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Abstract.

Lead tetraethyl, known as a powerful antiknock material, may be prepared
by the reaction of ethyl magnesium iodide or bromide (Grignard’s reagent) with
lead chloride. In this method, it is known that ethyl iodide or ethyl bromide is
a good starting material, whereas ethyl chloride can not be used for the sake of
very weak activity. _

The present authors have found bthat an ethereal solution containing eth);l
indide Cor bromide) -and iodine was a suitable catalyser for the reaction between
ethyl chloride and magnesium.  When this solution wés added to magnesium,
ethyl magneAsium iodide GyH;Mgl was instantatneodsly formed and the latter
accelerates catalytically the reaction between ethyl chloride and magnesium. After
the reaction once started between ethyl ' chloride and magnesium, the subsequent
reaction is accelerated by ethyl magnesium chloride CoH;MgCl formed. T heh_ the
crude lead tetr‘aethyl 'may be readily prepared by the reaction of ethyl magnesium
chloride and lead chloride, | ' |

The crude lead _tetr:iei:hyl containing a considerable proportion of unsaturated
lead triethyl was treated with air or oxygen in presence of dilute hydrochloric
aci‘d, by‘which lead tetraethyl remained unchangéd,vand lead triethyl was con-
~ verted into- crystallifle mass of triethyl 'lead, chloride (CyHy)3P4CI. The latter
was then transformed into lead tetrnéthyl by the action of ethyl magnesium
chloride, with the yield of 9524 of the theory. The total yield' of lead tetraethyl
to the amount of ethyl chloride used was approximately 7494 of the theory,
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410 v Y. Tanaka and T. Kuwata.

The pure lead tetraethyl had a specific gravity (dlf:vat.) of 1.6600, refractive
index (#'}) of 1.5206, and boiling point of 81.6—82.0°C. at 11mm. or 85.4=85.

7°C at 13mm. It decomposes at about 400°C.,. separating metallic lead. Other

propertiés were also investigated.

Introductian.

It was early in 1854 that lead tetraethyl was first prepared
in very impure state by-v Lowig by the interaction of sodi‘um-lead
amalgam and ethyl iodide. Hitherto it has been investigated only
with scientific interest as an organic compound of lead. But some
. years ago, by the investigatioﬁ performed by. T. Midgley, lead
tetraethyl was found to be the most powerful antiknock material
of motor fuel and so this found a practical usage in considerable
quantity for this purpose. | -

, The principal preparative methods hitherto known are; -(1) the
earliest method used by Lowig®. and recently by T. Midgley® thzit _
sodium-lead émalgafn' are treated with ethyl iodide or bromide,

(2) Buckton’s méthod‘“? that zinc ethyl are treé.ted with lead

chloﬂde, and Pleiffer’s method® that Grignard’s rea.gent'asl ethyl

magnesium jodide or bromide are reacted with lead chloride.

It is generally agreed - that in the Pfeiffer’s "method ethyl
bromide or ethyl iodide is a good starting material and ethyl
chloride can not be used for the sake of very weak activity.

In the present paper, a study of the preparation of lead
- tetraethyl by 'Grignard’s reaction using ethyl chloride as. the start-

ing material, and the reasonable method on the purification of lead

(1) Lowing, Ann,, 88, 318. )

(2 General Motors Research Corp., Assees. of T. Midgley, E. P. 216, 083, 14.8.23.

(3) G. B. Buckton, Ann,, 109, 222; 112; 226. o

(4) 'P. Pfeiffer und P. Truskier, Ber., 37, 1125, (1904); Griittner und Krause, Ber,
49, 415 (1916) ‘ . ' ) o
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tetraethyl was investigated and the yield of it was increased up
to 749 of the theory. Chemically pure lead tetraethyl was isolat-
ed and. some physical constants and chemical properties were also

observed.
'Experim'enta’l.

