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A COUPRUIEHS IVE TREATHENT OF THE CUELISTIY
oF
THD ALIPELTIC LiaD DIRIVATIVESG

IHTRODUCTION

The witention of scientists has been brought to the
orgunic lead compounde proncipally by the discovery of Ts
Kidgley, Jr. and T, Ae Boyd {1) that the presence of a emall
emount of lead tetra~ethyl in gasoline depressed the rate
of explosion of the gasoline enough to prevent knocking
in internal combustion machines using this fuel, Proper
control of the combustion givaes a smoother running engine
and, hence, grecter efficlency of egperation, The production
and use of this liguid in Jthyl Fluid by the Ithyl Cacoline
Corporation have resulted,

The orgenic derivatives of lead have been studied ever
since the middle of the ninteenth century, The purpose of
the investigators up to the time of Doyd and Lidgley,
however, had been merely to produce new compounds and to
atudy these orgenic compounds in which lead shows suah dife
ferent properties from the lesd in inorganic compoundes This
is dus principally to ite difference in vedlence, for lesd hes
a valence of four in its organic compounde ond of two in the
mojority of its inorgenic compounds,

The ¢ :tre-allyl compounde rre fulrly stuble st ordinury



tempercturesg bLut ot higher temperntures or in strong light,
they decompose slowly, probably through the dialkyl eoupounds,
to load, The clear liquid above the precipitute is found to
ba‘yura tetya-alkyl lead compounds The tetra-allyl ocome
pounds are colorlose, heaovy liguide migeibie with orgauic
solvents in all proportioneg but immiscible with wator,

The sults which the tstra-alkyl com ounds form with acids
of thoe general type NaPbi, where I is any &llyl radiccl and
X any ecid radical, ure white crystelline substences, coluble
in ucetone, Lenzone, und &lﬁﬁh@iq 411 of these saltis,
especially thoue which contain a halogen in the aeid radicul,

irritate ths mucous menmbrane end exelite excessive sneezing.

ieview of the Literaturs

Ce Lowig, (2) who did considersble work in organo~—
wetullic conpounds, wae the pioneer in the field of the
oergoniec lead compounds, He reported, "I heve prepared the
compounds which Tb and &n form with the athyl grouPassse
They are obiained by intersotion of ethyl fodide gnd sodiun
alloys,® This report came in 1862, A, Cahours (2), in 1853,
raported an egganiu lead compound waos formed by heating the
metul lead with ethyl lodide, Lowig, she had been workisg
since his first report, published an urticle {(4) giving the
method of propurntion of :n uthyl lesd compound and 08 tyie

ethyl lead scltz, such -5 the carbonate, sulphete, and chloride,



Lowig obtained the carbonate by exPosing the liquid he
thought to be Pb{(CpHgz)gy but which was actually Pb(CpHg)gs
to air. From the carbonate, he obtained the sulphate and
chloride by the action of dilute sulphuric and hydrgchlerio
acids, He assigned the formula Po{C,Hz)s to the liquid he
obtained from his reaction with ethyl iodide and a lead-sodium
alloyi Ybecause he knew it contained only the elements Fb, C,
and H, and also, he had used the ethyl radicai in its syn—
thesis. Lowig was working under great difficulties in try—
ing to state and prove the correctness of an orgag;c'fqrmula.
His Work was done long before the time of Cannizzaro, end
therefore, the true values of atomic weights and the come—
bining values ¢f the elements were entirely uncertain, His
formulae were antiquated, He used HO as the formula for
water and 103 for the atomic weight of lead, Theos diffi—
culties and the difficulties of obiaining a pure substance
capable of giving a correct analysis were ﬁhe causes of his
giving the formula Pb(CpHg)g to the substance he had made
instezd of the formula Pb{CgHg)g4e

G. B, Buekton (6}, in 1859, corrected Lowig's mistake
in the formula of the ethyl lead compound and gave it the
formula Pb(CgHg)ge It is doubtful that hies method of
determining the formuls was really better than Lowig's. He

used a better system of atomic weights, probably, and there—



fore, crrived at the proper result, DBuckton prepured lead
totra~othyl by a now method using & double decouposition

rocetion between lead ¢hloride and zinc diethyl:s

2Pb0lg + 2Zn(Cgllg)p = 220nCly : Pb » Pb(CgHgle
Buckton 8lso mcde triethyl lead salts, but he used the
direct action of the acid on the lec! tetra-ethyl instead of

on the corbonate.

Pb{Calig)e » 101 = PL(Colly)oCl - Call,
Cs Elippel (6), in 1881, continued the work of forming
salts, e prapsred his sclts by the neutrelfcetion of the
hydroxide, (Cgils)aPb0ll, with both organic end inorgunic acids.
By thie method, llippel 9rep§red triethyl losad fo?maﬁa,
acotate, bLutyrate, bonzoute, tartrate, oxslote, oyenide, nd
oyancte, lippel did not obtcin complete determinations for
the malting pointe of these salts, He tried the melting
peint of the acotute and reported that at 10099 the coumpound
did not melt, but thot sbove that tempersture it decomposed
explosively. Klippel used Lowig's wethod of sodium~lead
alloy oand ethyl igdide to prepare the tetra-ethyl ond then
pbtnined the qgrbanata by exposing the liguid te air, From
the carhenata,'he‘madm the hydroxide by the sotion of
sodium hydroxide:

