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INTRODUCTION

Organio oompounds of lead have baen known end studied for the lsst
ninety years (157). In the course of this time epproximately 550
organoclead eempouﬁﬂt have come to our attention, either through literature
references or by work dome in these lsboratories. Exeellent reviews of
organolead compounds have appeared in the past (25, §7, 6%, 123, 149, 193)
and it 1s not the intention of this review to repeat umnecessarily what
has already been disoussed in these socurces of informetion., Rather, the
aim ia to gather additional faots econcerning this Iinteresting group of
compounds by reviewing the litermture up to the end of 1942, At the same
time a complete tabulation of the compounds has been made, listing what
we believe to be the important references to each compound. In nearly
every ocese, all known literature refersnces to each compound have been ine
sluded in the tables. In cases where more than common interest has produced
e large number of publications on a compound (e.g., tetraethyllesd or
tetraphenyllead), a few references have been omitted. This omission has
occurred only if it was felt that the article did not add to the chemical
or physiological knowledge of the compound.

In this review the term organmolead sompound is taken to mean only those
eompounds possessing a carbone-lead linkage. Thus diphenyllead diacetate,
(CgHg )oPo(00CCHg )2, is inoluded, but lead acetate, (CHzCOO0)gFb, is not

included.
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RJ’O COMPOUNDS
General Discussion of Ry Pb Compounds

Compounds of the type 114%, where four similar alkyl or aryl groups are
attached to lead, represent the oldeat type of organclesd compound known,
nglg (167) first produced a compound of this type by the sotion of ethyl
icdide upon lead~sodium alloy, He believed that he had triethyllead;
however, Ghirs (63), in repeating the work, proved that Lowig had impure
tetrasthyllead.

The tetralkyllead compounds are colorless and liguid even when the
organis group ies & falrly long chain, The lowest member of the series known
to be & solid is tetratetradecyllead, which melts at 31°, Remarkable
stability is exhibited in these symmetrical compounds. They withstand
temperatures up to 140°, are little influenced by air or moisture, and are
unaffeoted by dilute scids or alkalies, Tetrasthyllead resists the action
of eold sulfurie acid of specific gravity 1.4 and this fact is made use of
in purifying techniocal tetraethyllead.

Little difficulty is experienced in vacuum distillation of the straighte
chained tetraalkyllead compounds, Tetramethyllead tends to superheat when
distilled; +his behavior is characteristic of the unpredictable properiies
of most organometallic compounds containing the wmethyl group. Unless care
is exercised in distilling tetramethyllead, there is danger of decomposition
with explosive violence (138),

Secondary alkyl groups impart a lower degree of stebllity than do

primary alkyl groups. The difference in stability between primary and iso
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oompounds iz of the sams type but not sc marked.

Tetraoyslchexyllead iz peculiar among the aliphatic lead compounds
in that it decomposes before melting. This is probably due to sterio
factors, As will be noted in the seotion on RgFbg compounds, the stable
form sesms t0 be hexmecyolohexyldilead.

Halogens react with alkyl R,Fb compounds to give RaFbX or RpPbX, com=
pounds, depending upon the tempersture and concentrations of the reactants.
The trialkyllead halides are probably formed first in any case but are
quliokly converted to the dialkylleed dihalides at higher temperatures and
concentrations (102). Cleavege with bromine at ~70° yislds RgFbX compounds
and, at 269, B PbX; compounds. It has been impossible to oleave three
alkyl radicals and retain a stable reslidue., Then more than two atom
squivalents of halogen ere used, the product is alweys lead halide and the
alkyl halide. A method of formation of RPbXg compounds is mentioned in a
later section.

Halogen soids, usually in the gaseous form, also cleave RyFb compounds.
These reasotions are disoussed in ths section on lead compounds conteining
two or more different organic radicals.

Bindschadler (14) has shown that cleavage of one alkyl radical from
an R,Pb compound can be accomplished by adding a liquid amsonia solution of
a metal to an ether solution of the organolead compound., The product is an
RgPbM gompound, never an RgFb, compound, and it ie not isolated but is

derivatized by adding an orgenic halide.
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BgPb + Ha %S:..n,mm_%aamm;m:
5

Probebly because of sterie factors, ortho-substituted RyPb compounds
usually show a higher melting point than the corresponding para-substituted
compound., In some cases this differsnce in melting point emounts to over
100°,

Halogens produce RgPbX end R,PbX, compounds in the tetrsaryllead series
just as in the tetraalkyllead series, Here again, it is apparent that
the more stable tetrawwalency of lead is found with sither four organie
groups or two organic and two inorganioc groups, Addlition of more than
two atom equivalents of halogen produces only lead halide and the alkyl
halide. .

The gasecus halogen acids cleave tetraaryllead compounds as do the
halogens. This type of cleavage is discussed in greater deteil in the
section on oompounds conteining two or more different orgenioc radicals
attached to the ssme lead atom,

Tetraaryllead compounds, like the tetraalkyllesd types, have been
cleaved to RgPbM compounde by Bindsshadler. The product is never isclated
but is derivatized by aetion of an organie halide.

Makarove end Nesmeysnov (158) obtained & quantitative yleld of
bengenediagonium nitrate by the action of NyOg and NO on tetraphenyllead.

Sohlenk and Holts (191) obtained impure ethylsocdium from the reasction
of sodium metal upen tetraethyllead.
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R*Pb compounds containing radiocactive lead have been prepared.
Tetramethylthorium=D end tetramethylradium~G were reported by Aston (3, 4)

and tetraethylradium~D was reported by Calingaert, Beatty, and Hess (27).
Mathods of Preparing R Fb Compounds

Since the simple tetra~substituted lead compounds are nearly always
the starting point in the preparation of other organclead oompounds, conw
slderable work has been carried out in perfecting methods of mamfacture.

The following methods have been used.

Reactions of leadwsodium slloys with organic halides

As stated before, the first organolead compound was prepared by the
reaction of ethyl lodide with lead-sodium elloy. This method is alse
used in the commercial production of tetraethyllead (47), in which case
ethyl chloride is the alkyl halide employed. Polis (182) obtained
tetraphenyllead by using bromcbenzene, in the presence of ethyl acetate
a8 promoter., It hes been suggested that the reaction involves reduction
(25), and that ethyl acetate, water, eto. promote the resction by aoting
as sources of hydrogen. Ghirse (63) found that under absolutely anhydrous
conditions no rsaction coourred between alkyl halides and lead-sodium alley,

but the addition of a little water caused a smooth remction to take place.

Reaction of sodium, organic halide, and lead shloride

A German patent (62) mentione the preparation of R ,Pb compounds by

dropping & mixturs of the organio chloride snd lead chloride in toluene
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upon scdium in toluens.

Resction of metallic lead with alkyl iodides

Cahours (24) mentioned that ethyl iodide attacked metallic lead but
no product was isolated, The reaction probably involved the formation
of (C,Hc),Fbl,, an unstable compound, Calingsert (25) reperted that
eddition of some reagent to take up the halogen caused the reaction to go
in good yield, Such agents are powdered aluminum, zine, or silieon with
concentrated sodium hydroxide solutions.

o 4 4:681!51 4 22n & 8Na(H > Pb(czﬁs)* + 4Nal & 2%(0&)34- 4H, 0

Reaction of lead ohloride with an aotive organometallic sompound

Organozine compoundss Tetraethyllead has been prepared (19, 55) by

adding lead chloride to diethylzineo,.

ZZn(caHs)z + 2PbCly—> Pb(czﬂs)4 4 22nCly ¢ P
The inflammebility of the organozinc compounds has greatly restricted
their use in such reactions.

Organolithium compounds. Austin (8) prepared a rnumber of aryllead

compounds by the action of aryllithium ocompounds upon lead ohloride. He
stated that the aotion was similer to that when organomagnesium halides
are used, The series of reactions is given under organommgnesium halide
compounds, below,

Recently (this thesis, p. 108} improved ylelds were obtained in prepar-

ing tetraphenyllead by adding iocdobengene to the reaction mixture:
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$CglgLi 4 FPbCly & Cgligl — (GBHG)G.P" & 2LiCL 4 LAX
Yields based upon the ordinary Grignard reaction (see below) indicated
a yield of 160%; based upon the above equation the yield was 80%.
Whercas free lead is &eposi‘hed in the ordinary reacticn between lead
ochloride and an organolithium compound or organomagnesium halide, it is
not deposited when an organic iodide is added.

Orgenomagnesium halides, The first investigators to use the

Grignard reagent in preparing an organolead compound were Pfeiffer and
Truskier (179) who prepared tetraphenyllead, The reaction product

formed from the Grignard reagent and lead chloride must be hydrolized

to obtain the organolead compound (119). The examot nature of the product
bofore- hydrolysis is not knowm, A seriss of reactions like the followe

ing is usually given to show the method of formation of lead compounds:

12RgX & 8P5C1 ——— sazpb + 12Mg(X)C1

SREPb — BRSPba + 2P

—s 3R Pb ¢ Pb ’
233!%2 38* +

The wvalidity of this mechanlism is upheld by the following facots:
(1) The charascteristic brown to red coloration associated with RyFb com=
pounds is usumslly noticed in the early stages of preparing Ré’z’b

cumpounds »
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(2) ByPb and RgFb, compounds can be isolated from the remction
mixtures,

(3) The RgPb and RgPbp sampounds are converted to the R4Fb compounds
on the application of heat, in the presence or absence of Grignard
reagent.,

These reactions may not represent the true course of reaction,
however, because the following reaction has been demonstrated:
RstnPbﬁs ¢ n~C ’Hgm —— Rsi’obi. + Rai’b-_n-c &HQ

A sinmiler remotion with a Grignard reagent has not been observed,
but compounds of the typs RgPbligX have been made (67). The
binary system, Mg ¢4 ngz &= 32gX, reacts with Bﬁsz eompounds by |
| adding magnesious halides

RgPby §# 2 [=MgX]——» 2RgPDMEX
The following reactions could then take place:.

Eanng —p Rsz ¢ BgX

2RyPo = R,Fb ¢ Fb
Actually, Gilman and Bailie have been able to carry out a reasction
between Resz eompounds and the binary system and show that R4Pb

compounds, fres lead, and a Grignard reagent were formed,

Beaction of hydragine sulfate and organolead halides

Hydrazine sulfate has been used to convert triphenyllead chloride
and diphenyllead dishloride to tetraphenyllead. in alcohollo mixture of

the resctants was heated with zodium carbonate (69).



10.

