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A. ORGANOLEAD COMPOUNDS IN CANCER THERAPY
INTRODUCTION

Corpounds of lead offer a promising field for research.
During the past few years, special altention has been paid to
their use as anti-kncek resgents in internal combustion
enginas, as fonglicides in the treatment of plant diseases and
as compounds which may be of possible use in cancer therapy.
This work was undertaken to study organoléad campounds with
reference to their possible use in these fields.

Cancer is probebly one of the most dreadful diseases from
which man suffers. Uhile tuberculosls causes more deaths, the
methods of treatment are fairly well kmown. During the years
between 137C and 1880 the death rate in cancer was 40 per hun-
dred thousand in Liverpool. In 1524 the rate was 112 per hun-
dred thousand, zn increase of 230 per cent. One of the
largest 1life insurance companies on the Pacific Cosst places
cancer fourth as tkhe cause of death. In New Zealand, cancer
is responsible for more deathé than amy one other cé.use except
organic heart disease. In 1922 it was 85.2 per huhdred
thousand and in 1928 it had risen to 30.8.

The reported increase in prevalence of disease, however,
may be explalined iﬁ two ways. In tke first place, cancer is
essentially an ailm—.ént of the elderly individusl and so the
Increased 1life that we may expect gzives cancer a chance to de-

velop. - Then, as is well inown, diagnosis of disease in past
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years hes not always beer accurate and it is highly probable
that meny persons have died of cancer without knowing it, But
there is no doubt at all of the seriousness of cancer and its
prevalence.

The sad part of the matter is that at present there are
only so few instruments that mey ‘be used in the treatment of
cancer and that they result in such 2 high percentage of
failures, Any method which will reduce this percentage will
be of tremendous assistance to the medical profession and to
the public suffering from thils disease, This work was under-
taken to study the prép’aration of organclead compounds which
might be used in cancer therapy,

Metals were first used in the trestment of melignant
diseases by Torres in 1904 ’out there was little interest st-
taeched to this type of masterial until the work of Wassermann
and Keysser (1), who in 1911 used compounds of selenium and
tellurium, These compounds were found to be effective when
used to treat animsl tumors, but when used on man the effective
dose was found to coincide with the lethal dose. XNeuberg (2)
was influenced by Wassermann's resulis to test other metals
which he used iIn the colloidal state, Some of the metals used
were lead, copper, silver, and cobalt, He had excellent suc-

cess with enimals but counld not treat humens without polsoning

(1) Wz.sser?am and Keysser, Deubsche med, Wchnschr,, 37:2389
1911).
(2) Feuberg, Deutsche med, Wchnschr,, 38:375(1912).
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them, Caspari (3) was the first to report a slight improve-
ment in one case of carcinoma of the tongue when treated with
an aniline-silver compound, Izar (4) and Basile (5) were gble
to cure rat sarcomas with colloidal sulfur but had no success
with man, when afflicted with this disease,

Colloidal silver was used by Kausch {6) but he had to
abandon its use because of severe reactions which occurred,
while Rohdenburg (7) obtained no therapeutic results from a
commercial preparstion of colloidal silvér.

Among other copper preparations tried by Loeb (8) and
Gaube {9) was cuprase which is colloidal copper hydrate, Al-
though ILoeb could obtein no permsnent results Gaube noticed
considerable improvement in patients, but his ébsemtions
were over too short a time to be of value, Richard Weil (10)
studied the problem in considersble detail and came to the
conclusion that colloidal copper compounds 4did as mach damage
as they did good in the treatment of maljignant disease, GCol-
loidal gold has been used by Carl Lewin (11) who found thai he
could treat transplanted mouse tumor successfully but had no

(3) Heuberg, Caspari, and Lohe, Berl, klin, Wehnschr., 49:1405

{1912).
{4) I%ar, Ztchr, f, Immmunit8tsforsch, u, exper, Therap.(1)15:238
1912).

(5) Izar and Basile, ibid,, 18:64(1912).

(6) EKauseh, Arch, f. kiin, Chir., 102:159(1913).
(7) Rohdenburg, J. ¥ed. Research, 26:331(1915).
(8) Ioeb, Interstate Med., J., 19:1015(1912),

(9) Gaube, Ia Cuprase et le Cancer, Paris, (1913).
(10) Weil, J. Am, 3¥ed, Assoc., 61:1034{1913).

(11) Tewin, Berl, klin. Wehnschr., 50:541 (1913),
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success with humen patients, Gudzent (12) found that treatment
with‘silver compounds d1d not enhance the effectiveness of rad-
ium or the roentgen ray.

This was the situstion in 1920 when W, Blair Bell (13)
started treatment of human cancer with colloidsl lesd., The
reasoning that led him to the choice of lead rather than some
other metal is worthy of consideration gt this time., The use
of lead as a specific reasgent was first called to his attention
by the sbortions induced by lead polsoning, He had observed
that among people working'in lead mines, cancer was singularly
rare and abortions unusually frequent., Bell was not satisfied
with the theories that have been edvanced to account for
sbortions but believed that this was due to some specific
action upon the cells of the chorionic villi, These cells gre
young, rapid growing end in many ways similar to carcinoma
cells, He spent considerable time analyzing the foetus for
the material that was responsible for inhibition of these
chorionic cells, He reports a complete failure in this direc-

- tion,

Bell's theory of abortions was that the cells of the
chorionic villi were responsible for the nourishment which the
foetus receives snd that abortion resulted from the lack of
nourishment of the foetus due to the suppresion of the activ-

(12) Gudzent, Strahlientherapie, 11:277(1920).
(13) W, B. Bell, Lancet, 206:267(1924).
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ities of these cells (13). He believes that in the case of
lead polsoning the actlon of these cells is inhibited by the
‘action of lead upon them specifically. With this hypothesis
he began the series of experiments which led him ultimately to
the use of colloidal metallic lead in the treatment of cancer.

His next experiments were carried out to see what cells
were especially affected by lead, He found that the injection
of lead in a rabblt casused the graduel but compiete disappear-
ance of the spermatozoa from the testis.‘ He was sble to show
rather conclusively that lead had a2 specific effect upon a
certain type of cells, Tead and the compounds of lead were ef-
fective im retarding the growth of tadpoles when quite young, ‘
germination of seeds, growth of hyscinth bulbs and 2ll young
growing cells in general, Iead was found to affect blood
cells and nerve cells as well and was found to be much more ef-
fective on young cells than on old ones.

Since there 1s a certain type of cell that is affected by
lssd, 1t is probable that there is something in common to them
all that is attracted by lead. Blair Bell found that in 21l
the cells considered there was a high phosphatid content ( 14)
ard he sssumed thet this was the reason that lead was attracted
by them. He proved very clearly that the lesd combined wiﬁh
these phosphatids in a chemical combination (14), Besides this

factor which makes them 211 susceptible to the influence of

{(14) 'Bell, Lancet, 203:1005(1922).
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lead, all these cells are physiologically malignant. They are
all young, rapidly growirg vigorous cells expressing a sort of
bioclogicel avatism. They are engaged primarily in the business
of growing and gathering food for this growth. They know
nothing of the niceties of behavior which govern the action of
the “normal™ cell, and are utterly ruthless in the means by
which tﬁey gain their ends. Their life is a strenuous strug-
gle for existence and everytbing.nmst be sacrificed for this
purpose. In this respect they are exactly like cancer cells

as well as in their high lipin content (15). It was for this
reason that Blair Bell tegan his research on the action of lead
upon malignant tumor.

Bell (15,14) soon had an opportunity to test his theory
on & humen patient for in November, 1920, a young woman came
to him with an inoperable, essentially hopeless tumor of the
breast. He considered it legitimate to try the effect of lead.
He Injected a preparation of colloidal leed beginning with
small amounts and gradually increasing the dose. The result
was startling for the tumor began to shrink and in the course
of a few weeks the breast had regained its normal size and ap-
pearance.  The patient improved steadily and in a little more
than a year was nursing 2 child at the breast which had ap-
parently been utterly destroyed by cancer.

Bell did not publish this work but irmediately started

(15) Bell, Lancet, 209:1003(1925).
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intensive research along this line, W¥When he did publish his
results they made it very evident that many apparently hopeless
cases of cancer could be guite successfully trested with col-
loidal lesd, Another interesting discovery that he made was
that patients who had become radio-resistant due to leng treat-
ment, became susceptible after treatment with lead., It must
not be imagined that the treatment of cancer Dy lead had been
worked out for theré were many serious dangers and complica-
tions resulting from the use of this material., It is scarcely
necessary to state that the line between the effective dose
and the lethzl dose was very narrow, bell reported on 227
cases of cancer, most of which had been hopeless inoperable
ones, From this number he returned 30 to their svocations,
while the 1ife of others was extended tremendously (16).

These results are all the more remarkable when one con-
siders that Bell excluded no patient from this treatment be-
cause ‘of the hopelessness of the case, As a matter of faci,
he would not use the lead treatment in those cases which of-
fered any hope of surgery or treatment with rays unless it
was specificelly asked for, While treatment with rays was 7
found to be wvery effective in connection with the use of lesd,
the patient rast first be activated by lead in order Ifor the
rays to be effective.

The resgent used in this work was a colloidal preparation

(16)'3?11, Woolfenden, Cunningham and Herd, Lencet, 210:537
(1926).
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of lead (16,13) made by the method of Bredig and centrifuged

to remove large particles, This material did not keep more
than 48 hours and became more toxic with age. It is only
available to physicians having at their disposal rather exien-
sive laboratory equipment, For this resson, it has been dif-
ficult for this method to be tested out widely.

F, C, Wood (17) visited Dr, Bell and on hils return btested
cut his preparasiion on cancer animals, He found that this col-
loidal lsed produced marked injury to thé tumors, This report
was made in 1926 at Dalles and to Wood belongs the credit of
bringing the method to thisg country, One of the results of
this report was to interest TUllmann in the work and he has
done considerable along this line.

Ulimenn (18) began his work by slightly modifying the
preparation of colloidal lead in such & way as to make it more
stable, He was able to ship his preparation short distances
and found that it could be used within a reasonsble length of
time, He found, however, that the complications arising from
the use of thls reagent were so alarming that he felt it ab-
solutely necessary to find some preparation less toxic, He
found this in colloidal leasd orthophosphate. This com-
pound was chosen for various definite reasons, In the first

placé}gkt is much less toxic to the patient as & whole and ap-

(17) Wood, J. Am, HMed, Assoe., 87:717(1S26).
(18) Ullmann, Radiology. 8:461(1927).
(19) Bischoff and Blatherwick, J. Pharmacol., 31:361(1927).
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parently does pot grow more texic with age, It is quite stable
and appesrs to have much the same effect upon tumor as the col-
loidal prepsration of metallic lead, This is explsinsd by the
essumption that all lead taken into the body is converted zl-
most immedistely into the irnsoluble lead orthophosphate, This
salt is very slightly soluble while the acid salt is one hun-
éred times as soluble, Malignant tumors conrntain a definite
amount of lactic scid and are more acid than normal tissue,

It would be expected, therefore, that the malignant tumors
would be more susceptible to the lead in this form than the
normsl tissues, This was found to be the case,

Before leasd orthophosphste had been declded upon as the
reagent to be used in Ullmann's work, a group of chemists,
Bischoff, Maxwell, Evans, and Fuzum {20), made a study of the
toxicity of various lead compounds given intrsvenously, They
found that the compounds of lead could be divided into four
general classes depending upon their action wpon the bleod,
The most toxic group waé composed of éuch compounds as ionic
lead compounds, colloidal lead hydroxide, metallic lead, lead
glycerophosphate, olezte and stearete., The next most toxic
group includes colloidal lead oxychlorlde, oxycarbonate, and
carbanaté, The third group is made up of tetraethyl lead and
triethjl lead chloride, These compounds bring sbout only a
slight drop irn hemoglobin even vhen the lethal dose is ap-

(20) B%scho?f, Maxwell, Evans and Fuzum, J. Pharmacol,, 34:85
ig28), ‘
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proached, Group four is the least toxic and consists of tri-
lead phosphate, dilead phosphate and leed sulfide, These com-
pounds are all very insoluble and produce no ncticeable effect
upon the red cellsof the blood et 211,

With the preperation finally decided upcn, collcidal lead
orthophosvhate, Ullmenn (21,22) wes able to do remarkable
things in the trestment of human cancer, Te has given g report
of his results and as he sdmits, they are not good statistics
but are very encouraging nevertheless, The point to be torme
ir mind vhen considering them iIs thet ke did not refuse the
treatment to any one regardless of how complicated the cther
organs had become with metasteses,

He found in his werk that treatment by means of lead com-
pounds could be materislly augmerted by the use of X-rays, In
all the patients treated by him lead was used in connection
with X-rays, He found that pstients, who had received treatment
with X~rays until they would shew no more reacticn to this form
of treatment, could be irradiated quite effectively after in-
jection of the colloidal lead phosphate, He gives as his very
definite impression the idea that pstients whoe have been treat-
ed with lead require much less morphine than unirested ones in
the sswme condition,

An interesting gquestion is when the irradiation should be

(21) Ulimern, J, Am, Med, Asscec,, 92: 3.8(1929).
{22) Ullmann, Surgery, Gynecology and Obstetrics, 46: 119{1928).
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giver after lead treatment, TUllmenn (21) has followed the
recommendations of Mottram (23) that irradiation should be giv-
-en on the third and fourth day following lead treatment.

The treatment of cancer by lead is not simply & matter of
Injecting a specified amournt of & prepared reagent and then
waiting for results., Rather the patient must be watched very
carefnlly and glven éﬁecial care, It is safe to say that cach
patient requires a specific kind of management, Ullmann (24)
has published & paper ir which he gives éome very goocd sugges-
tions for the care of the iInoperable cancer vatient when under
treatment, He finds that these patients should be made to
exist upon a basic diet or a diet which results 1n basic re-
actions,

Ulimann {21) feels that ﬁhe problen of lead therapy in
the treaztment of cancer is by no means solved although ke looks
forward to startling results by means of such treatment, He
is #ery optimistic which ig refreshing vhen the sericusness of
the problem is considered. In this optimism, he is not joined
by 211 rhysiclans, Thls can be explained, however, when one
considers the technigue that must ve developed before results
may be expected,

- Drs, Colston, Waters and Gay (25) of Bsltimore are de-

cidedly discouraging in their report of the trestment of cancer

(23) Hottrem, Brit., Med, J., 1:132(1928).
(24) Ullmenn, Reprinted from Radiology, 3:497(1924). .
(25)' waters, Colston and Gay, J. Am, Med, Assoc,, 92:14(19292).
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with colloldel metellic lead. They were not at all corvinced
that the effect upon the tumors they trested was due to lead
but believed that the results were due to the high volitage
roentgen therapy. This feeling is shared by Drs, Soiland,
Costolow and leland (26) of Los Angeles. They make the state-
ment that they de not believe that lead therapy is the solution
to the cancer provlen.

Knox (27) of Tew York has treated carcer after the method
of Blair Bell end finds it to be quite effective, She agrees
with Bell that in a few persons with advanced inoperable can-
cer definite arrest of the disease may be obtained by the com-
bination of lead and roentgen therapy.

And so the matter stands, It is very evident that there
is much to be done on this problem. Even the most skeptical
of the critics of this treatment of cancer admit that lead and
its compounds are powerful agents in the destruction of tumor
tissue, The problem then becomes one of synthesizing the
proper compound and administering it iIn the proper manner, The
proper compound will.bevundoubtedly found by a chemist but he
must appreciate the properties that an ideal compound should
have, The advﬂgb of the mediceal professior will prove invalu-
able in this work,

Bell (13,14) insists that a compound to be effective

should be injected into the blood stresm in order to arrest

-{26) S?iland, Costolow and Melard, J, Am, Med, Assoc., 92:104
1929). ‘
(27) EKnox, ibid,, 92:106{1929).
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metastases, He points out that a compound cannot be specific
for one class of cells or one kind of one class but this dif-
ficulty is overcome by using lsad and its compounds since they
are attracted by the malignent cells because of their high
phospholipin content, Ee proposes as the ideal compound one
whick wilil deliver lead slowly to the highest bidder, which in
this case is the cancer celis rich in phospholipins, This
points to a compound of lead soluble in water or blood serum
which will ionize quite slowly., |

Bischoff, Maxwell, Evans and Nuzum {(20) give a very good
discussion of the properties an ideal lead compound should
have, They claim that the ideal lead combination should be low
in toxicity or the same order as. the phosphate used by Ullmann,
Besides this it should be able to ionize’at a very low acidity
such as 1Is found in the cancer cell, K¥ost important of all
this compound should concentrate in the tumor itself, They
recommend fat-soluble lead compounds such &s an organolead
compound, They mention as being of this class, tetraethyl
lead and triéthyl lead chloride,

The material"given.in the following pages is a descrip-
tion of the various attempfs that have been made to prepare

derivatives of tetraethyl lead that are water SOIuble.
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EXPERIMERTAL

Series of Triethyl Lead Salts

Historical

The meterials used in cancer therapy have been used in a
colloidal stete which rather limits thelr use to institutions
heving a highly technical laboratory. Even then, as is well
known, 1t is quite possible that experiments in this fileld can-
not be duplicated by different laboratories or even by the
same lsborstory. Also, a2 colleidal system is very sensitive
to factors not easily controlled and is quite unstable at all
times. The properties of colloidal lead are variable with
time and so there can be no such thing as a stock reagent. Al-
together s compound forming s solution with &ll its inherent
virtues seems preferable.