- 1. Preparation of Ethyl MagneSium Chloride
and C1ude Lead Tetraethyl. -

Magnesium compounds of ethyl halides known as Grrxgnard’
reagent have been used in organic synthesis not only in laboraptory
but also in manufaeturing scale. 'But"‘the ethyl halides ever used
were confined to iodide and bromide, as allphatlc iodides and
'bromides readily attack magnesmm whereas allphdtlc chlorxdes.l

react with difficulty or not at all.
The present authors have found a sultable catalyser for the
reaction, between ethyl chloride and magnesium, and ethyl magne-

sium chloride has been prepared with very high yield.

(1) Cdmlyser to Expedite the Fomhatz'onlf
Ethyl Maguesiunt: Chloride. |

It is already known that the catalysers to expedite the forma-
iien of.Grignard’s -Ieagent are iodine,(" mercurie. chloride,‘é’ ethy-
bromide, ethyl iodide,® ethyl (or methyl) magnesium iodide or bro-
mide,*” and others. On the mechanism of the catalytic action of -

iodine, Wohl® proposed the -fqllowmg scheme.

(1) " Bayer, Ber., 38 : 2759 (1905); Wohl, ‘Ber., 39, 1952 (1906)
(2. Sommelet Centralbl 872, 1, (1907)." ‘
@ S'lchs und Ehrlich, Ber., 36, 4296 (1903)... -
C4) Hesse, Ber., 39, 1132 (1906); N. Zelmsky, Centralbl, 277, 11, (IgoJ)
Schmalfuss, J. prak. Chem., 108 88 (1924, . '
(5) Wohl, Loc, Cit. o
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412 ... Y. Tanaka and T.. Kuwata..
- Mg+ 1= Mg,
2RCI+ Mgl,=2RI+ Mg(l,
2RI+ 2Mg=2RMgl '
2RMgl+2RCI=2RMgCl+ 2RI

N. Zelinsky™® described that on the reaction betwe_eni naphthen
chloride and magnesium, the heat of formation of ox'gano'-magneeiUm
compound was the cause of starting the reaction. Reycheler®
indicated that the highly probable catalyser which expedites the.
reaction might be the organo-magnesium compound, that formed
by the reaction of ethyl iodide or bromide and magnesium.
| The present authors have found that not only ethyl m magnesium
bromide or iodide but also ethyl magnesium chloride has a power-
ful action to expedite the reaction between * ethyl chlonde and
magnesium. From this fact, Reycheler’s con51derat10n was  proved /
to be highly reasonable. - ’ ‘

In practice, however, it is 1nconven1ent to qtock these ethyl
| magnesium halides ‘for the use as catalyser as they are rather
unstable. The present authors found that an ethereal “solution
containing ethyl iodide (or bromide) and iodine was. the convenient |
and strong catalyser for the technical purpose. When this solution
was added to ma,gnesium, C,H Mgl was instantaneously formed and
C,H Mgl formed accelerates catalytically the reaction between C,H,C/
and Mcf After reaction once started between C,H,C/ and Mg, thv
suhsequent reaction is acce1e1ated by C,H MgCl formed.

(.2) Prepamﬁ'on of Ethyl Magnesium Cliloride.

Ethyl c‘hle‘ride was prepared from. ethyl alcohrol,-' 4z‘inc chloride

and dry ‘hYdroehIo'ric acid gas.® Metallic' magnesium was used in

(1) N. Zelinsky, Loc. Cit,
(2) Reycheler, Centralbl,, 455, 1, (1g907).
(3) Vanino, Priparative Chemie, Bd. I, p. 18.
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On B'epai"atzﬁnf of -Lead Tetracthyl. 413
powdered form. Ether was purified by washing' with a small
quantity of Water dried over calcium chloride and metallic sodium,
and hnally distilled. L _ | |

Appmratus used in this experlment was’ nearly analogous to
that used by Gilman and Meyers.®> * A reaction flask of 100 c.c.
capacity to the line marked ‘in midway of long neck was used.
The flask was provided with a glass stirrer havihg mercury seal,
a reflux condenser and a droppmg funnel, through which a mixture
of ether and ethyl chloride was introduced. ‘Beside these, the.
flask had a side tube, from which the sample was pipetted at

~ intervals for the determination of ethyl magnesium chloride.