Eleotrolytic reduction

Eleotrolysis of scetone in dilute sulfuric soid, using a lead cathode
(188, 202), yielded & red 0il that seemsd to be composed mainly of
diisopropyllead. There were some indications that some tetraisopropyllead

might hawve been prasent,

Pyrolysis of a plumbonie acid

Lesbre (152) mentioned that pyrolysis of bensylplumbonic acid,
csﬂsc}ian(oxi)s, yielded, among other products, some tetrabentyllead. No

further details were given,

Frees radicels and metallio lead

Several patents have eppeered in which it is claimsd thst when a
hydroecarbon mixture such as gasoline vepor was subjected to thermal decompo=-
gition, and the gaseous mixture containing free radicale was brought in
oontact with lead and quickly sooled, a solution of organclead compounds
resulted (207, 208). This is a modification of the Paneth technique

on g larger scale.
Physloal=Chemical Data

Jones, Evans, Gulwell, end Griffiths (117) have ocarried out some
extensive studies upon some physical properties of alkyllead compounds.
These suthors found that the boiling points at 10 mm. of straighte-chain
lead compounds oould be caleulated by use of the formla:

£ $ 273.1 3 0.867 ML-037

10 mm
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where ¥ 1s the molecular weight., The caleulated values agreed exeellently
with axpeﬁmental values except in the case of tetramethyllead,

It was found that, within the limits of pressures usually encountered
in suech distillations, the reciprocal of the absolute bolling point was a
linear function of the logarithm of the pressure, For tetrsethylleed,
then, the equation

t & 273.1 » 2960/(9.4262 ~ logy, P)
gives the temperature (%) of distillation at any pressure (p)e.

By assuming that the ratio of the absolute boiling points of two
different alkyllead compounds under one pressure is squal to the ratio of
the bolling points of the two compounds under another pressure, it is
possible to caleulate the approximate value of the boiling point of & new
sompound. This method is of especial intereat in caloulating the boiling
point of a new mixed straight~chain tetraalkyllead compound. The belling
point of the new compound at 10 mm. could be celoulated by the first
equation above and the values at different pfossurea for tetrssthyllead
could be oanleulated from the second equation. Thus, the approximate
boiling point of the unknown at any pressure could be determined mathemat-
ionlly.

Buekler and Norrish (18) found that the vapor pressure of tetraethyllead
in the temperature range O to 70° aould be expressed by the sguation
YogoP = 9.4238-2938/1,

The ionisation potential of tetraethyllead has been reported as 12.3 v.3
that of tetramethyllead (provisional) as 11,8 v. (56).
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The molecular volume at teroc absolute hes been calcoulated for
tetramothyllead, tetraethyllead, tetra=n~propyllead, triethyl-n-propyllead,
diethyldi-n~=propyllesd, tri=n-propylethyllead, tristhylmethyllead, and
tristhylen=butyllead (112).

X=yay measurements on tetraphenyllead give the distance between lead
and cerbon as 2.39 A, (64). Its density is 1.745, and asbic was found

to be 17.30:17.8016.454. The elementary cell has four molesules,
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Table 1. R*Pb Compounds

Compound M.P. or BeP.,* °C. Referencea
Tetrasneamyle 170/1 {117)
Tetra-dlmamyl- 150/0.5 (a17)
Tetramowanisyl=- 148-149 (s1)
Totra~pranisyl- 145-146  (67) (87, 86)
Tetrabenzyl= o (148, 155)
Tetra=p~bromophenyl- 187 (189)
Tetra~n-butyl= 157/6 (117) (43, 117)
fetracycichozyl~ dec, 160* (62, 97, 136)
Totra=p~dimethylaminophenyl- 197-198 (8)
Tetra~p=ethoxyphenyl= 319=220 (87)
Tetrasp~ethoxyphenyl= 110 (e1)
Tetraethyle 78/10 (117) (7, 16, 17, 19, 21,
o 28, 27, 28, 29, 34,
35, 36, 387, 47, 55,
63. 68' 88’ 91. 100.
1028, 110, 114, 116,
116, 117, 118, 160,
162, 186, 174, 178,
177, 179, 204)
TetraeSefuryl= 5253 (88)
Totra~n~heptyle ———— (218)

*In all of the tables, the constanis glven are to be assumed to be

melting points unless a /
point and 150/10 means 150°C. at 10 mm. pressurs,

is given.

In that case it is a bolling

$In all of the tables, des. followed by a temperature indicetes that
decomposition ocours without melting at that temperature, 160 deo.
means melting with deoomposition at 160 .
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Table 1 (concluded)

Compound

132,
145,
179,
203,

141,

M,P, or B.P. ,°C. References
Tetra«nshexadecyl- 42 (161)
Tetraisosmyle dec. on dist. (108) (100, 106)
Tetraisobutyle -28 (108) {100, 106, 177)
Tetraisopropyle 5345 (107) (60, 93, 100, 107)
120/14  (107)
Tetramethyle -27.5 (102) (17, 23, 26, 28, 29,
6/10 (117) 34, 35, 38, 60, 100,
102, 116, 117, 118,
138, 1561, 170, 174,
176, 176, 181, 196)
Tetraphenethyle —— (148)
45, 46, 53, 62, 66, 67,
74, 75, 76, 90, 92, 98,
116, 118, 129, 131,
133, 154, 137, 141,
147, 151, 158, 171,
182, 187, 192, 194,
205, 213, 218, 219)
Tetra=n~propyle= 126/15  (102) (28, 100, 102, 177)
Totra-n~totredecyl~ 31 (161)
Totra=2ethienyl= 162 (142) (88, 142, 144)
Tetra~o~tolyl~ 201-202 (5) (8, 6, 87)
Tetravm~tolyle 122«123 (67)
' 182, 218)
Totra=p-xylyl- 260; dea, 270 (147)
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Raﬁ'Pb, Bzmsz, Rza'R”Ba, AND RR*RE"R'"PFb COMPOUNDS
General Discussion

Unsymmetrical orgsnolead compounds are ones in which at least two
differsnt organic groups are attached tc lead by carbon=lead bonds. On
the basis of their structures, these compounds may be divided into two
different clesses. MNembers of the first olass have only organic groups
attached to the lead atom; but members of the second class, mixed unsymmet-
rical organclead ocompounds, have inorganic groups as well as organic groups
attached direstly to the lead stom, Unsymmetrical organclead compounds in
goeneral were first studied in detail by Griittner end Krause (101, 103, 104).
The method of introduecing different orgenic groups, as developed by these
authors, is disousssd under the first method of prepering these compounds,
All unsymretrical alkyllead compounds ars colorless liquids whose physicale
chemieal properties mey be predicted by using the deta that apply to the
simpls tetraalkyllead compounds.

The unsymmetrical aryllead compounde are white (or slightly off-color)
orystalline solids. As with all organcleed compounds withvmixad sub=
stituente, the degree of stability is lower than for the simple R,Fb
eompounds. The solubility and reactivity of the unsymmetrical types are
greater.,

Unsymmetrioal alkylearyllead compounds are either liquids or solids,
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depending upon the substituents. In general, those with one aryl group
are liquids while those with two or three aryl groups are solids., In
cleavage reactions with halogens or hydrogen halides the aryl groups are

always cleaved first,
Methods of Preparation

Halogen or hydrogen halide cleawage followed by reaction with an

asctive organometellio sompound

When an RyFb compound is cleaved with & halogen or hydrogen halide,
an RgPbX or RpPbXp compound is formed (ses under these compounds for
conditions). Either of these products, upon resction with an astive
organometallioc compound (R'M), is converted to en unsymmetrical organolead
oompound. -This compound, in turn, may be cleaved to produce further
differentiation in the organclead compound. Such a series of remctions
is possible beocause of the gradation in ease of clesvage of different
organie groups.

Preferential cleavage, lability, or relative negetivity of organo-
metallic compounds has oocupied the attention of a number of workers.
Extensive work has been done by Kharasch and co~workers (120, 121, 122)
on the lability of organcmercury compounds. Less extensive tables have
been established in the tin series (16, 22). By oombining the large

number of short series awilable from organclead cleavage studies, it is
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possible to obtain a rather extensive relative negativity series of radiocals,
Comparison of fragments of series obtained by the study of thess three
different metals indicates that there is little if any difference in the
order of cleavage, providing the same method of cleavage is used.

The following serles give some ides of the order of cleawvege, the
most easily oleaved radical appearing first:

A-naphthyl, pwxylyl, p~telyl, phenyl, methyl, ethyl, n-propyl,

isobutyl, isoamyl, eyclohexyl (148),

2~furyl, 2~thienyl, phenyl (85).

(allyl, G~styryl), phenyl, 3~butenyl (205).

In generalizing upon cleavage () one may say thet, in the aromatie
sories, the heaviest radioal is cleaved first, In the primary aliphatic
series, the lightest in molecular weight ig ocleaved first. Aromstic groups
are cleaved before aliphatio groups, and aliphetic groupes other than primary
ones ars cleaved before the corresponding primery group. The oyolohexyl
radical seems held more firmly than any other. In cases where different
redicals have quite similar tendencles to be cleaved thet radicel is
usually cleaved which is present in greatest number.

Some rather important exceptions to the generalization that the heaviest
aryl radical is cleeved first appear in an article by Gilman end Towne (85).

The ci=furyl and d=thienyl radicals are cleaved before the phenyl redical.
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An example of an interesting series of reactions making use of this
knowledge is teken from sustin (9):

HCY n-CqHolzBr

(Cglg)4Pb ———» (Cglig)gPbCL — (Cqlig ) gPbCHo CHyCHg

HC1 o~CHgCgHgMgBY
——ﬁ(csﬁs)(caacxzcag)z’bma »

HC1

(Cgliy ) (CHgCH,CE, )P0 (0mCigCaHy )g —= (CgHg) (CHCH,CHy ) (0=CHCGH, )FEC1

“Hs‘l"ﬂ(“z)scﬂs ‘f“z‘”‘zcns
0CH,1i CglgPb=CgH (OCH(CHy )CH, (CH, ) (CH
: s

The product contained an asymmetric carbon atom as well as an
asymaetric lead atom but it ecould not be resolved. The publications of
Austin and Krause and coe~workers have been the sources of most of the
information on attempted isolation of optically astive organclead compounds,

No optically active organclead compound has yet been reported.

The redistribution resstion

The redistribution reaction of Calingeert end oo=workers (this
reaction i#2 discussed in a separate section) offers the possibility of
preparing large quantitles of organolead compounds with mixed orgenie
redicals., To date, only lead compounds with up to three different organie

substituents have been reported as being prepared by this method, A



1s.

mixture of tetramethyle, tetraethyle, and tetra=nepropyllead ylelded,
et squilidbrium, e product containing the fifteen possibls tetrawalent
lead compounds, in proportions corresponding to a random redistribution
of the three different radiocals (29),

The disadvantage of such a method of preparation lies in the
difficulty of separating the reaction mixture into its components., The
reaction hes been tried with two or more of the radicals: methyl, ethyl,
n-propyl, isopropyl, iscbutyl, tertebutyl, phenyl, and p-tolyl, bound to
one or more metals inoluding lead, tin, silieon, and mereury (29, 33).