A series of compounds having the type formule (czﬂg)anOgR,
where R represents the group of any acid, has been prepared.
The methods of Browne and Reid (28) were followed in the prep-

aration cf these compounds using silica gel as s catalyst in
the reaction of tetrasethyl lead and en aecid

(CoHs)(Pb + RCOOH —— (CoHg)s00CR + CoHgevvonnnennne (L)

where possible, and the‘doubie decomposition in agueous solu-
tion of triethyl lead acetate with the sodium salt of the acid

(C.Hg ) 5PbOOCCH; + N2OOCR —— (CpHg)sPDOOCR + ER00CCHz...{II)

when necessary. These compounds were all crystalline

{28) Browne and Reid, J. Am. Chem. Soc., 49:830{1927). These
authors make proper acknowledgment Of previous work.
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but with & range of melting temperatures which varies with the
rate of neating, This verifies the description of_this type
of compound giver by Browre and Reid {28), The;e compounds are
very disagreezble to work with since in the form of dust or
volatilizatior products they induce sneezing, nasal secretion
and tears,

Six representative compounds of this type have been tested
for toxicity and reaction of rats, The results are not en-
couraging but do not preciude the use of these compounds in
cancer theravy, They are not especially soluble in water;
their solubilities range from 0.25% to 1,0%, and only two pre-
c¢ipitate serum, They are quite toxlic and when injected intra-
venously, induced considerable pasin while the animals used {(rats)
become very quarrelsome, When injected Intramuscularly, they'
?rcduce sterile abscesses and great local ir:itation. The
animals dying soon after injection shQWaa:fléék precipitate in
the blood stream of all organs, the nature of which was not
ascertained, The lead, howefer, appears to be preciplitated to
an insoluble form from the solutiog: These compounds have not
Yeen tested on experimental rat caréinoma and will be withheld
until less toxic compounds now in course of preparation become
available,

The compounds are all so very similar that no differentia-
tion is possible, They are much more like salis than like true
esters, They react ionically in water solution and so their
effect is probably due to the triethyl lead ion which is common




-2 -

to them all rather than to the molecule as a whole, The re-
sults are not sufficiertly encouraging to warrant more work on

this particular type of compound,

Experimental

The majority of these compounds was prepared by the re-
action of an acid orn tetraethyl lead, but in one case (p-amino-
benzoate} no reaction took place, When the acid was sparingly
soluble in tetraethyl lead a little benzéne was added to form
g solution of the two in benzene, whereupén the resction pro-
ceedad smoothly, In the case of triethyl lead p-aminobenzoate,
the compound was prepared by treating the sodium salt of the
acid with an agueous solution of triethyl lead acetate, There
was a reaction between tetraethyl lead and oleic and stearic
acids but the products were waxes and could not be purified
readily, It was not possible to prepare a triethyl lead salt
of glycollic, thioglycollic, sulfanilic, anthranilic, p-chloro-
mercuribenzoic or phthalic acids,

As we have mentioned before, the melting points of these
compounds depend upon the rate of heating, The consyants that
are given here were taken as the bath was being heated at the
rate of about 7 - 10° per mimute, In the purification of these
compounds the suggestion of Browne and Reid (28) was followed
and a sample of each crystallizstion was placed in separate
caplllery tubes and thelr behavior compared on the same thermom-
eter’ﬁt the same time during & melting point determination,




- 22 -

e’

The preparation of triethyli p~-toluenesulfonate is typical
and represents the procedure used in preparing all of thg con-
pounds. Any deviation from this procedure is indicated in the
proper place.

Twenty-Lfour grams (0.075 mole) of tetraethyl lead was mix-
ed with 12 g. (0.070 mole) of p-toluenesulfonic acid in a
200 cc. balloon flask under & reflux condenser. A few crystals
of silica gel were sdded and the mizture was heated on 2 boil-
ing water bath. A smooth, vigorous reaction developed and gas
was evolved in gquantities. The rate of evolutior of this gas
was watched by bubdling it through water. After sbout twenty
ninutes the mess solidified and the evolution of gas elmost
ceased. The material was then dissolved ir benzene, in which
it 1s very solubleg and the filtered solution treated with
10 cc. of petroleum ether (B.P.40-60°). The crystals that
formed were very pure and melted at 167-8°. The mother liquor
was treated with more petroleum ether to obtain & second crop
of equally pure crystals. The melting point of these crystais
was unchanged after a second crystallization from 2 benzene- |
petroleum ether solution. The yield of pure material was 23 g.
(71%2). This compound as well as all others in this work, was
anelyzed for leed by the method of Gilman and Robinson (29).

Analysis: Calc. for C;sHpz05SPb: Pb, 44.52%. Found:

Pb, 44.45 and 44.46%.

= (29) Gilmen and Robinson, J. Am. Chem. Soc., 50:1714{1928).
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The constants, ylelds and analysis of the compounds pre~
pered are given in the following table.

Table I
2 : :Analysis for lead
Cormound : MePe : Yield ¢ :Calc.%: round %

Selicylate i 83-91°: 55  1£8.05 +47.51-47.47
Furoate ; 153-4 ; 68 §51.1l §50.97-50.87
Phenylacetate ; 101-6 Z 65 §48.25 §47.73~47.72
Furylacrylate : 119-21 . s :48.05 :4’7.63-47.6’7
Thiosalicylate (30) : g7-8% ' 2% .46.50 :45.73-45.’70

¥onophosphate (33)

- fCG.Es)sPbOPO(OH),)/ :mot at250% 77

52.93 :52.73~-52.51

ve 49 so v 40 o
e 0

e 86 0 0

Triethyl Lead p-Aminobenzoete (31): 5 g. (0.014 mole) of
2

triethyl lead acetate (23) was dissolved in 63 cc. of water
and the filtered solution added to & filtered solution of 6 g.
(0.036 mole) of sodium p-aminobenzoate. A granular precipitate
formed slowly which melted at 84-86° when erystallized from a
benzene~petrolemm ether soclution. This melting point was un-
changed by further crystallizatior. The yield of pure product
was 3 g. (49%). |

. Analysis: GCalc. for CigHpe0pNPb: Pb, 48.137. Found:

Pb, 48.00 end 47.90%.

(30) This reaction becomes violent unless diluted with 50 cc.

. of benzene.

(31), There is no reaction between p~aminobenzoic acid and
tebtraethyl lead In the presence of siliea gel.
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Several attempts were mede Lo prepare triethyl lead salts
of glycollic, thioglycollic, sulfanilie, anthrenilic, p-chloro-
mercuribenzoic and phthalic scids. None of these acids except
thioglycollic acid reacts with tetraethyl lead in the presence
of silica gel. Thioglycollic scid reacts explosively unless
benzene 1s added as a solvent arxd then the product of the
smooth reaction is 2 yellow solid, insoluble in organic sol-
vents with 2 meliing point over 300°. When the sodium salts
of thiogiyeollic, sulfanilic, anthranilic, p-chloromercuri-
benzoic, and phthalic acids are dissolved in water and the
soluﬁion added tc a solution of triethyl lead scetate in water,
the products are amorphous precipitates which are inscluble
in 211 orgenlic solvents and which do not melt at 300°. In the
case of glycollic acid such treatment results in no precipl-
tate although the solution was held at -10° for a day. These
intraectable precipitates 81l contsin lead and are soluble in
sodium hydroxide and slightly soluble in water. They are
probably the lead salts of the acids although they were not
analyzed for lead. |

Six representatives of this series of itriethyl lead salts
were tested for toxleity and solubility in water and the re-

sults are given in Table II.
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Table IX

Compound : Solubility , M.T.D.{32) . H.L.D.(52)
p-Toluecnesulfonate : 0.5-1.0¢ : 12-15 mgs. : 15 mgs.
Sslicylate i 0.25 : 15-18 :  18-20
Phenylecetate s 0.3 ¢ 12-15 : i5
Furoste . 0.3-0.4 : 12-15 : 15
p-Aminobenzoate ° 0.5-1.0 : 12~15 H is
Parylacrylate : 0.5-0.5 : 12-15° : 15-18
Conclusion

A series of triethyl lead salts of various organic acids
has Deen prepared and theilr properties studied with & view to

thelr posgsible use iu cancer therapy.

(32) These values are given as mgs. per kg. of body weight of

.. rats when injected in water solution 1ntravenously.

(33) This compound was purified by washing with water to remove
. any prosphoric acid and with ether to remove any unreacted
tetraethyl lead. This compound was prepared too recently
,to be tested which is unfortunate in view of Ulimannts (21)
'work on colloidel ortho lead phosphate. The compound is
to be tested.
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Compounds of Lead Containing the p-Bromophenyl Groups

Historical

In this work an attempt has been made to prepare compounds
of lead containing a2 solubilizing group of such 2 nature that
the compound could be dissolved in water and used for thera-
peutic purposes. There are various groups which could be used
such as the sulfonic acid group, the amino and substituted
amino groups, the hydroxyl group and the carboxyl group. Of
these the carboxyl group was chosen.

One of the methods for preparing compounds with a carboxyl
group is to pass dry carbon dioxide into a solution of the ap-~
propriate Grignérd reagent. if a compound contain_ing lead and
a halogen which reacts with magnesium to form an RMgX compound
could be synthesized, the preparation of the acid might be
possible in this way. Various compounds containing the p-bromo-
phenyl group have been prepared but the halogens do not react
with megnesium to form an active REgX compound.

The compounds, $riphenyl p-bromophenyl lead, diphenyl di
p-bromophenyl lead, tetra p-bromophenyl lead and triethyl p-
bromophenyl lead, have been prepared by treating the appropri-
ate organolead halide with a solution of p-bromophenylmagnesium
bromi..de. The tetraphenyl lead used was prepared according to
the directions of Gilman amd Robinson (34). They also give

methods for the preparastion of triphenyl lead chloride, di-

' (34) Gilmen 2nd Robinson, J. Am. Chem. Soc., 49:2315(1927).
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phenyl lead dichloride, triethyl lead chloride and diethyl
lead dichloride in excellent yields (35). The yield of the p-
bromephenyl lead compounds was good as a general rule although
in the case of tetra p-bromophenyl lead the yield was poor.
This verifies the observation of Krause and Schmitz (36); that
higher homologs of tetraphenyl lead cannot be preparsd irom
lead chloride and the Grignard reagent a.n satisfactory yilelds
(38). ZXrause {(37) meintains that the formation of tervalent
lead depends upon the molecular volume rather than upon the
nature of the group.

Experimental

Triphenyl p-Bromophenyl Lead: 51.8 g. (0.10 mole) of

sblid triphenyl lead bromide was added fo a solution of p-bro-
mophenylmsgnesium bromide prepared from 47 g. (0.2 mole) of
p-dibromobenzene and £.8 g. (0.2 mole) of magnesium in 150 cc.
of dry ether. There was & smooth reaction and after reflux-
ing and stirring the solution for one hour, it was poured on
iced hydrochloric acid and -the ether layer was separated and
dried. The 0il remaining after the ether had been removed
crystallized from alcohol to give & pure product melting at
115°. There were 41 g. of crude zﬁateriai or 69%.

1

e
o

3
(35) Gilman and Robinson, J. Am. Chem. Soec., 1€i8. %77
-.{36) Krause and Schmitz, Ber., 52:2165(1519).
- (37) Krause, ibid., 54:2060(192I).
(38) Pfeiffer and Truskier, ibid., 37:1125(1504).

¢
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Analysis{29): Calc. for-czﬁﬂhqBer; Pb, 34.92%. Found:
Pb, 34.33 and 34.47%.

This msterial was very carefully purified, freed from al-
cohol and used in several experiments to form, if possible, an
RigX compound. There was no color test (32) when it was re-
fiuxed for 60 hours in toluene-ether mixture with magnesium.
When heated in a sealed tube at sbout 135° wlth activated mag-
nesium (40) end ether; there was no color test. Then tri-
phenyl p-bromophenyl lead was mixed In ether with magnesium and
a solution of ethylmagnesium bromide added to remove any im-
parities, there was no reacvion with the magnesium. When car-
bon dioxide was added to this mixture, propionic &cid was the
only acid materisl isolated while about 75% of the triphenyl
p-bromophenyl lead was recovered unchanged.

Diphenyl D1 ErBromophenyliLead: There was a smooth re-

action when 21 g. (0.04 mole) of solld diphenyl lead dibromide
was added to an excess {O.1 mole) of p~-bromcphenylmagnesium
bromide stock solution. The mixture was refluxed for one-half
hour and poured on iced hydrochloric acid to hydrolyze. The
ether layer was separsted and the ether evaporated. The re-
sidual oil was crystallized from alcohol and 17 g. (63%) of =
crude erystalline product was obtained m.p.l1l11=113°. VWhen
recrystallized from alcohol this compound melped sharply at 123°.

(39) Gilman and Schulze, J. Am. Chem. Soc., 47: 2002(1925) give
e gualitative color test for the Grignard reagent which
" has been used throughout this work.
(40)'Gilman Peterson and Schulze, Rec. trav. chim., £7:19(1928).
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Arslysis: Celc. for C,,H.wBr.Pb; Pb, 30.76%. Found:

Pb, 30.65 and 30.80%.

Tbis materizal was carefully purified and subjected to the
same treatment as triphenyl p-bromophenyl lesd but there was
1o evidence of the formation of & Grignard resgent in any ex~
periment.

Tebtra p-Bromophenyl Tead: Thls compound was prepzred af-

ter the same general procedure as Gilman and Robinson (34) give
for tetraphenyl lead. Fifty grams (0.18 mole) of lead chlor-
ide was added te a solution of p-bromophenylmagnesium bromide
prepared from 118 g. (0.5 mole) of p-dibromobenzene and 12.2 g.
(0.5 atom} of magnesiuwm. To thls solution, 250 ec. of“o’enzene
were added and the mixture, from which no ether ha:d been re-
moved, was refluxed for eight hours at 65°. The cheracteristic
precipitate of lead formed and after hydrolysis with iced
hydrochloric acid this sludge was extracted with hot benzene.
The ether-benzene layer was separated and the solvent evaporat-
ed. The 0lly residue was a mixture which when crystellized
from slcohol, yielded 8 g. (10.7%) of crude materizl m.p. 162-5°.
When this msaterlal was purifled from alcohol, it melted sharp-
1y at 187°.

Anglysis: Calc. for CpoH;¢Br,Pb; Pb, 24.91%Z. Found: Pb,

24.68 and 24.38%.
This compound did not form s Grignard reagent when treat-
ed In the same way as the two previously described compounds.

Triethyl p-Bromophenyl Lead: 20 g. (0.06 mole) of solid
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triethyl lead chloride was added to a solution of p-bromophenyl-
magnesium bromide prepared from 24 g. (0.1 mole) of p-dibromo-
benzene and 2.4 g..{0.1 atom) of magnesium. The reaction was
smooth and there was no evidence of the formation of umsaturat-
ed lead compounds. The solution was refluxed in ether for one-
half hour and then hydrolyzed with iced ammonium chloride solu-
tion. The ether layer was separated, dried with calcium chior-
ide and evaporated. UThen the residusl cil was heated under

S mm. pressure in an atmosphere of nitrogen it decomposed
rather violently st an oll bath temperature of gbout 210° just
as .a few drops hari start?d to distill. There 1s little doubt
that the oil is largely triethyl p-bromophenyl lead but as yet
we have been unsble to distill it. The atbempts to distill
this compound were not made at very high vacuums. The lowest

pressure used was 3 mi. which was the best the system used

- would produce. It 1s entirely possible that at very high

vacuums the oii'ljéoﬁid be distilled.

Tﬁe oil fr;m a second similar run was dissolved in dry
ether and thé impurities destroyed with an excess of p-bromo-
phenylmagnesium bromide. The solution was then refluxed with
magnesium for four hours with no noticeable result. When car-
bon dioxide was led Intoc the solution, éhe only acidic material
isolated was p-bromobenzoic acid. There was an appreciable
quantity of triethyl .lead chloride formed from splitting the
triethyl p-bromophenyl lead with hydrochloric acid while the

reaction was being worked up. Hydrochloric acid will split

!
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the lead-carbon linkege with sase. If the linkesge is quite
weak, dilute acid is sufflcient while for & stable linksage
like the one in = compound like tetraethyl lead, nore coﬁcen-
trated acid is necessary {£8).

Summary
| Tetra p-bromophenyl lead, triphenyl p-bromophenyl lead
and dipkenyl di p-bromophenyl lead have Deen prepsred and the
compounds treated with magneslum. There is no evidence of the
formatlion of a Grignard reagent even under rather strenmuous
conditions. Triethyl p-bromophenyl lead decomposed without
€istilling snd &id not react with msgnesium to form a Grignard

reagent.




S
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Reformatsky Reaction

Introduction

In tkis work on water soluble lead compounds, one of the
first elasses of compounds to be considered was the group of
acids. Such compounds are valuable in therapeutics because
they mey be injected intravenously in the form of thelr sodium
salts. A reaction rather widely used in the prepasration of
organic acids and esters is the Reformatsky reaction. This
reaction was originally used to condense a~bromoesters with a
cerbonyl group by means of zinc {41). ZLabter megnesium was used
as the condensing agent and the formation of an intermediate
RiMgX compound ﬁas postulated {4£2). Since organolead halides
réact with RigX compounds it seemed entirely reasonable to ex-
pect them tc; condense with the a-bromoesters in the presence
of 2 metal like zinc or mesgnesium. The product in case this
reasoning is correct would be an organolead ester wiich should
vield the mcid essily on hydrolysis. In this way it would be
possible to prepare a series of acids and study the effect of
various configurations upon any therapeutic problem; Un-
fortunetely, all‘éttempts to prepare compounds of tinis nature
resulted in failure. The maénesium'was attacked and there was
undoubtedly & reaction for there was suflicient heat evolved

to cause the benzene-ether solution té boil. The product of

(41) Reformatsky, Ber., 20:1210(1837).
(42) Zeltner, ibild., 41:589(1908).




