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LNTRODUCTION ► 

The Grignard reagent, With its variety of useful reactions, 

has long been recognized as one of the fundamental tools of or

ganic synthesis. 11 It should, for this reason, be of interest to 

i nspect the topic as a compact and rather complete subject in 

itself, rather than to assume the usual textbook approach, which 

mentions it only from time to ti..Jle as it is encountered in other 

phases of organic chemi stry. 

Although a detailed study of each individual reaction and 

reaction product derived from the Grignard reagent would not be 

practical i n a paper of this length, an attempt will be made to 

classify these reactions in general groupings, illustrated with 

specific examples, in order to show the broad scope and import

ance of the topic. The means used to accomplish this wi ll be to 

give the historical background leading up to the use of the Grig

nard reacti on first, then the methods of preparing various Grig

nard reagents, and after this some of the properties, mechanisms, 

reac t i ons, and uses of the reagent itself. An important part of 

the discussion of both preparations and uses is that which deals 

with the limitations and shortcomings of the reaction. 

Fi nally, the purpose of the experimental work involved has 

been to detenni ne ,to some extent, the part whi ch the solvent 

plays i n influencing reactions of the Grignard reagent. 
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THE GRIGNARD REACTION 

A. Historical Background. 

Although the Grignard reaction, as we know it today, was 

not properly fonnulated until 1900, it had its origin as far 

back as 1849, when Frankland produced diethyl zinc in an un

successful attempt to make the free ethyl radical from the re

action between zinc metal and ethyl iodide.2? Ten years later, 

W. Hallwachs and A. Schafarik repeated the experiment using 

magnesi um instead of zinc, and concluded that their product 

contained traces of a diethyl magnesium compound.5 ~ This was 

the first recorded instance of any experimental work with mag

nes i um and an alkyl halide, which was later to fonn the basis 

for Grignard•s work. 

In 1861, Frankland called attention to the lack of know-

1 d rni . d ' 1 t' 1 ie, e ge conce ng organornagnes1urn campoun s, in a ong ar 1c e 

on the organic compounds of other metals, but it was 1893 before 

the next step was taken. Then a Philadelphian named Hennann 

Fleck, working in the laboratory of Lothar Meyer, prepared and 

identified diphenylmagnesium, using bromobenzene and magnesium 

metal. Afterwards he treated thi s with excess bromine, expecting 

the following reaction:~' 

Q nsQ + £>•~ - C;-Mi1¾ + Q -11,,. 
but the only identifiable products were magnesium bromide and 

bromobenzene, so he concluded that if an organornagnesium halide 

were formed, it was only as an intennediate product and could 
.... ,, 

not be isolated. Some years later, Gilman and Brown demonstrated 
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that the excess bromine had destroyed the pheny1magnesium 

halide as it was fo rmed.~0 

I t was 1899 before the next application of magnesium in 

an organic synthesi s was made. This was by Barbier., who treated 

6-methyl-5-hepten-2-one with methyl iodide and magnesium metal 

in an ethereal solvent., and isolated 2,6-dimethyl-5-hepten-2-ol 

as an end product of water hydrolysis. The reaction., as it 

would be fonnulated in the light of present-day evidence, was: "?l'l. 

0 . "'" \., 
I 

· 7· C.. \.\ , 
\.\ ?> C. ' u \l \l 

c. =c · c - c.. 
u ":> c ' ~ " c u "!:, 

\-\ 1> C • \,\ " \l ~" \1.,, t. , \.\ \1 \l ';H'1 ,.~1, 

\.\ ,,. ~ -:. C! - C - C. - C. - C \.\ ~ C,:;; ~ -c. - c, - C. - C. \-\ .., 
u~c ' "' " , 

1) " " ' . c \\~ 
However, Barbier did not recognize 

C:, \.\ -; 
it as such and it was not 

unti l a year later that Grignard, a student of Barbier, showed 

it to be the two separate reactions, and it was Grignard who 

was the f i rst to realize the possibilities of thi s new reaction, 

and who laid the f oundation for i ts future expansi on. Grignard 

was awarded the Nobel prize in 1912 for his work, which has 

resulted i n one of the most general synthetic methods of organ

ic chem.istry •5 

B. Preparation of the Reagent, and Limitations Involved Therein. 

The Grignard reagent is defined as a moderately reactive 2q 

metalloorganic halide in which the magnesium is bound to both the 

organic radi cal and the halogen. Representing the organic radical 

by R- , the magnesium by -Mg- , and the halogen by -Hal., the 

structure i s most simply conceived as R-Mg-Hal. At present the 

Grignard i s the most versatil e of t he organic compounds of metals 
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which include lithium, zinc, tin,lead, bismuth, antimony, and 

mercury. 57 The reagent is prepared most simply by the inter

action of an alkyl i odi de or bromide with magnesium turnings, 

i n dry ether. Diethyl ether is most generally used for this 

purpose, although a recent trend is away from this highly in

flammable material to less volatile ethers of higher molecular 

weights. Conditions essential to success are purity of reagents 

and absence of water, which inhibits the reaction.~~ If the 

ether· to be used is not dry, special methods of purification 

must be applied. These include brine washing, drying over cal

cium chloride, refluxing with sodium, and distilling over phos

phorous pentoxide. Since isolation of the Grignard is unnecessary 

before its use i n synthesis, the general procedure is to fonn the 

Gri gnard i n the ether solvent, and afterwards to add the other 

reactant or reactants directly to this ethereal solution. Indeed, 

the ether is generally thought to be an essential part of the 

compound, although Gilman reports~0 that the reagent may sometimes 

be prepared with no solvent, or wi th tertiary amines, benzene, or 

other inert solvents. 

This description of the formation of a Grignard reagent 

applies to many different organic halides, both aryl and alkyl. 

However, there are some difficulties which depend on the struct

ure of the halide. 

First of all, none of the aromati c chlorides have been known 

t o react with magnesium at the chlorine atom to fonn the reagent. 

Another limitation is that dihalogen-substituted paraffins, in 

which t he halogens are adjacent to one another, yield olefins 
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upon treatment with magnesi um. s? Also., unsaturated halides of 

the type R-CH::CHBr fom substituted acetylenes by the elimin

ation of hydrogen brani de. 