Decarboxylation of organoclead salts of organic acids

Kocheshkov and Aleksandrov (126, 127) have reported an interesting
method of establishing a oarbonelead linkage. Thelir method involves
decarboxyletion of an organolead salts ‘

(CgHg)gPhC1 # KOpCCHpCOzCpHg ——v  (CgHg )3PbOZCCHaCOZCHg
a
e Co, +# (csﬂs}anCHzCOzczBS

In this comnection, it might be well to mention several earlier
attempts to cbtain a carbone~lead linkage by pyrolyels of a lead salt.
Hurd and sustin (114) attempted to prepare such a compound from lead
tetrabenzcate. This work wes patierned after the known formation of &

carbon-mercury bend in the pyrolysis of mercuric benzoates (214):
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(ceﬂscco)zxg-—-» CH COu¥ e /o

While benzoic mcid was detached, no evidence could be found for an
organolead oompound in the residue. Vigorous decomposition slways took
place upon heating the lead tetrabenszoate,

The same authors alsc pyrolysed lead tetrascetate. Nearly
quantitative ylelds of lead dimcetate were cbtained.

Towne (206) heated on a water bath the double salt of eniline with
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Table 2. RgR'Fb Compounds

Compound u.P, or B.P.,°C. References
Tri=o-anisylbensyl- 80-81 (87)
Tri=p-anisyl=2«furyl- 83 (86)
Tri~o-anisyltriphenylmethyle 145=-146 (10)
Trioyelohexylbensyl~ dec. 128 (67)
Tri=pethoxyphenylbensyl- 76=77 (67)
Triethylallyle 86/10  (189)=* (100, 189, 201)
Triethyl-n-amyl- 121/15 (104} (28, 100, 104)
Triethyl-sec-amyl- 118/18  (100) (100, 107)
Triethylbengyl~ 149-150,6/15 with

gome des, (s9)
Trietiyl=E-bromoamyl- 116.8/13 (104) (100, 104}
Triethyle=p=bromophenyl= dec.810/3 (189)
Triethyl=-S-butenyle 78/3 (87)
Triethylen-butyle 108/ (84) {84, 100, 108)
Triethyl=ses=butyl- 106-106/14 (84) (8¢, 100, 107)
Triethyl~tert-butyl~ 76/ (84)
Triethyloarboxymethyle 187 deoc. (201)
Triethyl=p~dimethyleminophenyl= 125/1 (201)

*This oompound alsoc exists as a solid dimer whioh dec. at 115° (201).
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Table 2 (continued)

Compound M.P, or B.P.,%C. Reforences
Triethyl~Pwhydroxyethyl~ 100/2 (201)
Triethylisoamyl= 114.5/13 (101) (26, 100, 101, 105)
Triethyliscbutyle 102/10 (84) (e84, 100, 101, 105)
Triethylisopropyl=- 20/18 (107) (28, 100, 107)
Triethylmethyl~ 70=70.5/16 (101) (26, 28, 29, 34, 35,

36, 91, 160, 101)
Tristhyled-naphthyl= 176/13 (99)
Triethyl-n~octadecyl- 75=74 (185)
Triethylphenyl= 156/13 (99) (99, 114)
Triethyl=pw(N«phthalimide )phenyl 100/0.0001 (201)
Triethyl-n=propyl=. 99.5/16 (101) (20, 100, 101, 105)
Triethyl~o~tolyl~ 163.5/18 (99)
Triethyl~p-tolyl~ 164/13 (99)
Triisosmylethyl- steam dist. {108) (100, 1086)
Triiscamylisobutyls steam dist. (108) (100, 108)
Triisosmylnethyl- steanm dist. (108) (100, 106)
Triiscamyl-n~propyle steam dist. (106) (100, 106)
Triiscbutylensbutyle 145-1468/10 (42)
Triisobutylethyl= steam dist. (106) {100, 108)
Triisobutylisoamyl= steam dist, (106) (100, 108)
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Table 2 (continued)

Compound M.P. or B.P.,%C. Refsrences

Triisobutylmethyle 121/A2  (108) with

slow deo. (100, 108)
Triiscbutyl=nepropyl- stean dist. (106) (100, 106)
Triisopropylmethyle e {29)
Trimethyibensyl~- 124/185 with deoc. (99)
Trimethylen-butyl- 64.5/14 (201) (100, 101)
Trimethyl=seo~butyl- 59/13 (31) (81, 107)
Trimethyl=tert=butyl- 5.7347/18 (31) (26, 29, 31)
Trimethylethyl~ 27/10 (101) (26, 28, 29, 34, 35,

| 36, 100, 101, 108)

Trimethyliscamyl~ 69-71/12 (101)
Trimethylisobutyle §8-58/15 (101) (100, 101)
Trimethylisopropyl- 76/80 (107) (28, 29, 100, 107)
Trimethylphenyle 104/13 (s8) (29, 99)
Trimethyl=n-propyl- 48-49/16 (101) (29, 100, 101, 108)
Trimethyl=ow=tolyl= 117.5-118/1% (99)
Trimethyl=p-tolyl=~ 118=119/15% (99)
Triphenylallyl~ 76=1T (8) (8, 87)
Triphenyl=o~aminophenyl- 166=166 (201)

166-167 (82)

Triphenyl-p-sminophenyl~
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Table 2 (contimed)

Compound M. P, or B.P.,°C. References
Tripheny l=n-amyl- 16-17 (9)
Triphenylwowanisyle 128-129 (183)
Triphenylepeanisyle 152 (se)
Triphenyle7~(1,2=bensanthryl)= 204=206 (this thesis)
Triphexylbenzohydryl= 1223dec.130 (67)
Triphenylbengyle 933d00.208-210  (146) {7, 87, 148)
Tﬁmmx- 82=84 (128) {126, 127)
Triphenyl=p=bromophenyle 118 (189) (75, 189)
Triphenyl=S=butenyl~ B4=86 (87)
Triphenyle-n-butyl= 47 (88)
riphenyl-sec=butyl= 84 (88)
Triphenyl~tert~tutyl- 150 (88)
?riphenylearbethoxydmethyl= 59=60 (128) (128, 127)
?riphenyl~p-carbomethoxyphenyl= 126=127 (163)
Triphenyloarboxymethyl= 194 (201)
mmz—rmmphwx 266~258 (168)
Tripheny)-p~chlorophenyl= e (75)
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Table 2 (contimed)

Compound M.P. or B.P.,C. References
Triphenyl=le [2ehydr -
{prehlorophenylasoe)~phenyl] - — (201)
Triphenylel~ [2-hydroxy«8,6~d1 (p-nitro-
phenylazo)=pheuyl J= ——— (201)
Triphenylep=(B~hydroxyethyl )phenyl- 87-88 (18s)
Triphenyl=le [2=hydroxy=5-
(peicdophenylaso)-phenyl] - — (201)
Triphenyl-c=hydroxymethylphenyl- 134~136 (183)
Triphenyl=p=hydroxymethylphenyl- 88=~100 (183)
o ey o i doo.155 (52)
Triphenyl=g=hydroxyphenyl- 217-218 (this thesis)
Triphenylisobutyle 68=68.5 (83)
Triphenyle=le [2emethoxy=5~
(pwnitrophenylaso)=phenyl] - ———n (201)
PRIy — .
Triphenylmethyle 62-83 (29) (29, 145)
Triphenyl~p~N-methylaminophenyl- 97-98 (201)
Triphenyl=denaphthyls= 131 (87) (87, 147)
Triphenyl=S~phenanthryle- 169=171 (this thesis)
116-1173de0.205-210 (148)

Triphenylphenethyle
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Table 2 (concluded)

M.P, or B.P.,°C.

Compound References
Triphenylphenetyle 119120 (147)
Triphenylep~phenoxyphenyl~- 127 (145}
Triphenyl-n-propyl=- 69«70 (9)
Yriphenyl=3=pyridyl- 210-214 (96)
Triphenyl~Pestyryl- 107~109 (87)
Triphenyl~2~thienyl~ 206=207 (885) (85, 143, 144)
Triphenylep=tolyl~ 125.5 (147) (6, 8, 145, 147)
Triphenyltriphenylmethyl~ 196-197 (87)
Triphenyl=2 4~xylyl- 111.5-112 (147)
Triphenyl=~pexylyl- 104.5 (147) (145, 147)
Tri-g-propylethyls 118.2/14 (106) (29, 100, 108)
Tri-p=propylisocanyl~ ———rman (100, 106)
Trien~progyliscbutyle- werenen (100, 106)
zrs.wopym&yl- 106/13 (106) (20, 100, 108)
fri-g—-talylphmlw 161-162 (8)
Tri~p=tolylbensyl- 81~82 (87}
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Table 3. RzRéPb Compounds

Compound M.P, or B.P,.,°C. Referenoces
Di wnivamyldiwd lramyl- 160/1 (117)
Diwnamyldi-n=butyl- 170/1 (117)
Di~dl~amyldimn=butyl= 135/0.5 (117)
Di~neemyldiethyl= 116=118/0.5 (117)
Di~neamyldi=-n-hexyl= 180/0.5 (117)
Di-nwamyldiisosmyl~ 160/0.5 (117)
Di-n~amyldiisobutyle 140/0.5 (117)
Di-nwemyldimethyl~ 113/4 (117)
Di=n~emyldiwn=propyl= 160/1 (117)
Di-p-anisyldi=2=furyle T2=73 (88)
Diw~7«(1,2~bonsanthryl )diphenyl= 295-266 dec. (this thesis)
Dibensyldiphenyl= dec. 200 (148)
Dibiphenyldiphenyle 134-135 (205)
Diwpebromophenyldiphenyl- 123 (189)
Di~-n-butyldiethyl~ 90/1 (117)
Di~tert=butyldisthyl- 80/10 (189)
Di=n=butyldiisoanyl= 155/0.8 (117)
Di~p=butyldiisobutyle 135/1 (117)
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Table 3 (continued)

Compound M.P. or B.P.,%C. References
Dienwbutyldimethyle 108/10 (117)
Diwseo~butyldimethyl~ ——— (s1)
Di~n=butyldiphenyl- deo, when heated in wmo. (s8)
Di~sec=butyldiphenmyle unstaeble oil (88)
Di~tert-butyldiphenyli- 177 (e8)
Di=nwbutyldi-nepropyle= 120/1 (117)
Di=peshlorophenyldiphenyle ———— (75)
Dioyolohexyldiphenyl~ 178«180 dec. (87)
Di~p-dimethylamino.

phenyldiphenyl= 134~136 (8)
Diethyldiisocamyle 142/13 (103) (100, 1083)
Diethyldiisobutyle 124/13 (103) (25, 100, 103)
Diethyldimethyle= 52«53/14 (187) (26, 28, 29, 34,

35, 36, 100, 103,
167)
Diethyldi=dwnaphthyl= 116 (147)
Diethyldi~-n~octadecyl- 58-60 (185)
Diethyldiphenylw 176/8 (189) (91, 167, 189)
Diethyldie=n=propyl= 95/10 (117) (28, 29, 100,
- 103, 117)
Diethyldiisopropyl= 95.5/14 (107) (100, 107)
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Table 3 (concluded)

