, isomerides
of the type

R MgR' R. . MgR
>o< and 50¢
R Hal R”  \Hal

appear possible. Tschelinzeff, indeed, accords prei-
ercnee to v. Bacyer's formula, since he claims to
have established cases of isomerism of the above
type in which R = C,I;, and R'=C,H,, C,H,, C,H,,
or C/H, Grignard® maintains that the above
result does not invalidate the formula proposed by
him, since it may be assumed that the two additional
valencies of oxygen in oxonium compounds have
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not the same value as the normal valencies, so
that R,OR'MgHal is not nccessarily identical with
RR'ORMgHal.

In gencral, the ether complexes are somewhat
difficult to characterise, since they are, as a rule,
uncrystallisable  substances.  Zercwitinoft?®  has,
however, succecded in preparing a crystalline com-
pound,

C,H, I

CH,~ <Mg(‘H3,

by the interaction of 1nethyl jodide and 1nag-
nesium in the presence of amyl ether, and in
determining its composition by direct analysis.
Indireetly, the corrcetness of the formula for the
cther complexes proposed by Blaise has been verified
by Tschelinzeff;'® who was able to show that
individual magnesium  compounds combine with
cther in the presence of benzene, and that the com-
plexes so formed are soluble in this solvent. When
ether was gradually added to a suspension of an
individual magnesium compound in benzene, the
latter gradually dissolved, a perfect solution being
obtained when the ecther had been added in the
proportion of onc molecule for every molecule of
magnesium organic halide.

The same author ¥ has measured the heat cvolved
by the combination of individual magnesium com-
pounds with ether, and is led to the conclusion that
two distincel processes are involved in the preparation
of ethereal solutions of Grignard’s reagents: (1) the
formation of magnesium alkyl halides, and (2) the
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transformation of these substances into their ether
complexes.

Subsequently Tschelinzeff''$ succceded in showing,
both by analytical and thermochemical methods, that
organomagnesium compounds are capable of forming
cther complexes which contain 2 molecules of cther
in combination with one molecule of “individual”
compound. Such a substance was actually isolated
when the residue, obtained by evaporating the solvent
from an ethereal solution of magnesium amyl iodide,
was not too strongly heated.  He proposes the general
formula:

R\O MgR .
R’ =0
‘R

It has already been pointed out that tertiary
amines, like ethers, are capable of catalysing the
action of organic halides on magnesium in the presence
of an inert solvent. Tschelinzetf’® has shown that
they arc similarly able to unite with “individual”
magnesium organic compounds, with the foriation of
substances which are termed aminales.  Such sub-
stances, however, never appear to contain more than
1 molecule of the tertiary amine. Their constitution
may, in all probability, be expressed by one of the
two formulee (which are analogous {o those adopted
for the ether complexes):

R R. -

N R AN
RN ™

MgR
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“ Aminates,” whilst never able to combine with a
second molecule of a tertiary amine, can nevertheless
unite with a molecule of ether to yield mixed ether-
amine complexes. Replaccment of the ether by
amine, or conversely, may occur, the change pro-
ceeding in one direction or the other according to
the relative stability of the resulting additive products,
as shown by thermochemical measurements. In the
action of ethers on ‘“ethcrates” and of amines on
“aaninates,” the compound produced is that which has
the greater heat of formation. The action of ethers
upon aminates is at first additive, and, with aliphatic
amines, results in the formation of ether-amine
complexes, since ecthers cannot replace aliphatic
amines. Aromatic amines may be completely dis-
placed with the formation of dietherates. The
action of an aliphatic amine on an etherate must he,
at first, substitutive, but the replaced ether is added
on with the formation of a mixed amine-cther
complex. It is concluded from these results that
addition takes place at two dissimilar positions in
the molecule of the magnesium organic halide.

Mode of Catalytic Action of Ethers and Tertiary
Amines.