[%(aguﬁ){) €03  2HaOH = HaglOn + 2Pb(CgHs)gOR
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E, Franklend and A, Lawrence (7) used Buckton's method
of preparing lead tetra-alkyl compounds in general, Their
work was published in 1879,

A, Polie (8), in 1887-8, used Lowig's reaction with
brombenzene to make lead tetra—phenyl. He added a small
amount of ethyl acetate to speed up the reaction,

A, Ghira (9), in 1894, made a careful study of the
mechaniem of Lowig's reaction, He found that, if perfectly
dry reagents were used, no reaction would take place; bdbut
if a small amount of water, alcohol, or ethyl acetate were
added, the action would proceed smeothly., He proved
conclusively that lead combines with four alkyl groups and,
therefore, that Lowig's reaction with ethyl iodide must have
given tetra-ethyl instead of triethyl lead,

A big step forward came in 1904 when P, Pfeiffer and P,
Truskier (10} applied the Grignard synthesis to the orxganic
lead field, They made tetraphenyl lead by the following:

4C HgMgBr + 2PbClg =,Pb + 2 MgBry + Pb(Cgly), + 2Mgllg

The application eof the Grignard reaction to the formation of
both simple and complex tetra~alkyl and aryl compounds
became quite extensive later.

J. Tafel (11), in 1907, reported still another method
of synthesizing lead tetra-alkyl compounds, He found that
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tatra~isopropyl lead was formed when g lead cathode was
reduced electyrolyticully in sulphurie soid solution of
aoetone, He replsced first ome and then two of these
isopropyl groups by the sotion of bromine and made tri-
isopropyl lead bromide and di~iso,ropyl dibromide, This
latter compound was not only a new compound but an entirely
new type, for two of the alkyl groups around the lead had
nevar before been reploced,

Ge¢ Gruttner and B. Krouse {123), in 1916, and later
Krause and otheras (13)(14) began an extensive study of both
alkyl and aryl compounds and their derivatives, They made
compounda which had moye than ono specific alkyl or aryl rud-
ical attached to the central lead, They uaed Pfeiffer's
method to moke these compounds and extended the Grignard

synthesis to the mixed compounds nccording to the scheme:
Pu{CHg) gCl + CgoHsligBr = Pb{CHy)4CaHg » NgCliBr

As wany us four different radicals were introduced into the
tetro-nlkyl compound st one time by this method, The orig—
inal objective of the investigators wae to prepare lead
compounds which would be optically active, This, they were
unable to do, but the acmount of ressarch they turned in was
tremandous.

Ge Calingaesrt (15), impressed by the amount of work
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which had been done on organic lead compoundsy and bLeing
:@ﬁyﬂéiaily fitted beo .use of his work with T, Widgley, Jr.s
who later made the discovery of the antiknock propoerties
of the ﬁair&wathyig wéah& o complete review of the subject
which w.s published in 1926 and coversed all available infor-
mation up to Jasuary first of thet year, This review wos
entitied The Orgzenic Compounds of Lead and wus written to
give o general view of the subject and incpire further
researohy

0. H., Browne {16) noticed that not many of the orgunic
acid derivatives of the tetra-ulkyl compounds had been wmade,
The sults, sspecially of leed tetra—ethyl, which had been
maﬁ@ wore the inorgunic ones, except ihose made by flippel,
wno hued made triethyl lead acet.te, formate, butyrate,

benzoate, torirate, ozslste, cyanide, ond oyanate, Klippel

had not acourately determined the melting points of some of
these salts. Browne, in 1926, set sbout to meke the orgenic
8:.1ts of lead tetra-sthyl end to study the reactions of the
tetre~athyl in gaeneral,

Henry Gilmon ond others (17)(13)(19)(20), in 1928,29,
and 30, prepursd the butyl and fsobutyl substitution producte
of lead tetraphenyl, They studiqd the value of these compounds
for anti~knock purposes, They umed the method of the
Grignuard synthesis, storting with lead tetraphenyl and
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going through the successive stages of triphenyl chloride orxr
diphenyl dichloride to bvutyl; triphenyl lead ond didvutyl,
@ﬁighﬁﬁy& leady

Hethoda of Preporation of the Tetra-nlkyl Lead Compounds

¥ost alkyl metcllic ¢ompounds sre prepored directly
from some alkyl metolliec h-lide, The metallic halide ia
formed spontanecusly. Good exanmples of these spontanesuesly
formed compounds cre the mugnesium alkyl hilides,

In the case of mercury, methyl mercuric ifodide is made
to react with either zino dimethyl, potaseium cyanide,
potassium hydroxide or aluminum carbide,

There is no parallel recction in_th& lend field for
this mothod of preparction of alkyl mercury compoundss
Cahours {3) reports that matéllic‘x@ad rescte slightly with
ethyl ilodids, bdbut thut he was uncble to isolote ony ethyl
lead iodide, Calinguert (18) exylaing Cahours® inability to
isolote the reuction product by saying thet the iodide was
not aotu: 11y formad, but that lead tetrpg-etbhyl iteeclf wuas
formed,

FProm Orpanic Halides
heactions of Lead with Alkyl Halides. The Genercl

Hotors Research Corporation has token out & Dritieb putent
{21) in which lesd is mude to resct with the nlkyl halide
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to form the corresponding lecd tetra-alkyl compound, A
suiteble rea.ent which takes up the halogen as it is vet free
is vdded to make o smpoth reaction und géva good yields,
Powderoed oluminum, zine or silicon with concentrsted nedium

hydroxide solution are given as sultable recgents,

Po + 4C,Hgl » 22n + NHaOH =
W(03{§§)‘ e K&I + zn(onﬂ)g » 4H30

Reagtions of Alkyl Halides with Lead-Codium 2lloys.
Lowig's reaction {£) maoy be written as followe:

PbNag » 4CpHsl = Pb(CgRy), - 4Hal

The organic halide is poured on to finely divided loud—
sodium alloy conteined in e flasks Thie resotion holds good
for coy alkyl bolide to give the corresponding clkyl leoad
compound, (% Chiru {(9) explains, & smsll smount of water or
ethyl coatate in necessary to produce a reaction, Colingaers
(15) explains this, or rather mersly offers the suggestion
which might explain this recction, by saying that sodium plus
wutor generstes nascent hydrogen and that the remction moy bYe
one of reducticn, This reaction is the one used on a com—
mercial scale for the production of the tetra-ethyl lsad used

for anti-kneck purposes,



From Othey Organo-metullic Compounds
By Grignavd 8y : The resction with Grign.xdts

reasent nay bs suwnmed up as follows:

20bCly + 4C3HaMEBr = Pb » Pb(COpils)e -~ 2MgBrg + LLgCly

This {8 & good method to useé in the laboratory and in succog
sive stoges may eapily be spplied to the formation of mixed

yl lend compounds, TFor ezaupler

2PUCLg + 4CgilglgBr = Pb{CyHy)e - 2Uglly - 2gbrg + Pb
(Cafig)gPb + HCL = (Cpiy)pPbOL « Cgilg
{Qaﬁa)aﬁhe& ¢+ CpleligBy = (3QB§}3?hﬁaﬁq + KgBry + LaClg

By Double Dueoupouition of sing disthyl and Loud
Chioride, Lead chloride and ziue dietbyl are slowly mixed

together, Tetraethyl lead i» formed and metallic lcad w=nd

gine chloride greaiyiﬁatég
2en{CyHg)p « 8PH0Lp = PY » DPb{Cpllszly + BuCly

Electroiviic Reduction of s Lead Cnthodes
J+ Tafel {11) noticed that o lead cathode used in

electrolycing acetone dissolved in dilute sulphuric aeid
was constuntly losing welght, On studying this roaction, he
found lead di- or tetro~isopropyl was formed, This i not a

practiosl method for making lead tetra~ellyl compounds,
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The above methode give all those discovered up to the
present time for the formation of lead totra-alkyl compounds.
A list of these compounds which have been mnrde, together
with their boiling points under various pressures and their
indecies of refraction may be found in Calingaert's review

in table form (15).,

General liethods of the Preparation
Of the Salts of Alkyl lLead Compounds

By Direct sction of Halides on the Tetra—alkyl Lead Compound

The mono-halides. Gruttner and Krause (12} devised the

following methed for preparing salte of the type PbRgX, where
X is a halogen and R any alkyl group: ZEthyl acetate is
cooled to a temperature below -60°C by addition of COy

snows The lead tetra~alkyl compound is added and the whole
mass stirred vigorously, Chlorine is passed in until free
chlorine is seen, The free chlorine is detected by a change
in color, After the reaction has taken placc, the mixturs

is heated to 50°C on a water bath, and the impurities removed
by filtration, The ethyl acetate is then evaporated under
reduced pressure and the salt cryetallized out. After
filtering =nd washing with eth§r, the salt remains es a pure
product, This method may also be adapted to the formation
of the monobromides by adding the bromine in ether solution,
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The di--halides, The above method of making the mono
chlorides and bromides of trialkyl lead may be slightly
changed to render it usable for the formation of dichloro
and dibromo dialkyl lead compounds, The procedure begins
the same as described for the preparation of the monochloride,
When the first alkyl group has been replaced at -600C
which is shown by the presence of free chlorine and an
accompanying change in c¢olor, the temperature of the solution
is allowed to rise ta'maoac and is kept there by an ice—
salt mixture, While the temperature is rising, chlorine is
passed in with vigorous stirring: The dichloride precipiw
tates and is washed with ethyl acetate and ether by deczntation,
(12)

The aliphatic lead salts, =fter two alkyl groups have
been replage&, are less stable than the trialkyl lead salts,
They tend to break down to give inorganic lead salts. The
above method is the only known method of forming these salts

of the allphatic series,

By Dirxect Action of Acids on the Tetrs—alkyl Lead Compound.

G. Renger (22) made the bromide, chloride and thé
trichloracetate of tetra~ethyl lead by direct action of the
acid on the tetra—ethyl lead, He used a ratio of two moles
¢f acid to one mole of the tetra—ethyl, He repressnted the

reaction as follows:
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?ﬁ(&aﬁg)‘ > aﬁﬁigcw%{ = (ﬁC}.aQQG}?MCgRg}; # ﬁgﬁgcmﬁla & ﬁg

8incé Renger used strong acidsd HBr, HOL, and CC1,C00H, he
found it only necessary to prime the reaction Ly slight
heatingg and once started, the reasction continued, .
Browne continued the uss of the direct method of acid
on lead tetra-ethyl, but he represented the resciion os one
in which equimoleculsy quantities of scid and tetra-athyl

react and the products are the salt and ethane,
2’%3(%‘33?15}4‘ * Qﬁaﬁﬂﬁﬁ L %{Qaﬁa} sﬁﬁnﬁﬁﬂ * Qaﬁa