Compound M.P. or B.P,,%. References
Die2~furyldiphenyle- 118 (85)
Di=Z=furyldi=3wthienyl- 117-119 (88)
Diiscamyldimethyl= 122-123/13 (108) (100, 103)
Diiscbutyldimethyl 96,5-968/13 (1083) (26, 29, 100, 103)
Diisobutyldiphenylw unstable oil {68)
Diisopropyldimethyle —— (29)
Dimethyldiphenyl- 161~-152/2 (29) (29, 189)
Dimethyldien~propyli- 72/10 (117) ﬁzs 100, 108,
Diwdensphthyldiphenyle 197 (147) (87, 91, 147)
Diwg=phunanthryldiphenyl= 208«210 (this thesis)
Diphenyldi=2=thienyl= 186 (85)
Diphenyldiwg=tolyl= 154135 (150)
Diphenyldi=p=tolyle 121-122 (8) (8, 74)

94 (145)

Diphenyldi~pexylyls
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,» Table 4. w&w. Mmﬂg Qg@g%

Compound M.P. or B,B,,°C. Refersnces
Diethylwseo=amylen=propyl~ 121/13 (107) (100, 107)
Diethyl=n=butylmethyl= 80/7 (14)
Diethylesac-butylmethyl~ 76-78/16 (14)
Diethylen~tutyl-n=propyle= 108/13 (106) (25, 100, 105)
Diethyleses=butyl=n-propyl=~ 115.5/14.5 (107) (100, 107)
Diethyliscenylisobutyl=~ 131/14 (308) (100, 105)
Diethyliscamylmethyl= 106/15.5 (108) (100, 105}
Disthylisoamyl=n~propyle 127.5/16 (108} (100, 108)
Diethyliscbutylmethyl=- 87/18 (108) (100, 108)
Diethyliecbutyl-nepropyl= 110/18 (108) (100, 105)
Diethylisopropyl-n=propyl= 107/17 (107) (100, 107)
Diethylmethylphenyl= 98/4 (14)
Diethylmethylen=propyle= 80.8/15 (105) (29, 100, 108)
Piiscamylethyl~-n=propyl- 146.5/18 (105) (100, 105)
Dimethyl=sec~amylethyl= 90/15 (107) (25, 100, 107)
Dimethyl=geo~butylethyl- 74/18 (107) (25, 100, 107)
Dimethyl=see-butyliscanyl- 115.5/14 (107) (100, 107)
Dimethylethylisoamyl= 9214 (105) (100, 108)
Dimethylethylisobutyl~ 74/13 (105) (100, 105}
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Table 4 (oonoluded)

Compound ¥,F. or B.P, ,00. References
Dimethylethyl-n-propyl=- 65/16 (105) (25, 29, 100, 105)
Dimethylethylisopropyl= 81.2/15 (107) (100, 107)
Dimethylisoamylen=propyle= 105/18 (108) (100, 108)
Dimethylphenylen~propyl= 93/3 (14)
Diphenylayolohexylmethyl- thiok oil (148)
Di-n=propylethylmethyl=-  ——— (29)
Di~gwtolylphenyl=n-propyl= 48=50 {(9)




Table 5.
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RR'R"R™Pb Compounds

Compound ¥.,P. or B.,P, ,°c. References
neButylethyliscamylen-propyl- 144/14 (108) (100, 105)
a-Butylethylmethylen~propyl=- 103/13 (1x08) (200, 105)
Ethylisoanylmethylen~propyl- 115/15 (108) (100, 105)
I ek o Lol L (6)




RstI, RZR’Pbx. RR'R"FbX, Rai’bxg, AND BR'Psz COMPOUNDS
Ceneral Discussion

In the compounds in which X represents fluorine, chlorine, bromine,
or iodine, the presence of the halogen makes the compound a solid, XNone
of the ecmpounds containing fluorine has & melting peint; decomposition
occurs befores the ecompound melts. Trimethyllead fluoride is mentioned as
being "very volatile". Trimethyllead ohloride sublimes st 187°, These
are the only two alkyl organolead compounds containing halogen attached
to lead that show any tendency to distil,

0f the organoclead halides, the fluorides and chlorides show the greatest
stability. The bromides are relatively sitable but the iodides deoompose
upen standing and, when the compound is at all stable, have a lower melting
point then any of the other corresponding halides.

The aryllead salte are more stable than the corresponding alkyllead
compounds. In aqueous solution the Rst" jons (where the R groups mey be
different) resemble the alkali metal ions.

There is somewhat less stability in the eliphatic series in the RpFbX,
gompounds than in the RSH:X sompounds. In the aromatio series, the
opposite is the ocamse and here Rszxz compounds sometlimes show smazing
stability.
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Gritiner and Krause (105) had cbserved that, unless freshly prepared
RpR'PbX compounds were used in the preparation of RpR'R"FPb compounds, low
yields and impure products resulted. This can now be explained on the
basis of the redistribution resmction (p. 78 )« There is a lead-halogen
bond present which acts as a catalyst in this types of resction. Even at
ordinery temperastures, there is some of the reaction of the general type:

2 RstX —_ R, Fb ¢ RgPbX,
At higher temperatures, irreversible decomposition ocours:

RszXz ——di=R ¢ I’oxz
When there is more then one kind of organic radical it is evident that
the aged meterial would be quite impure.

A few cases of addition compounds of pyridine or ammonie with organo=
lesd halides are known, Pfeiffer and Truskier (179) observed compounds
with four molecules of pyridine with diphenyllead dichloride and dibromide.
These were fairly stable, but diphenyllead dibromide with two molecules
of ammonis attached gave up the ammonia upon exposure to the gir, Foster,
Gruntfest, and Pluck (54) observed ammino campounds formed with triphenyllead
chloride but in no cese could the amount of ammonia be expressed in small
whole numbers.

Physicel=Chemical Data

As a part of a program of measurements of the dipole moments of molecules
containing metallic atoms with the objeot of obtaining bond momsnts and

studying their relation to the electronegativities of the bonded elements,
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the dipole moments of a number of organolead oompounds were measured (156,
199, 200). The compounds studied were hexsethyldilead, trimethyllead
chloride, triethyllsad chloride, diethyllead dichloride, triethyllead bromide,
triphenyllead ohloride, triphenyllead bromide, and triphenyllead iodide,

Some corresponding emrbon, silicon, tin, and germenium compounds wers

ineluded for comparison.
Methods of Preparation

Organolead compounds contalning one or two halogens may be prepared
in the following manner:

Resction between halogen or hydrogen halide and an organclead compound

This type of reaction was discussed in the sectlon on lead compounds
sontaining only two or more different organio radicals, It is the method

mogt often used to obiain organclead halides.

Resotion between an scid and an organolead eompound, followed by use

of a metal halide or hydrogen hallde

Polis (182) found that tetraphenyllead could be added to boiling
concentrated nitric acid and thus be converted to diphenyllead dinitrate.
The two phenyl groups appeared as nitrobenzene in the product. If the
éiphunyllud dinitrate was dissolved in boiling water and & solution of
sodium halide was added, diphenyllead dihalide precipitated in excellent
yields
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(csﬁs)zyb(ma)z ¢+ 2 Nal — (cé‘ﬁ5 )szlg 32 BaXOg

Tetreothyllead, in chloroform solution, reacted with nitris scid to
give disthyllead dinitrate (114). The product was identified by dissolving
in methyl alochol and adding hydroohleric acld. Ths diethyllead dichloride
precipitated and was flltered.

The use of an inorganic acid other then the halogen acids does not
lead to good yields of RyFPbX types. For example, EgPoX compounds may be
made from ReFbNOg eompounds but nitrioc acid has a much greater tendency to
cleave an RyPb compound to an RyFb(NOg)s eompound.

Reaction of dissonium chlorides with lead shlorides

¥ihile resctions of the type:

(RN,C1)5 o PBCL, > RgPHOL °
or

RN,C1.FbCly ~> RyPbCl,
are known (130, 172), the yields are only a few per cent. The general
procedure for these reactions is to add a powdered metal such as tin, sine,
or copper to & suspensiocn of the diazonium ohloride-lead chloride complex,
and then heat the mixture,

Hakin and Waters (1569) were able to prepare RgSHCl, oompounds from the
diazsonium ohlorides and antimony powder. The reactants were suspended in
acetone or ethyl acetate and the solution kept neutral by adding shalk.
When lead powder was substituted for the antimony, only inorgenic lead ions

were found in the product.
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In some earlier work by Sakellarios (190), it had been cbserved that
heating of (RNyCl)y.PbCl, complexes without catalysts gave nc material with
a carbonelead bond. It might also be mentioned that this same suthor

hydrolyzed the oomplex (CpHgRH,.HC1),.PbCl, and cbteined only lead ohloride
and Gzﬂamlzn

Controlled reaction of lead chloride with a Grignard reagent

Krause and Schlottig (145) staeted that triphenyllead ohloride was
produced by adding to phenylmagnesium bromlde an amount of lead chloride
somewhat in exoess of that used to produes tetraphemyllead., The
triphenyllead shloride was not isclated as such but wes removed by shaking
the resction produect with a solution of alkali., The yields were none too
good,

Triphenylleed bromide has been found as an ocoasional by~=product in the
preparation of tetraphenyllead through the Grignard reastion (194). This
eompound does not owe its formation to & secondary reaction between
tetraphenyllead and magnesium bromide or the binary system (Mg 4 MgBrg),
inssmuch as tetraphenyllesd is unaffected by these substances under the
oonditions of the resotion. The next method might be used in offering a
olus to the formation of triphenyllead bromide by assuming e resction
betwesn hexmphenyldilead and magnesium bromide.

¥eals (161), in a study of long~chained organometallic compounds,
prepared RgPbCl compounds in over 50% yields by reaction of about one mole

squivalent of lead chloride with two mole equivmlents of long-chained
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allylnmsgnesium bromide.  Attempts to form R _FbBr compounds by similar

3
reactions using lead bromide were unsuccessful.

Meals (161) observed that the melting pointe of RgPbCl compounds
resch & minimum somewhere betwsen trimnebutyllsad chloride (m.p., 109-111°)
and triep-dodecyllead chloride (m.p. 64-66°), a region in which RgPbC1
compounds have not been investigated, It ie interesting to note that in
the long~chained alkyllsad compounds, mixed melting points do not seem to
have mich value., A mixture of tetra-n-hexadecyllead and tetra~n-
hezadecyltin showed no depression in melting point, A mixture of tri-n-
dodecyllead chloride (m.p. 64~85°) and tri-n=tetradecyllead chloride
(meps T4=76°) melted at 66-67°.