Attention has already been drawn to the fact that
the action of organic halides on magnesium in the
presence of neutral solvents is very greatly expedited
by the presence of a trace of ether or of a tertiary
amine. Tschelinzeff' supposes that the activity of
these catalysers depends upon their dissociating
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action on organic halides, which leads to the forma-
tion of oxonium or ammonium compounds :

R R R
>o +RI = >o<

R RN

R, R s

R—N +RT = R-—-N(

v’ r~ 1

and that these compounds then react with magnesium,
with the formation of organomagnesiumn halides and
the regeneration of the ether or tertiary amine:

R, N k. R

~ .
0l +Mg = >0 + Mg<
R I R’ AN

R R
R:,N:/ 1-i-Mg — R3N+Mg/
NI NI
1f this is actually the case, it should be possible to
find an ether the oxonium compound of which can
dissociate in two directions, with the production of two
different organomagnesium compounds :

R, R R R.
RI+ 30 <— >0{ ——> SO+RL
r’ R’ I R’

Stadnikoff** has discovered such u case in the action
of m-propyl iodide and magnesium in the presence
of triphenylmethylethyl ecther, (C¢H;),C.O.C,H,.
When the product of this reaction was treated with
dry carbon dioxide and subsequently with water,
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butyric acid and triphenylmethane were obtained.
This points to a fission of the complex molecule

(CHY)C Mgl
o<
C,H, C,H.

into magnesiuin 2-propyl iodide on the one hand and
magnesium  triphenyhmethyl iodide on the other.
The action of carbon dioxide on the latter substance
would, ¢ priori, be expected to lead to the formation
of triphenylmethylacetic acid, (G 1L)),C. COOH, but
it has been shown that rcaction only takes place in
this particular direction under certain conditions.

In a second contribution on the same subject,
Stadnikoft' ™ has further investigated this interesting
point, and has shown that the oxomium compound
formed during the interaction of propyl iodide with
magnesium in the presence of triphenylmethylethyl
cther can e caused to dissociate into triphenylmethyl
iodide and ethylpropyl ether,

((1()H5)3(: I
N
QO

/N
CH,  CH,,

whilst, with the same cther, sobutyl iodide in the
presence of magnesium forms an oxonium compound
which decomposes with the production of triphenyl-
methyl jodide and ethylisobutyl ether.  Diphenyl-
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methylpropyl cther and isobutyl iodide similaxly
react to yield the oxonium compound,

¢ H)CIL 1
( [ y)- \O\//
C:SHT/ \CJH!)’

which subsequently undergoes decomposition in three
ways, giving (1) diphenylmethyl jodide, (C;H,),CHI,
and propylisobutyl cther, C,H,.0.CH,; (2) 4so-
butyl iodide and  diphenyhnethylpropyl — cther,
(C,H,),CH. O. C;H,; and, probably (3) propyl iodide
aud diphenylmethylésobutyl ether, (CH;),CH.0.C H,,



SECTION 1V.
Mixep ORGANOMETALLIC DERIVATIVES OF ZINC.

THE great activity of magnesium organic compounds,
to which the latter owe their extended use as
synthetic agents, is, under certain circunstances, very
disadvantageous, since, when a substance possesses
two or more points of attack for the Grignard reagent,
it is frequently difficult or even impossible to limit
the attack in such a manner that only one group is
acted on. Thus, in the case of acid chlorides, the
action of organomagnesium derivatives generally
takes place in such a manner that not only is the
chlorine atom replaced, but, in addition, the carbonyl
group is attacked. A reagent of less general activity
and of greater ease of control is thus desirable—not
to replace the Grignard’s reagents, but rather to act
as their complement in those cases in which the latter
prove themselves too energetic. Such a reagent has
been found by Blaise and his co-workers in the mixed
organometallic derivatives of zine.'%

In the formation of zinc alkyls by the interaction
of zine and alkyl iodide, the intermediate formation
of substances of the type R-Zn-I has been generally
assumed, although such compounds have never been
analysed. Bewad' has attempted to bring such
substances into reaction by the addition of ether—a

wmethod, however, which has still much of the
80
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inconvenience of the preparation of zinc alkyls.
Michael, on the other hand, has shown that zinc-
copper couple is soluble in absolute ethereal solutions
of alkyl iodides at the temperature of the water-bath,
and from the couple, ethyl iodide and benzoyl chloride,
has prepared propiophenone in 30 per cent. yield.

There would thus appear to be a striking analogy
between the mode of formation of organomctallic
compounds of zinc and those of magnesium. If,
however, the ethereal solution of zine ethyl iodide is
evaporated at the ordinary pressure or under a
pressure of 22 mm. of hydrogen, ether and zine ethyl
are obtained. At the ordinary temperature and at a
lower pressure of hydrogen a colourless mass is
finally lcft, the analyses of which do mnot yield
concordant results. Since, however, the presence of
cther is necessary to the rcaction under the experi-
mental conditions actually adopted, it seems possible
that compounds of the type

C,H; I
NOY
Csz/ \~ZnR

are actually formed, by which the ether is only loosely
retained.