A few drops, of ethereal solution of ethyl iodide and iodine
was poured on magnesium in the flask. ~The reaction took place - .
instantaneously and considerable heat was evolyed. The mixture
of ether and ethyl chloride was then added drop by drop from the
dropping funnel, vigorous stirring and cooling at the temperatures
lower than g°C being neoessa.ry. '

Ethyl magnesium chloride produced was determin’ed according to N
the method of Gilman, Wilkinson, Fishel and- Meyers @ 'viz after the:
reaction was completed dry ether was added to the flask up to the :
mark and a measured volume of sample was taken from a side tube
-of the flask by means of a dry pipette. The sample was poured
into the large quantlty oE water and ethyl magnesium chlorlde was
decomposed to basic magnesmm_ chloride, whwh was titrated with
standard acid solution using methyl orange as indicator.

The yield of ethyl macrnesmm chloride was 9g. 2% of the
theory. : :

(1) H. Gilman and C. H. Meyers, J. Am. Chem. Soc., 45, '159 (190’3'17
(2) H. Gilman, P. D. Wilkinson, W P. Fishel and C. H. Meyers J- Am. Chem. Soc
45, 150 (1923, Co
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414 Y. Tamzka and 7. Kuwam : ‘ : '
( ) B'epamtzon of Crude Lead Tetraeth yl ‘

Ethyl magnesium chloride reacts readlly with lead chloride,
separating metallic lead in a spongy .condition ‘and lead tetraethyl
is produced in an impure state,

To prepare lead tetraethyl, a grayish solution of ethyl magne-
sium chloride obtained, was diluted with absolute ether and dry
lead chloride was added slowly under vigorous stin‘-ing.v

In this case, strong cooling at the temperatures below 5°C is
preferable to obtain good yield of léad tetfaethyl. When the reac-
_ tion was completed, the whole product was treated with water,
resulting a .greenish “yellow etherea‘l‘ solution of. impure lead
tetraethyl. . ' ‘

These reactions may roughly be expressed as follows.

M8+ CH,Cl= CH VgLl |
2P8Cl,+ 4C,H, MpCl= Pb+ P5(C,H), +4M 2 Cl,

In this experiment, the percentage of ethyl chloride trans- -

formed into lead compounds was 759 of the theory.

. The crude lead tetraethjd had a greenish yellow colour and
when exposed to air, it gave pale yellow amorphous precipitates.
It could be distilled under reduced pressure producing a liquid
distillate together with gas and metallic lead. The liquid dlStlHa.te
had also a pale yellow colour and becomes turbid after a short
tlme. "By the repeated distillations a' colourless liquid was obtained, .
which had 7§ =1.5214 and was shown to be lead tetraethyl. The
pale yellow precipitates produced when the crude lead tetraethyl
was allowed to stand in air, contained 80% of lead and when
ignited, they burnt with long flame. When 'the pr_ecipitetes were
treated with hydrochloric acid, a mixture of (C,H),P5Cl and PoCl,
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was obtained. From these facts, the précipitalte's _appear to be a
mixture of (C,H,)sF,0 and FBO. "

IL Purifi-catioﬁ of Crude Lead Teﬁréethyl. ..