The vinyl radi cal does not yield a Grignard reagent due to 

i nactivity of the ha~ogen atom caused by the bond structure of 

the molecule. ' 0 Also, unsaturated groups like the allyl radical 

often cause difficulty due to rearrangement. 68 

Terti ary compounds gi ve only small quanti ties of Grignard 

reagent., which mi ght be exnected from their other reactions. 

Butylene., for example, j_s a product of the reaction of magnesium 

wi th terti ary butyl bromi de. And dihalogen paraffins in which 

the halogens are widely separated undergo a reaction analogous 

to a Wurtz-Fittig, resulting in a mixture of magnesium compounds 

of varying chai n length, such as the following: 58 

" \-\ B.l\, c. u., - {c.u .,) \\ - ~ u"t,~ J\. n , ~ \.:>A.-M .., -c. - (c\\ '") -c - M,., ./l 
~ ~ fl 1-\ ~ 

\l " 6-A- Mi-~-( c\\ "L) x - ~ - Mi -
in which "X" is larger than "N" and may vary considerably. 

There is, in every case, some loss if yield in preparing a 

Grignard by reaction between the reagent fonned and the unused or

ganic halide. For example: 

00 
Table I indi cates the average yields 4~ of Grignard compounds 

from some of the alkyl and aryl bromides, under strictly compar

able condi t i ons. These percentage yields., however, are indepen

dent of the rate at which t he reagents are fanned. 
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TABLE I. 

Percentage Yields of Grignard Compounds from Some Branides 

Ethyl 93% tert-Amyl 24% 

n-Propyl 92% n-Hexyl 92% 

iso-Propyl 84% n-Heptyl 89% 

n-Butyl 94% n-Octyl 88% 

iso-Butyl 87% Bromobenzene 95% 

sec-Butyl 78% o-Bromotoluene 93% 

tert-Butyl 25% m-Bromotoluene 88% 

n-Amyl 89% p-Bromotol uene 87% 

iso-.Amyl 88% a-Bromonapthalene 95% 

sec-Amyl 67% b-Branonapthalene 84% 

c. Properties of the Reagent, Physical and Chemical. 

The physical properties of the Grignard reagent are 

rather similar, regardless of thei r composition. All are color

less or grey soli ds,~, which undergo disproportionation before 

any melting points may be detennined, as follows: 

Some of the lower-weight alkyl reagents may be di stilled in 

ether solution, but si nce the corresponding R-Mg-R and MgHal2 

compounds may also be ether-distilled, ' ~ the vapor composition 

of the reagent is still uncertain. 
ll6 The characteri stic equilibria are known, however: 
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a. Q - M6 - \--\ _._ 
R - \'11 - ~ M~ ~ ,\-- V 

R - M7 -~ Mi \-\ 
+ 

+ 
If 

so the reagent is really a mixture. But since the reactions of 

R-Mg-R and R-Mg-Hal differ appreciably only in their rates,~~ 

and the equilibria are reversible, there is no essential dif

ference i n product or yield. 

Fran the second equilibrium above, it would be expected 

that the Gri gnard reagent would act as R- and -MgHal units in 

additi on reactions, and this is almost invariably the case. 

The R- grouping adds to the less acidic element, and the -MgHal 

to the more acidic, ~' according to Gilman, who lists some elements 

according to their decreasing acidities as follows, C(S(N(O. 

This is not strictly true, however, since the carbon atom can be 

either acidic or basic, depending on its position in a radical. 

In ai!lalysis, true alkyl Grignards may be distinguished from 

the organolithium compounds which resemble them by treatment with 

p-bromodirnethylaniline in the presence of benzophenone, 50 as 

follows: 

'"' t. ~c, Q c. ,. Utt • "'·, + ' 'N •(=:.) -e,J\. -- ," - t. i + c ~ \.-\ '\- e,JL 
"' , " !>C' " !> e 

6 

~"'> t.. , <'" o ~ o .. ct o- c.o ~:~" ... d. " e,N- _/ - f..i "" c- / ~ A - t.""') 
~~ ( re.6) 

Under the conditions of the test, the magnesium canpound is un-

affected, while the lithium compound gives a bright red color. 
·, 

The less reactive aryl compounds of both metals give no test. 



A more complete, although a more exacting, analysis may be 

obtai ned by the mixture of one milliliter of Grignard with one 

milli liter of a one per cent solution of Michler1 s ketone 11q in 

dry benzene, foll owed by hydrolysis with ice water, and addition 

of two drons of a two-tenths per cent solution of iodine in acetic 

acid. A characteristic blue-green color is noticed. The reaction 

is recognized as a dye reaction: thus, if phenylmagnesium bromide 

were the compound under investi gati on, Malachite Green would be 

the end product. The analysi s depends upon the carbon-to-metal 

bond in the Grignard, and the fonnation of an intennediate carbi

nol whi ch yields the dye on hydrolysis. It is useful in testing 

f or completeness of reaction of Grignards. Acid chlorides and 
. ~ \ pyrrole interfere. 

Another test may be obtained by using triphenylbismuth di

chloride, i n the same concentrati ons, instead of Michler1 s ketone. 

This gives a deep-purple color with Grignards, especially the aryl 

compounds, whi ch is s :i..milar to the phenol-ferric chloride test, 

and whose reaction mechanism i s similarly unknown. '-'0 

The quantitati ve analys i s f or Gri gnards may be readily ob

tai ned by water hydrolysis of an aliquot portion of reagent sol

ution, and titration with a stan(U!.rd acid,b0 according to the 

reaction: 

R - &"'\ 1 - 1-1 J -t \.\ -i. o ~ R - \-\ 

M'l (o " ) \.tol "' \.I~)( - _,. H-i,o 

+ M\ (o ~) " j 

+ Ml~ ( \.\ ~ ) 

In practice, of course, there may be some disproportionation of 

the type: 
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However, this will not affect the results of the titration. 