- 33 =

the reaction, however, in the case of triethyl lead chloride,
was tetraethyl lead and some degradation product such as di-~
valent lead and metallic lead.

The ester uséd in the greater part of this work was ethyl
bromoacetate although ethyl a-bromopropionate was slso used.
The bromoacetate offers the most promise because irn case there
is a normal reaction the product will be a compound that hss
the lead linked to s primary carbon atom while in the case of
the bromopropionic ester, the lead will be linked to a second-
ary carbon. Compounds containing a lead atom attached to a
secondary carbon atom are very much less stable than in the
case of a primery carbon-lead linkage.

Triethyl lead chloride was the organclead helide used most
extensively in this work although one experiment wes performed
using triphdhyl lead bromide. There was no more success at-
tending this experiment than in the cases where triethyl lead
chloride was used. The products were the same regardless of
which bromoester was used end so it seems reésonable to assume
that the lead ester was formed and then decomposed for each
compound would have that one part of its molecule the same.

This reaction offered so much promise that a total of
seven experiments were performed in an attempt t¢ isolate the
lead ester. They are so similar that only the results from
one experiment will be given here and this may be considered

typical of all the work.




Experimental

Twenty-five groms (0.077 mcle} of Sriethyl lead chloride
was disscl e;:'i in 13C cc. of benzene snd 50 ce. of dry ether.
The ether was added to facilitate the formation of the RMgX
compound. Two and four-tenths grams (0.1 atom) of magnesimm
was added to the triethyl lead chloride solution and then
14.5 g. {(0.08 mole) of ethyl bromoacetate was poured into the
mixture. The magnesium became tarnished and in the course of
one~-halif houn heat was evolved at an acceélerating rate until
the reaction had ©o be ccoled to prevent it from becoming too
vigorous. The magnesium was almost completely dissolved where-
ﬁpon the heat of reaction dled down and after the mixture was
stirred and refluxed for one hour the solubion was filtered
from the magnesium and lead salts and the ether and benzene
distilled off. XNo water was used to hydrolyze the mixture.
The residual oil from the ether-benzene solution wes vacuum
distilled arnd 13 g. {53%) of tetraethyl lead B.P.82°/13 mu.
was collected with no lower boiling fraction. This material

was analyzed for lead by the method of Calingaert (43).

Analysis: Celc. for CyHeoPb; Pb, 64.087%. Found: Pb,
63.56 and 63.42%.

Dry hydrogen chlioride was bubbled through a selution of
1.330 g. of this material dissolved in ether. The gas evolved
was collected and the volume measured. A ssmple was exploded

with oxygen end shown to be ethane. There was 94.5 cc. (cor-

!

(43) Private communication. See p.ll3, Part B, THIS THESIS.
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rected)of this gas collected while the theoretical for tetra-
~ethyl lead, providing one ethyl group was removed by the hydro-
gen chlori.de, is 92.5 cce This proves rather conclusively that
the materiesl is tetraethyl lead.

The benzene-ether distillate wasredistilled using a Glin-
sky colurm in a search for ethyl acetate. Ne such fraction
could be obtained and the vzcuwm distillation of the residusal
oil gave no fraction that might ha‘c."e been the unchanged ester.
There was no residue after the tetraethyl iead had been distil-
led except 2 small amount of tar which contained lead. It is
possgible that during the decomposition of the lead ester, the
ester fragments polmerized to form tar.

The salts were next examined to determine what part of the
magnesium had been used and left in the form of compounds. All
of the materisl that was filltered from the ether-benzene solu-
tion, was soluble in water execept 2 small amount of metallie
lead 2nd magnesium. This water solution was treated with a
stock smmonium acetate solution (44) and then with potassium
dichromete to precipitate the divalent lead. The precipitated
lead chromete weighed 2.1 g. (equivalent tc 3 g. of triethyl
lead chloride or 8%). The filtrate from the lead chromats
was made alkaline with ammonium hydroxide and sodium phosphate
was added to precipitate the megnesium as magnesium ammonivm

phosphate. This precipitate weighed 11.8 g. which is eguiva-

(44) A stock ammonium acetate solution which is used throughout
) this work is made up from 20 cc. of concentrated ammonium
hydroxide (sp.gr.0.9) and 50 cec. of 507 acetie acid.
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lent to a large part of the magnesium added originally. The
metallic residue was dissolved in dijute nitric acid. The
nitric acid was neubtralized with ammonium hydroxide arnd the
solution then made acid with acetic acid. A solution of potas-
sium dichromate wss then added t0 precicitate tThe lead as lead
chromete. The precipitate weighed 3 g. and is equivalent to

3 g. of triethyl lecad chloride (12%).

The tar left from the distillstion of the tetrsethyl lead
was extracted with ether and a so0lid infusible portion was left
which was insoluble in 21l orgsnic solvents and water (zbout
2 g.}. The ether extraction was evaporated and an oil remained
which crystallized from petroleum ether to form very pretty
long needles. These needles decomposed about 125° and when
dissolved in sodium hydroxide and reprecipitated with hydro-
bromic acld formed tri:thyl lead bromide m.p. 104° mixed melbt-
ing point 103°. The yield was 5 g. (20%) of triethyl lead
chloride. There was no evidence of any other product in this
ether soluble oil.

In an effort to accoumt for the formation of the tetra-
ethyl lead, several critical experiments were carried out.
These show that tetrsethyl lead is not formed frox: the decom-
poslition of triethyl lead chloride at high btemperatures or
from any rezction of triethyl lead chloride with the magnesium.

Twelve grams (0.036 mole) of triethyl lead chloride was
heated in an 0il bath under an atmosphere oi nitrogen at 5 mm.

pressure up to 160°. This condition was kept constant for

’
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Lhalrty minubes and in that time no betrasthyl lead distilled (45).
Twenty-four grams (0.073 mole) of triethyl lead chloride
was dissolved in 100 cc. of benzene and 25 cc. '0f ether and 2.4 g.
{0.1 mole) of magnesium was added. The mixture was stirred arnd
refluxed for three hours. AL thne end of that Time there was a
1little bilaeck residue which meay have been metallic lead and the
solution was turbid while the megnesium was slightly etched.
The benzene layer was filtered and distillied. The residue was
heated in an effort to distill any tetraethyl lead formed but
there was none. It appears then that the tetraethyl lezd is
formed from the decomposition of the lead ester rather than

from the decomposition of the triethyl lead chloride.

Conclusion

An equivalent guantity of magnesium reacted with ethyl
bromoacetate and triethyl lead chioride and was largely re-
covered as megnesium ammonium phosphate.

Rinety-two per cent of the lead used in the reaction mey
be accounbed for as tetraethyl lead, divalent lead, mebaliiec
lead, and unchanged triethyl lead chloride.

There was no compound isolated which would indicate what

happened to the bromoester during the reaction.

(45) Calingaert, Chem. Reviews, 2:43(1925), describes the re~
S action of triethyl lead bromide during steam distills-
tion. He says that this material decomposes to form

' tetraethyl lead under these conditions.
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X¥alonic Ester Condensation

The malonic ester condensation has been much used for the
preparation ¢ orgsnic acids becausc of the reactivity of the
sodium derivatlve of the ester with organic halides. Since the
hologen of an alltyl lead halide is very rcactive, it would ap-
pear that 2 compouni could be prepared vy condensing the sodium
derivetive of malonic ester with triethyl lead chloride. Such
2 compound should give the dibasic acid “dll" on hydrolysis
and by gentle heating be made to lose one carboxyl group and
forz the monobasic straight chain acid. This compound would be
cf very great importance for use in experiments on the treat-
ment ¢f cancer with organolead compounds. Unfortunately, tri-
ethyl lead chloride could not be made to condense with sodimm
malonic ester in any cf the cecxperiments tried. The results from
a typlcal experiment will be given here.

The general procedure is the same as that recommended in
“Organic Syntheses” (46)}. The absolute alcohol was prepared
from reagent absolute alecchel and sodiwm. Abosut 300 cec. of
absclute aleokol was used to dissolve 3.45 g. (0.15 atom) of
sodium. To this solution, 24 g. {0.15 mole) of ethyl malonate
wes added directly with stirring. A milky precipitate formed
which might possibly heve been the disodium derivative. After

50 g. {0.15 mole) of triethyl lead ckhloridec hed been added,

the sclutiorn was stirred and refluxed for sixteen hours. At

(46) ™Organic Syntheses™, Johm Wiley and Soms, Inc., New York,
1925, Vol.IV, p.ll.
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the end of that time the sclution was poured inte 500 cec. of
cold water and a solid which formed was filtered out. This
solid, of which there was 7.5 g. {17%), was shown to be lead
chloride by dissolving it in a stock ammonium acebate solution
(42) and precipitating the lead as lead chromate by means of
potassium dichromate. The slcohol-water solution was extract-
ed repeatedly with ether while still alkaline and later when
it had been made ascid with hydrobromic acid. By distilling
these various ether washings, the eguivalent of 36 g. (72%) of
triethyl lead chloride was recovered. The material was all
identified by converting it to the bromide and tsking mixed
melting points with known triethyl lead bromide. From this
distilletion ¢ g. of an o0il was obtained which boiled

75-80°/9 mm. which contained lead aad had an odor of ethyl
melonate. IT is probably s mixture of tetraethyl lead and
ethyl malonate, the separation of which is not feassible because
of the slight difference in boiling points. A lead analysis
of this 0il gave an average of 46.72% lead while the theoret-
ical value for tetraethyl lead is 64.08%. It is apparent from
these results that there is very little reaction between tri-
ethyl lead chloride and sodium maloniec ester. The lead chlor-
1de msy heve been formed by the thermal decomposition of tri-
ethyl lead chloride.

Calingamert (47) reports that triethyl lead halides de-~

(47) Calingaert, Chem. Reviews, 2:43(1925).
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compose when heated in the presence of waster to form tetraethyl
lead, dlethyl lead dihalide and lead halide. He gives as ex-
emples of this reaction triethyl lead bromide. In an effort

to extend this generalization to triethyl lead chloride and
triethyl lead hydroxide, a sample of each was subjected to
steam distillation. It was found that there was no tetraethyl
lead formed although Calingaert reports the reaction as being
quentitative.

A semple of 10 g. of triethyl lead chloride was steam
distilled from 100 cc. of water and 200 cc. of distillate was
collected. There was no oll present or any material insoluble
in water. This indicates that there is no decomposition of
triethyl lead chloride to tetraethyl lead and also that tri-
ethyl lead chloride is not volatile in steam.

4 similar experiment was performed on 10 g. of triethyl
lead chloride dissolved in 25 ec. of 10Z sodium hydroxide
solution to form triethyl lead hydroxide. The distillate gave
a neutrzl reaction to litmus paper and there was no insoluble
mabter present. This a2lso proves that triethyl lead hydroxide
is nether volatile in steam nor decomposed by it to tetraethyl
lead.

In view of these results it is difficult to explain the
presence of lead chloride formed during the malonic ester con-

densgsation.
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Miscellany

CH,~CH
Diethyl Cyclopentametiylene Lead (CoHg)oPb z)ﬁ»
\032-032

Griittner and Krause (48) give directions for the preparauion of
this compound and give as ifs boiling point 111°/13 mm. A
solution of Grignard reagent was prepared from 25 g. (0.175 mols)
of pentamethylene chioride in 200 cc. of etkher and 7.8 g. {0.32
mole) of megnesium according to the directions of Hilpert and
Gm’ittner(éQ)v.v The reaction was smooth and slow and the yield
wes probably in the neighborhood of 85§. To this solution

vhich had been refluxed for six hours, 47.5 g. {0.14 mole) of
diethyl leed dichloride was slowly added. This caused the fol-
lowing reaction to take place.

CHg-CHe\

(CoBg)oPbCly + CgHyp (MECl)p =—> (CoHg)ePY) CHgeeeovs IIT

\Cﬁo“' CHQ/

-~

The mixture was refluxed for some time after the rather vigorous
reaction had abeted and was then hydrolyzed with iced ammonium
chloride. The ether layer was fractionated and 9 g. {19%) of
diethyl cyclopentemethylene b01ling at 96°/7 mn. was collected.
This material was used in the preparation of triethyl e-bromo-
am‘yl lead.

Priethyl e-bromoamyl Lead (Czﬂs)s}.’bcsﬁw Br—czﬂs)sPWHQLGHeBr'
This compound was also prepared according to the directions of

(48) crlttner and Krause, Ber., 49:2666(1916).
(49). Eilpert and Grilttner, ibid., 47:177(1914).
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Griittner ard Krause (48) who give as the boiling point, 167°/13mm.
A solution of 30 g. (0.09 mole) of diethyl cyclopentamethylene
lead in 300 ec. of sgbsolute ether was prepared and cocled with

an excess of carbon dioxide snow. A solution of 15 g. (2 equi-
valents) of bromine in ether was similarly cooled and added to
the first solution with rapid stirring until the color of bro-
mine just persisted. The solution was allowed to come to room
temperature and was then filtered. After the ether solution

had been concentrated to gabout 100 cec., an.excess of stock
solution of ethylmagnesium bromide was sdded. The equations

for these reactions are given below.

[CH,~CHy CgHyo Br
2 “\ g 10
(CoHs) o PD _CHp + Brg — (Colis)ePb] ceee IV
| NCHL~CHz Br
CsHoBr

(CeEs)ePb:Br + CpHgHgBr — {CHs)3P0(CHg ) CHeBr.. ..V

The reaction mixture was hydrolyzed with iced ammonium chlor-
ide and the ether layer separated and fractionated. There was
collected in this way, 15 g. (38%) of triethyl s-bromoamyl lead
boiling at 147°/5 m.

Triethyl £-bromoamyl Lead with Magnesium and Carbon Dioxide:

A solubion of 15 g. (0.034 mole) of triethyl e-bromoamyl lead
In 100 cc. of dry ether was added to l.4 g. (0.061 atom) of mag-~
newium. There was a gentls reaction and the mixture was reflux-
ed and stirred for one hour. The excess of msgnesium was then

filtered from the solution and dry carbon dioxide was added um~
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til there was no more color test for RMgX compound. The mixture
was poured on ice and & precipitate formed which gquickly dis-
solved. Vhen the water layer was acidified with dilute formic
acld (50) and extracted with sther and the ether washings
evaporated, there was no residus. The ether layer from the re-
action was fracticnated and 2 gz. (13%) of triethyl e-bromoamyl
lead was recovered. Besides this fraction there was 2 g. {163)
or a compound boiling at’ 100°/5 mm. which was probably triethyl
n-emyl lead for it boils at 120°/13 mm. (31). There was no evi-
dence of emy acidic msherial. The equations for the reactions

that were expected are glven below.
{CoHg ) sPbCsH0Br + Mg — (CoHs)sPhCsHioMgBre e o oV

OMgBr
(CoHg ) 5 PbCsHyo MgBr + COp — (CoHg)sPbCsH;o c%0 ... VII

(CoHg ) 5PbCsHz0 g-cxgm- +H,0 — (CoHg)PbCgHao g—orx +NgBroH. .VIII

Dipherylaminomagnesium Bromide, {CeHg) HMgBr, with Triét.‘rq.}_
Lead Chloride: A solution of diphenylamine was prepared from

3.4 g. (0.02 mole) and 75 cc. of dry ether. A stock solution of
ethylmagnesium bromide was added to thls until there was a posi-
tive color test. To this solution 7.5 g. (0.023 mole) of tri-

(50} Formic =zcid was used here because it is a rather wesk acid

. . and will not readily split a lead-carbon linkage. Also,
its extreme solublility in water precludes the possibility
of interfercnce in an ether extraction.

(51) Grlittner and Krause, Ann., 415:338(1918]}.
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ethyl lead chloride wes added and the mixture was stirred for
one hour et room tempersture. Thne solution was then hydrolyzed
with iced ammonium chloride and the ether layer washed with
dilute sulfuric acid. The zcid washings were neubralized with
armonit nydroxide but thers was no i:recipitate of an amino
compound. The ether layer was evsporated and the oil erystal-
iized from petroleum ether. In this waey 2.5 g. (73%) of the di-
phenylamine was recovered melting at 54° (mixed melting point

52°), TFrom this it may be concluded that there was very little

reaction, or the lead molecule if formed was unstable, decom-
posing %0 give the original diphenylamine.
Oxidation of Triethyl Allyl Lead: It is possible to oxi-

dize an allyl group quite easily o the acid. This experiment
was carried out in an attempt to prepare an organolead acid -by
oxidizing triethyl allyl lead to trlethyl plumbyl acetic acid,
{C,Hg ) sPbCH,CO0H, which should be water soluble or at least
form & sodium salt which is water soluble. A 2% solution of
potassium permanganate was prepared from 14.2 g. (009 mole) of
potassium permangsnate and 700 cc. of water. This solution
was added to 10 g. (0.03 mole) of triethyl allyl lead suspended
| in éOO cé. of water. The addition was made slowly witk a drop-
ping funnel while the water was being stirred rapidly, and was
well cooled in on ice bath. The solution was filtered and

acldified and extracted with ether. This ether solution was

extrected with sodium hydroxide and the washings acidified.

There was no material formed which was insoluble in water and




when This water solution was extracted with ether and the ether
evaporeted, there was no residue. Accordingly there was no
evidence for the formation of a carboxylic compound. The
original ether layer that had been extracted with sodiuvm hydrox-
ide was evaporated and the residue was an o0il which was not
identified. It is very probable that this oil was the original
iead compound. These results were duplicated in another exper-
iment.

