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' This invention relates to-a process for the ‘manufacture
of -organolead compounds. . In particular, this ‘invention
is -directed to an improved process-for the manufacture
-of tetraethyllead.

"The process employed in -present ‘commercial practlce
for the manufacture-of tetraethyllead ‘has been in use for

-a-number of years and, in general, is satisfactory.. How-
ever, it has certain disadvantages WhICh are overcome by
practicing our invention. - It proceeds by reacting a so-
dium-lead alloy, of composition controlled to correspond
‘substantially to NaPb, with ethyl chloride according to

~thefollowing equation:

4ANaPb+-4C;HsCl—(C;Hy) ;Pb-+3PB4NaCl

“With ‘the Highest yields obtained thereby on]y about 22
percent of the lead present in the NaPb alloy is converted
1o tetraethyﬂead ‘Under conditions ‘of best operation of
this .process, no- one heretofore, as far as we are aware,
‘has ‘been dble to increase this yield of tetraethyllead by
-even a few percent, due to the inherent limitation in yield

"‘as:is apparent from the ccnsideration of the above equa- 3

tion. It should be noted that in this Teaction at least
75 percent of the lead originally -employed is not alkyl-
-ated. - "Thus in this reaction, large quantities of lead must
‘be recovered and reprocessed to NaPb alloy in order to
‘make it economical. A further disadvantage of such a
large quautlty of unreacted lead is that valuable reaction
space in the reaction vessel is occupied by materials which
are essentially inert for the manufacture of tetraethyliead
under present conditions and mode of operation.

Other processes for the production of organolead com-
pounds, and in particular tetraethyllead ‘have been de-
vised to consume the lead produced 4n the above equa-
tion. 'While such processes -are satisfactory from the
standpoint of lead consumption, they suffer an additional
drawback in common with the present commercial proc-
-ess in that they require organo halide as the ethylating
agent. One such process is that described in U, 8. Patent
2,535,190 wherein lead as, for example, that produced
in the commercial process, is treated with ‘metallic mag-
nesium and ethyl chloride in the presence ‘of a ‘catalyst,
preferably. an alkyl ether.  Thus, in this process. as well
as the present commercial process, the tetraethyllead
manufacturing operation is restricted by the necessary
balance between the metallic sodium required and the
organic chiorine in the ethyl chioride. ]

The classical Grignard synthesis for organolead com-

pounds. has been known for many years. = Although pro-
ceedmg readily, it has ‘not been used commercially be-
-cause -of unfavorable-economics.” This process comprises
reaction of an organomagnesium halide with 4 lead halide.
Unfortunately, the lead halide is éxpensive and no known
means for replacing it with an economical substltute has
been shown heretofore.

It is therefore an object of this invention to providea
process for the manufacture of organolead compounds
which overcomes the above :objections'to the present com-
mercial process and those processes “which ‘have been
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. ment there over.

lead ore, galena, or lead sulfide.

2 .
proposed earlier as well as more recently ‘as an improve-
Particularly, it is an object of the in-
vention to increase the conversion of lead to tetraethyl-
lead above that obtained in present commercial practice
without requiring the use of metallic sodlum metallic
lead, or-alkyl halogen compounds.

These and other objects .of .this invention -are accom-
plished by reacting -an inor,gam'c,Iead -chalkogen com-
pound with an organomagnesium halide. Tn. accordance
with this invention, it has been discovered that to _produce
organolead compounds it is unnecessary to start with-a
lead alloy,:a lead halide, or in -fact. to employ metallic
lead at all.

The process of the present mventmn can best be under—
stood by considering .the chemical equation involved. In
general, the process:‘proceeds according to “the equation

4RMgX+-2PbY->PbR,+Pb+2MgXy-+2MgY

where R is an organic Tadical, X ‘is ‘a halogen ‘of -atomic
weight greater -than 35, and Yis a.chalkogen, ‘that ‘is
sulfur or ‘OXygen. - A satisfactory form of ‘the lead to be
employed in the process of -this invention is' the common
An additional ‘satis-
factory source of lead for .the present invention is lead
oxide. Other lead oxides ‘and sulfides can also be “em-
ployed. In the preferred embodiment of this process ‘the
organic radicals ‘are hydrocarbons and ‘particularly are -
non-aromatic' or aromatic.  Among the non-aromatic
radicals ‘we ‘can employ alkyl or hydrocarbon. substituted
alkyl ‘radicals. .In general, we prefer the lower alkyl
radicals having up ‘to about eight carbon atoms. Among
the aromatic radicals which can be employed-in the above
reaction are included pheny!-and hydrocarbon ‘substituted
phenyl Tadicals such as the alkaryl radicals. ' In general,
aromatic radxcals havmg up ‘to 10 carbon atoms. are
satisfactory. - Thus, the. compounds RMgX may be con-
sidered alkylating or arylating-agents with Tespect to the

lead in the lead chalkogen compound represented by PbY.