Austin (7} investigated the use of the reaction:

RoPbXy # RpHg ~—> BgPbX § RHgX
in the aynthesls of organoclead oompounds., Diphenyllead dichloride and
diphenylmeroury heated in pyridine gave a 21% yield of triphenyllead
chloride. The low yield may have been due to the diffieculty in isolating
triphenyllead chloride as there was a 67% yield of phenylmercuric chloride.
When the reastion:

(owCHyCgH, )aPbCly & (CgHg)pHg — (0-CHyCgHg)z(Cgls)PbCL & CgHgHECL
was cerried ocut in an attempt to obtain mixed compounds, phenylmercuric
ehloride was obtained in a 38% yield, but none of the expeoted di-o~-
tolylphenyllead chloride coculd be isoleted from the reaction products.
Tetraphenyliead and di~o~tolyllead dihalides did not reeot when heated in

bengene or toluene in en attempt to form mixed sryllead halides.
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Reaction of R,Pb or RgFba oompounds with some imorganiec halides

and organiec scoid halidea

Browns and Reid (16) inwestigeted the aetion of some organic socid
halides and inorganic halides upon tetraethyllead., Tetraethyllead reacted
readily with mcetyl chloride at room temperature on the addition of siliea
gel. A mixture of egquivalent amounts of the two resctants produced
triethyllead chloride. Bensoyl ohloride reacted alsoj; the only products
that could be isolated were lead chloride and bengole acld,

With phosphorus pentachloride, tetrasthyllesd in carbon disulfide
solution produced a thick syrup from which triethyllesd chloride was
extracted with petroleum ether. A simple solution of tetraethyllead in
carbon disulfids gave a black flocoulent precipitate which was insoluble
in sther, alechol, or petroleum ether. It did not melt at 300° btut
burned readily,

Tetraethyllead and eluminum chloride reacted in organic solvents to
give triethyllead chloride &s the only material isolated. Silicon
tetrachloride likewise gave triethyllead chlorlde, but titenium tetra-
ohloride was reduced o titanium triohloride with the production of a
brown, tarry substance.

(Goddard end Goddard (91) observed the action of thallic chloride
with several organclead compounds., Thallic chloride and triethylmethyllead
yielded triethyllead chloride and thallous chloride. Diethyldiphenyllesd
yielded diethyllead dishloride snd diphenylthallium chloride., Di-de
naphthyldiphenyllead yielded diphenyllead dichloride and di-d-naphtyl-

thalliuwm shloride,
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Goddard (89) reacted hexaeme-xylyldilead in bengene with thallic

chloride in ether. The soluticn became warm and a precipitete appeared,

After standing a week, orystals of di-mexylyllsad dichloride had formed

and the benzene solution contained thallous chloride,

In summarising the reactions between aliphatioc or eromatic organoleasd

eompounds and thallio ochloride Goddard stated that:

1.
24

3.

4.

Substances of the type R4Pb give rise to RoPbXy and ByT1X compounds.
Substances of the type RgFbX end RgR'Fb (where R' is the radical with
lower molecular weight) yield thallous chloride and Rai’bxzand

RyFbX, respectively.

Substances of i;he type BoR'oFb produsce R'gFbX, and R,TI1X compounds.
Substances of the type RyPbX, (whers X is bromine or 1odine) merely
exchange helogen with thailic chloride.

Chellenger and Pritchard (38) in tabulating reactions between various

organometallic compounds and some inorganic halides stated that

tetraphenyllead reacted as follows:

1,

2.

3.

4.

With bismuth tribromide at 66° diphenyllead dibromide and diphenylbismuth
bmfie were formed.

With antimony trichloride at 110° diphenyllead dichloride and
diphenylantimony chloride were formed.

With arsenic trichloride at 110° diphenyllesd dichloride and
diphenylarsenic shloride were formed.

With phosphorus trichloride at 134° there was no aotion.
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Gilman and Bailie (67) found that when benzene-ether solutions of an
RSsz compound and magnesium iodide were allowed to resect, hydrelysis with
sxmoniom chloride gave excellent yields of BgFbl sompound.

The binery system of Goamberg and Bachmann (94) was observed by Gilman
and Bailie to undergo two different resctions with RyFb, oompounds. HNon-
sterically hindered RgPbs compounds rescted with the binary system to give
sn 34& compound, lead, and the Grignard reagent. - If, however, sterically
hindered Rs?hz ompém&s ware used, the produoct was an Rstx sompound,

Nesmeyanov and Kocheshkov (171) investigated the aotion of mersuric
chloride upon a mumber of organometallioc compounds including organolesd
sampounds .

Gilman and Apperson (86) reported upon the reactions between some
organolead compounds and aluminum chloride, bismuth trichloride, anhydrous

ferrioc chloride, and chloroplatinie acid,

Interchange betwesn Ran and Rngxz gompounds

&astin {7) found that tetraphenyllead and diphenyllead dichloride
heated in butyl alochol gave an 86% yleld of triphenyllesd ohloride.
Tetraothyllead and diethyllead diohloride heated in benrene gave a 3%
yield of triethyllead chloride. As mentioned in the general discussion
of organolead halides, Austin wes unable to produce compounds of the

xza*a»x type by this resotion.
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Table 8. RSPbX Compounds

Compound _ M. P ,°C . Refereonces
Trismyl= bromide {(?)* m—— (124)
Trismyle chloride (1) m— . (124)
Trismyl- iodide (7) —— (124)
Trimomanisyl~ iodide 1224125 (67)
Tri-p-anisyl~ bromide —— (88)
Tri~-p-anisyl- chloride 162=153 (86}
Tribenzyl~ bromide des, 150 (148)
Tribengyl- chloride , unsteble (149)
Tri-n-butyl- bromide , —— (43, 167)
Tri-n-butyl- chloride 109-111 (180) (17, 40, 180)
Tri-geg~butyl~ chloride deo,130 (188)
Tricyclohexyle bromide ‘ deo,.210 (336}
‘Tricyelohexyl= chlorids dec.236 (136)
Tricyoclchexyl~ fluoride dec.198 (140)
Tricyclchexyl- iodide 91.7 (138) (41, 67, 138, 137)
Tri=p-dodecyl~ chloride 64~65 (161)
Tri-p-ethoxyphenyl= iodide 89=100 (e7)

sIn these tables, & 7 means no analysis was run, or the analysis wes not
too close to theoretioal, or the compound wes never isolated, or it is
unclear whether the R group is n~, iso-, eto.
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Table 6 (sontimued)
Compound M.P.,%C. References
Triethyl= bromide 103=104 (102) (28, 29, 84, 67, 102,

Tristhyle ohloride

" Tristhyle fluoride
Triethyl- iodide

Tri-n<hexadecyl= chloride

Triisoamyle bromide
Triiszcamyl~ fluoride
Triisobutyl= branide
Iriiscbutyl= chloride
Triisobutyls fluoride
Triisobutyle iodide
Triisopropyle bra:;xide
Iriisopropyl= chloride
Triisopropyl= lodide |
Trimesityl= iodids
Trimethyle bromide

Irimethylw chloride

brown 120 (102)

de0,.,240

- | "

79«80
132-1353
dec.251
107-108
122dec.
dec.230
unstable

W . A ey

At -

unstable
200-201
133dec,

(108)

(106}

(102)

sublimes 187 {(102)

188, 157, 200, 202)

(7, 16, 17, 20, 21, 26,
27, 29, 34, 66, 80, 84,
81, 92, 102, 110, 114,
156, 157, 168, 179,
199, 200, 217)

(140)

(24, 157)

(161)

(41, 106, 138)

(140}

(41, 106, 137)

(106}

(140)

(108)

(93)

(93, 202)

(202)

(67)

(23, 28, 34, 102, 211)

(17, 23, 26, 29, 34,
102, 166, 192, 200)




45,

Table 6 (concluded)

Compound H.P. .°c. References

Trimethyl= fluoride Very volatile (140)

Trimethyl= iodide (23, 29, 31)

Tri=awootadeoyl= chloride 82«83 (181)

Triphenethyle bromide 9192 (146)

Priphenyle bromide 166 (s8) (41, 98, 137, 145, 186,
200)

Triphenyl- chloride 206 (98) (7, 8, 51, B3, 54, 68,
69, 79, 98, 129, 130,
145, 166, 188, 171, 172,
198, 200)

Triphenyle fluoride dec.318 (140) (41, 137, 140)

Triphenyle iodide 142 (88) (s1, 58, 67, 98, 141,
156, 200)

Tri~nepropyl= bromide 81~82 (180)

Tri~n=propyle chloride 1387 (180) (17, 102, 180)

Pri-n=propyl= fluoride

Iri-n-tetradecyl~ chloride

Trivo~tolyl= bromide
Tri=g~tolyl= chloride
Tri-m~tolyl= bromide
Tri-p=tolyl- ohloride
Tri=petolyl~ fluoride
Iri-p=tolyl~ iocdide
Tri=2,8-xylyle bromide
Tri-pexylyl= ohloride

explodes at 236
T4=T5

129=-1%0 (s)
141-142 (8)
146-147

140-141

dec.280

116 (141)
177

167.8

(41, 137, 140)
(181)

(s, 8)

(8, 686)

(67)

(8)

(140)

(67, 141)
{148)

(141)
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Table 7. RzR'i’bx Compounds

Compound K.P..oc. Refsrences
Di=npegmylmethyl= chloride dee,.121 (117)
Dieyolchexylphenyl= chloride dec.206 (this thesis)
methyx—_g;bromomx- bromide ———— (104)
Diethyl-n~butyl~ bromide not isolated (105)
Diethyliscamyle bromide not isolated (105)
Diethyliscbutyle bromide not isolated (108)
Diethylmethyle chloride —— (34)
Diethylen=propyl= bromide not isolated (108, 107
Diisoamylethyl= bromide not isolated (108)
Dimethyl=sec=butyl= bremide not isolated (107)
Bim%yiothyl—y bromide not isolated (105)
Dimethylethyle chloride ——— (25, 34)
Dimethylen~propyl= bromide not isolated {105}
Diphenyl-nwamyl~ chloride 123dec. (8)
Diphenylbenzyle bromide 143dec. (146)
Diphenylbensyle chloride sinters 157 (87}
Diphenyl=3~butenyle ohloride 134=~135dec, (87)
Diphenyloyclohexyl= bromide 135 (145)
Diphenylethyle bromide 119 (145)
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RR'R"PbX Compounds

Campound M.P.,°C. References
Cyelohexylmethylphenyl= bromide 9394 (145)
Ethylisobutylen=propyl= bromide not isolated (108)
Isoamylmethylen=propyl= chloride not isclated (105)
Phenyl-n=propyl=o=tolyl= chloride 103~104 (11)
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Teble S. Bszxz Compounds