D. Structure and Mechanism of Grignard Reagents. 

Since the structure and mechanism of the Grignard reagent 

are so i nterdependent, it will be well to consider them at the 

same tj.me. The structure of the reagent has not, at the pres

ent time, been satisfactorily detennined. Although it is cer

tai n that the main skeleton is of the fonn R-Mg-Hal, there is 

reason to believe that the ethereal solvent plays a par~ in the 

reactions,~ and is therefore more or less bound up wi th the 

reagent. Evidence toward thi s is that evaporation of solveI?-t 

from Grignards, under vari ed condi t i ons, al ways leaves either 

one or two molecules of ether f or each molecule of reagent. 51 

Whether th:i.s ether influences the reactions themselves, or acts 

only upon the rate of reactivity can not be definitely said; 

however, several of the best-known formulations of Grignard 

structures are presented below. 

Grignard himself proposed that the ether, in a one-to-one 

ratio with the halide, is attached so that the oxygen of the 

ether is the central binding atom of the entire complex, as in 

Figure l (a). 

Meisenheimer, on the other hand, contended that the magnes

ium is t he central atom holding the entire structure together, as 

shown :i.n Figure 1 (b), while Baeyer and Villiger' jointly pro

posed a structure in which the oxygen of the ether is the central 

atom, as in Grignard1 s fonnulation, but asserted that the organic 

radical -R i s attached directly to this oxygen, rather than through 

the magnesium, as Grignard had diagrammed. This Baeyer-Villiger 
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molecule, shown i n Figure 1 (c ) , is unreasonable in tenns of 

electronic structure. 

Figure 1. 

(a) (b) u~ (c) 
C' .... , ,a \.\ .,_ t'l, \.\.:; c 'l. R \.\ ,;t"-o . ' ' ·. M 0 

0 I ' , ' Ui 4 - o ,.- ~ .. " .J U,;- Ci. u., c'" M6"~ ' Ci. 
u~ .. 

'""-' 
Mr R 

As the situation stands at present, the Meisenheimer concept 

serves best to explain the presence of solvent. Other struct

ures have been proposed, but most of these resemble one of the 

above. '-l 

Whatever the actual structure of the compound, it is gen

erally accepted that coordination does occur in the metalloorgan

ic compounds. The varying reactivities of these compounds, the 

reducing action of the less acti ve ones, and the very slow re

action rates i n ester and ketone additions, all are probably due 

to coordinate f onnation, i n which the less reactive of the re

agents are those i n which t he coordinate bonds are the stronger. 

This leads di rec t ly to the conclusion that the solvent in a Grig

nard reacti on affects the reaction by a solvation process, and it 

is this branch of the subject which is under investigation in 

the experimental work of this thesis. 

Gilman states ?>S that there i s evidence that the primary re

action complex, which is the initial prodcut fonned in a Grignard 

additi on, reacts by means of an intramolecular coordination, or 

chelation effect, but gj_ves no examples. 
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For purposes of illustrating the proposed concepts of mech

ani sm, several common examples will be taken. The first is the 

reaction of a Grignard with an acid halide, either alkyl or aryl. 

If this were a direct replacement reaction, the fluoride 

would be the least reactive of the hali des, and their reactivity 

would increase down the periodic table, in the general order of 

F, Cl, Br, and I. However, since the acid fluorides were found~ 

to be the most reactive of the halides, all tested under similar 

conditions, the reaction must be an addition. This would pennit 

the following fonnulation: 
- - 0 .....- - -- -- - - · -- , 

I \ _ c -c.\ ,. ~ ~ f(ll . "' -
\__/ 't ___ ____ __ : 

since the -R grouping has previously been shown to attach itself 

to the less acidic element of the double bond. Subsequent separ-

ation of MgXCl, of course, 

O '?~ Mrl 
C, - d2 
I 

R 

yields the ketone: o -rR 
The relative reactivities of some functional groups with phenyl

magnesium bromide, in the order of decreasing reactivity, are, " 

from l eft to right: -CHO) -COCH3 } -NCO ) -COF ) -COC6H5 ) -COCl > 
-COBr} -COC2H5 ) -CN. 

Since the acid halide reaction is an additi on, the halogen 

w1.11 influence the speed and ease of reaction only to the extent 

that i t modifies the additive pcnver of the carbonyl group. This 

consideration i s probabl y partly a spatial one, i n which the size 

of the halogen atom hi nders the access of the carbonyl center to 

the Grignard reagent.'~ Supporting evidence for this spatial 
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theory is given by the figures in Table II.11,. 

TABLE II 

ATOMIC DIMENSIONS 

Bond Center-to-center Bond 'Distance Halogen Atom Radius 

C-C 

C-F 

C-Cl 

C-Br 

c-r 

1.54 A 

1.41 

1.76 

1.91 

2.10 

0.64 A 

0.99 

1.14 

1.33 

In the mechanism of addition of Grignard reagents to esters, 

it is possible that addition to the double bond is not always 

the initial step, ~; particularly in the more unreactive metallo-

organic canpounds. It has been established that ketones are a 

transitory product in this reaction, 

-t R. Max. ~ 

-1- R' M\ ~ ~ 

which follows the course: 
0 

() " ' n -c-R + C, ,_ \.\ ,; Ot1a ~ 

+- M \ ( o\l} )( 

However, the complete mechani sm i s uncertai n, although magnes

ium complex formation may be the correct solution. Gilman ~~ 

proposes a prel:uninary addi tion to f orm oxonium compounds -as a 

possible explanation. Regardless of the exact mechanic~.l ar

rangement, though, the salvation theory is further supported by 

consideration ~s of the fact that in ether sol ution, Michler' s 

ketone and phenylrnagnesium bromi de do react, but ~11 re-form 

the ketone to a large extent upon water hydrolysis. In benzene 
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solution, however, the carbinol formation is more pronounced, 

and a lowered solvati on effect seems the best explanation.~ 

Thus while the mechanism of even the simplest Grignard 

reacti on is not defi ni tely known, there is some strong evidence 

available which indi cates that the salvation effect is of con-

sequence. 