Of greatest current importance from  a commercial
standpoint is the mamufacture of tetraethyllead by the
process of this invention. This embodiment can be illus-
trated by reference to the following equation representing
the preferred embodiment.

4C;H5MgCl--2PbO-> Pb(C5Hy) 4+ Pb-+2MgCl+2MgO

Tllustrative of the alkylating or arylatmg agents which
we can. employ are methyl magnesium_bromide, methyl
magnesium chloride, ethyl magnesium iodide, ethyl mag-

esium bromide, propyl ma gnesmm bromide, butyl mag-
nesium’ bromide, amyl. magnesium. bronude, and amyl
magnesmm chloride, and the Tike up to about octyl mag-
nesium- halides; phenyl magnesium bromide, benzyl mag-
nesium. chlorlde, tolyl magnesium iodide, phenethyl mag-
nesium chlorlde, phenethyl magnesium -bromide, .butyl-
phenyl magnesium “bromide, diethylphenyl magnesium -
chloride and the like. . In addition to the normal alkyl

_magnesium halides. _mdicated ‘heretofore, the branched
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chain isomers can be employed..” Likewise, a mixture of
two -or ‘more compounds RMgX can be employed along
with a redlstrlbutlon catalyst to preduce organoclead com-

“pounds containing a multiplicity of hydrocarbon radlcals

Thus, by. employmg a mixture. of methyl magnesium chlo-

tide and ethyl. magnesivm chlonde -and conducting the

reactlon in ‘the presence of a2 small quantity .of catalyst
such as aluminum chlorid le, the product comprises a mix-

“ture -of tetramethyllead, t“lmethylethyllead dlmethyldl-

ethyllead ‘methyltriethyllead, and tetraethyllead in -an
equilibrium ‘proportion. .
By the process of thlS invention, as much as 50" percent

‘of thelead in‘the foregomg lead salts ‘is directly converted
‘to organolead or-in partlcular, 1 4 commercial ‘embodi-
“ment, to tetracthyliead. " 'Thé rewainifig ‘portion ‘of the
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lead is in a highly active form as lead metal and is ideally
suited for employment in the commercial process employ-
ing sodium-lead alloy or in that which proposes the reac-
_ tion of metallic-lead with an alkylating agent in the pres-
. ence of magnesium and a catalyst. Conversely, the lead
.80 produced . by-this invention can be recycled economi-

" cally to the present process by conversion to the appro-

" .priate lead salt.
Our invention is adaptable to the productlon of organo-
- lead compounds generally, such as tetraethyllead, tetra-
methyllead, dimethyldiethyllead, tetraphenyllead, triethyl-
phenyllead and tetrapropyllead. = Nevertheless; for con-

venience in describing our - invention hereafter, specific-

10

reference ‘will be made to tetracthyllead, the most widely

" known because of its use as an antiknock agent. '~ When-
ever, in the following description, this material is referred

~to, it is to.be understood ‘that other organolead com-
_pounds or mixtures can ‘be ‘made by our process.

- Generally, the process of this invention is. conducted

as follows. “Into a reaction vessel, preferably a stirred
autoclave, -is placed the desired quantity of an inert
:—I1qu1d carrier- such as, for example, a hydrocarbon of
medium boiling range The appropriate lead salt, for
- example lead oxide in finely divided solid form is in-
~ troduced through a hopper containing a plugcock into the
.autoclave while agitating to create a suspension of the
lead oxide in the inert hqmd carrier. A soluation of the
organo magnesium -halide in a suitable diluent such as
for example; an ether is introduced into the autoclave.
The connection to the hopper is thereupon closed, the
autoclave sealed, and moderate heat is applied while con-
tinuing the agitation. = Reaction. commences as the tem-
perature is increased. Thereupon, an exothermic reac-
_ tion ensues and upon reaching the ‘desired reaction tem-