" Tt was already indicated by Grittner and Krause® that the
distillation method was not suitable for the purpose of refining
crude lead tetracthyl., The method proposed by thoss was that
crude lead tetraethyl was cooled lower than —»s°C with solid
carbon dioxide and treated with chlorine gas. By this treatment,
the unsaturated lead compound- was added with chlorine and one
ethyl group of lead tetraethyl was replaced with chlorine. Thus
all lead compounds were converted into triethyl lead chloride
(CoHy) PbCl, which could readily be converted into lead tetraethyl
by the‘action of the Grignard’s reagent. | -

' The great drawbacks of this process were that the strong
cooling was necessary and that one ethyl group of lead tetraethyl
was wastedl | 4

The present authors have found a more reasonable purification
method., An ethereal solution of the cride lead tetraethyl was
treated with air or, oxygen in presence of dilute hydrochloric acid
solution until the yellow colour was disappeared. On evaporating
the ethereal solution, a liquid contailning a white crystalline mass
was' obtained. The liQuid portion was pure lead tetraethyl which
was colourless and could be distilled v&it_hout decomposition under -
reduced pressure. The crystalline mass was found to be triethyl
lead chloride (C;H-s)sPéCil. The chlorine content of this c,oﬁﬁpound
shc.)weAd' ,10.73’% by Volhard’s method, being exactly same to the
value of 10.759% calculated from the  formula of (G,H,),P6CL, The
triethyi lead chloride obtained melted at 170°C under decomposition,

(1) G. Griittner und E, Krause, Ber., 49, 1420 (1916).
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giving lead tetraethyl, lead chloride and hydrocarbons, as probably.

- shown by the following equation..

2(G, Hs)stCl._Pé(CH);—erCl + CH,+ C,H,

Triethyl lead chloride could easdy be converted into lead
tetraethyl by CH,MgCl with the good yield of 959 of the theory.~
Thus, when the crude lead tetraethyl containihg a considerable
_ proportion of unsaturated lead triethyl is treated with air or oi‘ygén
. in presence of dilute AC/, lead tetraethyl remains unaffected; and
lead triethyl 15 feadily attacked by oxygen, producing a basic lead
- ethyl compound which'is converted into crystalline mass of triethyl
lead chloride. Triethyl lead chloride is transformed into lead
tetraethyl by the action: of CZH5]WgCl These reactions may be

represented by the following equations..

(CZH5)6262+ O=(C,H):F5,0
(G Hs)spé O+ 2HCl=2(C,Hy) ,P6Cl+ H,O
(CH5 31‘061+ CHMgCl= Pé(C H) +1WWCZ

By the' above treatment, 'all lead triethyl which formed main
part of the impurities of the crude lead tetraethyl could be convert-: .
ed into lead tetraethyl. The yield of lead tetraethyl to the amount
of eth;rl chloride used was approximately .74% of the theory. -

g ‘.III- 'Properties of Lead Tetraethyl.

A very few mention was made of the propertles of lead tetra-
ethyl and some of the pubhshed characteristics are also incorrect.
Pure lead tetraethyl obtained in the present research was a
,colourless liquid with somewhat peculiar unpleasant’ odour, and
bwhen 1gmted 1t burnt with long flame gtvmg white fumes of lead

oxxde
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It had a specific gravity (@5 vac.) of '1.6600 and a refractive
index (#%°) of 1.5206. The boiling point of lead tetraethyl was
81.6—82.0°C at 1imum. or 835.4- 85.7°C at 13mm. These boiling
vpoints exactly agreed with that calculated from the formula of
Clausius-Clapeyron and Trauton’s rule, assuming lead tetraethyl as
an’ unassocxated liquid.

"Lead tettaethyl decomposes at about 400°C., separating metallic
lead. Even at ordinary temperatures this compound becomes
'turbid by submitting to prolongéd exposion. in air, especially
‘being accelerated by sunlight. The decomposed liquid exibits a
distinctly alkaline reaction and by neutlalxzmg it with A/, trlethyl

lead chloride was always obtained.

Summary.

(1) . The method of the pr'eparaf.ion of lead tetraethyl by
Grignard’s reaction usiﬁg ethyl chloride as starting material has
been investigated. " '

(2) A ethereal solution containing ethyl iodide ‘(or bromide)
and iodine has been found to be the convenient and strong catalyser
to expedite the reaction of ethyl chloride and magnesium.

(3) The reasonable method of refining crude lead tetraethyl
-has been investigated.

(4) - The properties of chemwally pure lead tetraethyl have

IR also been studied.