E. Reactions of the Grignard Reagent. 

1. Synthesis of Acids. 

The Grignard is widely used in the synthesis of the car

boxylic acids. The preparation consists of the addition of 

carbon dioxide to the Grignard reagent, with subsequent hy

drolysi s of the resulti ng addi t i on product, and separation of 

the aci d from the water and magnesium salts. The overall 

synthesi s i s fonnulated as follows: 6 

R - ~ + M q\\.e.---:, 

- - - - - - _..._ - \ _ - - - < 
I ~ 

R - ':i -~ + ~ =- o 
' 0 ~--- -- --- - -- -.,._, 

0 

~ -c -o - r'\i -~ u ... o 

The most convenient method is to pour the ethereal Grignard 

solution over dry ice. This reduces the secondary reactions 

which produce ketones and tertiary alcohols .is If dry ice 

is not available or convenient, similar results may- be obtained 

by adding gaseous carbon di oxi de t o a cooled reaction mixture. 

An interesting deviation from nonnal acid fonnation i s the 

synthesis of keto-aeids, II\ which also goes easily. For example, 

the unusual b-phenanthroylpropi onie acid i s readily formed by 
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the interaction of 9-phenanthrylmagnesiurn bromide and sue-

cinic anhydr~de in yields of about forty-five 

0 - " 
0 

t H C - e, 
Q 

µ c.. - c. ', 
1-1 ... " 

per cent. µ u 

II ti " II 0 0 )
.., C. - C.. - C - ('.'.. - 0 \.\ 

This is particularly applicable when a specified orientation 

can not be achieved by other means. 

2. Synthesis of Alcohols and Hydroxyl Compounds. 

In general, in the Grignard synthesis of alcohols, it is 

found that formaldehyde plus a Grignard yields a primary al

cohol, other aldehydes plus a Grignard yi eld secondary alcohols, 

and ketones and esters plus a Grignard yield tertiary alcohols~t 

The first reaction, that with fonnaldehyde, takes place accor-

u ,.o .,. 

This is seldom used in the preparation of the alcohols of low 

molecular weight because they are so readily available elsewhere. 

The general reaction of aldehydes with Grignards is similar: 

o n \.-\ ,, o n "4 a _ 
\'\ - t\ 1 - b A + , c.. - C, ~ '" - ~ - 0 l"'\ i \l../1 

H G U 
".) 

while ketones react as follows: 
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'?t'\ X 

~ - t. - R' 
I ~·· 

-t 
__ .,,,.. 

u....,o R - c.. -Q 

The stepwise reaction with esters is: ~ 

" 
0 

R" 

R- ~ - .o M\ " 
Q" 

R - c.. - R 
" 0 

R., 
I 

R - c.. - o -n1x 

0 - (\ . 

It is noticed that the reaction of the Grignard with a ketone 

is a means of attaching three separate hydrocarbon groups in 

a carbinol formation, which makes possible the synthesis of 

many carbinols otherwise difficult to obtain. 

One obstacle which may occur is incomplete formation of 

the tertiary alcohol. It can be seen that the second step of 

the reaction with an ester is an intennediate ketone synthesis, 

and, depending on the ketone formed and the Grignard being used, 

the reaction may be halted at this point. 
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In addition to .esters and ketones, the following groups of 

compounds will fonn tertiary alcohols with a Grignard re

agent: acids, acid anhydrides, salts of acids, amides, and 

acid halides.'?>~ 

The principal exceptions to alcohol formation come fran 

steric considerations. Di-tertiary-butyl ketone is a good 

example, because the active Grignard is unable to reach the 

carbon-oxygen double bond, so that no reaction takes place. 

Outside of steric cases, the main difficulty lies in the fact 

that if there are carboxyl or hydroxyl groups at other parts 

of the reacting molecule, the Grignard will also attack them, 

and either be destroyed or give a secondary addition compound 
ll\ 

at the wrong position. 

The direct oxidation of Grignards will give good yields of 

alcohols from alkyl compounds, but generally very poor yields 

of phenols from aryl compounds. Addition of oxygen is believed 

to be due to a secondary reaction of the Grignard with the 

ether peroxides which are fonned from the oxygen and ether, 6 ~ 

but as yet a completely satisfactory explanation remains to be 

given. 

The synthesis of anthranol will be given here because it is 
1,..1.._ 

a case in which benzene may be substituted f or the ether solvent. 

2-a-napthylmethylben;,oic ac i d, which is made by hydrogenating 

2-a-napthoylbenzoic acid, is converted to the ester l,2~benzanthryl-

10-acetate, and this is spli t by the Grignard in a typical ester 

cleavage as follows: 
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q 
OJ: 

I 

C • ~ \.\ "> ,. 
0 

\I ._ • C... -Cit, CA}J ..\y 

\1~0 C. . , 1-000 \~ r-~ 

Ac.. 1,, o 

The product is 1,2-benz-10-anthrol. 

er;, 
C:.. - C. \.\ 1:, 
" 0 

I 
\ 

' 

_j 

OH 

The lactone synthesis is another example of the Grignard 

fonnation of hydroxyl compounds. An examnle is shown below, 

in the preparation of a lac tone wh.· ch would be dif.ficul t to 

obtain by other means •2?;, 
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It is of interest to note that in addition to the insertion of 

a methyl group at the carbon-oxygen double bond, The Grignard 

in this instance also caused a ring closure, a rather unusual 

result. 

J. Synthesis of Ketones. 

The synthesis of ketones properly belongs as a sub-heading 

under alcohol fonnation, since the same reagents can be used for 

each, and the ketone is an intennediate product in alcohol for

mation. The preparation of ketones in preference to tertiary 

alcohols is accomplished by the addition of acyl halide, in 

small amount, to a Grignard, or better, to the less reactive 

cadmi um compound corresponding to the Grignard.,,. By using this 

cadmium compound, and reasonable care to keep it in excess at 

all times, satisfactory yields of most ketones are obtainable. 

4. Synthesis of Hydrocarbons. 

The Grignard reaction allows hydrocarbons to be fonned 

quite easily, and when made in this manner, they will be free of 

other hydrocarbons of similar boiling or melting-points,~~ which 

is advantageous, since it is not always eaffY to accomplish frac

tional distillation of hydrocarbon mixtures. The most easily 

diagrammed reaction of this type is the hydrogen cleavage of a 

Grignard, which requires one mole of hydrogen for each mole of 

Grignard: 

The ease of reaction is dependent upon the relative reactivity 

of the magnesium canpound, which was discussed along with mech

anism. 