perature, cooling is provided through a jacket in the auto- 9«

clave.  In.contrast to other processes for the manufac-
ture .of  tetracthyllead, when this invention is employed
_ it ‘is’ not- necessary to provide expensive and complex
" reflux equipment as, by proper choice of the carrier
. liquid, the reaction can be conducted in a ‘closed system.
Thus, tetracthyllead can be produced without the co-
- presence. of ethyl chloride in the closed vessel. This
greatly facilitates control of the reaction and prevents
_ the existence of an otherwise hazardous operation. After

completion of the reaction, the organolead compound pro-

duced is in solution in the carrier liquid and the other
products, namely the magnesium salt and metallic lead
can be removed by filtration and the organolead com-
pound removed from the carrier by distillation.

The operation described above'can be varied and it is
_not intended that this invention be limited to this spee1ﬁc
_sequence of addition. For example, the organo mag-
~nesium halide solution can be admitted to the. reactor
" first'and then the finely divided lead salt added.thereto
_with agitation. . In this instance-the ether solution will
" serve as the irert carrier or an additional inert carrier
“can be added. Other modifications.will -be evident..

‘While the above operations were discussed: in connec-
. tion -with a batch operation, - they can be successfully
-adapted to a continuous process. - In addition to apply-

. ing the above operations to a continuous process, other’
" modifications of a continuous process can be made, such-

" as first n:uxmg together - all the reaction materials and

then passing.them contmuously through 2 suitable reac--

" tion zone.
It has -been mdlcated that the process of the present
_ invention is conducted in the presence of an inert carrier

" liquid. . .Hydrocarbons of appropriate. boiling point with.

. respect. to the -organolead compound produced are satis-
factory and can be chosen so as to provide a solution of
the product suitable for other applications or so that they

- can be readily removed by distillation at a temperature

- at -which 'the organolead compound will not decompose.:

. Other inert carrier liquids are satisfactory and where the
-product is a liquid-such as, for example, in the manu-
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facture of tetraethyllead the organolead compound itself «-
In such an opera-: -

can be employed ‘as a carrier liquid.
tion, ‘economies are effected by obviating the necessity

of recovery by other means than merely filtration of the -
The ethers can also be employed-as = -

Usually that-ether employed as.diluent - -

in the preparation of ‘the organomagnesmm halide :is ©

co-produced solids.
the inert carrier.

used. = Typical of this class of ethers is diethyl ether.’ “In o

) general lower alkyl ethers havmg from one to six carbon "

atoms in each alkyl group-can be employed.. Typical -

of such ethers are dimethyl ether, méthylethyl ether,:di--. :
- butyl ether and dihexyl ether.

. Another preferred class
of solvents comprises the polyethers, such as the dialkyl
ethers of glycols, including dimethyl ether of ethylene gly-
col, dimethyl ether of diethylene glycol, and the dialkyl
ethers of the polyglycols, such as the dimethyl ether ‘of -
polyethylene glycol.
vents comprises the cyclic ethers, such as dioxane and
tetrahydrofuran. = Another class -of carrier liquids com- -~
prises the liquid ‘amines and liquid ammonia.- The prin-
cipal criterion: of choice thereforé, of a carrier, .is'.the -
physical characteristic of-the organolead compound pro-

duced, and the inertness of the liquid to ‘the -organo-: --

magnesium halide reactant. Certain of- the aforemen- -
tioned reactant carriers, while inert to the- reactants, €xX-: -
hibit a beneficial effect- on the reaction which may be -
considered catalytic: in nature and contribute to the ease -

of reaction and rapidity. of arriving at completion of the .~

reaction at relatively lower temperatures and pressures:
In general, when conducting this process in the presence - -

- of a liquid carrier as above, the amount of carrier: should i
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' proportlon of ‘the reactants and carrier:
- eration it is preferred. to employ: the llqmd diluent in: &

be proportioned so as to provide adequate_ heat removal e
facilities.. . In" general, the load on the-heat transfer
medium is proportional to thé concentration or relative .