Compound H.P., %, References
Di~mmsminophenyl« dichloride — {192)
Di-p-amyl- dibromide sinters 89 (117)
Diepeamyl- dishloride dec.123-126 (an)
Di-dl-amyl= dichloride sinters 67 (117)
Di-p-anisyle- dichloride “——— {(s8)
Di~p-anisyle diiodide 122-123 (87)
Dimn=butyl~ dibromide sinters 110 (117) (43, 117)
Diwsso=butyl= dibromide — (188)
Di-nwbutyle dichloride dec.180 (117) (49, 117)
Disyelchexyl= dibromide deo,142 (138) (97, 136)
Dicyclohexyle dichloride dec.180 (87)
Dioyclohexyl~ diiodide unstable (136) (97, 136)
Diethyl= dibromide —— (102, 167, 202)
Diethyle dichloride —— (7, 80, 81, 102, 114,

156, 167, 199, 217)
Diethyl=~ diiodide oomen (102)
Dlisoamyle dibromide sinters 93 (106}
Diisoamyl~ dishloride deo0.107 {106)
Diiscbutyl= dibromide dec,102 (106)
Diiscbutyl~ dichloride dec.100 (108)
Diisopropyl~ dibromide ———— (107, 202)

Diisopropyl= dichlorids unstable (202)
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Table 9 (econcluded)

Compound M.P, ,°c . Rafersnoes
Diisopropyl= diiodide (1) —— {202)
Dimethyl~ dibromide unstable (202)
Dimethyl= dichloride * (102, 192)
Dimsthyl~ diiodide unstable (102)
Diwmenitrophenyle dibromide ——— (128)
Di~m-nitrophenyl= dichloride sublimes 250 {this thesis)
Diem~nitrophenyle diiodide dec.135 (this thesis)
Di=3=pentyle dibromide PO (188)
mpiionyln dibromide ————— (41, 138, 146, 180,

182, 183, 194, 219)

Diphenyl~ dichlaride deo,.284 (219) (7, 66, 67, 6%, 78,
80, 981, 129, 130, 158,
171, 172, 180, 183,
194, 200, 213, 219)

Diphenyl= difluoride not melted at 300 (194)
Diphenyl~ diicdide 101~108 (183) (183, 194, 219)
Di=n=propyle dichloride dec.228 (102)
Di=2=thienyl« diochloride dec.202 (85)
Diwg=tolyl= dibromide 150=151 (6)
Di=o=tolyle dichloride 178~179 (8) (6, 7)
Dimpwtolylw dibromide e (184)
Di=p=tolyls~ dichloride ——— (6, 7, 184)
Diemwxylyle dichloride —— (s9)
Di=p=xylyl= dibromide 120dec. (148)

*Sinters slightly arcund 155° and then there is no change to 230°, (102)
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Kzl”o COMPOUNDS

The so=called diwalent organclead compounds ere characterized by
tbeir highly colored solutions and by their great instability., The deep
brown to red solutions that develop in the early stages of the resstion
between lead chloride and alkyl Grignard resgents have been attributed to
the formation of diwalent lsad compounds (102). Only diphenyllead and
di-p-tolyllead have besn isolated (141) in small yields by the reastion
of lead shloride and the corresponding Grignard resgent. Rigorcus ocomtrol
of the reaction and a high degree of manipulative skill were required to
prevent the products from decomposing., The diaryllead compounds were
blood=rsd amorphous powders, quite unstable in the air or light but in
their sbsencs the compounds could be kept for & pericd of a week. Ilodine
reacted with them readily to form the diaryllead diodides, snd alecholic
silver nitrate was instantly reduced. In benzene solution the compounds
wore found to be in the monomolecular form.

Diphenyllead, when heated in a capillary tabe, decomposed arocund 100°,
turned yellow at 120°, melted above 200°, and turmed black at 280°,

The anly other known method for prepering diwalent organoleed oompounds
is by electrolytie redustion of a ketone using a lead oathode in a sulfurie
acid bath, Tafel (202) prepared diisopropyllead in this marmer bub

isolated his product as the dihallde derivatiwe.
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Calingeert (25) attempted to prepare dialkylleed compounds from
dialicyllead dihalides by the action of sodium in liquid ammonia, It
has been cbserved in these laboratories that there was a transitory brown
to red ocoloration of the ammonia solution when the ammoniawsoluble metal
was first added to a dlaryllead dihalide. This coloration quiekly
disappeared as more metal was added and the hexmaryldilead was isolasted
from the reaction,

Kranse and Heissaus {141) added a bensene solution of iodine to e
blood red seclubion of diphenyllsad in bensene and chbserved an immediate
disappearance of the red eolor. They stated that diphenyllead diiodide
was formed and thet this soon desomposed with formation of lead iodide.

These same authors observed the following changes when diphenyllead
wes heated in a melting point tube: +the sample turned pale and decomposed
at about 100°, the decomposition product turned yellow at 120°, end melted
above 200°, ¥o black coler had appeared at 260°. These observations do
not lend sapport to the series of equations given to explain the formation
of R,Fb compounds (ses under R, Fb compounds)., Hexaphenyldilead was formed
from diphenyllead by gently refluxing an ether-bensene solution of
diphsnyllead and phenylmagriesium bromide.
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Table 11. Rzi’b Compounds

Cempound Comments References
Di~-ses=butyl= no anal. but derivatized {188)
Diisopropyle — (60, 93, 202)
Di=S=pentyle= no anal, but derivatized (188)
.Diphenyln dec. around 100 (141) (141, 187)
Diwpwtolyl= ———— (141)
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Rstz COMPOURDS

General Discussion

A great dlsorepancy appears in the literature dealing with the degree
of dissoclation of the R;Fb, compounds into organolead "radicals”:

Byfb, &2 RyPb

The wide divergence in the amount of dissocliation as reported by warious
authors mey be attributed to the different methods of measurement.
Molecular weight measurements by Krause and Relssaus (141) and Poster, Dix,
and Gruntfest (53) indiocated that hexaphenyldileed was apprecisbly
dissociated in dilute besngens solution, The assumption wams that the
dissociation product was triphenyllead, While there was a steady rise
in molecular weight with inorease in concentratior, no mass action constant
could be caloulated fyrom the data.

As triphenyllesd would poesess an odd mumber of eleotrons, Preckel
and Selwood (188) undertook to determine the degree of dissociation through
magnetic susoeptibillity messurements., JMagnetic measurements set the upper
linmits qf. fiiuoo&ation at 0.1% in the solid and 1.4% in s bensene solution
within thaﬁmponﬁure range of 30 to 80° and the concentration runge of

0.02265 ¥ o 0,01547 M.
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Under these ciroumstences it was deemed sdvisable to investizate
these divergences further. Krause (138) found that molecular weight
measurements of hexacyelohexyldilead in freeszing bensene indicated 47%
dissociation., Morris and Selwocod (168) found by magnetic suscepbibility
measurements that hexacyolohexyldilead was practioally ocompletely associated
in bensens at 90°. Unfortunately the degree of mecurasy of magnetic
susceptibility measurements is not of a very high order, but a degree of
dissooiation such as that found in freezing benzene would have been very
apparent, These last authors suggested that a elue to the low moleoular
weizhts found by Krause, Foster, and others might possibly be found in
the resctions undergons by hexaarylethanes, Although no evidence yet
exists for ocompariscn, it is not improbable that a compound such as
hexaphenyldilead might slowly decompose to severnl fragments of relatively
low molecular weight, especially at moderately eleveted temperatures.

An explanation for the fect that free radicals ars not found may be
that the atomic radius of the metal atom is much greater than that of carbon,.
The cowalent radius of lead is at lemst twice that of carbon, hence the
effect of three phenyl groups is only that of protuberances on the surface
of the lead. With carbon, the action of the phenyl radiocals is more that
of s tightly fitting envelope. 4s a result, the chance of an effective
oollision leading to the formation of e dimer is much greater in the case
of lead ‘bho.n in the cass of carbon radicals.

Electron diffrmction msasurements upon hexsmethyldilead (197) have
indicated that the main bond distances in the moleculs are 2.88%0.03 A.

for Pb=Fb and 2,2640.06 A. for Pb=C.
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Austin (5) added bromine, with stirring, to a chloroform solution of
hexa=o«tolyldilead until the bromine ocolor no longer disappeared. The
solution was filtered to remove leand bromide and was then ewvaporated,
Reorystallization from aleohol ylelded di-owtolyllead dibromide. VWhen
40% hydrobromic acid was shaken with a chloroform solution of hexawg~
tolyldilead, a clear solution resulted, m-' solution on evaporation
yielded s mixture of tri-o-tolyllead bromide and diwo-tolyllead dibromide.

Krause and Reissaus (141) observed that cooled bensene solutions of
hexaphenyldilead and iodine, when mixed, preoipitated lead iodide. If,
however, s bensene solution of hexaphenyldilead was shaken with a mixture
of one mrt of iodins in alecohol solution and two parts of water, triphemyllead
iodide was produced without deoomposition, Similer results were chtained
with hexa«p-tolyldilead except that the iodination preduct did not decompose
as readily es in the ocase of the phenyl compound,

Gilmen and Bailie (87) found thet ice cold shloroform solutions of
iodine and hexa=p-(or -o-)methoxyphenyldilead gave about 50% yields of the
RSP&:I sompound together with some lead lodide and the By Foly eompound.
Seemingly, the combined effect of lower temperature and more stable organie
radical prevented complste decomposition to lead iodide.

When s slow stream of dry hydrogen chloride gas was bubbled into &
solution of hexaphenyldileed in chloroform oocoled to 0%, a white solid started
to precipitate immediately., After three minutes, thls solid was filtered
and found to consist of 62.6% of lead chloride and 18.5% of diphenyllead

dichloride.
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A1l of the aryl Rﬁsz compounds are yellow orystalline bodlies, the
gsolor being more intense in the compounds eontaining heavier aryl groups.
Hexaphenyldilead has just a trace of yellow color in the solid state but
it formes yellow solutions which deepen somewhat on heating and become

lighter again on cooling.
Mathods of Preperation

%While the Ref’bz compounds possess & much greater stebility than the
RyPb oompounde, it has only been within comparatively recent times that the
purs compounds have been prepared and studled. The following methods of

preperation have been reported.

Reaction of an alkyl iodide with sodium-lead alloy

The sotion of an alkyl iodide upon sodium-lead alloy gave & product

eontaining some Rsta sompound, but consisting meinly of RéPb.

Controlled reaction of lead ohloride with an sotive orgenometallic compound

If the final period of reflux (see under R,Fb compounds) was omitted,
fairly good yields of the RgPbp compound were cbtained from the reastion of
lead chloride and e Grignard reegent (8, 19, 31, 89, 141, 148).  In the
ocase of a few organic radicals, careful control of the reasction is not
necessary. Krause (136) was unable to prepare tetrscyclohexyllead from

lead chloride and oyslchexylmegnesium bromide. Even prolonged heating of
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the reaction mixture failed to convert the hexacyclohexyldilead to
tetracyclohexyllead,
Hexamesityldilead (67) is enother compound that seemingly fails to

decompose to an R;b sompound .