Chemistry Laboratory 
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A simpler way than direct hydrogenation, however, is the 

reaction with active hydrogen compounds, of which water is 

the most common. This particular reaction occurs with such 

ease and speed that in all Grignard reactions precautions a

bout dryness of . reagents and apparatus is necessary. 6 The 

equation is: 

with some disproportionation of MgOHX into Mg( OH) 2 and MgX2• 

The synthesis of mixed aryl-alkyl compounds is accomplished 

by use of the Grignard reaction. 

synthesis of a-allylnapthalene: \b 

A typical example is the 

" ~ " H c. - c~c " 
\ 

CD 
although a wide variety of compounds are made with s:iJl'lilar ease. 

Other active hydrogen compounds than water , such as al

cohols and acids give hydrocarbons with the Grignard:,.-

By varying the solvent ether according to the product desired, 

a consi derable difference in boiling-points may be obtained be

tween solvent and product, which facilitates separation. For 

example, if n-pentane is the hydrocarbon being synthesi zed, a 

higher-boiling ether than the diethyl, such as n-butyl or n-h~l, 

would be used. 

5. Reactions with Nitrogen Compounds. 

The most common of the nitrogen compounds which react with 
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the Grignard r~gent are the nitro compounds, typical of which 

is nitrobenzene. This gives several different products, de-

pending largely upon the particular Grignard used. For instance, 

w:i. th the aryl phenylmagnesium bromide, in a one-to-four molecular 

0 ::::ol:~g6~-:= ()JO+ 6 • 
A suggested explanation ~ G of the reaction is that, in an inter

mediate step, the following occurs to some extent: 

0 -No~ + O ·Ni-11. - 0-M•arQ -ori.-e.. 
With the use of an alkyl Grignard, however, tetrasubsti

tuted hydrazines '4S are found among the reaction products: 

C,_ll ,; M1, I'.>,-, • Q ,- t10~- 0000 
Nitrosobenzene has been found to undergo the reactions: ~~ 

~6~ 

o-Na t O ·M1·&. - Q JO 
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- N 0 \l 

This is not the complete formulation, but sho,rs the chief 

course of the reacti on. 

The reaction of the Grignard with cyanides, with subseq

uent hydrolysis of the product, results in the formation of 

ketones. The reacti on yields a transitory ketimine derivative: ~ij 

I 

R' 

' R' ~ • 
Cyanogen cleavage of Gri gnards, and the halogen-cyanogen 

cl eavage, both occur readily: '.!I".> 

0. - C N Md X( t- N) 

R-t.W ..- R- ~ ,.. MA t 1- -t Mi 't( t N) 

The proportion of cyanide to halide depends upon the relative 

reactivity of the halogen used. 

I socyanides, in general, add to Grignard reagents to fo:nn 

addition compounds, which are further hydrolyzed to azomethylene 

compounds. These azcmethylene canpounds in turn react with more 

Grignard reagent to yield secondary amines. 
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12 f 

I 

R- N - <:.- - R' 
I " M\ X 

R' 
I R' 

({- N - C - Q. ' 
I \~ 

~1 X 

R-N 
I M0(o'¼) ~ - c-Q 4--

" " (:'a 

Aliphatic diazo canpounds ~4 yield nitrogen-substituted 

ccmpounds, while aryl diazo compounds show noticeably less 

tendency toward any reaction; 

R, ,c 
' I 

C - thN A. , 

I 
R.'' 

{l, f7 ,, f 

, , 11., U""o R " ) 
t. ... t& - .a --~ i-- --~~ N- w - R " " M\(C '-' X 

R , 'M1 '< n , 
6. Reactions with Sulfur Compounds. 

Addition of free sulfur . to a Grignard reagent, and sub

sequent hydrolysis of the addition product gives a mercapta.n, 

or thio-alcohol, in a reaction analogous to oxidation of Grig

nards to alcohols_.,,, 

O u~o 
l'\ - ~ -M i "t --~ ~ -S \-\ + M, ( c:H~) X 

The reaction with sulfur dioxide l.tL to f onn sulfinic acids is 
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demonstrated with phenylmagnesium brcmide: 

These sulfinic acids are useful intermediates in the preparation 

of thiophenolsk' by reduction of the sulfinic acid with zinc and 

sulfuric acid, followed by steam distillation, which in the case 

of the benzenesulfinic acid yields thiophenol, c6H5SH. 

7. Other Reactions of Interest. 

The remaining reactions of the Grignard reagent are dis

cussed from the viewpoint of types of structure, rather than of 

functional groups. The first of these structures is the terminal 

cumulated unsaturated compounds, which include the ketenes, iso

cyanates, isothiocyanates, and thionylamines. In general, these 

compounds will react at the terminal unsaturated linkage,k~ and 

not at the second unsaturation. For example, in the reaction of 

phenyl isocyanate with phenylmagnesium bromide, the reaction 

0 -u,o ' OM\~ --- 0 ~~~1-0 
then takes place on hydrolysis: ~~ The usual rearrangement 

-- "''~ -(J -~,L(=:) 
0 " · tO <<& ... ~" " 

is: 

The reaction proceeds smoothly enough to permit the use of phenyl 

and alpha-napthyl isocyanates in th~ preparation of derivatives 

for the identification of Grignard compound~~ 
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With non-tenninal cumulated systems, which are those sys

tems in which there are two adjacent unsaturated links, neither 

of which is at the end of a chain, the Grignard reagent gives 

reactions which are similar to those of the isolated indepen

dent linkages, except that with the simpler systems, such as 

carbon dioxide, carbon disulfide, and sulfur dioxide, only one 

of the two double bonds is broken, as in the reaction:~ 
c:) 0 .. 
( ::0 -

0 ,, 

In reactions with conjugated systems of two unsaturated 

linkages, separated by one or more carbon atoms, usually 1,2-

addi tion occurs, as i n the simpler systems. However, there 

is no 1,2-additi on to ethylenic or acetylenic linkages,~ 

because of the acidic nature of the hydrogen attached to the 

group. Instead, the following take place: ~' '?>o 

" - <:.. ; c:: - M -+ C"'- \l .,,. - t'\\ ~ >- M~ C :: c. - I"'~ fu \- ~ 1., "<. 