the proportion of -as much- as 1,000 parts_per part:of
organometallic reactant. In a continuous operation:or

in an operation providing the maximum- heat_ transfer -

medium, a more concentrated: reaction : mixture can_be :
employed wherein as little as equal parts by weight of =
carrier and -organometallic reactant are’ employed: ::In:

- general, it has been found that a more concentrated 1é- - -

action mixture-provides a rapid reaction and, prov1ded,

adequate heat removal means are prov1ded this:is-an’
advantage as the organolead product is subjected. to. the g
elevated reaction temperature - for the shortest practical -
time thereby minimizing thermal decomposmon or un-r ‘

desuable side reactions.
The ‘organomagnesium compounds employed in the ‘

process of this invention can be prepared by methods_ .-

well known in the art: For example, reaction of thin :
magnesium turnings with an ethyl bromide in the presence
of an ether produces ethyl magnesium bromide. -Corre--
sponding reactions between magnesium and other-halides

of the desired: organic group. are employed  for other - -

embodiments of the present invention. It is not.iin-.
tended, however,  that the scope of this invention -be - :
limited to any particular method- of producmg the hydro- .
carbon carrying reactant. <
This invention can be further understood by the fol—

lowing detailed working éxample of one method of prac-- -

ticing this invention as directed to ‘the manufacture of ..
tetraethyllead B
Example I

The reactor employed comprises an autoclave w1th m—"l :
ternal agitation, external heating means, and a means for

cooling. Attached to the top thereof is provided a hop--- -

per for containing solid reactant having a plug cock ‘by--

“which the solid reactant is admitted into the autoclave.
The autoclave is flushed with dry nitrogen.  To the auto- -

¢lave is added 165 parts. of n-hexane.. - With agitation,
7.8 parts of lead oxide of particle size less than 14¢ inch-"
is admitted to the autoclave from - the hopper.
suspensmn of the lead oxide: is formed. To this mlxture

A still further class of ether sol- - .

In a batch: op- -

Thus:a ..
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is added a solution of 11.2 parts: of ethyl magnesium
bromide in 36 parts diethyl ether. The autoclave is then
sealed. The resulting mixture is heated to about 114°
C. Since the reaction is exothermic, the heat is then re-
moved and the mixture is cooled to maintain a tempera-
ture between about 114° to 122° C. When the tempera-
ture drops, as the reaction proceeds, heat is again applied
to maintain the temperature within the aforementioned
range. At the end of 3 hours the agitation is stopped.
The mixture is cooled to room temperature and the pres-
sure in the system is released. - It is then filiered to re-
move solids. The filtrate is washed with an equal volume
of water and the organic layer transferred to a still for
the removal by vacuum distillation of the ether and
n-hexane and recovery of the tetraethyllead from the mix-
ture. The conversion obtained was 13 percent. )

Similarly, when methyl magnesium bromide, propyl
magnesium chloride, phenyl magnesium iodide, benzyl
magnesium bromide, ethyl magnesium iodide, and butyl
magnesium chloride are employed in the process of the
foregoing example, satisfactory yields of tetramethyllead,
tetrapropyllead, tetraphenyllead, tetrabenzyl lead, tetra-
ethyllead, and tetrabutyllead. are produced, respectively.

In general, the reaction of this process is completed
within a relatively short period at elevated temperatures,
but a somewhat longer time is required at lower tem-
peratures. In general, a reaction time of between about
one-half to twenty hours is employed. In particular, in
the manufacture of tetraethyllead with ethyl magnesium
bromide and lead sulfide or oxide; we prefer to employ a
reaction time of about ten hours or less.

The pressure employed in the reaction vessel is not
critical and is usually the autogenous pressure created by
the carrier liquid at the temperature employed. Since
organolead compounds are relatively toxic, it is desirable

to employ a closed vessel in conducting this reaction-

which may create an elevated pressure if low boiling
carrier liquids are employed.

The temperature required to initiate the self-sustaining
reaction of this invention varies with the organolead
compound being produced. TIn general, with the lower
alkyl lead compounds such as tetraethyllead, it is pre-
ferred to employ temperatures in the range of 25° to
150°.C. With aryllead compounds, for example tetra-
phenyllead, it is preferred to onerate in the range of 50°
to 150° C.

As the lead chalkogen reactants in this invention are
solids, and generally a solvent therefore is not employed,
it is preferred in order to provide a relatively rapid and
controllable reaction to employ these reactants in finely
divided form, or at least in the form of small granules.