Eleotrolysis of an RyFbOH ocompound

In the elsctrolysis of an RSPbOH compound in alecholiec solution,
using lead elsotrodes, gas was evolved at the anode end an Rs?ba compound

was formed at the cathode (186),

Chenieal reduction

Chemical reduction hes been demonstrated by Goldach (93). Vhen
acetone in sulfuric acid wes treated with & lead=sodium allecy, hexsisopropyle

dilead was formed.

Electrolytic reduction

In the eleetrolytic reduction of ketones in sulfuric acid (see under
the section on RyFb compounds) considersble amounts of hexealicyldileed are
also formed. Thiz is indiceted by the isolation of astx as well as nszxz

compounds when the highly colored product is treated with halogens.

Ligquid ammonie resotions

?crha}:s the most satisfactory method of preparing the largest number
of Rgfb, compounds is by the elimination of halogen from Ranx eompounds
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by use of liquid ammonie=~soluble metals in liquid ammonia (67):

2 (CgHg)sPbI & 2 Na — (Cgllg)gFPbg 4 2 Fal
If triphenylleed chloride is used in plece of the iocdide in the preparation
of hexaphenyldilead, the reasction does not proceed so smoothly. This is
evidently due to ths lower solubility of the chloride in liquid emmonia (53).
If tetresodium nonsplumbide, Na,Pbg, is used in place of sodium,the yield
of Rﬁl’nz sompound is much improved, Evidently the tetrasodium nonmplumbide
is a much wesker reducing sgent than sodium snd permits the reduction to

procesd without cleawage of phenyl groupa from lead:

9%812*22 Eh""""’ﬂaé’bsi'la NaCl

Y, Foq + 4 (csns)spbm —= 2 (Cglig)gFbg # 4 FaCl # 9 I’b
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Teble 12, RgPb, Compounds

Compounds comem References
Hexasmyldi= (7) ———— (124)
Hexa-owanisyldie dark 198 (67)
Hexawp~anisyldi- 138-140; deo, (67, 88)

198-200 (87)
Hexabutyldi~ (1) not isolated (43)

Hexacyoclohexyldie

Hexa~g=ethoxyphenyldi-
Hexa=p-othoxyphenyldi=

Bexnethyldi=

Hexaisopropyldi-
Hoxsmesityldi~-
Hexamethyldliw
Hexa=o=naphthyldi-

Hexaphensethyldi~
Hexaphenyldlie

Hexa~o=tolyldi~
Hexa~m~tolyldie
Hoxawp=tolyldie
Hexs~mmxylyldi~

Hexa=p-xylyldi-

dec,196 (87)

170=171dec.
178=179de0.

dec.100/2 (166)

A

melts abeove 326
37-383dec.238 (31)

darkens 255;
melts 288+265

o

dec.156 (141)

deo,240 (141)
109;de0.116-117
deo,193 (141)
23%,5dec.
167.55dec.195 (141)

(41, 87, 136, 137,
169)

(87)
(87)

(1e, 31, 67, 110,
124, 157, 186)

(93)
(67)
(31, 110, 197)
(67)

(148)

(41, 53, 66, 87,
74, 137, 141, 145,
156, 188)

(5, 6, 66, 67, 141)
(87)

(8, 67, 74, 141)
(89)

(141, 147, 192)
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UNCLASSIFIED ORGANOLEAD COMPOUNDS

Those organolead compounds that do not eonform with any of the
clagsifications previously given are grouped in Table 13,

The only known organolesd compounds containing three halogens and
only one carbon-lesd linkege have been prepared by lesbre (153, 154),
They were prepared in e manner analogous to that used in preparing tin
compounds of the same type:

RI
PbC!l2 + CsCl e CstCIs — BPbIs

The actual mechanism of formation is not clear, Only ome EFbCl; com-
pound, methyllead trichloride, has been mentioned (154). This same
reference alsc speaks of Ri’bBr:5 compounds but makes no mention of any
specific compound, The alkyllead triiodides are said to have a character-
 istic odor resembling foliage. All of the trihalides ere unstable and
easily hydrolyzed to the plumboniec acid:

x?bxs + mza —— zm(eﬁ)3 ¢ 38X

The interesting heterccyclic organoclead compound, diethylsyclopentame=
ethylenelend, was prepared (104) by the reaction of the disGrignard reagent
of 4,E~dibromopentane with diethyllead dichloride. It has a ketone-like

odor,
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CHy

(Cylty)gPoCL, ¢ Brilg(CH, ) gMgBr — (CHig) 76 2 28

CH
2 S
CH, By
Addition of bromine to an ether solution of this compound at »75° opened

the ring. Vhen this product, dlethylef«bromcamyllesd bromide, was

treated with a Grignerd reagent the bromine ettmched to lead was replaced.

,CHzCBz\ | ,Br
(caan)zz’gcaz caz’CEz + Bra---—v (czH5)2Pb(CH2)BBr

+ CyHcMgBr — (02115)52’!:(0112)513:
The triethylef«bromoamyllead was conwerted to a Grignard reagent by reactien
with megnesium. This is the only knoﬁn case of an organolead compound
also being e Grignard reagent,

Trimethyl(trimethylpentemethylenstin)lead was prepared (109) from
trimethyllead bromide and the Crignard reagent formed by the aetion of
magnesium upon trimethylw€-bromoemyltin,.

dpeDi~triphenylleadsuccinic acid (this thesis, p.l11l)} was prepared

by the reaotion of hexaphenyldilead with maleio enhydride,
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Unclassifled Organclead Compounds

Compound Comments References
n-Butyle triiodide (?) - (153)
Ethyl= triicdide (?) ——— (153)
n-Propyl= triicdide (7) —— (153)
Disthyleyelopentemethylens~ 111/13  (104) (100, 104)
Diethyl= bromochloride (?) e (148)
Biisobutyl= bromochloride deo,110 (1086)
dsf=Di=triphenyllleadsuccinic acid ———— (this thesis)
Di (trimethyl )pentamethylenedie 166.6/14 (109) (100, 109)
Triethyl(pentamethylenemagnes ium

bromide )= not isoleted (104)

Trinetyl %ﬁiﬁiixi@m;. 19117 (108)

Trimethyl(trimethyl=

pentamethylenetin )« 162/17.6 (109)

lLepd carbide (lead acetylide) ——— (1688)
Pap'=Biphenylenedi (S~azo=2=

hydroexyphenyl triphenyl«] m——— (201)

p~Fhenylenedi(triphenyl~ ) 286-288" (163)




RszY, (RSPb)Z s Ezl’oYz, ARD RR"Psz COMPOURDS

In thess tompounds, in which Y represents either an organic or inorganie
salt radical, the C-Y linkage is of a (=0, C~5, C=N, or C-metal type.
Strietly speaking the Cehalogen linkage should also be ineluded in this
ssction, but this type was dlscussed separately beceuse of the large nunber
of such compounds, The linkeges discussed in this section are formed
either by action of en acid (18) upon a compound of the genersl type RFbs

(6335 ) 43 $ cﬂscoon ——— (czH PbOOCCHs & C,H

5)3

276
boiling
(csz) Jo ¢ Hms«—zg-m—-»(czus)zxrb(noa)z $ 2C.H,
3

or by reaction of such products with other materials:
(CoHg JgPHOOCCHy § KCN ——» (Cplig )4PbCN 4 CHZCOOK
The first reaction is sometimes catalyzed with silica gel (16), The
segond reaction is often carried out with an organolead halides
(czﬁs)snwca. 4 NaQH ——>» (C_H_) _PbOH ¢ HaCl

25°3

(¢ 8115)2%5:-2 + 2Ra0H — (csﬁs)szo ¢ 2NaBr 4 Hao
A few compounds are prepared in liquid ammonia in the following mammer:

¢ H ) PbB 2148 > (C H Pbli 1iB
(65)3 r4 (65)5 $ LiBr

Variations may be made in some of the above resotions by using an RgPby
compound in place of an R“Pb or Rsi’bx (or RSPBY) oompound 3
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(csus)sn;z # 2Ca —> <csﬁs)spbc'°m(csﬁs)s

In general, the compounds containing salt radicals exhibit more of
the properties of the salt portion than of the organolead portion of the
molecule, A greater mumber of the compounds of these typss are water-
soluble than is the case in any other group. Their aquecus solutions are
ionized and show the typical resotions of their acidio ions. The hydroxides
are strong bases whioh precipitete the heavy metals from their solutioms,
The alkyllead hydroxides must not be allowed to stay in contact with the
air as they are converted to the oarbonates by the carbon dioxide in the

air,
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Teble 14, RSPbY* Compounds

Compound Hei’s or B.P.,°C. References
Tri-n~butyl= hydroxide dec. 115 (180)
Trieyclohexyl~ hydroxide —— (138)
é‘ri-__xg_«»dodtcyl- acetate 59 (161)
Trimpedodecyl= nitrate 4445 (161)
Priethyle acetate 160.4 dec.  (16) (16, 124)
Triethyle aocid oxalate not melted at 200 (1)
Triethyl~ acid succinate 304 dec, (1)

Triethyl- acid tartrate ———— (124)
Triethyl= peemincbenzoete 84=86 (77) (11, 77)
Triethyl~ bensoate 127 (18) (16, 124)
Triethyl= bromoscetats 121 (18)
Triethyle butylmersaptide 82«83/0,5 (1)
Triethyl- butyrate 107.9-108.6  (16) (18, 124)
Triethyl= caproate 94,7~95.8 (18)
Tristhyle caprylate 85«87.6 (18)
Triethyl= chlorcacetate 146-146,5 (18)
Triethyle oresclate (7) {208)
Triethyle cyanide 194 (18) (16, 124)

#In this tabls Y represents a monovelent salt radical.
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Table 14 (continmed)

Compound Ms¥P. or B,.P. ,"c. Referennes
Triethyl= dibromoscetate 98,6-101,8 (18)
Triethyl= dichloroacetate 113.5«114.5 (16}
Triethyl= ethoxide 18 (1)
Triethyl= ethyl thioglycolate 94=96/0,5 (1)
Triethyle ferrieyanide (7) ————— (18)
Triethyle ferrocyanide (?) - (16)
Triethyl= formate ——m— (124)
Triethyle furcate 1653=154 (1) (71, 17)
Triethyle furylaorylate 119=-121 (17} (11, 77)
Triethyl~ heptoste §0=90.8 (18)
Triethyle heptylmerssptide 114=115/0.5 (1)
Triethyle hydroxide — (16, 20, 110, 124,

140, 166)
Triethyl= iscbutyrate 119.4-121.8 (16)
Triethyl= isovalerate 119.4=119.8 (16)
Triethyl= methyl thioselioylate  91=93/,008 (1)
Triethyl~ moncphosphate not melted at 250 (77) (7, 71, 77, 124)
Triethyl~ nitrate (114, 157)
Triethyl= pelargonate (7) 88«90 (18)
Triethyls phenoxids 75/0.5 (1) (1, 208)
Triethyl= phenylacetate 101~106 (1) (1, 77)
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Table 14 (continued)