\.\. c, :: e, - " "' ?.. C'L, \.t ,; f<\ ,.\ \\n fu -n , . c =c - M'\ {l-t " t. ~ \.\c. 

0 -e , e " .. c,",11 , I'>. - Q -e , e -1'1'\I',,' • c, " , 

1,4-addition reactions of the Grignard reagent are interes

ting and fairly camnon. Grignards have the unusual property of 

unlocki ng a conjugated system which is part nuclear and part 

lateral.~'" For example, with phenylated unsaturated ketones, the 

following type reaction occurs:~~ 

23 



24 

and the unstable enol form subsequently tautomerizes: 

Also, "1th benzalquinaldine, S~ there is: Q__,, 

+o ,~~CC)-~-;0 



1,6-Additions have been found to occur with derivatives 

of fuchsone,t.z the reaction being: 

;- 0 0 ~"·r u -~- M~ C.. M t - c. 

0 0 I 

0 OMi bn 

0 -1"D o ~"-o MX 
- C. -

( a..c:,&) 

6 0 
OM\ ~ 0 

M 

The reaction of quinones with Grignard reagents yields 

mixtures of 1,4- and 1,6-carbonyl addition products,~' and is 

consequently of little preparative value. 

The use of ethylene oxide with a Grignard to increase the 

length of a carbon cha.in by two atoms 
l!, - .. - - - r --- •- ; 

R- M'i - 't + " ... c. - t. U .... 
6 '- ' 

l - - - - - - - - - - -► () 

is well-known: 8 

" " R - C - C. - 0 - "" "'- " 
~ tt <l 

R- <: Ui. - c.u.., · O \"\l x: ",.o ~ R- c" '"" - C. \\ ,. - 0 1-t -t 1'1' (()" ) '1( 

and halogen cleavage of a Grignard is another simple reaction. 1>"' 

Addition of free halogen gives rise to an organic halide. 

The reaction between magnesium and a peri-diha.lona.pthalene, 

in which the halogens are dissimilar, illustrates the difference 
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in reactivities of the halogens. l-bromo-9-iodonapthalene 

undergoes a reaction with magnesium metal in which the iodine 

l i nkage is disrupted. If this product is treated with dimethyl 

sulfate, l-bromo-9-methylnapthalene results:\~ 

(X) " 1 ~ 0) 
:t co Pl.JI M ~ l 

~ (c 11.,), s o , w 
. Pu M'\ 1., 0.Jl. C \4 -,, 

Limitations in Syntheses with the Grignard Reagent. 8. 

Perhaps the most common limitation in the use of the Grignard 

reagent is that atmospheric oxidation of the reagent proceeds 

so rapidly in many cases that exclusion of air is necessary. 

Mercury sealing of apparatus is sufficient protection in the 

more rapid reactions, but an atmosphere of nitrogen is often 

requi red. 

Another disadvantage is that compounds which contain sev

eral functional groups capable of reacting with the Grignard 

frequently cannot be made to react at one group and not at a

nother, which eliminates the Grignard as a means of introducing 

many groups into a molecule.4' 

Other · limitations are caused by steric hindrance. In gen

eral, for example, a bromine atom, flanked in the two ortho

posi t ions is unreactive. Meteyl groups in the ortho-positions 

often give rise to abnormal addition, as in the reaction of 

acetomesitylene with methylmagnesium branide: ~0 
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~"'i (\Jl 
C ~G " ,. 
I 

u,c -o-c", 
I 

C. \t ~ 

O \.l 
• c.. ~ C\.1-. 
I 

",t-o -c", 
I 

1(.., 0 

~ M'\~ 
C = e \l ..., 

",c-0 -011, 
' c. " "?, 

OU 
' y=e~ ... 

M,.c -oc11, 

0 ,, 
~ - c"'\ 

",c-oc11, 
cu.., 

in which the final product is identical with the starting 

material. 

F. Uses of the Gri gnard Reagent . 

The Grignard reagent has several uses, other than those 

in connection with pure organic synthesis, which are of in

terest. First among these is the Tschugaeff-Zerewitinoff an

alysis for active hydrogen,~) which gi ves the number of active 

hydrogen atoms per molecule of a known compound. The procedure 

is to add an excess of methylmagnesium iodide, usually in di

isoamyl ether,~'l. to a known quantity of sample, and to measure 
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the volume of methane liberated. A sample reaction is that of 

dimethylamine: 

\..\-., t 
\ 

N-\.1 

A so-called "Grignard Machine", used in this determination, is 

• 1 l1' shown i n Figure • 

Figure 1. 

F 

A. Calibrated hypodermic f or adding Grignard reagent. 

B. Rubber stopple to pennit air-tight injection. 

C. Intermittent electromagnet to vibrate steel ball in sample 

container. 

D. Sample with glass-covered ste~l ball for uniform mixing. 

E. Inlet for nitrogen atmosphere. 

F. Manometer apparatus used to determine volume of methane. 

G. Levelling burette. 
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H. Water bath for constant temperature control. 

I. Thermometer. 

A measured volume of solution is injected into the system 

from the hypodermic, and complete reaction with the weighed 

sample is insured by vibrating the glass-covered steel ball 

through the sample by means of the electromagnet. The remain

der of the apparatus is for collection and measurement of the 

liberated me t hane. 

Another use of the Grignard reagent is the synthesis of 

tetraethyl lead, or so-called "anti-knock" compound. The re-

t . . 7 ac ion is: 

This is of laboratory interest only, because of prohibitive 

cost. A cheaper sodium-lead alloy process is used exclusively 

in industry. 

Another use not employed because of economic limitations 
,.; 

is the vulcanization of rubber. Sulfur is the commercially 

used vulcanizing agent, but good results have been obtained, in 

laboratory lots, with Grignard reagents. The high reactivity of 

the Grignard in addition at unsaturated links is involved. 