While it was indicated above that in general a catalyst
is not required for the practice of this invention, certain
materials do exhibit a catalytic effect upon the reaction
and, in many instances, their inclusion in the reacticn
provides a smoother operation. Typical of such mate-
rials are heavy metal iodides as well as iodine itself, or-
ganic icdides, certain ketones such as acetone and methyl
ethyl ketone, and ethers and amines as indicated hereto-
fore.

The following detailed examples serve to illustrate addi-
tional specific embodiments of the present invention.
However, the invention is not .intended to be limited
thereto.

Example 11

The procedure of Example I is followed essentially as
described with the exception that the reaction tempera-
ture is maintained between 114° and 118° C. for 34
hours. In this instance, 11.2 parts of ethyl magnesium
bromide in 36 parts diethyl ether are reacted with 5.98
parts of finely divided lead sulfide in 165 parts of ben-
zene. Tetracthyllead is obtained in high yield.

In place of the benzene employed in the foregoing ex~
ample as an inert carrier liquid, equally good results are

- obtained when toluene, xylene, triethyl amine, or diphenyl
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are employed. In addition to the ingredients specified in -
the foregoing example, thermal stabilizers may be em-
ployed, such as for example naphthalene and styrene to
permit operation of the reaction at still -higher tempera-
tures without concomitant decomposition of the tetra-
ethyllead so produced.

Example 111

The autoclave of Example I is modified to include a re-
flux condenser. During the operation, an atmosphere of
dry nitrogen is maintained in the reactor. Lead oxide is
reacted with amyl magnesium chloride in essentially stoi-
chiometric amounts in a Cg—C; hydrocarbon petroleum
fraction at the reflux temperature for four hours thus
permitting operation at atmospheric pressure. Tetraamyl-
lead is recovered in high yield.

Similarly, when amyl magnesium bromide is reacted
with lead sulfide as in the foregoing example, and at a
temperature between-about 90° to 100° C., equally satis-
factory results are obtained. R

Example IV

When reacting finely divided lead oxide with phenyl
magnesium bromide in essentially stoichiometric amounts
in cyclohexane at the reflux temperature for five hours,
tetraphenyllead is obtained.

Example V

The procedure of Example III is repeated reacting
finely divided lead oxide with benzyl magnesium bromide
in excess of 0.1% of the theoretical. The reaction is con-
ducted in di-n-butyl ether at the reflux temperature for
sixteen hours. Tetrabenzyllead is obtained in high yield.

The following example demonstrates one embodiment
of this invention wherein tetraethyllead is employed as
a carrier..

Example VI

A similar solution of ethyl magnesium bromide as em- )
ployed in Example I is prepared and 30 parts of tetra-
ethyllead are added thereto. This mixture is subjected
to distillation under vacuum wherein a substantial pro-
portion of the diethyl ether is vaporized from the mix-
ture to result in a mixture of ethyl magnesium bromide
in tetraethyllead. The auntoclave is charged with 150
parts of tetraethyllead and the finely divided lead oxide
is added thereto. The procedure of Example T is.then -
followed as described. Upon completion of the reaction
and separation, tetracthyllead is recovered in high yield.

We claim:

1. A process for making hydrocarbon lead compounds
which comprises reacting a hydrocarbon magnesium
halide wherein the hydrocarbon radical has up to about
10 carbon atoms with a lead chalkogen wherein the
chalkogen is selected from the group consisting of oxygen
and sulfur. ' : -

2. A process for making alkyl lead compounds which
comprises reacting an alkyl magnesium halide ‘wherein
the alkyl group contains less than about 8 carbon atoms
with a lead chalkogen wherein the chalkogen is selected
from the group consisting of oxygen-and sulfur. )

-3.-The process.of claim 2 wherein the reaction is’con-
ducted at a temperature between about 25 to 150° C..in
the presence of an essentially inert carrier liquid.

4. The process for the manufacture of tetraethyllead

-which' comprises reacting ethyl magnesium bromide with = "~

lead oxide. :
5. The process of claim 4 wherein the reaction is con-

ducted .at a temperature between about 25 to 150°:C.

in the presence of an essentially inert carrier liquid:

-~ 6. The process of claim 2 wherein the lead chalkog

is lead sulfide. ) :

No references cited. -