On repetition of Michael’s experiment (see above),
Blaise made the remarkable discovery that the
activity of the organozine derivatives is not exhausted
by the addilion of an equimolecular amount of
benzoyl chloride, as would be expected, but that nearly
five molecular proportions of the latter were required
before action ceased. Among the products of the
change were methane, ethyl chloride, ethyl iodide,

T
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cthyl benzoate, a small quantity of acelophenonc,
and a brown resin. The latter substance evidently
resulted from the condensation of acetophenone with
Joss of water, which accounted also for the evolution
of methane. The formation of the other substances
is explained by the scheme:

i CH,
N
CH“Zn—O0ZC,H, -— C.H,.CO.0C,H,+C,H,I
s +CH,ZnCl
Cl——CO.C,H,

I

N

N
CHyZn-— —0—C,H,

C,H,” - CH,.C0.0C,H, +C,H,Cl+CH,Znl
Cl—-- CO—C,H,

The mixed organometallic derivative of zine thus
liberated could then combine with a further portion
of ether and again react, the final destruction of its
activity being due entircly to the water formed by
condensation of the acetophenone.

When, then, acid chlorides are to be employed (the
most important case with zinc organic compounds),
ether thus appears to be an unsuitable solvent.
Blaise has shown that its place may be taken by a
benzenoid hydrocarbon (particularly toluene) or by
petrol, if cothyl acctate is used as catalyst. The
following example may be considered as typical of
the mode of preparation of the reagent :—
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Zinc-copper couple (twice the weight theoretically
necessary) is mixed with alkyl iodide (1 mol.), cthyl
acetate (3 mol.), and dry toluenc (double the weight
of ethyl acctate used), and heated under reflux to
about 100". Reaction generally starts readily, but
the conumencement may be facilitated by the addition
of a trace of iodine. The action then proceeds
regularly, shaking being mnecessary occasionally.
Towards the end the temperature is raised to about
110°, when, after about three-quarlers of an hour,
cessation of refluxing shows the completion of the
change. The reaction-mixture is allowed to cool
completely, an amount of toluenc cqual {o that
originally employed is added, and the solution decanted
into a dry flask. It consists of an almost colourless,
rather viscous liquid, which rapidly oxidises when
exposed to air with scparation of iodine.

The reaction can only be effected with alkyl iodides,
which must be freed as completely as possible from
the corresponding alcohol. Those containing more
than four carbon atoms are best prepared by
saturating the corresponding aleohol with gaseous
hydrogen jodide. Toluene and ethyl acetate must
be perfeetly dry.  The former may be desiceated by
simple distillation; the latter should be thoroughly
washed with saturated sodium chloride solution, dried
during twenty-four hows over caleiumn chloride, and
subsequently distilled over a fresh portion of the
latter substance. o

With alkyl iodides of high molecular weight it is
advisable to increase the amount of ethyl acetate
somewhat, With primary alkyl iodides the yield of
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organometallic derivative is about 80 per cent. of the
theoretical.

With secondary alkyl jodides the above method is
only partly successful, since they react with benzenoid
hydrocarbons in the presence of zine, with the forma-
tion of benzene derivatives. Thus cymene was
formed during the reaction of isopropyl iodide and
zine in the prescnee of toluene. If, however, petrol
is used as solvent (generally the fraction of b.p. 85°
to 90), a brisk interaction occurs, and zinc alkyl
iodides are formed in 60 per cent. yield. Certain
amounts of ethylenic hydrocarbons and of saturated
hydrocarbons containing twice as many carbon atoms
as the original alkyl halide arc simultaneously formed.

Tertiary alkyl iodides do not give satisfactory
results.

The formation of zine aryl iodides does not appear
to take place dircctly under conditions which arc
fuvourable to their ready use as synthetic agents.
It may, however, be readily achieved by double
decomposition between magnesium aryl halides and
zine chloride. For this purpose, zine chloride (1 mol.)
is dissolved in cther (2 mols.), whereby a complex

Cl Cl

(Czﬂ:,)zo/ \O(C'.'H:.)z
N,/
7n

appears to be formed. This is added, drop by drop,
to a solution of the requisite Grignard’s reagent
prepared in the ordinary manner. Toluene (5 mols.
for each molecule of halide used) is then added when
the zine aryl halide is completely precipitated. It is
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then only necessary to heat the solution under
diminished pressure until all the ether is removed
and the toluene begins to distil freely, when the zine
aryl halide is ready for use. The yield is about 70
per cent.