Diphenyl Lead Salts: Polis {52) as well as Goddard and

Goddard (53) have prepared various salts of diphenyl lead oxide
of the general formuia, (ceﬁs)aPhD-g-R)a. It was thought pos-
sible to prepare such salts from the various halogenated ali-
phatic acids and by treatment with a bzse such as diethylamine,
to prepare salts of amino-scids which would be water sciuble
in the form of their hydrochlorides. The general procedure
used was to hest 10 g. (0.02 mole) of tetraphenyl lead with a
slight excess of the z2cid dissolved in xylene for about six
hours under a reflux condenser. This is the procedure recom-
mended by Goddard and Goddsrd (53) but in the experiments per-
formed the desired compounds were not formed. The acids used
were chloroacetic, bromoacetic, g-chloropropionic, G-bromopro-
pionic, phthalic and thloacetic acids. The product appeared to
be a complex between the tetraphenyl lead and the acid which
would not readily be decomposed with solvents.

- (53)' Goddard and Goddard, J. Chem. Soc., 121:978(1922).
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SUMHARY

Attempts have been made to prepére water soluble organo-
lead compounds by means of the malonic ester condensation,
tke Reformatsky reaction and by the action of carbon dioxide
upon Grignard reagents. These efforts were not entirely suc-
cessful although a series of triethyl lead salts has been

prepared which may prove very valuable in the treatment of

malignent tumor.
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B. ANTI-KNOCK STUDIES
INTRODUCTION

The cheapest way to improve the efficiency of a standard
engine 1s to increase the compression ratio of the engine.

Tﬁe limiting factors in high compression work are briefly as
follows: The difficulty of procuring the proper fuel which
will not detonate; the general design of the cylinder head,
valves and irnlet menifolds; the strength of materials used in
the engire to withstand the stresses set up by the increased
pressure, Detonation is one of the chief stumbling blocks in
the line of progress,

The term detonstion is apt to be confusing for knocking
may be either mechanical or the result of using improper fuel,
The knock may be due to some inherent fault of the fuel or the
result of auto-ignition or pre-ignition, Auto-ignition occurs
when a hot spot develops in the combustion chamber such as is
the case when the plug poinits become red hot and ignite the
charge without the use of the ignition apparatus, Pre-ignition
is auto-ignition occurring before the passage of the spark,
This improper ignition results in severe detonation which de-
velops hot spots. Experiments have been carried out where
these hot spots were the only means of ignition by which the
engine was run,

There have been many theories advanced to account for the

detonation in an internal combustion engine but the one postu-
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lated by Ricardo is perhaps the best (1), He believes that as
the fuel 1ls introduced into the c¢ylinder as an air-gasoline
mixture, it burns so rapidly, if the fuel is unsuitable, that
the flame fronf forces ghead of itself & pocket of urnburned
gas, The heast developed from this pressure is sufficient %o
raise the gas to its ignition temperature, whereupon, it auto-
ignites and subjects the cylinder wsells to & tremendous stress.
The result 1s & pecullsr pinking sound or knock which indi-
cates what 1s taking place, |

In 1915, (2) the General Motors Research Laboratories
found that it was difficult to install Delco lighting engines
in a great many homes because of the regulations that a nunmber
of states Imposed upon the storage of gasoline in houses,
They attempted to solve thls problem by designing their engines
to use kerosene as a fuel, They were prevented from doing
this because of the severe detonation which kerosene induces,
Tnomas Midgley and T, A, Boyd were set to work investigating
this problem at Dayton, Ohio,

These two men tried some 33,000 different chemicals to
determine thelr effect upon knocking in internal combustion
engines, Iodine was one of the first substances tried znd

proved very effective in suppressing the knock, MNidgley then

(1) Ricardo, Automotive Industries, 44:856(1921); Callendar,
Engineering, 121:509(1926).

{2) An excellent review of the development of anti-knock com-
pounds is given by Tenger, Chem, Age, 18:388(1928); Chem.
'Prade J,, 82:427(1928).
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gct the idea that the color of the substance used had some ef-
fect upon the knock and so tried several aniline dyes, These
alsc were successful up to a certsin poirnt, Bui while aniline
and iodine may both Dbe considered anti-knocks, they have seri-
ous drawbacks, For example, iodine is costly and the use of
it in the necessary quasntitles would have made the price of tie
fuel prohibitive, Aniline and its derivatives have a tendency
to gum the moving parts of an engine and after using these
materials in a fuel the engine must be cémpletely dismantled
and cleaned, So the use of these reagents is not feasible at
present except in very special casés.

¥idgley and Boyd eventually tried the effect of organo-
metallic compounds upon detonation and fouﬁd that tetraethyl
tin, diethyl selenide, diethyl telluride, iron carbonyl, nickel
carbonyl and tetraethyl lead were very effective, with ability
to suppress detonation inereasing in the order given, Tetra-
ethyl lead was by far the most effective of the list given with
en effectiveness about twice as great as nickel carbonyl., So
it was decided that this compound should be used as an anti-
knock reégent.

The chief difficulty thet these men encountered at first
was the burning of the tetrsasetayl lead to litharge which col-
lected on the moving parts and caused the valves to stick and
the plugs to snort. This trouble was overcome by lntroducing
an organic.hélogen compound with the tetraethyl lead which
durihg combustion formed a lead halide which was volatile and




so could be ejected through the exhaust. Various halogen com-
pounds were tried but the one finally decided upon was ethylene
dibromide., It 1s claimed that the deposition of lead bromide
occurs only on the cavities in the cylinder walls and so forms
a2 smoother surface such as is obtained with a grsphite lubri-
cant,

After the war, the Standard 011 Company of New Jersey
realized the importance of lead tetraethyl as an anti-knock
and entered into negotiations with the General Motors Corpora-
tion which led, in 1924, to the formation of the Ethyl Gaso-
line Corporation which was to market the Ethyl Fluid used now
to prepare Ethyl gasoline,

The Ethyl Fluid as 1t is sold today consists of a mixture
of 54,5% tetraethyl lead, 36,4% ethylene dibromide and 9,0%
Halowax 0il in which there is a distinective aniline dye. The
meterial 1s sealed in 50 gallon steel drums and shipped to the
refineries where it 1s mixed with the gasoline in & special
blender whereby the concentrated Ethyl Fluid never ‘comes in
contact with the air, The maximmm quantity of Ethyl Fluid in
a gallon of gasoline sold to the public is 5.5 ec,, or ap-
proximately 3,0 cc., of tetraethyl lead per gallon, This fuel
has been used successfully in high compression engines. A
compression ratio as high as 10:1 has been used in some cases,
Each winner in the Memorial Day Races at Indianapolis since
1924 has used Ethyl gasoline. 1In 1927, the three first cars
all used this fuel, The "Shenandosh” and the "Los Angeles”
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both used gasoline containing 8 and 11 cc, respectively of
Ethyl Fluid for a gallon of gasoline,

The Standard 0il Company of New Jersey prepared the first
tetraethyl lead used in ‘this kind of fuel, at their Bayway re-
finery., While attempting to use the process new in use with
ethyl chloride and sodium-lead alloy, there was an explosion
of two autoclaves which csused the death of four workmen, The
non-technical press immedlately spread & scare which was
sponsored by a group of men led by Prof,.. Henderson of Yale,
The Ethyl Gasoline Corporation shut down the sale of Ethyl
Fluid, pending a thorough exsmination by the U, S, Health
authorities, in May 1925, The result of the Investigation was
that the Ethyl Gasoclline Corporation was allowed to continue
the sale of Ethyl Fluid, This sale re-commenced in February
1926 and has been continued, The tetraethyl lead is now being
made by the DuPont Corporation by the method in which ethyl
chloride reacts upon a sodium-lead glloy, They menufacture
_this materlial in such a way that there 1s very 1itt1e danger
to the employees,

There 1s very little doubt that tetrsethyl lead is toxic
but there is also very little doubt that the gquantities that
are available to the public are not sufficient to form a very
serious hazard, One of the men working for Midgley and Boyd
in their early experiments was in the habit of syphoning tetra-
ethyl lead by mouth from one container to another, This man's

hands were in contact with this liguid for eight hours daily




and he suffered only superficial injury.

One of the chief competitors of tetraethyl lead as an
anti-knock is nickel carbonyl., It is ef;‘ective but it requires
twice as much by volume to produce the same effect as tetra-
ethyl lead. It has several disadvantages for it decomposes
repidly end when burned in an internal combustion engine de-
posits a herd, gritty material whick is detrimental to the
engine, It 1s quite expensive and its decomposition produccs
short the spark plugs. '

Another good anti-kmock is iron carbonyl, There was &
great deal of trouble in gebting a method of producing it com-
mercislly but a method was finally worked out by the Badisch
Aniline snd Sods Fabrik who have had a grealt deal of experience
4n high pressure work with the Haber-Bosch process, When this
material is mixed with gasoline the fuel is Xmown as T"HMotalin”.
The chief objection to this material is that the iron oxide
formed during the combustion collects on the spark plugs and
shorts them, Dr, Kehoe, who has done considerable work on the
toxicity of these organometallic anti-knock materials, gives
the order of decreasing toxicity of these three as nickel
carbonyl, iron carbonyl, and tetreethyl lead,

There sre a number of theories which have been advanced
to sccount for the phenomenon known as detonation and they have

been admirebly reviewed by Dr. Clark (3) of the University of

(3) Clerk, J. Soc, Automotive Eng., 23:167(1928).
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Illinois, He is not convinced that any one theory so far pro-
pounded is satisfactory for explaining detonation, He gives
evidence for three different kinds of detonation which of course
complicates the problem.

One of the earlier theories to account for the action of
organometallic compounds as snti-knock materials was that dur-
ing the explosion the metal was released ana formed a depesit
on sharp corners waich diminished the knocking of the fuel, It
3s true that sharp points such as sand will produce, do seem to
induce knocking but this theory does not account for the action
of meterisls containing noc metal such as aniline, Nelther does
it explain why organic valences are gbsolutely essentiel, 1t
i1g 21s0 well known that kmocking sterts lnstantly upon =2
chenge to an improper fuel before the sharp corners have had a
chance to become exposed.

Another theory is that the metallic particles formed act
es miniature spark plugs. It is known that increasing the
mmper of spark plugs does decrease the tendency of a fuel to
knock, Experiments have been carried out which indicate that
colloidal metal perticles act as anti-kmock materials but such
results could only be obtained from colloidal metals prepared
from tetraethyl lead, iron carbomyl, or nickel carbonyl (4).

It is possible that some of these compounds may have been

present in the preparation which would explain the action of

(4) Sims and Mardles, Trans. Faraday Soc., 22:363(1926).




the colloidal ﬁaterial.

It is possible that heavy metals would gbsorb electrons
formed in this system of high energy both from thermal and chem-
ical reactions, It has been showm experimentally that both
ionization and conductivity are decreased by the presence of
tetraethyl lead, But this theory does not account for the
action of inducers or for those anti-knock reagents which do
not contain a metal such as iodine and aniline, There is good
evidence to believe that the action of tétraethyl }ead ir sup-
pressing jonization is due to its action in suppressing de-
tonation. /

Then there is the theory of simple, positive catalysis
which postulates that the anti-knock material acts in some way
upon the fuel i@ a wave ahead of the flasme so that there will
be no detonatidh; This is a theory hard to prove or disprove
but it is unséfi%factory for the reason that it avoids the is-
sue and postulates no mechanism,

Gallendgr'fs} has a most interestirg theory in which he
assumes ﬁhat'tﬁé anti-knock reagent has an action on the
droplets of higﬁer boiling materials of a fuel which prevent
their pre-ig@iting. It is known that these droplets have a
lower ignitibﬂ éemperature then the vapors of more volatile
liguids, 'Wpeﬁ the pressure 1s increased the heat developed is

sufficientlto bre-ignite these drops if they were not poisoned

(5) Gallendar, Engineering, 121:475, 509, 542, 576, 605({1926);
123:147(1927). =
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by adsorption of the "dope"”, This is e promising theory al-
though it is not easy to relate pre-ignition with detonation;

Since there is a theory of positive catelysis, there may
equally well be a theory of negative catalysls, The anti-
knock reagents may decrease the reaction veloelty of the burn-
ing fuel and so decrease detonaticn, This is open to the same
objections as the theory of positive catalysis; that 1t avoids
the issue of s mechanism,

There 1s also a theory which postulates that the "dope"
changes the reaction route of oxidation to one involving
hydroxl compounds as intermediste compounds, There is evidence
that this is true for fuels form different final products in
the presence of the anbti-kmock com@ound then they do in its
sbsence, This theory is difficult to extend to kmock inducers
and l1ike so many theories ltdes not give any mechanism,

Another theory is ore involving the idea of catalytice
poisoning, The theory is that the walls of the combusticn
chamber act. es positive catalysts for the reaction velocity
and that these are poisoned by the anti-knock compéund. It has
been found, however, that known catalyst poisons such as mer-
cury and sulfur, actually tend to induce detonation, Also
there is no lag in the appsarance of the knock when a poor fuel
is introduced, It is not necessary to have metel walls to in-
duce detonation for the knock is observed in gless reaction
vessels,

+ A rather unique theory for the suppression of the knock
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is the one which postulates that the suppressors asbsorb rediant
energy from the flame which would otherwise activate the fuel
ahead of the flame and increase the reaction velocity of the
combustion, There is considerable evidence in favor of this
theory resulting from the study of fuels with s spectroscope
(3). It has been shown that the reaction rate is greatly in-
creased when infra-red radistion is absorbed which corresponds
to an absorption.band of a fuel spsctrum, UDltraviolet light of
strong internsity has been found to lnduce knocking, Detona-
tion suppresscrs will destroy the fluorescence of substances
wnich have been irradiated with ultraviolet rays, With knock
suppressors, the radiation from the flame is uniform through-
cut the cycle while it is irregular without them, Anti-kmock
compounds absorb uliraviolet light during detonation while
kmock inducers increase the inbensity of this form of radlant
energy., Finally, the lines for lead appear only dﬁ?ing the
first quarter of the stroke which indicates that if the
pyropnoric lead particles are formed they do not persist,

It is possible that during combustion of the fﬁel, per-
oxides (5) are formed which are known to be very explosive and
these could detonate the mixbture of fuel gas., The anti-knock
compound might act as a catalyst to destroy these peroxides as
they are formed, It is known that the formation of peroxides
is absolutely irhibited by anti-knock compounds.

The free radical theory has been put forward to explain
what happens to the antl-knock compound while suppressing de-
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tonation, This theory assumes thet there are free radicals
formed, intermediately, whick resulis in the liberation of
radient energy., This may account, in part, Lfor the necessity of
having organic valences in the molecule.

There ls a theory of reactions which postulates thet a
prcduct of a reaction mey sctivate the reactant In suck a way
as to accelerate the velocity of reaction, In the case of com-
bustion, this would fesult ir detoration and it has been sug-
gested that the anbti-knock compound may act in somwe way to
break up the reaction, This is very hard to verifly experiment-
ally because of the difficulty in measuring minute changes in
reaction velocities.

Clark (3) believes that of this list of twelve theories,
the ones which offer the most promise ere the radigtion theory,
the peroxide theory, and the chain resction theory. He points
out that there is considerable work to be done on all these
theories and outlines some of the difficulties,

There heve been many and varied methods of measuring dé-
tonastion and the effect of knock suppressors upon détonation.
Dr. Grgham Edgar (§) of the Ethyl Gasoline Corporation, has
given a description of wvarious methods used and pointed out
the necessity for some standardizstion, At present it is very
difficult to compare the resulis of different laboratories,

Those people using the Kidgley bouncing pin method have more

(6) Edgar, J. Soc, Automotive Eng,, 22:41(1928); See also Gum-
mings, ibid,. 20:599(1927) =
s 301G, , gU .




success than others in comparing results,

This method was developed by Midgley and Boyd (7) and is
used in varlous modified fcrms by man:; experimentors, The
engine used is a small Delco light engine operating a bank of
electric lamps, The instrument used for measuring detohaticn
is 2 smell steei needle resting upon the piston of a modified
optical-indicetor pressure-element, The mirror is removed from
the original pressure-element along with the mechanism which
attaches it to the piston, The piston is held by a spring of
such strength that ordinery pressure changes in the engine will
cause no effect, When there is detonation, the bouncing pin
is throwr upward snd strikes & pair of spring contacts which
close an electric circuit, This elsciric circult contairs a
100-watt lsmp in series with & water wvoltameter actusted by a
source of 110 volt direct current, When the circuit is
closed, water is decomposed and the gas is collected in &
graduated U-tube, The volume of gas generated in a given time
interval deperds upon the number and intensity of the impulses
given to the bouncing pin, Detonsztion is measured ‘b-y comparing
the unknown fuel with two reference fuels, one of which de-
tonates slightiy less and the other slightly greater than the
unknown, This method is used by the Ethyl Gasoline Corporatlon.

The Armour Institute of Technology (8) uses a method in which

(7) Midgley and Boyd, J. Soc, Automotive Eng., 10:7(1922).
{8) Roesch, ibid., 12:17(1926).

]
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a four c¢ylirnder engine is employed., The spark is advanced un-
til detonation occurs, the intensity of which is measured by
ear, The variables are held as constant as is pessible and
the fuels are compared by plotting the spark advance necessary
to produce a knock of a giver intensity against the volume in
cubic centimeters of tetraethyl lead used. The curves are com-
pared by interpolation.