An important use for the Grignard reagent at present is in 

the synthesis of otherwise scarce and expensive biologically 

useful ccmpounds. For example, the reaction is used in the syn

thesis of progesterone and other honnones~~ where their isolation 

and purification from body excretions is expensive and difficult. 

The reagents are also useful in making carcinogens for cancer 
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research. These carcinogens are polynuclear hydrocarbons 

which induce cancer and malignant twnors when impregnated 

in animal s. These are two examples illustrating a _large 

field in which the Grignard reagent may be considered indis

pensable. 
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EXPERil!ENTAL WORK 

A. Introduction. 

The purpose of the experimental work is to determine whelfa 

her an opti cally active ether solvent will have sufficient sol

vation effect upon the reaction between a Grignard reagent and 

an aldehyde to cause the resulti ng alcohol to rotate the plane 

of polari zed light.* Since the ether solvent fonns complexes 

with the Grignard reagent, the solvated Grignard molecule will, 

in effect, be optically active. At the same time, because of 

resonance of the aldehyde molecule between the structures: 

there should also be solvation of the aldehyde: 

.. 
.. R : C, :H 

~ ~ t. : H + \.°'4 C ,_ : ~ : Cit µ q '-' c; C.1.. ~ ~ : C 4 \.\ '\ 
-+ 

which would make the aldehyde similarly active. The reaction 

between these two activated molecules should then result in an 

optically active product. 

* Tarbell and Paulson, J. Am. Chem. Soc., 64, 2842 (1942), 

found that d-methyl-sec-butyl ether solvent gave an inactive 

product with this reaction, and suggested that two molecules 

of the ether had coordinated with each molecule of Grignard re

agent to fonn a complex containing a plane of symmetry. 
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The work may be divided into five phases: resolution of 

the alcohol, preparation of the racemic ether to determine the 

ease of reaction and percentage yield, Grignard reactions in 

the racemi c ether to detenni ne ease and yield of reaction, prep

aration of t he acti ve ether, and Grignard reactions in the ac

t i ve ether. 

B. Reactions Accomplished. 

1. Resolution of the Alcohol. 

The resolution of 2-butanol was carried out in the following 

manner.' ~ Five hundred fifty grams of phthalic anhydride and 285 

grams of 2-butanol were heated with constant stirring on a water 

bath f or eleven hours. The resulting crude sec-butyl hydrogen 

phthalate was dissolved in eighteen liters of dilute sodium car

bonate solution, and the unchanged alcohol extracted with ether. 

The ester was then re-precipitated wit h excess hydrochloric acid, , 

washed wi th wat er, and recrystallized. The recrystallization 

was carried out in two parts; half of the ester was treated with 

glacial aceti c acid, and the other half with low-boiling petro

leum ether. The glaci al acetic acid caused loss of yield due to 

the high solubili ty of the ester, and the petroleum ether gave 

poor results because of the slight solubility of the ester even 

when the petroleum ether was heated to boiling. 

The brucine salt of the ester was prepared in three stages, 

because of t he limited amount of brucine. In the first trial, 

191 grams of the ester was di ssolved in 0.88 liters of warm ace

tone, 339 grams of brucine alkaloid were added, and the mixture 

refluxed at 40° for one hour, after which it was filtered hot, and 
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the filtrate placed in the ice box. Approximately 0.30 liters 

of excess acetone were required during the filtration to cause 

canplete solution of the brucine salt. This necessitated re

moval of the excess acetone before fractional crystalliza tion. 

A water bath was used for this purpose, and too much of the sol

vent was evaporated, resulting in the crystallization of a por

tion of the brucine salt of the 1-ester along with the brucine 

salt of the d-ester. The product, after recrystallization from 

hot methanol, was treated with a slight excess of dilute aqueous 

sodium hydroxi de and steam distilled. The alcohol was salted 

out with potassium carbonate, and distilled. The boiling point 
0 

at 744 nun. pressure was 98.0. The boiling point of the pure 

0 '""' alcohol at 760 mm. pressure i s recorded as 99.5. The speci fic 

rotation of pure d-sec-butanol is recorded as + 12 .o 11 , . using the 

0 "'"' d-line of sodium at 20 • The specific rotation of the resolved 

alcohol was+-2.8 ° , usi ng the. d-line of sodium at 23 °. About 

twenty milliliters of d-alcohol were obtained. 

The remaining solution of the brucine salt of the 1-ester 

in acetone was dried over a water bath, treated with excess aq

ueous sodi um hydroxide, and steam distilled. Due to removal of 

sane 1-alcohol along with the d-alcohol in the frac t ional crystal

lization, insufficient 1-alcohol was obtained to permit investi

gation with the polarimeter. 

The alkaline brucine suspensions remaining after steam dis

tillation were rec overed by treatment with excess dilute hydro

chloric ac i d, and filtration. The filtrate was then treated 

with a slight excess of ammonia solution, after which it was again 
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filtered, and the free brucine washed with small amounts of 

pure water. The brucine was dried by passing air through it, 

and afterwards by standing in a desiccator. This recovered 

bruc i ne was then used in the second and third trials. 

I n the second trial, 243 grams of ester were dissolved in 

1.10 liters of acetone, and 431 grams of brucine added. 

In the third trial, 337 grams of ester were dissolved in 

1.40 liters of acetone, and 536 grams of brucine added. During 

the evaporation of excess acetone from these solutions, a con

siderable amount of water, from an open condenser attachment, 

was accidentally run i nto the acetone solutions. This resulted 

in a thi ck, viscous mass, which could not be filtered or crys

tall ized. Attempts to remove the water by continued standing, 

in small portions in calcium chloride desiccators, were unsuc

cessful; therefore, no resolved alcohol was obtained from 

ei ther the second or third trial. 

2. Preparation of the Racemic Ether. 

Racemic sec-butyl ethyl ether was prepared by the William

son synthesis to determine the ease of reaction and percentage 

yi eld of ether. S'S" 

Eight grams of freshly-cut sodium metal were added to 100 

milli liters of 2-butanol, and allowed to stand until no further 

reaction was noticed. To this was added 17.5 grams of ethyl 

bromi de, and the mixture was allowed to stand for three days. 