Browne {16) sxtendsd thias method to the salte of the organie
aoide esuch ot propionio, butyrioc, and valeric acids, For
thens wesaker acide, Browne found it necsssary to heat the
revotion mixture on & water bath until the evolution of
athane practically stepped: In maeking tristhyl lecd chloride,

he used a temperature which never exveeded 5309s

By Heutralization of the Bose, PbR,OH, with the Desired aAcids,
Since salte rre formed by noutralizing un acid with a
base, this is the first method which would suggest itself,
The hyﬁraxiaa heas to be mude from the tetra-alkyl compound,
Elippel (6) and letor Browne {16) used this method of
preparing triethyl lead paltss Browne found that the hye

droxide took up carbon dioxide from the air very rapidiy.
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For this reason and also, because more steps were necessary
to make the ealts by the neutralization, he turned to the
direct method of a¢id on lead tetra—ethyl to make the tri-
ethyl lead salts, .

' From Other Salts by Double Decomposition.
Particularly the inorganic salts of tetra—alkyl compounds

are best made by a double déeamposition reaction between two
suitable salts, Browne used triethyl lead acetate and the
sodium or potassium salts of benzelc butyric and hydrocyanic
acids in water solutions and obtained txiethyi‘lead benzoate,
butyrate, and cyanide as y;aai§1tatea, This method of making
salts is of historical importance because Lowig obtained the
first triethyl lead salts by double decomposition from tri-
ethyl lead carbonate, The carbonate was obtained spontane-

ously by ieaving lead tetra-ethyl exposad to sir,

Eb(t%;ﬁg)gjgﬂﬁg + 2HCY = gfpb(.CQI‘Ig)S‘Gl + Haﬂﬁs

He used the inorganic acids HC1l and Hp80, instead of & salt

as the second component of his reaction,

The Trialkyl Lead Hydroxides .
In order to make the trialkyl lead saltis by the third
method outlined above, it ie first necessary to have the

trialkyl lead hydroxide. The triethyl lead hydroxide is
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a white orystalline substance soluble in orgsnic solventa,
It is a strong basey taking up carbvon dioxide from the air
50 readily that 1t is difficult to keep 4t in svlution,
Browne (16) gives ¢ modification of Buskton's method (5)
for making tr!etgyl lond hydroxides 7The hydroxide muy be
mads by heating the chiorids with gtrong potaseium or
sodium hydroxide solution and the resction product

cryetallized from benzene,

" Toxioity of the Orgunic Lead Compounds
The d;aauues due to inoxganic lead compounds ure well

¥nown and have been recognized for a long .time, Thersfore,
the trestment and control of thiv type of poisoning ias well
develojed, Inorganic lead poisoning is met to n greoat
axtent in the paint industry where large ampunts of lead
salte are useds The dissase 1s called "painters' colie”
becsuse of this associstions The toxicology of organic lead
peisoning f¢ not so well developed; bYscsuse ths use of

. origaniec lepd compounds in industry is only s recent advanopge
menty In order to compare thess two types of polsoning, the
properties of the compoundsy themselves must be considersd.

The tetra~alkyl and tetra-aryl lead compounds are houvy,

volatile 1iquidé, gsoluble in fats and oils, "Sinecs they have
‘these properties, they may be absorbed by the system either
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through the skin by handling, through the lungs, or through
the digestive oystems They will diffuse rapidly throughout
the body by taking advantage of their property of dissolving
in fats, Although the salts are not liquids and, hence,

not so volatile, nevertheless, small dust particles of the
galts may easily be introduced into the respiratory system
where their presence is immediately felt by irritetion of
the mucous membrane, The.organic¢ lead compounds continue to
spread through the tissues and te keep themselves evenly
distributed over the body,

The inorganic lead compounds do not diffuaegthrough the
skin and tissues since they are not soluble in fats. Hence,
they do not enter the body simply by being handled, They
enter the gystem through the lungs by accumulation of dust
particles and through the digestive system, Their solubility
is low and; hencey their absorption into the system is not
great, These compounds are at once broken up and the lead
precipitated as the phosphate and stored in the bones and
liver and to a large extent expelled from the system,

Although the differences between organic lead poisoning
and inorgenic lead poisoning are not so great in the final
analysis, these two are not to be ean%us;d, especially
with regards to some of the early aymytogaw treatments of

the diseases, and precautions to be taken against them,



From a consideration of the inorganic and organic lead
compounds, we;realize that the organic compounds could be
present in the system to a much greater extent than the
inorganic compounds. MNany of the symptoms of their poison—
ing, however, are common to both the organiec and inorganic
compounds., Calingaert (15), in his review of organic lead
compounds wrote, in a section on toxicity, that on%y two
articles {23) had been written on organic lead poisoning, He
gave the aymﬁtoms held in common by the two kinds ﬂf.poisen&
ing aes: pallor, anemia, stippling of the blood cells, general
debility and weakness, ccnstipation.}abdominal pain, loss of
appetite, and sometimes convulsions.