The Atlantic Refining Company uses & one cylinder engine
with & Prony brake, They have a specially'constructed carbu-
retor making it possible to get the same fuel mixtures st dif-
ferent thrcttle openings at constant speed, The throttle is
equipped with a recording needie which slides over a graduated
scale, The knock of the fuel is measured by the throttle
opening necessary to produce a certasin detonation, Comparison
is made between fuels by means of a standard referencé fuél
containing benzene,

Ricardo, {(9) who is one of the pioneers in this work on de-
tonation and its suppression, developed an Interesting method
of measuring the knock values of a fuel for the Asiétic Petrol-
eum Company., This method consists of using the fuel in an
engine of specigl design which has an adjustable c¢ylinder hesd
by means of which the compression ratio of the engine can dbe
veried at will over a rather wide range. The compresslion ratio

at which a fuel begins to detonete, as determined by ezr, is

{9) Ricarde, Automotive Industries, 44:804, 856, 1003(1921).
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characterlistic of the fuel end is called the highest useful
compression ratio or simply E, U, C. K. This is a rather gen-
eral way of expressing the knock characteristics of any fuel.
This method is also in use by the British Air Ministry Labora-
tory and the Kansas City Testing Laboratory.

At the Ohlo State University Leboratories, (10) a device
has been used for measuring detonation dependent upon the ion-
izztion of the gas In a cylinder during an explosion, There
appears to be & direct relaticon between the electrical condue-
tivity of the gas and detonation, The conductivity is greater
wher the detonation is more evident,

The University of Hichigan (11) uses a bomb equipped wiﬁh”
a recording pressure-indicator, The fuel is rated by determin-
irg how mch iﬁtrogen.must be added to the gasoline-oxygen mix-
ture to prevent peaks on the time-pressure diagram, One of
the objections to this method 1s the difficulty of distinguish-
ing between the vibrations due 10 the pressure-indicator and
pressure peaks due.to detonation,

It is gulte evident that with so many methods aﬁailable
for measuring detonatlion, it is nct 2lways possible to compare
the results of different workers (6)., It is earmestly hoped
that 2 method will be developed of such value that it will be-
come standardized in order that there will not be so much con-

fusion in the literature of this field,

(10) Crarch, Boord and Hack, Ind, Eng, Chem., 18:334(1926).
(11) Ieslie, Brown and Humn, ibid., 17:397(1925).
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"fhere are a number of excellent bibliogrephies on deton-
ation which should be mentioned here, There ere ninety refer-
ences to articles in this field given by Berl and Fischer (12)
while Clark and Thee (13) have published sixty more. The com-
bination of the two compilations covers nearly all the import-
ant literabture to July, 1925.

Because of the tremendous success which tetrsethyl lead
has hed as an anti-kncck compound, much experimental work has
been done in testing various compounds for thelr effectiveness,
It is by no means easy to obtain all the values because of the
secretive nature of the work, A few tables are given here of
compounds which have been tested and the results of which have
been published by the different experimentors,

(12) Berl and Fischer, Z, Elektrochem,, 30:29(1924),
{13) Clark and Thee, Ind, Eng, Chem., 17:1219(1925).




Compound

Anilire ., . . . .
Benzene , . . . .
Teluene . . « . &
Xylene . o . < »
Alechol ., . . . .
Bthyl iodide . .
Xylidine . . . &
Toluidine . . .
Tetrgethyl tin ,
Diethyl selenide
Diethyl telluride
Iron carbonyl , .
Rickel carbonyl .
Tetraethyl lead ,

Pable

Anti-knock Effectiveness (2)

{(by volume)

- - L ] L

11,45
1,0
1.093
1.20
1.85

13,87

12,03

11,86

20.4

62,5

250,0
250.0
277,0
528.0
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Table II

Compound , Percentage effect on H,U.C.R, (14)

(by weight)

Benzeﬂe s - . ] - L] - o s 3 * » - - . * 2 L 4 1.0

TOIUCTE 4 o o o o o o o s 5 o o o » o o o » 240
O-XF1ENC . & ¢« o ¢ v o o« s s o s s s ¢« o o« 0.6
PSEUdO CFMENE ¢ o o o o o o « ¢ s o s » o« o =04
Turpentine . o o ¢ 2 ¢ o o 5 6 ¢ o o o o o =0.9
PYPiCINe o o o o o o o o o o 6 s o o o o o 1.2
ANST3INE ¢ 4 4 o o o s s o o w s o o s s o s 217
Methylaniline , o o« ¢ o o o o o o o s « « & 22,2
Dimethylaniline , . o « o o o » ¢ 2 ¢ o o o 17
Diethylanllin® o « ¢ o o 2« o« 2 s ¢« » o s o 040
Benzylaniline . o o« o o o« o o s ¢ 5 o s o o 9.5
ToINIAINE ¢ o v o ¢ ¢ 2 o o o s ¢ o 0 o o « 183
M-X713dINe . ¢ 4 ¢ o o o s v e e 0 s e 0 s 22,3
PhenylhydraZzine « o« » o o ¢ s o o o« s ¢ o s =99
Ethylaniline..........'.....10’.4:
ANiSOle . 4 s o o ¢ 2 o s s v e s 0 s s . s L1
Phenetole o o« o« o ¢ » o o« » e o s o o o o s L3
Benzyl 81coh0l . ¢ s « o o o ¢ 2 » s o s o 0.4
CreSOl &+ o« ¢ o o ¢ ¢ o = o o s o o ¢ s o o D8

Phenol [ d [ 2 [ ) * € L J L 4 L 4 * L J * » - L] * L J L [ 3 4.4

(14) These values were obtained by Callendsr (5) using
Ricardot's {1) method of varlable compression ratios,

’




Table II {continmed)
Compound . Percentage effect on H,U.C.R.
(vy weight)
Terpineol.....-..-...o.--c 000

Thgmol 4 o o o o o o o o = = o o o = + » « =19
BugeBOl 4 4 o v 2 o s o o o o o 8 o o o o o 1.3
Benzaldehyde . 4 2 ¢ « o 2 o o o 2 5 o » o 0;0
PoraldONTAC o o « o o o o o « o o o o o o s =0.8
PUPTUTE] o ¢ o o o« o o o o 5 ¢ o o s o « & =0.8
Bthyl 5213CT712%€ o « o o o o o o o o + o o =11
iso-Butyric acld . ¢ & « s e o 0 s e o s e 0.0
BromCbenzene o« « o » o o o o o ¢« ¢ o o o o =17

Ethylene bromide . . &+ ¢ o o a ¢ o o ¢ o & 0.6
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Tsole III

Grams to produce the same
Compound effect s 1 gr. of aniline(15)

CridiNG v o 2 o o o + o o s « v 2 0 o o s » » 0,96
Diphenylemine . « o« o o« » o o « a o » ¢ « o = 121
Amylamincbenzene . . o o s s o o o+ o o= o ... 1.53
EthylaminobenZeNe . - « o » ¢ o ¢ « o o o o o 1,14
AIncdiphenyl . 4 4 o o 5 o o s » s e o 5 o o 1,60
0-Mothyltoluidine . . « v . . s o s o . s .. 1,15
n-Butyleminobenzene . . « o« » o ¢ s » o ¢ o o 1,44
p~Prop7leminobenzene « + + « o o » o o ¢ o o o 132
p-Propyleniline . o o 2 o o o o s 2 s 0 0 o o 1,95
Ethylciphenylamine o o o o« o o o o o o o s o » D65
Bubyleniline . . o o o o ¢ o o o o o o s o o« o D10
DiethylamiNe o « o o = o ¢ o o o s o o o s o o 1,59
DI n-propylaniline ., o o ¢ ¢« ¢« ¢ ¢ ¢ ¢ o o s o 7.15
1so-Amylaniline . o o o o o o ¢ o 0 o 0 o o o 1,10
Ethylamine . o o o ¢ o« o= o ¢ o ¢ o o o o o » o 2.40
Triethylamine . o ¢ o« « o ¢ ¢ o o « o o o o o 7,95
Triphenylamine , « « o« « o « o ¢ » o ¢ e'o » o 90,00
AMMONIE . 4 4 4 s e o s s e s e s e s e« 2,0(=)
iso-Propylmitrite . « . . . . ¢« « ¢« o s+ . . o 0.085(-)

{15) Midgley's (7) bouncing pirn apparatus was used to obtain
. these values,




Compound

Tetraethyl lead ., + ¢« «
Tetraphenyl lead . . . &
Diethyl lead dichloride .
Diphenyl dimethyl lead , .
Diphenyl dlethyl lead ., .
Diphenyl lead dichloride
Diphenyl lead dibromide
Diphenyl lead diiodide

Tri p-xylyl lead .

Lead ethylxanthogenate

*

.

Lead thiolascetate ., . «

Bismth triphenyl .
Bismuth trimethyl .
Bismuth triethyl .
Stannic chloride .
Stannic lodide . .
Diethyl tin diiodide
Cadmium dimethyl .

Titanium tetrachloride

*

Pitamm tetralodide , .
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Pable IV

Anti-knock Coefficient (16)

L 4 . L 4 * & @ L 4 [ 4 [ ] L 4 L 4 100.O

L 4 - - - L] L ] L 4

L ] - » [ 2 [ * [ g

»>

L]

L 4

59,0
67.0
97.0
93,5
72,0
60,0
80,0
64,7
7.1
8.4
18.2
20.2
20,2
3.5
12.8
12,3
1,05
2,7
2,7

(16) The anti-kmock coefficient is the ratioc between an arbi-
trary molecular gquantity of tetraethyl lead and the
molecular quantity of compound necessary to produce the

, same effect,

This fraction is then multiplied by 100
and called the anti-knock coefficient (10).

¥Midgley?'s

bouncing pin method was used in the study of these materidis,




- 67 =
Table IV {continued)

Compound Anti~knock Coefficient

Triphenyl antimony difodide . o . o ¢ o ¢ o o » » 4.0
PhenylarlSiNe . o« « o o » o o ¢ s s« o o s o o o o 1,0-2,0
TriphenylarsSine ¢ « « o « o« o o ¢ o s o o s o o o lod
Triphenyl methyl arscnim jodide . o« ¢« ¢« o « o « «» 0,7-1.0
Triethyl dialuminium trijodide , . . « . o « « » VEryWeak
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Table V

Compounds which have no effect upon detonation

Ammonivm plumbic chloride
Benzaldehyde lead
Diphenyl lead diacetate
Lead tetrastearate

Lead tetraacetate
Diphenyl lead dinitrate
Lead diyphenylearbazide
Stennic bromide

Zirconium tetrachloride
Zinc sodimm ethyl

Auric chloride

Tungstic chloride

Ferric chloride

‘Ferric dimethylglyoxime
Ferric ethylxanthogenate
Triethyl aluminum
Aluminum chloride (anhyd.)
Triphenyl bismuth dichioride
Triphenyl bismuth dibromide
Platinum tetra chloride
Nickel dimethylglyoxime
Kickel diphenylcarbazide
Cupric dimethylglyoxime

'
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Table V {continued)

Compounds which have no effect upcon detonation

Cuprous diphenylcarbazide
Cobalt ethylxanthogenate
Cobalt succinimide

Hercury ethylxanthogenate
Pentaphenyl chromium bromide
Zinc ethylxanthogenate
Fitrogen sulfide (K. S.)
Phenylisocyanide
Ethylisocyanide




From a study of these tables; it is evident that a good
anti-kﬁock reagent should have certaln characteristics, It
should be an organometalliic compound for organic valences ap-
pear to be absolutely essentiel, Organolead compounds are
very much superior to the organic derivatives of any other
metal studied, The problem then resolves itself into a maiter
of determining the best configuration that an organolead com-
pound should have tb be the most effective anti-kmock resgent.
A description of such a study is given in the following pages.

Petraethyl lead is itself an.excellent enti-knock compound
and is reédily avellable, In this work derivatives cf tetra-
ethyl lead have been studied almost exclusively because of the
various advantages tetraethyl lead offers as a starting
material, 1In the preparation of these derivatives, the {irst
problem that appeared was to find a good method for the prep-
aration of %riethyl lead chloride and diethyl lead dichioride,
This was the object of the first experiments performed in this

field,
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EXPERIMENTAL

Methods for the Preparation of Triethyl Tead Cg;ogide
ieth ad Dichloride

Historiecal

The stabllity of the alkyl iead chlorides as contrasted
with the corresponding bromides sn@ iodides make them very de-
sirable reagents, Grittner and Krause (17), for example, take
great pains to emphasize the unstable nature of diethyl lead
dibromide which may not_be cerystallized because of the extent
of its decomposition into lead bromide, They also report (18)
that the chloride reacts somewhat less rapidly than the other
helides but no such difference was apparent in this work,

Triethyl lead halides have been prepared in several ways,
Lowig aﬁd Klippel (20) treated tetraethyl lesd with silver
nitrate and formed triethyl lead nitrate which was ther shaken
with sodium hydroxide to form triethyl lead hydroxide, The
triethyl lead hydroxide formed triethyl leasd sulfate when
neutralized with sulfuric acid, Triethyl lead chloride was
the product of.the reaction of barium chloride with triethyl
lead sulfate, Cahours (21) and Buckton (22) have made tri-
ethyl lead chloride by warming what was undoubtedly Impure

(17) Griittner and Krause, Ber,, 48:1415(19186),
(18) Griittner and Krause, ibid,, 48:1125(1916),
(19) L3wig, J. prakt. chem,, 6Q:304{1853).

(20) Klippel, ibid., 81:287(1860).

(21) Cehours, Amm,, 122:48(1862).

(22) Buekton, ibid., 109:218(1859).




tetraethyl lead with concentrated hydrochloric acid, More re-
cently, Browne and Reid {23) have given excellent directlors
for the preparation of triethyl lead chloride in 86% vyields
from tetraethyl lead =nd concentrated hydrochloric acid with

} 2 trace of silica gel used as a catalyst, Pfeiffer end

I Truskier (24) led dry hydrogen chloride into an ether solution
of tetraethyl lead and obtzined triethyl lead chloride in very
good yields,

Tafel (25) added bromine to a "well cooled” solution of
tetrasethyl lead in ethyl acetate and obtained impure triethyl
lead bromide., When two moles of bromine were added to the cool-
ed solution of tetraethyl lead, diethyl lead dibromide was
formed, Grittner and Krause (17) used this method vut were
mch more careful to specify the temperature, They found that
at ~60° bromine and chlorine reacted with tetraethyl lead to
form triethyl lead halide,while at -20° the dikelide was form-
ed., They object to any metnod using hydrogen chloride or hydro-
chloric acid‘ on the grounds that the yleld is lowered when
large quantities are used, It has been found, in the present
study, that this objection is not velid for as much as 113 g.
(0.35 mole) of triethyl lead chloride has beer prepsred in 96%
yields, Griittner and Krause (17) do not state the quentities

necessery to cause a lowering of the yield,

(23) Browne and Reid, J. Am, Chem, Soc., 49:830(1927).
{24) Pfeiffer and Truskier, Ber., 37: 1125(1904).
(25) Tafel, ibid., 44:323(1911).
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The most generally used methoed for preparing the diethyl
lead dihalides has been given, i,e,, halogenation of tetraethyl
lead at -20° (17). Griittner snd Krsuse (17) recommend thet
the triethyl lesd halide be prepared first at ~80° and then
converted to the dihslide as the solution becomes warmer up to
-20°, They explain that the objection to adding the halogen
at the higher tempersture is not serious, inssmuch as only
when using large guantitles is tke reaction vigorous encuga to
be explosive, Goddard and Goddard {(28) hsve prepared diethyl
lead dichloride by the reaction of thailic chloride on tetra-
ethyl lead and on triethyl lead chloride, They zlsc fcund
that when diethyl diphenyl lead was treated with thallic
chloride, diethyl lead dichloride was a product of the resaction.
¥8ller and Pfeiffer (27) cesused diethyl diphenyl leed to resct
with dry hydrogen chloride end obtained diethyl lead dichicride.
Similarly, diphenyl dicyclohnexyl leud forms dicyclchexyl lead
dichloride when treated with hydrogen chloride (28).

It is rather easy to convert an alkyl lead halide %o a
different halide by either one of two reactions, ZXKreouse and
Pohland (29) used one of the methods to prepare trietayl lead
fluoride from triethyl lead bromide, Triethyl lesd hydroxide
was prepared from triethyl lead bromide by the action of dilute

potassium hydroxide, When this triethyl lead hydroxide was

(26) Goddard and Godderd, J. Chem, Scc., 121:482,256(1922),
(27) ¥Bller and Pfeiffer, Ber.,, 49:2441{1916),

(28) Grtittner, ibid,, 47:3257(1914).

(29) Krause and Pohland, ibid., 55:1282(1922).
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added to & 33% solution of hydrofluoric acid in alcohol, tri-
ethyl lead fluoride was formed.