Constitution of Mixed Organometallic Deriva-
tives of Zinc.—The action of zine-copper couple on
methyl or ethyl iodide leads to the formation of
crystals, for which the formula R.Zn.I has been
generally assumed. The solutions prepared as
described above also give an abundance of similar
crystals, which, however, are so susceptible to the
least trace of air or moisture that their isolation in
the pure state is almost impossible. By allowing
zine ethyl iodide to react with ethyl oxalate, a
crystalline compound has been obtained, analyses of
which agree well with the formula :

C,H,0.CO.C(C,H,),.0.Znl,

from which the formula C,H,/ZnI appears probable
for zinc ethyl iodide.

Similarly, the precipitate obtained by allowing zinc
chloride to recact with phenyl magnesium bromide
appears to possess the composition indicated by the
formula :

Mg
7N
(CH),0¢  SO(C,H,), Br—Zn—Cgll,,
1l
Mg
or  (CHD,0{ DO(CH,), Cl—Zn—CH,

A b
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Mode of employment of Mixed Organozinc
Compounds. — These compounds have been chiefly
employed in conjunction with acid chlorides of
varying types, and with compounds -containing
loosely held halogen atoms. The acid chlorides
should be purified by distillation. If this is impos-
sible, they should be prepared preferably by means
of thionyl chloride, since excess of the latter may
be readily removed by gentle heating under
diminished pressure.

For a given quantity of acid chloride, an excess of
25 to 33 per cent. of the calculated guantity of alkyl
zine iodide should be employed in the case of primary
alkyl iodides; with secondary alkyl iodides double
the calculated quantity may be employed, whilst
with zinc aryl halides an excess of 50 per cent. is
wenerally sufficicnt.

The acid chloride, dissolved in toluene, is added
drop by drop with constant shaking to the solution
of the reagent, the temperature being maintained at
about 0°. Reaction occurs readily. The temperature
is then allowed to rise somewhat, and as soon as all
odour of acid chloride has disappeared, the solution is
again cooled and decomposed by the addition of
successive small quantities of water and a little
dilute sulphuric acid. The solution separates into
two layers. All the iodine is present in the aqueous
portion. The toluene solution contains the required
product, together with small quantities of zine, which
may be eliminated by agitation with ammonia or
ammonium sulphate solution. Finally, the toluene
solution is shaken with very dilute sulphuric acid
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and then with a solution containing potassium
hydrogen carbonate and sodium thiosulphate, after
which it is dried over sodium sulphate.

In general, organozinc compounds do not react
in the cold with the halogen, ketonie, earbalkoxy,
ethylenie, or alkoxy groups, and herein lies their
chief interest. They are capable, however, of react-
ing with halogen atoms attached to a carbon atom
to which an oxygen atom is also united, and with
other mobile halogen atoms. ™

Normal Action on Acid Chlorides.—The normal
action between an acid chloride and a zinc organo-
salt results in the formation of a ketone:

R.CO.Cl+I.ZnR" = R.CO.R +ZnlICL

The yields are generally excellent (75 to 90 per
cent.), and the products frequently pure after one
distillation. A small quantity of the cthyl ester
derived from the acid chloride employed is sometimes
present. This can often be removed hy treatment
of the product with potassiuin hydroxide, or by
formation of a solid derivative of the ketone (e.g.
the semicarbazone), and suhsequent decomposition
of the latter.

Formation of Tertiary Alcohols from Acid
Chlorides.—Acid chlorides or esters are readily trans-
formable into tertiary alcohols by the action of
cold solutions of organozinc salts when an electro-
negative group or atom is contained in the molecule
in the immediate ncighbourhood of the —COCI or
—COOAlk group. Thus, ethyl oxalate, in which
one carbethoxy group accentuates the negative
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character of the other, is quantitatively transformed
into the ethyl ester of a dialkylglycollic acid :
COOC,H, CR,(OH)

| —

COOC,H, COOC,H,

whilst ethoxyoxalyl chloride, COOEt.COCl, under-
goes a similar change, in which, however, the tertiary
aleohol at first produced is esterified by the action
of a further portion of the acid chloride:

COOC,H, CO.0OC,H, COOC,H,

—
cocl R,:C—O0ZnI R,.C.0.CO. CO,C,H,

Similarly, chloroacetyl chloride and ethyl zinc iodide
give, as main product, the chloroacetic ester of chloro-
methyldicthylcarbinol :