The symptoms observed in the case of tetra-ethyl lead
poisoning, he gave ast haadaogas, drop of blood preosure,
and drop of body temperature, T. Midgley,; Jr. (24) also
mentioned the symptoms of this poisoning in an article writ—
ten in 1926 and entitled Tetra—ethyl Lead Poison Hpzards,

He said that in the order of their appearance, the'aymﬁtama
were: drop of blood pressure, drop of body temperature,
reduced pulse rate, slegplessness, loss of wéighp, nausea,
and delerium tremens,

0f the methods of treatment ofuargania lead poisouing,
Calingaert recommended @hat gf Dre J» Ce Aubd (25)(26) of
the Harvard School of Public Health, Dr. Aub reasoned that
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calcium chloride in intravenocus injection would favor the
breaking up of the lead compounds and, also, keep a positive
caleium balance which would prevent the liberation of lead
from the bones., It seems probable that Dr, Aub's method
would be applicable to rather advanced cases of poisoning.
The method of treatment recommended by T, Midgley, Jr,
consisted simply of removal of the patient from exposure to
the poison, If the patient already had reached the stage
where sleeplessness had developed, he was kept in the open
air and given light exercise,

In Oectober 1924, the 8taﬁdard 01l Company of New Jersey
lost nearly forty men who dia@ of acute lead poisoning.
This catastrophe promped en investigation into the sefety
of distrivuting Ethyl Casoline (ratio of one to thirteen
hundred of tetra—ethyl to gasoline) to the public, The
investigation was carried out by a committee of prominent
medical doctors and chemists called the Surgeon Generals'’
Committee, The findings of this committes were published
in a report in Industrial and Engineering Chemistry in 1926

(27)s The committee found that, after two years of
'coRinous use of Fthyl Gas in their carsg; the drivers showed
no absorption of 1sa§¢ Filling station and garsge empleyees
in a similar period showed slight sbsorption in tests of

their feces and blood, but none of them showed any sympiomse
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of lead poisoning, The conclusion of the Surgeon Gaperaxs'
Committee was "the regulated manufacture of lead taﬁraf

ethyl and distribution of Ethyl Gagoline are safe as far:

as can be told,"™



BRPDRIEGNTAL PART

Stotement of the Probvlem

ealin@aeri {15) wrote the following equation to represent
the formation of o salt by dirvect sotion of en acid on a tetr.-

alkyl compoundt
PbRg ¢+ 20HLCO00H = (CHgCO0)PbRy « RCOOCHS

Istery an o method of preparation of o salt, he atotedy

*One hundred oubioc qéntimetar& {045 moles) of tetroe~othyl
lead ure put in a beaker with one mole of the acid in
soncentrated agueous eolution end the two liguids are
stirred vigorously,® He wus undoubtedly of the opinion thot
two molecules of the ncid rescted with ono molecule of the
tetyu~othylis Browne (16) used 10 grams of acid snd an
equivalent amocunt of lead tetra-sthyl, He represented the
recotion as followst

CHaCOOH + Pb{CgHg)y = Ggﬁé s Po{CgHy) gCHECOO

Ona of the objects of this investigation fis to verify
the mathod of preparation of the salis and to really find
outy if possibley whether one or two molecules of the soid
react with one moleoule of the tetra~alkyl compound,

Calingasrt (15) listed in table form all of the tetra~



alkyl lend compounds and slso all of the tri~alkyl lecd salts
waich had been prep.red, Vhile many tetra-alkyl compounds
have beon made with itwo or throe different alkyl groups
around the lead stom, no salte huve been prepared with
different alkyl grxoups cround the lesd atom, All of the
salte which have been prepared so far are of the type RgPbX
such as triethyl lead acetate,

The main obisct of this investigation is to attempt to
prepaxe salto of the diethyl methyl lead radicels. Browne (28)
was of the opinion that, if the tetre-alkyl compound
triethyl methyl lead or the comjound triethyl propyl lead
wore made to rexoct with an acidy such es acetic acid; a
ealt diothyl mathyl lesad acetate or disthyl propyl lecd
acetate would be formed, He thought that the lighter group
of the compound would always be replaced, but thst the methyl
group would be an exception to this rule,

The yrwhla& may be stated as h&viag thres parts: to
verify wmethods of preparation of the trialkyl iead salts by
settling disegreemente oz to the quantities of reactants
usedy to notice the extent to which the body would be affected
while working with the poisonous compoundsy and primarily,
to extend the chemistry of the organic lsad derivatives
bx preparing mixed sslta, especially of the diethyl methyl

lead radical,
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The Hethods and Laterisls Used

This investigation really divided itself into two
¢losely relatsed parts, Pirety certain organic selts were
made by the action of the acid on lend tetrs—ethyl, Their
melting points wors determined ond a@mpawad‘with thoge
found by Jrowne (1G), The percentage of lesd of each salt
wus found by anslysie and 60m§arad with the theoretiosl
percentoge ropresented by the formula of the particulpr trim
ethyl lead ealts For each salt made ond studied in this
way, the corresponding salt for esch acid wap made by the
8irect anotion of the acid on triethyl methyl lesd, Ths
melting point and percontage of lead of each of these salts
w s found as before, wgasﬁ values were comparad with the
values found for the salts from the totra-ethyl lead and
the peroentage of lesd wus aleo compared with the theoreticel
value for the formulc of the diethyl mwtﬁyl lead sult,

Oince lead tetre—ethyl was used s & bvose from which
to prepard® the triethyl methyl lead, considerable amount of
work kad to be done euch time a fresh guantity of triethyl
methyl lend wos made, The procedure wos to make triethyl
lead ohloride and then run & Grignard resction betwsen the
triethyl lesd ehloride, methyl iodids nnd magnesium, The
liguid, triethyl methyl lond, wis purified by stenm distilw
iation and vaouum distillation, It was identiffed by its
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boiling point under raduced pressure during the vacuum
distillation,