1dwig end others (19,20,21,22) have used another method
for the conversion.of the hslides to other halides, Their
method consists of cesusing a double decomposition resction to
take place between an alkyl lead halide and an aporopriate
halide of sodium or potassium, Both of these reactions are ap-
plicable to dihalides as well as to monohalides,

Since the preparation of triethyl lead chloride is rather
laborious when the method of Griittmer and Kreuse {17) is used,
experiments have been carried out to determine a good method
of preparstion involving the use of hydrogen chloride, It has
been found that triethyl lead chloride can be prepared in 08,2%
vields by passing an excess of dry hydrogen chloride into =
solution of tetraethyl lead in dry sbsolute ether. ODry hydro-
gen chloride has been led into a suspension of triethyl lead
chloride in dry ether for an hour, A% tﬁe end of that time the
triethyl lead chloride was recovered unchanged, When the
material was washed with acid ammonium acetate solution (30)
and the washings treated with a solution of potassium dichromate,
there was no precipitate of lead chromate to indicate the for-
mation of lead chloride. A sample of the recovered product
dlssolved completely in moist ether which shows that diethyl

lesd dichloride was not formed for it is gquite lnsoluble in

{30) See p.35, Part A, ref,44, THIS THESIS.
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moist ether, Triethyl lesd chloride then, is not decomposed
by prolonged treatment with hydrogen chloride into lead
chloride or diethyl lead dichloride., This method seems to of-
fer advantages over previously described procedures,

The method for the preparation of diethyl lead dichloride
that has been worked out is an entirely new one., Hydrogen
chloride 1s passed into a solution of tetraethyl lead in
toluene st 90° with the formation of diethyl lead dichloride
in nearly quantitative ylelds, Diethyl leéd dichloride is
formed in a 'benzéne solution in 80-85% yields with the temper-
ature at 50° but the product is not so pure and the hydrogen
chloride is sbsorbed much more slowly than in the toluene solu-
tion, 1In the following experiments, it has beem found that di-
ethyl lead dichloride prepared in the toluene solution is free
from triethyl lead chloride and lead chloride- and so may be
used directly., Griittner and Krause (17) have led chlorine in-
to a suspension of dimethyl lead dichloride for several hours
at room temperature with the formation of no lead chloride,
Dialkyl lead dichlorides appeer to be very resistant to the
further action of chlorire and hydrogen chloride,

It is interesting to note that when chlorine is added to
a solution of tetraethyl lead in ether which is cooled with an
ice-salt mixture, diethyl lead dichloride is formed in excel-
lent yields and the reaction is quite smooth, Grittner and
Krsuse (17) do not recommend this procedure for as they say,

the rehction may become explosive when large quantities are




used, They 4o not state any quantitles but in this work, 16,5 g.
{0.05 mole) of tetraethyl lezd have been treated with chiorine
under these conditlions and there was a very smooth reaction,

Triethyl lead Chloride: 48,5 g. (0,15 mole) of tetraethyl

lead 1s dissolved in 400 c¢c, of dry sbsolute ether and saturat-~
ed with dry hydrogen chloride, This requires about thirty
minutes or more depending upon the rate of flow of the gas,
The rate at which the gas is absorbed appears to reach a maxi-
mum and ethane 1s evolved at a rather conétant rate, The best
way to determine the end of the reaction is to wait until the
ethane is only very slowly evolved and then filter the solution
from the precipitated needles of triethyl lead chloride, The
soiution is ggaln saturated with hydrogen chloride and if no
more needles appear the reaction is completed, The yield of
triethyl lead chloride is 48,6 g. (98.2%). The yields may very
between 92% and 98% depending upon how carefully the last
traces of tetraethyl lead are halogenated, This material is
very pretty and Pfeiffer and Truskier (24) have found by anal-
ysis thaﬁ‘triethyl lead chloride prepared in this way is very
pure., |

'Tpere are two precautions that must be observed, All
moisture must be kept from the flask and ether sclution, Tri-
ethyl lead chloride is soluble in moist ethef but quite in-
soluble in dry ether in the presence of moderate amounts of
hydrogen chloride, Triethyl lead chloride is appreciably sol-
uble 1n‘dry ether that has large amounts of hydrogen chloride
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present, In proof of this statemenf, it has been found that
boiling 2 solutibn to remove excess hydrogen chloride will
often cause another crop of needles to appesr /while saturating
a suspenslon of triethyl lead chloride in ether with hydrogen
chloride will cause the materlal to go into solution, This
last case is quite unusual and is not often met with (31),

Diethyl ILead Dichloride: 107,5 g. (0,3 mole) of tetra-

ethyl lead 1s dissolved in 500 cc, of toluene in an open
Erlenmeyer flask and the solution is heated to 90°. Dry hydro-
gen chloride is led into the solution at a moderate rate and
since the triethyl lead chloride which first forms is soluble
in toluene, no precliplitate forms until one-half of the hydrogen
chloride has been absorbed. The end of the reaction may be de-
termined approximately by adding hydrogen chloride at the same
rate for double the time necessary to cause the firstprecipi-
tate of diethyl lead dichloride to form, At this time the pre-
cipitate is filtered from the ‘solution and hydrogen chloride
again sdded to precipltate any unreacted triethyl legd chloride.
If no precipitate forms the reaction is ended, The product is
pure diethyl lead dichloride contalning no lead chioride, The
yiéld oi‘ 107 g. (97.5%) has been checked repestedly, The tem-
perature of ‘vt'h‘e solution should be maintained at 90° by the ap-

(31) Care should be taken against long exposure to this com-
pound, The observation of Krause and Pohland (29), that
compounds of this type produce severe headaches, has
been verified.,
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plication of heat although a variation of 10° does little
harm (32},

Any triethyl lead chloride left unreacted with hydrogen
chloride is very soluble in toluere and so would not contam-
inate the precipitate of diethyl lead dichlorlide., A sample of
naterial prepared by the above procedure, was washed with a
solutlon of smmonium ecetate andé the washings trested with a
solution of potassium dichromate to preciplitate any dissolved
lead chlorlde as the chromate, There was no preclipltate which
shows that the meterisl was free from lead chloride, Similar
treatment of semples of triphenyl lesd chloride end diphenyl
lJead dichloride showed that they were alsc free from lead
chloride, Triphenyl lead chloride and diphenyl lead dichlor-
ide do not give a precipitate with potassium dichromeste under
these conditions,

Tetraethyl Iead with Chlorine: 1In the one experiment per-

formed, 16,5 g. (0.05 mole) of tetrzethyl lead was dissolved
in 150 cc, of dry absclute ether and cooled with an ;ce-salt
bath to -10°, Chlorine was bubbled slowly through this soclu-~
tion.whiie it was being stirred rapidly, This resction was
smeoth and when the chlorine colored the solution, the resction
weas considered‘éomplete and the diethyl lead dichloride was

filtered out, The yield of pure masterial was 16,6 g or 98,6%.

(32) This materisl is ir the reactive form and need not be
treated further before use., See Grittrer and Krause,
Ber,, 49:1546(1916),




Summary

¥ethods are given for the prepsration of triethyl lead
chloride and diethyl lead dichloride in nearly quantitative
vields,
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Mixed Alkyl Tead Compounds

Historical

Gilman, Sweeney, and Kirby (33) prepared the four tri-
phenyl butyl leads to be tested as anti-knock compounds but
unfortunately were not able to obtain a satisfactory rating

because of the difficulties of testing compounds which are
| solid at ordinary témperature. The results obtained by Gil-
man and Balassa (34) from the four diphenyl dibutyl leads in-
dicate that the effectiveness of the molecule as a knock sup-
pressor increases slightly with a branching of the groups.
But in neither case was a lead compound containing za tertiary
carbon atom attachgd directly to lead tested for its anti-knock
properties, The first of such compounds was prepared in this
laborstory by Dr, Balassa {34).

The four triethyl butyl leads have been prepared includ-
ing the very interesiing triethyl tert-butyl lead and have been
tested for their anti-kmock effectiveness, The resuits are
surprising end seem to indicate that the nature of the radicel
attached to lead has very little influence upon the anti-knock
effectiveness of a compound, When tested by Midgley's bouncing
pin method (7} against tetraethyl lead for comparison, all
these compounds were found to be eguaily effective: namely,

85% as effective as tetraethyl lead upon a mole basis,

(33) Gllmen, Sweeney and Kirby, Iowa State Coll, J. Sci., 3:1
'+ (1928).
(34) Gilman and Balassa, ibid,, 3:105{(1929).




Three of these compounds, triethyl n-butyl lead, triethyl
;géfbutyl lead and triethyl sec~butyl lead, have been prepared
before {35). Triethyl tert.-butyl lead, however, is a new com-
pound and is of especial interest because of the tertiary cer-
bon joined directly to lead. In meking this compound the
recommendations of Gilmsn, Sweeney, and Kirby (33) were found
to be invaluable. In one experiment triethyl lead chlorlde
was added to a solubtion of ieri.-butylmagnesium chloride. The
solution became a deep red and metallic lead precipitated as
indicated by the appearance of the reaction mixture. When the
reaction mixture was worked up, tetraethyl lead was the chief
product. When the solution of RMgX compound was added in insuf-
ficient quantities to triethyl lead chlorid:, the recaction waé

smooth and triethyl tert.-butyl lead wos formed.

The presence of tetraethyl lead can be explained by postu-~
lating the formation of diethyl lezsd as an intermediate com-
pound which decompose:z into tetraethyl lead and metallic lead.
This ides of dlethyl lead is not 2 new one. Tafel (25) in the
electrolytic reduction of acetone using lead electrodes ob-
served this deep red color and found di-isc-propyl lead dibrom-
ide when bromine was added tc the colores solution. vhen the
red solution was wermed he obtained tetra iso-propyl lead and
metallic lead. From these facts and others he concluded that

this red solution contazined di-iso-propyl lead although he wes unable

(35) Gritttner and Krause, Ber., 50:202,574(1917); ibid., 49:1125
{1916).




$o isolaste the compound because cf its great instebility.,
Renger {36) observed similar properties from solutions of di-
ethyl ketcne and methyl ethyl kZetone when they were reduced
elecirolytically with lead electrodes, MOller and Pfeiffer
(27) postulate that R,Pb compounds are formed i.nter:ﬁediately
during the preparation of B Pb compounds from‘lead chloride
and a CGrignard reagert, It seems very probable ther that 4di-
ethyl le=d is formed when triethyl lead chloride is added %o
tert-butylmaegnesium chloride which decompéses to form tetre-
ethyl lead and metallic lead, Triethyl lesd would resuli in
the same products if it were present, but it is of 2 pale green

color,

Experimental

Ir the preparaticn of these compounds the constants re-
corded agree with those given in the literature {35) unless -
stated otkherwise, ¥aen the boiling points ere determined zt
pressures different thar those giiven in the literatt_zre, they
are recorded here, The general procedure is given for the prep-
aration of triethyl n-butyl lead and urnless otkerwise st'ateé
21l the compounds zre prepared in this wzy,

Triethyl n-Butyl Lead: 11 g, (0,033 mole) of triethyl

lead chloride was suspended irn 50 c¢c, of dry ether and an ex-

(36) Renger, Ber., 44:337(1911).
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cess (37) of n-butylmagresium bromide wes sdded to it, The
solutiorn wass stirred and =llowed to reflux from the heat of
the rescticn, When this hed died down, the solubion was re-
fluxed end stirred for thirty minutes more, After hydrolysis
witkh iced dllute hydrochloric acid, the ether layer was dried
with calcium chloride end distilled under reduced pressure in
ax atmosphere of nitrcgen to prevent decomposition, The
meterial boiling at 108°/13 mm, was 10 g. (85.,5%). The ther-
mometer and the manometer used had been checked against tetra~
ethyl le=2d of known purity.

Triethyl iso-Bubyl Iead: 11 g. {0,033 mole) of triethyl

lead chloride when treated with an excess of iso-butylmegnesium
bromide formed 10 g. (85.5%) of triethyl iso-butyl lead boil-

ing at 102°/10 mm.
Triethyl sec~Butyl Iead: In a duplicate experiment using

sec-butylmegnesium bromide, 2,5 g. (81%) of triethyl sec-butyl
lead was obtained which beiled et 105-6°/14 mm,
Triethyl tert-Butyl Ieasd: 20 g, (0,06 mole) of triethyl

lead chloride was added to an excess of tert-butylmagnesium
chloride (38) whereupon the solution became deep red 2znd a
black precipltate of lead was formed, The mixbture was hydro-

lyzed with iced, dilute hydrochloric acid and the ether layer

(37) Gilman and Schulze, J, Am, Chem, Soc., 47:2002(1925);
Bull, soc, chim,, (4)41:1479(1927) and Gilman and Heck,
Ber,, 62:1379{1929), have described a qualltative color
test for RMgX compounds which will be used throughout

' $his work to determine the presence of these compounds,

(38) Gilman and Zoellner, J, Am, Chem, Soc., 50:425(1928).
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dried ard fractionsted, Seven grams (28%) of an oil boiling
at 75-6°/9 mm, was cbiained, This oil was analyzed for lead
by the method recommended by Calingeert (32) and was shown to
be tetraethyl lead, Calingsert!s method is to brominste a car-
bon tetrachloride solution of the lead compound and dissolve
the lead bromide formed in ammonium acetate solution, The
lesd is then precipitated from this solution witk potassium
dichromate and weighed as lead chromate,

Analysis: Cale, for C.H,,Pb; Pb, 64,08%, Found: Pb,

63,72 and 63,86%.

As a further test of this materiesi, 4,089 g. was dissclved
in dry ether and treated with an excess of hydrogen chloride,
The gas evolved was led through a condenser and collected over
weter which absorbed the excess hydrogen chloride and any
ether vapor that passed through the condenser, Three hundred
end ninteen cubic centimeters of unsbsorbed gas was collected
which when corrected to standerd conditicns left 277 cec, The
theoretical volume of ethane evolved from this much tetraethyl
lead, on the basls of one ethyl group being removed, is 282 ce,
The gas in the reazction flask was displaced completely, by &
measured volume of water, into the gas receiver and & sample
of 12 éc. taken for analysis, By exploding this sample ir a
nixture with oxygen and measuring the contraction and avsorbing

the carbon dioxide formed, the gas was shown to be ethane,

(39) 'Private commmumication,




%hen 0,06 mole of tert-butylmagnesium chloride {based up-
on & 60% yield from tert-butyl chloride (38)) was slowly added
to gn ether solution of 24,2 g, (0,075 mole) of triethyl lead
chloride, there was a smooth reaction and no red color or black
precipitate was observed, Thke sclution was stirred and re-
Pluxed for thirty minutes after the initlal heat of reaction
had abated, and was then kydrolyzed with lced ammonium chloride.
The ether layer was dried with calcium chloride and distilled
under reduced pressure, Fifteen grams (’70% ) of triethyl tert-
butyl lead boiling et 76°/5 mm, (90-91°/10 mm.) was obtained.
?etraethyl lead boils st 68°/5 mm., This compound is the only
new one of this series and the first compound contalning a
tertiary cgrbon attached directly to lead to be tested for its
enti-knock effectiveness, Calingaert's method was used to
é.nalyze this material for lead,

Anslysis: Calc. for CioEzePb; Pb, 58,974. Found: Pb,

58,54 and 58,45%.

Conclusions

The four triethyl butyl leads have beer prepared and thelr
anti-knock effectiveness determined, This is the seme for all
four of the cormpounds: namely, 85% as effective as tetraethyl
lesd upor a mole basis, Triethyl teri-butyl lead 1s the first
compound containing a tertiary carbon attached directly to
lead to be tested. | | |

 There is evidence of the formation of diethyl lead when tri-
ethyl lead chloride is added to tert-butylmagnesium chioride.
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Allkyi-aryl Tead Compounds

Historical

Charch, Boord and ¥ack (10) report that tetraphenyl lead
is 59% as effective an anti-knock compound as tetrzethyl lead
upon & mole basis, In the same paper, diphenyl diethyl lead
is given a rating 93,7% as grezt as tetraethyl lead upon a mole
basis, These facts are very interesting and indicate that the
anti-knock effectiveness is influenced more by the weight of
the groups then by the symmetry of the molecule, It appesars
that the ratings of the series of ethyl phenyl lead would be
of interest,

All of these ccﬁpounds have Tveen prepared prior to thais
s%udy although the constents of diethyl diphenyl lead are
rather imperfectly described., The tetraphenyl lead used wes
prepared eccording to the directions of Gilman and Robinson (40)
who'also give improved directions for the prepsration of tri-
phenyl lead chloride ard diphenyl lead dichloride (41), Tri-
ethyl phenyi lead was prepared by the method of Griittner and
Grilttner (42) and the directions of Kramse and Schmitz (43)
were used for the prepaeration of triphenyl ethyl leed, MNbller
and Pfeiffer (27) give good directions for the preparation of
diphenyl diethyl léad but do not report a boiling point for

(40) Gilmaen =nd Robinson, J, Am, Chem, Soc,, 49:2315(1927).

(41} Gilman and Robinson, ibid., 51:0ct.(1929). Accepted for pub.
(42) Griittner and Griittner, Ber., 51:1293(1918),

(43) 'Kreuse and Schmiiz, ibid., §§;2150(1919).
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the compound while Goddard and Goddard (26) use their method
and give as a boiling point 186°/16 mn, The method of Mdller
and Pfeiffer was used and 1t was found possible to check ap-
proximetely the boiling point reported by Goddard and Goddard,

The compound that has beer prepared boils at 176°/8 mm,

Experimental

These compounds were all prepared by adding the appropri-
ate organolead hallde to a2 solution of.the Grignerd resgent,
It is doubtful whether the reverse of this procedure would have
made any appreciable difference in the preparaticn fdr the
groups here attached tec lead are quite stable and not easily
affected by mild reagents. The constants given were found to
check with those Tecorded in the litersture, Wnen the msterial
was @istliled st & different pressure than that recorded the
boiling point at thaet pressure will be given 2lso,

Triethyl Phenyl Iead: 22,6 gz, (0,07 mole) of triethyl

lead chloride was added to 0,1 mole of stock paenyimsgnesium

bromide solution., This was an excess of Grignard reagent as

skown by & color test, The mixture was hydrolyzed with iced,

dilute, hydrechloric acid and the ether layer separated, dried

and eveporated, The residual oil was vacuum distilled and

12 g; (55¢%) boiling 136°/13 mm, (126°/6 mm,) was collected.
Diphenyl Dietkyl Iead: 21.5 g, (0,05 mole) of diphenyl

lead dichloride was added to 50 cc. (0.1 mole) of stock ethyl-

magnésium.bromide solution, The mixture was stirred and re-
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- fluxed for thirty minutes and 2% the e¢nd of that time there

was & positive color test for RlMgX compound, The mixture was
poured on iced ammonium chloride to hydrolyze and the ether
layer separated, washed, dried and evaporated, The residusl
0il was vecuwum distilled and 11 Ze {54%) of =2 1liquid Poiling
at 176°/8 mm. was collected.