CH,C1.C(E),.0.CO.CH,CL

Also, the chlorides of a8 unsaturated acids yield
mainly ketones together with small quantities of
the ester derived from the tertiary alcohol: %

R.CH=CH.COCI
—> R.CH=CH.C(R),.0.CO.CH=CH.R

but, as the electroncgative influence of the ethylenic
linking is lesscned by substitution the amount of
ketone formed increases, so that the latter is practically
the only compound obtained from acid chlorides of
the types :

R

>C —CH.COCl  and
R
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The action of organic zine halides on the chlorides
of a-acetoxy acids is of particular interest.'® Ap-
parently the carbonyl group of the acetyl radical
is attacked preferably to the chlorine atom of the
acid chloride. Cyeclic acetals are thus obtained :

coM CO —-Cl1

R.CH/ —>R.cH” ~O7nl
“0O—CO—CH, NO—C
| “CH,
K
CO—0

—> R.CH.- | CH,
O

R
which, on hydrolysis, yield ketones:
/CO-—~O
R.CH/ | ,CH, +H,0 = R.CH(OH):COOH
()———-U\R, +CH,.CO.R.
One group of the ketone is thus derived from
the acetyl radical, the other from the organozine
derivative. A means is thus provided of obtaining
ketones from those acid chlorides which, with zine
alkyl halides, normally yield tertiary alcohols.!%?
The acid chloride is first allowed to react with an
a-hydroxy acid, the new acid converted into its
chloride, which is then subjected to the action of
the requisite orgamnozinc derivative. The cyeclic
acetal so obtained yields, on hydrolysis, the required
ketone. The preparation of chloromethylethylketone
may be considered as typical. Chloroacetyl chloride
and zinc ethyl iodide yield mainly the chloroacetic
ester of chloromethyldiethylcarbinol (sce above). 1f,
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however, chloroacetyl chloride is allowed to react
with lactic acid, a-chloroacetoxypropionic acid is
formed, the chloride of which reacts with ethyl zinc
jiodide to yield the corresponding eycloacetal. This,
when hydrolysed hy acid, is resolved into chloro-
methylethyl ketone and lactic acid :

CH,.CHOH + C1.CO.CH,(Cl —CH;.CH.0.CO.CH,(1]
|
COOH COOH

co.cl co o)
I — I I /(‘::Hr,
CH,.CH.0.CO.CH,I CH,.CH—0—C/
, “CH,CI
—

CH,.CHOH.COOH + CH,C1.CO.C,H,.

In certain cases, catalytic decomposition of acid
chlorides may be occasioned by the action of zinc
organic salts—especially in the case of a-alkoxy
acid chlorides.® TUnder these circumstances carbon
monoxide is evolved, and the rcsidual a-chloroether
then reacts normally with replacement of the halogen

atom :
R.CH(OC,H,).COCl —> R.CHCI(OC,H,) +CO
—> R.CHR'(OC,H,).

Reducing action of mixed organozinec derivatives
has only been observed in the case of sulphonic
chlorides. Thus, benzene sulphonie chloride and
cthyl zine iodide give a small quantity of the
sulphone, but the main product of the reaction is
found in the form of zinc henzene sulphinate.
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Mixed organozinc compounds readily react with
substances containing mobile halogen atoms—such
compounds generally containing the halogen atom
united to carbon, which is itself attached to oxygen.
Such compounds comprise a-chloroethers, acid chlorides
of the succinic and glutaric series, ethyl chloroethoxy-
acetate, CHC1(OC,H,). COOC,H;,, and cthyl dichloro-
ethoxyacetate, CCL,(OC,H;). COOC,H,. The use of
a-chloroethers possesses no feature of special interest,
since these substances reacl cqually well with
Grignard’s reagents. Acid chlorides of the succinic
series yield, practically entirely, y-lactones, whilst
those of the glutaric series give a mixture of
d-lactone and S-keto acid.!  Ethyl chloroethoxy-
acetate 2° reacts very readily with alkyl zine iodides,
giving excellent yiclds of ethyl alkylethoxyacetate,

CHCI(OEt). COOEt —— R.CH(OEt).COOE,
whilst similar compounds are also rcadily obtained
from ethyl dichloroethoxyacetate,2”

CCL(OC,H,).COOC,H, —-> CR,(OC,H,).CO0C,H,.
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