The several preparations cnd determinctions necess.yy
in this investigotion were: preparation of triethyl lead
chleride, preparation of triethyl meth;l lead, prepurution
of salts by woid on tetre-alkyl compounds, determination of
the nelting points, and analysis of the sults for Pb, at
one time, the supply of methyl fodide in the loboratory ran
cuty 8o it was necessury to prepare more before the Grignard
reaction could be carried out in the prepuration of the trim
ethyl methyl lead,

Iriethyl lsad chlorids., The method used to prepare tri-
sthyl lead chloride wes that used by Srowns (18). /lthough
the method wee not original with Browne, he modified and
developed it 40 an exact yrocsdure, 1t is quoted in full
from his article,

"aA 600ce beaker is placed in a weter bath end
provided with & stirrer, 1In it is placed 275cc of
conocentrated hydroohloric acid, to which is slowly
added 70oc of lead tetro-athyl from a dropping
funnel, QTha tempeyature must not be sllowed to go
gbove 34°Cy A white, bDutter~like mess is formed,
vhen all of the iead compound has been added, the
tenmperature is maintained betwesn 300 and 339 ‘no
higher), After some time the mass separates into
graine of the size and shepe of wheut, These cre
bunches of minute needle corysialsy The evolution
of ethane ieg guite rapidse (If the otirror be
stopped the gas will scoumilaete and 1ift the

product to the surface,) Then the graine begin to
break up to give s powdery precipitute the reaction
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is completed, although ethane will still be coming

off t0 some extent, The chioride io filtered off,

waghed wi}h wobtor wnd dried on a porous plate in

the darks

Nethyl iodide, The methyl iodide wos generally
purchaned from Phippo :nd Bird of Richmond, Va.y but the one
time that it wns necessnry to prepare it the directions
given by Norris (29) were followed, except that four times
the quontities of the recotants, end abeolute instead of
ordinary methyl aloochol were used,

Tristhyl methyl laend. 7474 grams of Mg and DOcc's of
dry ether wers placed in e recction flask squipped with a
reflux condensor and a dropping funnel, 50 grame (2Zcc'a)
of methyl fodfde mixed with 30co's of dry ether were placed
in the dropping funnel, 7,74 grams of magnesium is 105
sxcess over 90 grams of Pb(CpHg)aCle 99 grams of lesd tri-
ethyl chloride was about the yield of preduct from the above
preparation of the salts B0 graws of methyl iodide figures
out to be 10K excomp over 7.74 groms of Mg, The methyl
iodide wac allowed to fall into the resction flask dropwise,
2fec portions of ether were added from time to time during
the reastion, Vhen nearly sll the magnesium wus dissolved,
the flask wes heated on a water bath to complete the solution
of tne magnesium, If perfactly dry resgents are uned, the
magnesium should dissolve within twe heours in o Grignoard

reactione, The author's sxperience was that the reaction



took from an houy to an hour and u half,

After mll the magnﬁsium‘ﬁaﬂ been digesvlved, the lead
triethyl ohloride wue addeds 95 grsms wers uced and for
best rasults should hove beun dissolved in ether and added
greduslly with cooling through the top of the condensor, |
90 grams of ihe palt, however, would tekes a great amount of
ether to effect solution, In order to overcoms this 43%ri-
culty, 4t was necesaury to add the triethyl leasd chloride-
in the dry comdition, o 1ittls at o time, divectly inte the
rerction flask which was suspended in o freezing mixzturo of
ice and selts The ohlorideo wes stirred in vigerouasly, and
2%o0c portions of dry other used from time to time to waeh
down the flask,s Then the chloride was completely diessolved,
the Grighard intanm@aiato»bampsuné wne broken up &Y vdding

wator from the wash bottle; The cooling and stirring wee
continued while tha woter was asdded, The entire contents of

the flaek wzs subjected to & stesm dietillation und the
tricthyl wethyl lead wee separated from the water and ether
layers by nmeasns of o separntory funmel, The cleur, color—'
less triethyl methyl lecd wous then diatilled in vecuo and
the beiling point under certiin pressures recorded,

Trialkyl lead saltss The method-Browne {16) recommended
w-s the method used, 11 grams of lead tetys—ethyl or lead
triethyl methyl were placed in & amall'va&atinn flack along
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with a unimolecular amount of the acid. In order to have a
10% excess of the tetra~alkyl compound, the amount of acid
was figured on the basis of 10 grems instead of 1) grams of
the tetra—alkyl compound. The reaction flask, equipped with
a reflux condensor, was heated on s water bath, When the
reactants were hot, a few crumbs of silica gel were added as
a catalyst and the evolution of ethane began, The heating
was continued until the evolution of gas died down. On
cooling, the salt crystallized out in a solid mass and was
recrystallized from acetone by means of an epparatus described
by Browne (16) consisting of an extraction thimble, a large
test tube, and a condensor, By this method, salts were
made from both tetra-—ethyl lead and triethyl methyl lead and
the following acids: acetie, propionic, dbutyric, valeric,
and monochloracetic acid,

One of the phases of the problem was t¢ find out if a
unimelecular amount or a bimolecular amount of acid were
necessary. The firet time the above reaction was carried out
a yield of over 50% of the theory figured on the acid was
obtained, Since a yield of 50% figured on the acid would
have been the maximum yield possible if two molecules of the
acid were needed for each molecule of the tetra-alkyl
gompound, That is the reason the use of unimolecular
smounts was continued for all salts, In order to see what

the result would be if two moles of acid were used, the
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reacction wos carried out with twice as much acid as ovrdinorily
usady and the liguid left after the recction was completed
wan yeoovered by distillation, The salt was then purifisd

a8 much as possible and analyzed for Ph,

Determination of Helting Pointe

In order tco find a thermometer which would be nearly
aocurate, several thermometers wsre taken and tested in
boiling water and boiling nophthalene. After a fairly
agcurate theremometer had been choesn, melting points were
determined in & sulphuric acid bath, using an ordinary
melting point tube fastened on the thermemeter and a stirrer
operatad by lifting and dropping by hand, The tempersture
wes ralsed as rapidly a8 was oonsistont with accurcote reading

of the thermometer.