Priphenyl Ethyl ILead: 23,6 gz, (0,05 mole) of triphenyl

lead bromide was added to 0,1 mole of ethylmagnesium bromide
solution, There was e positive color tést for Grignerd resgent
and the mixture was hydrolyzed with Jiced hydrochloriec acid and
the ether layer was sepsarated, washed, dried and evaporated,
The oily residue crystallized from alconol to furnisk 15 g,
(66%) of triphenyl ethyl lead melting at £3°,

Relative Anti-lmock Effectiveness qf the Compounds

The compounds were dissolved in gasoline usirg guentities
corresponding to approximately 2,0 g, of lead per gazllon, The
solution was then anslyzed for lead and matched ageinst & solu-
tion of tetraethyl lead in gascline by Midgley's bouncing pin
method (7)., Following are the results:
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¥oles of tetracthyl lead equi-
Compound valent to one mole of compound

Tetraethyl 1ead . ¢« « ¢« « o« 5 o« o« = s « » » 1,00
Triethyl phenyl lead . o o« s « o o o« » o o« 0.75
Diethyl diphenyl 1688 v o o o o « o « « « o 0.70
Ethyl triphenyl 1ead . o o o o » o = « » o 0,45
Tetraphenyl lead (44) v 4 ¢« ¢« ¢ &+ o = » . «» 0,59

Conclusion

From these results it is apparent that the symmetry of
the molecule is an important factor in the effectliveness of an
anti-knock compound, Otherwise one might expect diethyl di-
phenyl lead and tetraphenyl lead to have a rating much lower

| than is given here, It is interesting to point out that it has

nof been possible to check the accepted value {(10) for the ef-
fectiveness of diethyl diphenyl lead although all precaution
has been taken to insure the purity of this compound (45).

{44) This value is taken from the publication of Charch, Boord
and Hack (10). A very pure sample is being tested but
the results are not avallable at this time, :

(45) This meterial 4did not give off any ethane when treated
witk hydrogen chioride as tetraethyl lead should if it
were present,
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Series of & 1 ¥ethyl Leed Compounds
2nd driphenyl Toad Balides

Ristorical

- In view of the results obtained in the serles of triethyl
butyl leads it is apparent that the branching of the group at-
tached to lead has litile Influence upon the anti-knock ef-
fectiveness of a molecule. The results from the phenyl-ethyl-
lead compounds indicate that the weight of a group and the sym-
metry of a molecule are both important in determining the prop-
er configuration of 2 good anti-knock compound. From these
facts, 1% appears that a compound of lead containing = light
group in & symmetrical configuration wouwld be a very effective
anti-knock compound. In this stuéy, a series of ethyl~-methyl-
lead compounds has been prepared in an attempt to satisfy these
requirements. |

Rone of these compounds ere new, but the results of test-
ing their effectiveness as anti-knock reagents have not been
published before. The constants that have been reported for
the compounds have been checked in this work although no at-
tempi_; has been made to prepare ther in the optimum yields. The
purpose has been $6 prepare an especially pure sample from
which the resulits of tests could be depended upon.

Teéramethyl Lead: A solution of methylmsgnesium iodide

was prepared from 284 g. {2 moles) of methkyl fodide and 48.6 g.

(2 atoms) of magnesium and one liter of ether. To this solu-

tion, 225 g. (0.81 mole) of lead chloride was added in small
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portions. The nixture was refluxed and stirred for four hours
end hydrolyzed with iced hydrochloric acid. The ether layer
was separated and the ether distiiled from & water bath. The
residual o0ll was 2istilled under ordinary pressure and =z ffac-
tion boiling over a long range was collected. Upon redistil=-
lation, 25 g. or 23.6% of tetramethyl lead was obbained boil-
ing at 110°. The inbtermediate fraciions were dissolved in dry

N

ether sznd the solution sabtursted with hycrecgen chloride to
form 12 g. of trimethyl lead chloride. The combination of
these two compounds resulis in & 35% yield of tetramethyli lead.

Trimethyl Ethyl Lead: The genersl procedurse given by

Grittner ard Krausc (18) wss used in this preperation. The
trimethyl 1lead chleride used was prepared from tetramethyl
lead by the action of hycdrogen chloride. 4 solution of ethyl-
megnesivm bromide was prepared from 10.9 g. (0.1 mole) of
ethyl bromide in 10C cc. of dry ether and 2.4 g. {C.1 atom) of
megnesium. This solution was added to 9.5 g. (0.03 mole) of
trimethyl lsad ckhloride znd the solubtior stirred and refluxed
for thirty minutes. At the end of thet time thers was & posi-
tive color test for Grignard reagent and the mizxbture was hydro-
lyzed with lced hydrochioric acid. The ether layer was sepa-
rated and the ether distililed from & water bath. Ths oil that
remained was distilled at ordinery pressure and 7.5 g. {89%) of
material was collected boiling at 128-130°.

Diethyl Dimethyl Lead: This compound has been prepared
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by Grittner and Ersuse (46) who report its boiling point as
51°/13 mn. To a solution of methylmagnesium iodide prepared
from 48.4 g. {0.2 mcle) of methyl iodide in 200 cc. of ether
and 4.8 g. (0.2 atom) of magnesium, 25 g. {0.075 mole) of di-
ethyl 1ead dichloride was sdded. There was an excess of
Grignard resgent affer this mixture had been stirred and re-
fluxed for one hour. The materisl was hydrolyzed wizh dilute,
iced hydrochioric acid and the ether layer separated and the
ether distilled on a water bath. The oil that remained gave
a fraction boiling at 59°/18 mm. There was 17 g. or 77% of
this ligquid.

HMetkyl Triethyl Lead: Grittner and Xrause (18) give ex-

cellent dlirections for the preparation of this compound and
give its boiling point as 69°/13 mm. An excess of a stock
golution of methylmagnesium iodide was added to 22 g. (0.087
mole) of triethyl lead chloride. The reaction mixture was
stirred and refluxed for thirty minutes and hydrolyzed with
iced ammonium chioride. The ether layer gave 20 g. (92%) of a
fraction boiling at 69°/13 mm.

Triphenyl Lead Halides: Samples of triphenyl lead chlor-

ide, triphenyl lead bromide and triphenyl lead iodide were pre-
pared of a very high degree of purity to be tested as an‘::i-
knock reagents. The bromide and iodlde were prepared irom the
chloride by the methods given by Gilmen and Robinson (41).

The materials were very carefully crystalliged from alcohol

1

(46) GrUttner and Krause, Ber., 49:1546(1918).
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end melied correctly for rure compormdés. The chipride melted

-

at 207°, the bromide melbted a2t 1886°, and the iodide melted at
13g¢°. |

The triphenyl lead halides have been tested and have Deen
found to be 2bout 204 as effective as tetraethyl lead upon a
mole basis. The vzlues are 25%, 20%, end 15% for the iodidé,
bromide and chioride respectively. The ethyl methyl series of
lead compounds are being tested buit the results are not avail-
gble gt this time. It is expected that the values will be

rather high and may exceed that for tetraethyl lead.
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Miscellany

Ix; this work there were a number of compounds prepared
and thelr anti-knock effectiveness detefmined, which do not
properly form any complete series. The experiments on these
compounds have been grouped together in this section. In some
of the work, the attempts to prepare compounds of Interest as
arnti-knock reegents failed. These experiments will alsc be
described and various recommendations made.

Triethyl Allyl L.ead: This compound was prepared prior to

this work by Criittner and Krause (47). In this work the con-
stants that they report for their compound have been checked
readily enough and a slight improvement in the method of prep-
eration has been made. A stock solution of aliylmagnesium
bromide was prepared after the directions of Gilmen and
HeGlumphy (48) from 15 g. (0.6 atom) of magnesium turnings and
36 g. (0.3 molé) of allyl bromide in 300 cc. of ether. To
this solution, 50 g. (0.15 mole) of solid triethyl leed chlor-
f1de was added and the mixture stirred and refluxed for thirty
minutes. At the end of that time thére was an excess of Grig-
nsrd reagent. Waber was added to hydrolyze the material and
the ether layer was separated and washed well with alkeli. Up-~

or distillation of the ether layer, 20 g. {39%) of triethyl allyl

lead was obtalned boiling at 86°/10 mm. (93°/13 mm.).

(47) Grlittrer and Krause, Ann., 415:338(1918).
{48) ,Gilman and McGlumphy, Bull.”soc. chim., 43:1322(1928).
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TPriethyl Benzyl Lead: The directions of Griittner ard

Grittner (42) were followed in this preparation and their
constants were checked. A solution of benzylmegnesium chloride
was prepered from 2.4 g. (0.1 atom) of magnesium and 12.7 g.
(0.1 mole) of benzyl chloride in 100 cc. of dry ether. This
solution was added to 20 g. (0.06 mole) of triethyl lead chlor-
ide and the resulting mixbure was refluxed for two hours.
There was an excess of RMgX compound at the end of that time.
The meterial was hydrolyzed by pouring on iced ammonium chlor-
ide and the ether layer was separated and the ether distilled
off. The residual 0il was distilled under 10 mm. in an atmos-
phere of nitrogen and boiled at 147-152°/10 mm. This fraction
was cocled for some time in an iee-salt bath and thke crystals
of dibenzyl that formed were filtered cut. When redistilled,
the oil boiled at 147-148°/10 mm. and did not form any crystals
when cooled. The yield of pure material was 16.5 g. (80%).
Diethyl Diallyl Lead: A solution of allylmsgnesium bro-

mide was prepared from 36g. (0.3 mole) of allyl bromide in

300 cc. of @ry ether and 12 g. (0.5 mole) of megnesium turn-
ings according to the recommendations of Gilman and HcGlumphy
(48). To this solution, which ecntained an excess of allyle-
magnesium bromide, 25 g. (0F75 mole) of diethyl lead dichloride
was added and the mixture stirred and refluxed for ong hour.
The solution was hydrolyzed with iced ammonium chloride and
the ether layer separsted and the ether distilled. The oil
that remained was distililed in an atmosphere of nitrogen under
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reduced pressure, and 7 g. (28%) of an 0il was obtained boiling
at 84°/16 mm. (74°/7 mm.) which decomposed quite rapidly. The
best analysis that could be obtained was toc high which can be
explained by the fact that there was considerable of this de-
composition. It is probable that this compound could be pre-
pared in better yields by adding the solution of RHgX compound
to the diethyl lead dichloride suspended in dry ether.
Anelysis: Calc. for CyoHgoPb; Pb, 59.65%. Found: Pb,

60.72 and 60.75%.
Diethyl &i tert-Butyl Lead: A solutlion of tert-butyl-

magnesium chloride was prepared from 42 g. (0.5 mole) of tert-
batyl chloride in 500 cc. of ether and 12 g. (0.5 atom) of
magnesium {38). This solutlon was added to 25 ge (0.75 mole)
of diethyl lead dichloride suspended in ether. This was an
insufficient quantity of Grignard reagent for the diethyl lead
dichloride. The mixbture was stirred and refluxed for one hour
and at the end of thet time was poured on iced ammonium chlor-
ide to hydrolyze. The ether layer was separated snd the ether
distilled from a water bath. The residue was distilled under
reduced pressure in an atmosphere of nitrogen. A fraction of
1lig. {46%) was collected boiling at 88°/13 mm. (80°/10 mm.)
which analyzed for diethyl di tert-butyl liead.

Analysis: Cale. for C,oHpsPb; Pb, 54.61%. Found: Pb,

54.31 and 54.93%.
Triethyl tert-Amyl Lead: -A Qeries of three runs were

made in an effort to prepare this compound but they all result~
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ed in the formation of fetraethyl lead from a deep red solution
of what was probably diethyl lead. The first run-was made by
edding the triethyl lead chloride to & solution of tert-amyl-
magnesium chloride. The second experiment was performed in
Just the reverse order: the solution of tert-emylmsgnesium
chloride was added to an excess io the triethyl leed chloride,
and, in the third, the triethyl leed chloride was in excess at
all times and the solution of RMgX was added to it.

1. A solution of teri-emylmagnesium chloride was prepared
from 12.2 g. (0.5 atom) of magnesium and 53 g. {0.5 mocle) of
tert-amyl chloride in 3C0 cc. of dry ether. To this solution,
22 g. (0.07 mole) of triethyl lead chloride was. added slowly
in the s0lid state. The solubtion became deep red anpd when
heated there was s deposition of blsck metsllic lead. The
mixture was hydrolyzed with iced ammonium chloride and the
ether layer, which was a deep red color, was evaporabed and
the residual o0il vacuum distilled in en stmosphere of nitrogen.
Pifteen grams (66%) of an oil boiling at 136-7°/i4 mm. was col-
lected which analyzed for tetraethyl lead. The anélysis for
lead was made by the method of Calingaert. Besides the regu-
lar lead an=lysis, these olls were snalyzed by treatment with
hydrogen chloride. The results of this treatment (49) showed
that they were all samples of tetraethyl lesd for an eguivalent
quantity of ges was evolved which was shown to be ethane by

(49) 'See p.I3, THIS THESIS.
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exploding an aliquot part with oxygen.
Analysis: Cale. for CgHeoPb; PD, 64.08%. Found: Pb,

61.67 and 61.83%; Calc. for CyiHgePb; Pb, 56.71F.

2. A solubion of terf-axylmegnesium chloride prepared
exactly as the one described in the previous experiment, was
added to an ether suspension of 46 g. {0.144 mole) of triethyl
lead chloride. The REgX ccmpound was in excess al the end of
the addition axd the solutiorn became first orange and finslly
deep red in color. VWher the mixture was warmed gently, there
was a deposition of metallic lead and the red color was dis-
charged. The mixture was hydrolyzed with iced ammonium chlor-
ide and the ether layer steam distiiled. The oil collected
from this procedure was vecuum distliled amd at 190° (oil bath)
there was considerable decomposition. On examination the vacu-
um line was found faulty which probably explains the high
boiling point of tetraethyl lead in the previous experiment.
After inserting 2 new line for the vacuum, the remalning oil
distilled at 80°ﬁ rm. and 76°/5 mm. Seventeen grams {37%) of
this 01l was collected which analyzed correctly for tetreethyl
lead.

Analysis: Cslc. for CgHgoPb; Pb, 64.087. Found: Pb,

63.72 and 63.68%.

3. In this run, the Grignard reagent was added to a sus-
pension of 50 g. (0.158 mole} of triethyl lead chloride and
the addition was stopped before an exceés had been added. The
vield of tetraethyl lead was 32 g. (64.5%), boiling point
68°/5 rm.
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- Analysis: Calc. for CgH.,Pb; Pb, 64.08%. Foumnd: Pb,
63.76 and 63.82%.

Priethyl B-Styryl Lead: All attempts to prepare this com-

pound, resulted in fallure. The product formed by the coupl-
Ing reaction which tekez place during the formation of the
Grignard reagent, diphenyl butadiene, causes & lot of trouble
during distlilation for it seems to occlude the 0il and de-
erease its volatillty. The lead compound is only very slowly
volatile in steam and separation by such treatment is not
feasible. ¥hen heated to about 200° in an oil bath under 5 mm.,
the compound decomposes with considerable violence.

There is evidence of the formatlon of tetraethyl lead al-
though no fraction could be obtained which would analyze with-
in 12% of the theoretical value for tetraethyl lead. In each
of the three experiments, about 35% of an oll was obtained
which boiled at about 72°/5 mm. This is probably a mixture of
g~bromostyrene and lead tetraethyl. The meterial gives a test
for halogen by the fusion method slthough it is not strong.
There was no evidence of the formation of either dive‘ahyl lead
or triethyl lead for both would decompose with the deposition

of metellic lead ard no such deposit was observed. The anal-

¥ses of the oils, which boiled at 72°/5 mm., were from 43-48%
while the theoretical value for triethyl f-styryl lead is
52.14% and for tetraethyl lead is 64.08¢. Even with the dis-
tillation of this compound there 1s a great deal of decomposi-
tion snd it is possible that this oil is a mixture of decom-
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position products. Redistillation of this ¢il gives a large
constant boiling fraction which is the main portion of the crude
product. In all the experiments, the Grignard resgent was ad-
ded to the triethyl lead chloride in excess of the theoretical
quantities.

4 solution of B~styrylmegnesium bromide was prepared from
7.2 g. {0.2 atom} of magneslum and 55 g« {0.3 mole) of B~bromo-
styrene. The RX compound was added slowly t0 the megnesium to
minimize the coupling reaction. This solution was then added
to a suspension of 22 g. {0.07 mole) of triethyl lead chlorids
in ether until an excess had been added. The mixture was re-
fluxed for thirty minules and hydrolyzed with iced ammonium
chloride. The ether layer was collected and evaporzted and
the oil vacuum distilled. 4n oll, which was assumed to be
styrene, boiling at 60°/35 mm., was collected zmd then & frac-
tion boiling at 72°/4 mm. was obtained. There was 10 g. of
this compound which when redistilled gave 8 g. (35%) of 2 con-
stant boiling portion boiling at 74°/4 mn. This material
contains lead and gives & slight test for helogen. 'The lead
enalysis was 47.75 and 47.60% lead after the method of Cal-
ingasert (39) while the calculated value for €y HpzPb is 52.14%
lead.