. This document is provided by JAXA.



£ =+ Ju B
BT RBAT

¥ &

W F oo R W

A Tasge B 5 i
ey % O H M

Mo=F A ehid BICI8aE ICER 3 h Ak B LA T H B
EUERCEBWAED — LA WKBY L 2EDOTH IR KEBEER
KomELrMERICY Y ) v XREBHMECM~TARBBEAKBB L LTHE
;ﬁa‘aﬁu BBl o MR BB R IS 3 3 Koocking 2 f ik 3 3 2 & 24

HoFErEMT 3 CH2 L MIkHEoT EMRERREESTCH
t*c&v s —-ﬁj’,’il’ﬂ:-mlﬁﬂéL,’Clztﬁwﬂ‘-?-)bxliﬂiﬂ::?—wi:ﬁim
33, A .=9-;»§MD—-£W=&L'c&_)=7—niiﬂ&&}léfﬁ3“67f?£r’at
Ty. Ho B & LT+ arXKRbk=+rn24EMHT 3, TR
mzu&%o%%»iarﬁwndnem%a KELKREOR Y ICHE
fb=FArERELLTEMNLAAE . HoRHKLTREOEROUER
HEARBLR M= F L BOoTEMERFLLELAENTS 20 A3 KK
XhrMoveshhhokoRks Y= =7~ A RELBEBTILEIEHES
INBTd oo A ERBEA =72 2ER L, Y =T~ 2 RELK
Yy M= o8 %mi?aﬁ%mz%»@o#ﬂ&&uﬁm=¢»@o
MR KT 2 WETD 3,

kS sY = 7-»ﬁmr&n@w=+»m5mm=¢»vrz
Jéiﬁ?%hmvﬂwﬁﬂwﬁﬁmﬁﬁfbéo%£&£0ﬁﬁﬂ
REBMRLBEA L LIKEBEORFELBEME3RML=F P X TRk
.l%lvéﬁlﬁ%x—rwl"?’éﬁ?LF%Dﬁ\ﬁ@l"ﬁf’ FTH 3zt
BB, WLHoO VO Y EBER v/ 2y v AN~ RKBEE= 71
P WU TAGBKBE =571~ 2%y v o CGQHMCI o B R 3 TCHR %o
RezhcBLHT A LO>TAEN =746 émﬁLr

This document is provided by JAXA.



420

PEomBM=FrBRNE2F LR KBEELINEEH L KRS
torbzhtEBHOFETCHBLEFAE R b0, FXAAMMN
=F A BOMREFEL. ETCHOSBEELEARL FRARN= 52
MNEBEBROEE KR T ARRXEBECTRE L, M= 0o
PR ABCEAMBRZS=Fr By (GHRPC O H ¢ LTHE
L‘;%h@ﬁiﬁggm:ﬁa-»va’*-‘/l?.ki:{’ﬁfﬂﬁ'baf)flm=7-lv§a%?
dHFErEMLEAE Mo ErLBEWEHEACXRBARIE D TH VWD T
WM OHELE~LR D, B( LTHBE=9n K8 LAHYKDN 4%
oMW = F LML B, o

EERELRMM=F A io R EBELLE, BOMME=7 181
BROBMREATIMAOKB T ZARERTAETECKB LU TH
ABMIEBOHEL Ko, E (') 1 16600, i IF & (D) 15206 T 3,
U5 B iz 1imm. ISR T 81.6—82.0°C C. 13mm. IC H* T i3 854-8549°C €3 %, £
goaggsu Clausius-C apeyron D % K e Trauton O 3 B & 5 5H & L‘k %él’cl
Bl =B F 3, Mzrrfndiy 4o00°CCRTHMLEBN & 5 HT 30
BERCRTILAEPRE(RBEFAEMB L. ArEMARaHE®
AR RET I MLISMLEKERT v 2 )22 L2ZAER TP
MIREREI =50 ~BEBHEET 5o 1

This document is provided by JAXA.