Analysis of Salts for Pb

Calingaert {15) recommended precipitation of lead as
PoBr,; and weighing in & Gooeh oruoible, The process, however,
involves sooling and the use of CCl, and Bry, Browne (16)
used a méthad given by Treadwell and Hall {30), The salt
was decomposed with nitric scid and the nitric acid replaced
by sulphuric acid, dirsctly in s small Weighed erucible,
The scids and organic matter were drivan off by heat, and

the PbB0Oy weighed in the orucible, 'Browne's method wos tried
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firet bocouse of ite simplicity and the sutiefactory results
Browne obtainsd, Considersble cars had to be taken to
prevent loes both in the decomposition of the salt and the
evaporation to dryness, Scott (31) gives a method for detar—
mining lead in inorganic compounds and ores., After the ore
has been dissolved, the lead is precipitated ae the sulphate
and the P80, weighed in a Gaaéh oruycible, This method wus
adapted to the organic lead salts and ueed in ths following
manners From +80 to 36 of o gram of the salt wus weighed on
8 wuatoh gloss and brushed into a R250cc ba%karn The beaker
wat wanhed down with about 10co's of water from the wash
bottle, Jec's of aonoenirated nitric aoid and Voc's of
goncsntrated sulphurio acid wers added and the besaker, covered
with a watch glass, was hested until dense fumes of sulphur
trioxide wore ahsefvad~ The precipitate of PbB0, was collected
in a tared and oven~dried Gooch orucible, washed with 105
sulphurioc acid followed by $6% ethyl alcohol, and dried in

an oven at 1100C, The methed has the distinot advaniage of
veing “"fool proof® no matter how easily or difficultliy the
salt decomposes., It is socurate enough to distinguish euasily

betwesn orgonic compounds, as the resulis show,
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Results of Lxperivents

Triethyl iead chioride was prepared by the method

quoted above and analyzed far'yerﬁantage of lmad,
Yield 98 grams (77.3% of the theory).
Analysis for Pb

found® coaletdd
62,32 68,83
682,97

Lead triethyl methyl, prepared according to the method
glven, was found to boll at 68°C at a pr&asgré of 11 mm's of
meroury, Calingaert (1B8) gives 69°C at » piéasura of 13 mu's
of mersurys

Sslts from the action of acids on Pb(CaHs)y and
Pb(CoHa)}oCHy For comparison, the data obtained from the

sults prepared from each acid have baen placed together,

From poetic Acid

Pb(ﬁgﬁﬁ)‘ 1lg ussd, ?b{ﬁaﬁﬁ}aﬁﬁg 13@ usagdy

ClizCoon 1:92g usced, CHxCOOH 1,96g used,
o

{Cally) gPBCHGCO0 * 6,37g yields
(54% of the theory)
* The 6,378 of salt was obtained after reoryst: llization

frow geostones Here oare was taken to have & pure sclt
than to preoduce o large yield,



Helting point
found 161°
Browne 160,4°
Analysis for Pb
found?% 68,98 calc'dp
58,54 56,68

Erom Propionic scid
Po{Cglig)e 1lg used,
GoHoCOON ° 2,278 used,
Melting point

found 142°

Browne 143%142°
analysie for Pb

found? 56.26 calc'd?

56492 56440

EFrom Butyric Acid
Po{Cglig)e 11g umed,
UaHaCOCH" 24738 used,.
Zelting point

8
found 109 o o
Bfﬁmﬁ 10?,9 “"‘lgsgﬁ
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lielting point
found 1530

Analysis fqr b
fauﬂdﬁ‘§8¢?ﬁ ezlotds
09415 61,06
- $8,84

Pu{Cyie) oCliy 11g used.
CaHaCO0H 2,41g used,
Helting point

found 136°

Analysie for Pb

found® 56,46 ccle'dl
£6+64 08,64
567,03

i’h(ﬂ*ﬁﬁ)sﬁﬁg 1lg used,
CgB4CO0R

Lelting point
‘found 96°

2878 used,



Aralyeis for Pb
found? 54446 oale'ds
4,45 54,38

Erom Valeris Acid
Pb{CoHy)e 1lg used,
C4HgCOOH
Helting point

found 1169

Browne 115,6°-117°
snalysia for Pb

found% 51,256 ecnle’ds

51462 52,41

Selbg used.