Triethyl p-Anisyl Lead: 1In the two experiments performed,

this compound was undoubbtedly prepared but could not be puri-
filed becsuse of the decomposition which prevented distillation

even under a pressure as low as S mm.
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& solution of p-anisylmagnesium bromide was prepared from
7.2 g. {0.3 atom) of magnesium and 56.4 g. {0.3 mole) of p-
bromoanisole in 250 ec. of dry ether. This solution was added
tc 2 suspension of ‘;riethyl leed chloride in dry ether. There
wes 50 g. {0.175 mole) of triethyl lead chloride used and the
solution was added until there was just an excess of the RMgX
compound. This required about 0.2 mole of the Grignard reagent.
There was & smooth reaction and after stirring and refluxing
for thirty minutes, there was still a positive color test for
Grignard reagent. The mixture was hydrolyzed with iced dilute
hydrochloric acid and the ether layer evaporated and the re-
sidunal 0311 vacuum distlllied. At an 0il bath temperature of
about 200° there was sudden and rather complete decomposition
with the deposition of metellic lead. It is probable that
with 2 lower pressure this 01l could be distilled for the low-
est pressure used was 5 mm. and at that pressure the oill was
Just about to dlstill when decomposition took place.

Triethyl @-Phenylethyl Lead: A solution of B-phenylethyl-

magnesium bromide was made up from 93 g. (0.5 mole) | of phenyl-
ethyl bromide ln 350 cec. of dry ebsolute ether and 12.3 g.

(0.5 etom) of magnesium. This solutlon was added to 48 g.
(0.146 mole) of triethyl lead chloride suspended in dry ether.
After about 0.2 mcle of B-phenylethylmagnesium bromide had been
added, there was & positive color test which persisted after
thirty minutes refluxing. The mixture was hydrolyzed with
iced hydrochloric acid and the ether layer washed repeatedly
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with dilute sodium hydroxide solution to remove any excess
triethyl lead chiloride as the hydroxide. The ether was dis-
tilled off and the oil distilled under reduced pressure. Un-
der 7 man. a2t a2 temperature (oil bath) of 206° the compound de—
composed witk the formation of metellic lead. ¥No liquid
frasetion could be cobtained that snalyzed correctly for tri-
ethyl B-pkenylethyl lesd. A fraction was obtained which boiled
at 147°/7 mr. with decomposition. Thls was analyzed for lead
by the method of Calingaert (39) and the values were 49.80 and
50.00%4. The theoretical lead content of triethyl S-phenylethyl
lead is 51.38%. It is very probable that at a lower pressure
this matérial could be distilled with very little decomposition.

Tetra ‘te_:f:t.-Butyl Lead: The following is the information

gained from two experiments performed in an ettempt to prepare
tetra tert-butyl lead. A solution of tfert-bubylmagnesium
chloride was prepared according to the directions of Gilman
and Zoellner (38) from 24.3 g. (1 atom) of magnesium and 92 g.
(1 mole) of tert~butyl chloride in 750 cc. of dry ether. The
vield was estimated at 35% as & minimum and this soiution was
then treated with 50 g. (0.138 mole) of solid lead chloride.
There was only & moderate reaction but the characteristic red
coler formed snd there was a precipitate of metallic lead.

At the end of the addition of lead chloride there was a posi-
tive color test for the Grignard reagent (37). The solution
was refluxed for six hours and poured on iced ammonlium chloride

to hydrolyze. The sther layer was separated and evaporated to
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a smsll volume and dried very cerefully with calelium chloride.
There was no test for lead (50) in this ether solution and dry
hydrogen chloride did not form any precipitate or any material
waich remains efter complete evaporation of the ether. During
the evaporation of the ether, there was no precipitate which
indicates that the decomposltion of any intermediate lead com-~
pound took place before hydrolysis or during hydrolysis.

Tetra Allyl Lead: In each of the three experiments per-

formed, a solution of allylmagnesium bror.ﬁide wag made up accord-
ing to the directions of Cilman and HceGlumphy (48) from 72 g.
(3 atoms) of megnesium turnings and 150 g. (1.25 mole) of allyl
bromide in 800 cc. of dry ether. The yileld of RMgX compound
was estimated as 87%, bubt not titrated, for the magnesium used
was of ordinary size rather than the 30 mesh recommended by
them. Liead chloride was slowly added to this solution until
139 g. (0.05 mole) had been added. During the addition the
solution became red and later light green in color while a
precipitate of metallic lead formed. This was observed after
each portion of lead chloride was added. At the end of the
addition there was a positive color test for the Grignard re-
aegent (7). The ethereal solution was refluxed for three hours
and hydrolyzed by pouring on iced emmonium chloride. The

ether layer was separeted and eveporated to a volume of 50 ce.

This evaporation caused no precipitation but the solution gave
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no test for lead (50). It is highly probable that diallyl lead
is £irst formed from lead chloride which decomposes into lead
and diallyl rather than into tetra 211371 lead. ¥8ller and
Preiffer postulate the formation ;f this intermediate dialkyl
lead compound in the preparation of all tetra alkyl leads (27).

Tetra sec.-Bubtyl Lead: In two experiments a solution of

sec.-butylmagnesium bromide was prepared from 12.4 g. (0.5 atom)
of magnesium and 69 g. {0.5 mole) of sec.-bubyl dromide in

200 ce. of dry ether. To this solution, 50 g. (0.185 mole) of
lead chloride as a2 solid was added in small guantities. There
was & smooth reaction and the solution became red and deposited
metallic lead, turned green and finally yellow. The solution
wag refluxed for ten hours and poured on iced hydrochioric
acid to hydrolyze. The ether layer was separated, washed with
water and steam distilled. A yellow-green o0il distilled over
very slowly which s0lidified when allowed to stand under the
water over nlght and when crystallized from alcohol formed
pretty, thick needles which melted at 60° with decomposition.
This product decomposed guite rapldly in &ir and mofe slowly
in g solvent. A sample was dried for three hours over sulfuric
g2cid under 5 mmu. pressure and was then analyzed for lead by the

wethod of. Gilman and Robinson (51). The material had decom-

(50) The solubion was tested for lead by adding a 30% solution
- of bromine in carbon tetrachloride and extracting with a
mixture of 20 ce. of ague ammonia (sp.gr. 0.9) and 50 ce.
of 50% acetic acid. This gives a solution of lead ace-
+tate from which the lead may be precipitated with a solu-
tion of potassium dichromste. This test is quantitative.
(51) Gilman and Robinson, J. Am. Chem. Soc., 50:1714(1928).
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posed appreciabdly for it gave a milkxy sclution waen dissolved
in ecarbcon tetrachloride and the analysis gave a2 low wvalue for
lead. The yield was 10 g. (25%).

Analysis: Calc. for C,gHzePb; Pb, 47.58%. Found:; Pb,

4£8.28 end 48.15%.

The linkage of = secondary carbon atom to lead is very
mich weaker then that of a primery carbor atom (35). This
sort of compound is unsiadle in alir and decomposes with the
formation of a flocculent precipitate. The action of halogens
is much more vigorous for at -75° halogens will remove two
secondary groups while only one primary group is removed under
those conditions. Tetre iso-butyl lead melis at -23° while
tetra iso-propyl lead melts at -33°. ZIsomers of these compounds
s‘how no terndsency to crystallize ai much lower temperature.
Compounds containing a secondary carbon atom attached to lead
may not be heated even in a vacuum because of the thermal de-
composition. They are purified by steam distillation. Because
of the properties of analsgous compounds, it is not surprising
that tebtra sec.-butyl lead should have the propertiés that it
has.

Dimethyl Diphenyl Lead: The general procedure recormmend-

ed by Mller and Pfeiffer (27) wes used in the preparation of
this compound. An excess of a stock solution of methylmag-
nesium iodide was added to 15 g. (0.035 mole) of diphenyl lead
dichioride and the mixture stirred and refluxed for one hour.
The solution was hydrolyzed with iced ammonium chloride and the




- 106 -

ether layer fracticnated. A fraction was collected boiling at
168°/6 mm. which weighed 11.3 g. {82%).
Phenylmagnesivm Bromide with Triethyl Lead Chloride: It

is conceiveble that in the preparation of an organclezd com-
pound by the reaction of a Crignard reagent upon an organolesad
helide, free radicels may be formed Intermediately. This ex-
periment was carried cut in an effort to find evidence in sup~
port of this thecry. A stock solution of phenylmegnesivm bromide
was prepared from 157 g. (1.0 mole) of bromobengene in 500 cc.
of ether and 24.3 g. (1.0 ztom} of magnesium apd the volume kept
at 500 cc. An glicuot of this solution {100 ce.) was hydrol-
yzed and steam distilled for the diphenyl present. In this way
it was found that 0.6 g. of diphenyl formed. A sample of 66 g.
{0.2 mole) of triethyl lead chloride was added to 125 cc.

(0.25 mole) of this sclution of CGrignard reagent. The solution
was sbirred and refluxed for one hour and at the end of that
time there was nc RlgX compound present as evidenced by a
negative color test. An additionzl 25 cc. {0.05 mole) of the
stock solution was added and the procedure repeated. This time
there was a positive color test and the mixture was poured on
iced armonium chioride to hydrolyze end the ether layer separ-
ated and steam distilled. There was no solid diphenyl formed
but the first oil that distilled was separated from the water
and vacuum distilled. There was s fraction of 2.5 g. (4%)
boiling at 68°/5 mm. which gave the correct volume of gas when
analyzed for tetraethyl lead and whose boiling point agrees
with that for pure tetraethyl lead. The temperature rose slow-
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ly after this fraction had been collected and by fractionation
of this materizal collected over a wide range, 1.7 g. of di-
puenyl wes obtained. The residue from the steam distillation
was vacuum distilled and the o0il frozen with am ice-salt mix-
tures. By this method, an additional 0.4 g. of diphenyl was
obtained. Theoretlcally from this volume of stock solubticn,
C.S g. of diphenyl should have been obtasined while actually
l.2 8. in excess of this quantity was found. If it is true
thet the diphenyl is formed by the coupling of two free radi-
cels in the preperation of triethyl phenyl lead, and that the
tebraetnyl lead is formed by the decomposition of triethyl
iead, then for every mcle of tebtraethyl lead formed there
should be one mole of diphenyl formed. From 2.5 g. (0.00775
mole) of tetraethyl lead a corresponding quantity of diphenyl
might be expected. This is the case for the 1.2 g. of diphenyl
is 0.0078 mole. The yield of triethyl phenyl lead was 54.5 ge.
(73%) boiling at 128°/5 rm.

i‘riphelg;-’l Lead Chloride with Phenylmagnesium Bromide: A

similar experiment was performed using triphenyl lead chloride
instead of triethyl lead chloride. To a suspension of 47.3 g.
{C.1 mole) of triphenyl lead chloride in ether, 125 cc. of the
previously described sclution of phenylmagnesium bromide was
added and tke mixture stirred and refluxed for one hour. At
the end of that time there was a positive test for RigX com-
pound and the mixture was hkydrolyzed with leced ammonium chlore-

ide and the ether layer was separated and stesm distilled.
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This treatment separated 0.75 g. of diphenyl from 50 g. of

tetrephenyl lead. There was no green color or any solubility

 evidence of the formation of triphenyl lead. The yield of

: tetraphenyl lead was nearly quantitative and the guentity of

. diphenyl formed was the same as the blank.

Aeration of Tetraethyl Lead: In every saxple of alkyl

 lead compound that is allowed to stand for some time, & tur-
| bldity appears which has not been explained. It is possible
that this turbidity is due to the formation of lead diethoxide

due to the oxidation of the air. Accordingly, this experiment
was carried out. A smell amount, 6.6 g. (0.02 mole), of tetra-
ethyl lead was placed in a test tube and dry air was dramm
through it for six hours. At the end of that time there was
no turbidity thet might pe lead diethoxide.
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L rumber of these compounds were tested for thelr anti-

kneock effectivencss by Midgley's Douneing pin method. The

. restlts are giver in z tabular form below.

Holes of tetraethyl lead neces-
Ssry tC produce the same effect
Compound : as one mole 0f compound.

Priethyl 2allyl lead « ¢« « « « ¢ » « « = . 1.00
Diethyl diaeliyl lead . . . . . « . . . . 0,70
Diethyl di fert.~bubyl . . . . . . . . . b.65
Triethyl benzyl lead . « « « « « « . . . 0.65

The results are too few to be of value in drawing con-
clusions but it sppears that a loosely bound group, such as
the allyl or benzyl group, ls not the amswer to the anti-knock

problem.
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Some General Considerations of Manipulations and Tests

In this work on organolead compounds, 2 miscellany of re-
actions has been developed which may be of value to those work-
ing with this class o compounds, They are reported here in a
group in order to be more readily avallable to the reader al-
though they are alsc given throuchout this paper a2t the various
points where they have besn used.

One of the most important things to be considered in work-
ing with organolead compounds is their toxicity. They are all
very toxic especially the liquids which may volatilize and so
permeate a whole laboratory. The salts of triethyl lead hydrox-
ide and the base itself are very disagreeeble to work with for
the dust from the dry samples causes sneezing and nasal secre=-
tion. Where these compounds come in contect with the more
sensitive skin such as the face, they cause mild inflammation.
As Erause and Pohland (289) have pointed out, long exposure to
this class of compounds causes severe headaches. Calingaert
(52) has discussed the toxicity of organolead compounds in his
véry complete paper and has made several valuable recormenda-
tlons. BHe suggests that the entire laboratory should be washed
freguently with bromine water in order to decompose the dust |
that accumulates from this work. There is also an advantage
in wearing rubber gloves when handliing these materials, and a
good hood with a good draft is absoclutely essential. Vhen a

1

(52) Calingzert, Chem. Reviews, 2:43(1925).
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vacuum pump is used for low pressure distillations, it should
be reserved for this work exclusively.
Besides the poisonous nature of these compounds, there is

the danger of explosions when the ligulds are being distilled.

{ In this work it has been found that an explosion results when

liquid is heated above 200-225° (oil batk temperature). In
this laboratory, the glassware has been cleaned in a hot bath
of concentrated sulfuric and nitric acids. It has been found
that 2 small quantity of organolead compound present when a
piece of glassware 1s placed in a very hot bath will often
cause a violent explosion which throws acid about the room.

In this connection it is well to point out that such a method

of cleaning glassware must result in the formation of lesd
sulfate which adheres quite tenaciously to the glass. This
may be removed by rinsing the apparstus with a solution of am-
monium acetate which will be described later.

A stock solution of ammonium acetate was found very useful
in these experiments. The ane that was used was prepared by
mixing 20 cc. of concentrated asmmonium hydroxide (sp.gr. 0.9)

and 50 cc. of 50% acetic acid. This solution will dissolve

. most forms of inorganic divalent lead compounds such as lead

halides, lead sulfate, etc. In this way it is possible to test

for the presence of inorganic divalent lead in any compound
with considerable accuracy.

It is necessary to have two quulitative tests for lead.
Both oflthe tests used in this work sre simply rough adapta-
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tions of the twoe quantitative methods zised to determine lead.
For olls and liquids, the material is dissolved in chloroform
or carbon tetrachloride and treated with a 30%Z solution of
bromine in chloroform or carbon tetrachloride until the red
color of bromine persists. The white precipitate of lead
bromlide that forms is extracted from the orgsnic liguid with
this stock ammonium acetate solution. The lead is precipitated
from this soluntion of lead acetate as the chromate by means __oi"
a 5% solution of potassium dichromate. For solids, which are
much more stable and not readily decomposed wlth this solution
of bromine, a different method 1is used, which consists of
heating the materizl in a test tube with a2 mixture of about

3 c¢c. O0f concentrated sulfuric acid and 5 drops of concentrat-
ed nitric acid to burn out 211 the organic matter and precipi=-
tate the lead as lead sulfate. Since concentrated sulfuric
acld is a rather good solvent for lead sulfate, the test is
made more delicabe by diluting the a2c¢id mizbure with water.

- A Beilstein Test for halogen is useless when applied to
an organolead compound for there is s colored flame formed by
the leed which obscures the green of the halogen test if it is
present. The test that has been used for halogens is the regu-
lar sodium fusion and subsequent treatment with silver nitrate.

It is not good policy to ignite these lead compounds upon
a piece of platinum foll to determine if they are orgenic or
not for such & procedure will ruin the platinum. The lead or

lead oxide Tformed during the ignition appears to dissolve the

sy st et
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platimm and leave great holes.

The method of Calingasert that is referred to repeatedly
in this paper has been used tc analyze liquids for lead. This
method is essentially the same as the qualitative test used %o
test liguids for lead. Of course it is necessary to add the
refinements that good quantitative analytical procedure de-
mends but the chemistry is the same. The method for enalyzing
solids for lead has beer published by Gilman and Rebinson (51).

Tetraéthyl lead has been found In so ﬁany of these ex-
periments that in order to be sure _of the compound a method
has been devcloped te be used in comnection witk the customary
lead apalysis. This method depends upon the fact that when
tetraethyl lead is trested with dry hydrogen chloride in dry
ether solution, cnre ethyl group is removed and volatilizes gs
ethene. A weighed sample is dissolved in dry ether in 2 small
flask and the solution saturated with hydrogen chloride. The
ethene that is formed is collected over weter ir an eudiometer.
0f course all the gas that 1s collected is not ethane dut the
volume is the ssme as though it were. All the gas may be
swept from the apparatus by filling it with s measured volume
of water and an a2liquot of that gas tsken for analysis. By ex-
ploding a sample with oxygen and measuring the contraction and
the cerbon dioxide formed, the quantity of ethane present may
be calculated. The water added is equivalent to the original
gas in the apperatus and when subtracted from the final totsal

volume 'gives the volume of ethsne.
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SUMHEARY

A number of organolead compounds have been prepared
and their antl-knock effectiveness determined. There is
evidence of the formation of diethyl lead when triethyl
lead chloride is added to tert.-butylmagnesium chloride or
fo tert.-amylmagnesium chloride. It appears that free rad-
icals are formed intermediaztely during the preparation of
triethyl phenyl lead.
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