The mixture was then distilled, and the fraction coming over be

tween 80° and 85° was coll ected, mixed with 100 mi lliliters of 

water, and redi stilled. This time the fraction distilling be-
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tween 67 ° and 72 ° , consisting of an azeotropic mixture of al

cohol and water, 5~ was coll ected, redistilled, and the fraction 

" 0 in the range 71 to 72 coll ected, separated, and the ether dried 

over cal cium chlori de, refluxed vri th sodi\llll, and distilled. The 

first trial of this synthesi s yielded 1.2 grams of pure ether, 

and the second trial l.S grams. In a third trial the amount of 

ethyl bromide was doubled, and the time of reaction increased to 

four days, wi th i ntenni t t ent agitation. This raised the yield 

from 100 mi l l iliters of alcohol to 6.7 grams of ether, but this 

was sti ll insuff icient for use with the antipode alcohol. 

Me:xt the ether was prepared in benzene solvent,'"!i by adding 

4.6 grams of freshly-cut sodi\llll metal to 100 milliliters of dried 

benzene, and adding 26 .o grams of 2.:.butanol. This mixture was 

refluxed over a water bath until solution was complete, after 

which )8.5 grams of ethyl bromide were added, and the solution 

allowed to stand overnight. Distillation of this mixture was 

unsuccessful because of the simHarity in boiling points of the 

ether and the benzene. 

The ether could probably be prepared in diethyl ether sol-
1o':i vent, but t hi s was not done. 

Due to fai lure to prepare the active ether, no Grignard 

reactions were run. 

C. Summary and Conclusi ons. 

The problem has not been solved to date. However, if the 

active ether could be prepared in diethyl ether solvent, in suf

ficient yield, the remainder of the problem should follow with

out much di fficulty. 
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Since no activity was noticed wit h reactions ind-methyl

sec-butyl ether solvent, however, it is doubtful whether any 

activity would be obtained using the d-ethyl-sec-butyl ether. 

36 



BIBLIOGRAPHY 

1. Baeyer and Villiger, Berichte, 35, 1202 (1902). 

2. Boyd and Hatt, J. Chem. Soc., 898 (1927). 

3. Desha, "Organic Chemistry," McGraw-Hill Book Co., 

New York, 1936, p. 145. 

4. Entemann and Johnson, J. Am. Chem. Soc., 55, 2900 (1933). 

8. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

Fieser and Fieser, "Organic Chemi stry," Heath and Co., 

Boston, 1944, p. 40. 

Ibid, p. 78. 

Ibid, p. 93. 

Ibid, p. 119. 

Ibid, p~ 144. 

Ibid, p. 154. 

Ibid, p. 170. 

Ibid, p. 189. 

Ibid, p. 192. 

Ibid, p. 210. 

Ibid, p. 330. 

Ibi d, p. 546. 

Ibid, p. 613. 

Ibld,' p. 660. 

Ibid, p. 681. 

Ibid, p. 712. 

Ibid, p. 737. 

Ibid, p. 801. 

Ibid, p. 825. 

Ibid, p. 953. 



26. Fleck, Annalen, 276, 129 (1893). 

27. Frankland, ibid, 71, 213 (1849). 

28. Ibid, J. Chem. Soc., 13, 194 (1861). 

29. Gilman, "Organic Chemistry," John Wiley and Sons, 

New York, 1943, p. 495. 

30. Ibid, p. 497. 

Jl. Ibid, p. 498. 

32. Ibid, p. 499. 

33. Ibid, p. 500. 

34. Ibid, p. 504. 

35. Ibid, P• 505. 

36. Ibid, p. 506. 

37. Ibid, p. 507. 

38. Ibid, p. 556~ · 

39. Ibid, P• 561. 

40. Ibid, p. 564. 

41. Ibid, p. 598. 

42. Ibid, p. 646. 

• 

Inc., 

43. Gi1Jnan and Brown, J. Am. Chem. Soc., 52, ll81 (1930). 

44. Ibid, p. 4480. 

45. Gilman, Kirby, and Kinney, J. Am. Chem. Soc., 51, 2252 (1929). 

46. Gilman and Fothergill, J. Am. Chem. Soc., 51, 3149 (1929). 

47. Gilman and McCracken, ibid, 45, 2462 (1923). 

48. ibid, 51, 821 (1929). 

49. Gilman and Schulze, ibid, .!±7, 2002 (1925). 

50. Gilman and Swiss, ibid, 62~ 1847 (1940). 

51. Goebel and Marvel, ibi d, 55, 1693 (1933). 



52. Grignard, Annalen Chem. Phys., 24, 433 (1901). 

53. Hallwachs and Schafarik, Annalen, 109, 206 (1859). 

54. Hess and Rheinboldt, Berichte, 54, 2043 (1921). 

55. Hickinbottom, "Reactions of Organic Compounds," Longrnans, 

Green, and Co., London, 1936, p. 72. 

56. Ibid, p. 177. 

57. Ibid, p. 405. 

58. Ibid, p. 409. 

59. Hoffman, Farlow, and Fuson, J. Am. Chem. Soc., 55, 2000 (1933). 

60. Houben, Boedler, and Fischer, Berichte, 69, 1766 (1936). 

61. Jolobois, Compt. Rend., 155, 353 (1912). 

62. Juli an and Magnani, J. Am. Chern. Soc., 56, 2174 (1934). 

63. Kohler and Nuggard, ibid, 52, 4128 (1930). 

64. Pickard and Kenyon, J. Chem. Soc., 103, 1937 (1913). 

65. Pickard, Kenyon, and Hunter, ibid, 123-1, 17 (1923). 

66. Porter and Steel, ibid,'42, 2650 (1920) . 

67. Schwartz and Johnson, J. Am. Chem. Soc., 53, 1063 (1931). 

68. Weygand, "Organic Preparations," Interscience Publishers, 

Inc., New York, 1945, p. 145. 

69. Whi tmore, "Organic Chemistry," D. Van Nostrand Co., Inc., 

New York, 1938, p. 349. 

70. Williamson, J. Chem. Soc., 4, 229 (1854) . 


	WLURG038_Fahl_thesis_1948_01
	WLURG038_Fahl_thesis_1948_02