EFrom Honochlorscetic Asid
7o{Cpllz)y 1lg used,
ClCHLCO0H 3g used,
Halting point

found 146.5°

Browne 146°-146,5°
fnalysis for Pb

found® 53,50 calso'd®

53447 53443

a6
Analysis for Th
founds 54.32 oaulo'dy

85,01 56,40

'?%{Ggﬁazgﬂﬁa 1lg used,

3;390363 338 used,
Helting point .
found .98°,

Analyeis for Pb
found?® 52,03 eculae'dd
52,08 54,32

Ph{CgHy )CBy llg used,
ClCHLCOO0H 3.06g used
Zelting point

found 143,0°

snslysio for Pb
found? 53,95 o0slo'dd
53,04 066,41

rom a bimolecular amount of scetic Acid

Pu{CyRels 21 used,
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CHyaCOOR 4g used

Helting point tnalysia for b
found 196° founds 64,56, 64462
Brownz 200° oulotdd for Pb(CigCOO),
63,70

4,938 of o liguid wus gbtulined by distillstion winioh

sontained a large percentage of ethyl acetate,

pffects of Compounds of Health of Hxperimentor,

The organic lead compounds were handled for ;ne collegs
yoar of nine monthe, During the firet semester, ten hours a
week were aspent in the laboratoryy and duping the second ssme
sater, fourtsen hours a weck were passed working with the come
pounds, Over ths whole period, the body temperature of the
sxperimenter was {aken about twide & weeky The tamperaturs
was always teken on awakening in the morning and invariably
%an g?cﬁaFg This temperature, although low; was normel for
the experimenter; Thse blood pressure was never anything but
normal during the whole time, The only effects on the body
whioch could be attributed to the lead compounds wers heade
aches which persioted only a fow hourss, These heasdcches
wore experienced whenever the vopors of the liquide or dust
particles of the solids were inhaled to any extent, Lost
extensive inbalation of the vapors and dust perticles took

place during the steam distillation of the triethyl methyl



38

lead ond the resorystalliszation sné grinding of the salils.

Discuseion and Conclusions

Yhen triethyl lead soetote wasg first prepored from
unimolacular asounts of acetic zcid and lead tetra=~asthyl,
& yield of B45 was obtuined. The 545 was not based on the
erude salt but on & aalt whioh had been recrystsllised with
the aim of producing s pure salt rather than to obtain e
high yieid, 1If two moleoules of scid react with one of the
tetra—ethyl, the results could not have shown more than a
505 yield, The faot that more than D05 was obtained proves
conclusively that the resction is one in whioch one moleoule
of ceid reacts with one molecule of the tetra~alkyl cospound,
vhen two moleculsar eguivelents of soetic zelid were uassd, the
lead compound was decomposed sll the way to the laad acetate,
Browne {16) had & oimilar a;garienaa in attewpting to produce
diethyl lead discetate by using a bimolaoular amount of
aoid, The melting point did not cheeck with Browne's
because the aalt wes not in the purs state, A sultable
organic solvent could net be feund from which to reorystalliize,

The ealtn from the sotion of ncidse on lead tristhyl



39

rpethyl were made with the object of amking new aampcunﬁa;
namely, salts of the diethyl methyl lead radioal, Then the
melting points of these aalts ashowed different melting pointe
from the triethyl lead enlts; it was immoadiately supposed
that the aim had been sccomplished, Analyais of the salts,
however, proved the salts were those of the triethyl lsad
radicel and not of the diethyl methyl lead radical, The
anslyses agree well enough with the theoretical percentuge
of lend for the triethyl asalts to prove indisputably the
aalte to be triethyl load salte rather than diethyl methyl
iead solts, The methyl group must have come off as meihane

according to the achemer
{C4H3) sThCHy + CHRCO0H = (CgHy)oPHCH,C00 + CHg

The galts from tetra~ethyl lead and triethyl methyl lead
were made under the eams conditions and recryetallized in
the sume manner, If the reaction with the triethyl methyl
lead were exsctly ae represented above, one would expect the
melting point of the product to agree with the melting point
of the sslt mude from the tetra-ethyl leads, The ﬂgct that
these melting points did not agree suggests that the rgsction
did not go entirely as above but that a small amount of
diethyl methyl lead sult wes produced, If a small amcount of
the diethyl methyl leecd salt were present, it would influence
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the melting points vonsiderably but its effect would not bLe
noticeable in the analyses, If the product were a mixture
of the two salts, it would be nearly iwpossible to remove
all twnces of one salt und leave a purs product becuuse

of the pimilarity of the two salis, “hatever the jupurity
wos that caused the differsnce in melting pouinte in every
cosey 1t was slmost impossible to remove it becauss

repoated recrystallizations and new preperations guve melting
points which corrseponded closaly to the original,

The kealth of the experimenter showed that with reason—

able precautions, an investigation of this type could be
corried out without sny real danger, iowever, counsiderable
diccomfort is experienced whenever there im the least
sleckness in preccutions or the glighteat accident, It is
recommended that the work be not prolonged over sevoral

months unless interposed by recess poriods,
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SUKMARY

The litercture for the entire fleld of aliphatic lead
derivatives has been veviewed, and the chemistry of tetra—
alkyl compounds and triaslkyl salts hos been discussed, A
method of analysis for the organic lead salte has been

modified and improved,

The reactions between lead tetra-aethyl and lead tri-
ethyl nethyl and certuin organic acide have been carried cut
with the following conclusions:

1. The reactions are unimolscular reuotions, one
mole of tetra-alkyl compound reseting with one mole of
acid,

2, In the case of lead tetrawethyl, cne ethyl
group is replaced giving off ethanej while in the csse
of lesd triethyl methyl, the methyl group is replaced
giving off methene. Both substances give the sume
sults, nazmely, tri-ethyl lead sulte,

3, With proper precautions the poisonous ergenic

lead compounds may be handled without dangor,
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