Compound H.P. or B.P..oc. References
Triethyl~ phenylmercaptide 111~113/0.5 (1)
Triethyle N-phthalimide 126-128 (1)
Triethyl- propicnate 141e142 (16)
Triethyl= sacoharide 142-143 (1)
Triethyl= salioylate 8391 (r7) (71, 77)
Triethyle thicscetate 42=43 (1)
Triethyl= thiocyenate e (124)
Triethyle thiosalisylate 87«99 (77)
Iriethyl= trichloroacetate 135.,5+138.8 (18)
Triethyle petoluenssulfonate 167-168 (1) (11, 77)
Triethyl~ valerste 115.6~117 (18)
Triiscamyl« hydroxide an 0il (140) (106, 140)
Triisobutyls hydroxide dec. 115 (140)
Trimethyl~ hydrexide S (110, 140)
Tri-m~nitrophenyl- nitrats ——— (this thesis)
Triphenyle acetate 206207 (6) (6, 8)
Triphenyl= acid maleate ——— (this thesis)
Triphenyl~ ammonium (7) ——— (63)
Triphenyl ethyl bensylmalonate 131=152 (126) (126, 127)
friphenyl- ethyl malonate 159-180 (126) (126, 127)
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Teble 14 (concluded)

Conpound

M.P, or B.PQQOCO

References

Triphenyle hydroxide
Triphenyl= hyponitrite
Iriphenyl~ laurate
Triphenyl~ myristate
Triphanyle nitrate
Triphenyl~ palmitate
Triphenyle ~sodium (2)¥
Iriphenyle stearate
Tri-n=propyl= socetate
Tri=nepropyle hydrexide
Triepetolyle acetate
Iris=petolyle hydroxide

222~224 dec,

81

102-108

dec. 220=225

110

112

116

dec.140 (140)
161-162»

-

(6, 98, 140, 145)
(1)

(52)

(52}

(this thesis)
(52)

(53, 67)

(52)

(180)

(140, 180)
(8)

(140)

*Compounds sontaining s lsad-metal linkage are represented in these tables
by this single entry. None of this type has been isclated as such and
anslyzed. letals linked to earbon inolude Li, Ha, X, Eb, Mg, Ce, Sr and
Ba, Representative references to the subjeot inolude 10, 14, 53, 67,

and this thesis,

#ihen reorystallized from pet. ether.

thres hours caused it to melt at 158«159°,

Heating at 140° in a vacuum for
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Table 15, (Rst)zY" Compounds

Compound : References
Diwtri=n-amyl- oxide {124)
Di=trienesmyl= sulfate (124)
Di=triethyl- oarbonate (18, 157)
Di~triethyl« chromate (7) (18)
Di=triethyle oxalate.Hs0 (124)
Di-triethyle oxide (124, 157)
Di=triethyl~ pyrocatecholate (?) (206)
Di=triethyl~ resorcinolate (7) (206)
Dietriethyle sulfate (21, 157)
Dietriethyl~ sulfide (?) (124)
Dietriphenyl~ maleate (this thesis)
Diwtriphenyl= oxide (8, 98)
Diwtriphenyle sulfide (s8)
Di~tripropyl~ sulfate (180)

»In this table Y represents s divelent salt radiocal, sach valence of
which is attached to a separate lead,
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Table 16, RszYa* Compounda

Compound M.P.,%C. References
Di-meaminophenyl= dihydroxide — (192)
Dien-amyl= dihydroxide not isolated (117)
Dienegmyle= éinitrata.aﬁzo sinters 96«58

also anhyd. (117)
Di=nwamyle sulfate sinters 177 (117)
Diep-anisyl~ diacetate —— (88)
Di-n=butyle dihydroxide ———— (117)
Di=p=butyl~ dinitrate,2H,0 sinters 116-117y

anhyd.123-125 (117)
Dioyclohexyls sulfide dec. 100 {97)
Diethyl~ dibenzoate 165167 (1)
Diethyle dinitrete ————n (114)
Diethyle= oxide ———— (157)
Diisopropyl= chromate (7) ———— (202)
Dilsopropyl~ dinitrate —— (202)
Diisopropyl- oxide not isolated (93, 202)

. Diisopropyl~ sulfide (7) ———— (202)

Dimethyl= chromate ——— (102)
Dimethyl~ oxlide e ntnad (102, 192)
Dimethyl= sulfide —— (102)

*In this table Y represents either two monovalent salt radicals or a
single diwalent salt radical, attached to & single lead,
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Table 16 (conoluded)

Compound M.P, ,°c . Refersnces

Diphenyl« di~trichlorvaecetate sinters 170-=175;

dec.210 (90)
Diphenyl= divalerate 168«170 (90)
Diphenyle= ml&‘be.&‘ilzf) dec.295-294 (s0)
Diphenyl= oxide - (172, 183, 219)
Diphenyl= sulfide dec. 80«50 (183)
Di~p=propyl- dinitrate.2H,0 87~89 (117)
Di=o=tolyl= dinitrate not isolated (5)
Di=petolyl« basic nitrate explodes when heated (184)
Diwpw=tolyle chromate - (184)
Dimp=tolyl= diacetate.2H,0 183.5 (184)
Dimpmtolyle diformate dec.233 (184)
Diepwtolyle dinitrate not isolated (184)

Di=p~tolyl= sulfide 98deoc. (184)
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UNCLASSIFIED ORGANOLEAD SALYTS

Organolead salts whose structure is such that they cannot be placed
in any of the other tables of salts are placed in Table 18,

Application of the Meyer reaction (184) to lead has given RFb(CH)g
eompounds (152, 156). The reactions were oarried out at 5°. The ocom=
pounds commenced to decompose in moist air at 35°. Heated in a sesled
tube, they decomposed to give lead oxide, the aloohol, and water:

EPb(0H)y —> PbO 4 ROH ¢ Ep0
The behavior of bensylplumbonie acid was exceptiocnal in that some
totrabensyllesd (156) was formed along with the above d.acoméosition
products. , ,
The inner snhydride of diethyle=owcarboxyphenyllead hydroxide is dis=

cussed under Introduction of Water-Solubilizing Groups into Organoclead

Compounds (pe85 ).
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Teble 13, Unclassified Organclead Salts

Compound M.Pe References
Allylplumbonic acid (%) —— (1s2)
Benzylplumbonic aeid (%) ——— (182)
n-Butylplumbonic acid (7) ——— (152)
Ethylplumbonic acid (9) o (152)
Isopropylplumbonic acid (?) s n (152)
Methylplumbonic aecid (1) ————n (152)
n=Propylplurbonic aeid (7) —— (152}
Diphenyl= basic carbonate ——— (183)
Tri-diphenyle diphosphate —— (183)

Immer anhydride of diethyle
geoarboxyphenyllead hydroxide 208-200 (1)
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THE REDISTRIBUTION REACTION

While metathetiocal reactions of the type
AY 4 BZ & AZ 4 BY
are common in inorganic chemistry, there have been few recognized cases
of this type of reaction in organic chemistry, The usual example given
is that of esterification of organic acids.

Thers are several references in the literaturs of organolead chemistry
of migration of organic radicals from one molecule teo another., A good
example of this is found in e paper by Austin (7) wherein he reports of
disproportionation ceourring when samples of RyPb and RpFbCly were refluxed
in solution., With tetrsphenyllead and diphenyllead dichloride, triphenyllead
chloride was obtained in good yield. With tetraethyllead end diethyllead
dishloride, Austin isolated triethylleed chloride. He failed to realine
the potentialities of the reaction reletive to the use of two or more
different organic groups in the same reaction.

Calingsert and co-workers (see ref. 65, Chap. 24 for & general dis-
oussiony or 26, 27, 28, 29, 32, 33, 34, 35, 36 for individual refersnces)
were the first to recognise the nature of the interchange process and to
give it the name of "rendom redistribution™, They showed that there were
& mumber of liguidephese equilibris of the above general type, free of side
reaotions (such as the formation of AA, YY, etc.). These reactions proved

distinotive in that while the compounds invelved might be wholly cowmlent,
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ne ionizing solvent was required, although a catalyst was needed; and the
intsrchange was strictly at random, The smounts of products could be
ealoulated in advance from the law of probability.
B(cﬁs)‘l’b + 8(6235)41% ——p (CHS)QR’ + Q(CHs)scgﬂst ¢ G(Gﬁsjz(czﬁs)ei’b
+ 4cig(C 5 )P ¢ (Colig) P
Temperature had no effeet upon the equilibrium composition and the amount
of energy of e¢ach kind of bond involved had no directive influence.

There are oases of interchange in bissmuth and sino eompounds (39, 138)
without the use of a catalyst bubt, in general, the presence of & metal-
halogen bond is mceas@. This bond méy be supplied in one of the
reactants, such as RsP‘b}{, or it may be supplied in the form of sn inorganie
salt, such as aluminum chloride,

The temperature has a mearked effect on the resction velosity. The
actual temperature used depends upon the lowest boiling point of any of the
products or reactanbs but in general the tempsrature is kept at 80-80° for
four or five hours.

There is no need of using an inert solwent, but hexane or decslin is
usually added to provide an inert atmosphere and to promote agitation of
the mixture,

Exaept in the case of compounds having relatively unstable osrbon-lead
linkages (e.g., triethyl-tert~butyllead) the redistribution resction takes
place without any precipitation of free lead, decompositlion, or evolution

of gas.



PYROLYSIS OF ORGANGLEAD COMPOUNDS TO GIVE FREE RADICALS

The transformetion of a eompound into another asubstance, or substances,
through the sgency of heat alone is qalled pyrolysis., The term pyrolysis
mst not be confused ﬁi’ah thermal decémpoaition. While it is true that
decomposition often enters into pyrolysis, the term pyrolysis itself is
mach broader. Decomposition implies the formation of two or more simpler
. subatances,  Pyrolysis includes, besides the breaking down of molesules,
the joining of two or more molecules or the formation of new sompounds by
rearrsngenent,

Zechmeister and Csabay (219) noted some doeompoaitien in the subﬁ-.
limetlon of organoclead compcunds. Tetraphenyllead at & pressure of 15«20 mm.
was heated in a fractionation bulb with an ocutside temperature of 240°,

It distilled unchanged, nearly quantitatively. Energetic heating at 270°
gave metallic lead, some unchanged material, and a good yleld of biphenyl,
Diphenyllead oxide gave the seme sublimate and a residue of lead oxlde.

Dull and Simons (48) studied the pyrolysis of tetraphenyllesd over a
range of temperatures in sealed Pyrex bulbs which were carefully evacusted
after the introduction of the sample, The yield of biphenyl was smaller
as the temperature was raised and benszene and p~diphenylbentens were formed
at temperatures somewhat higher than the optimum for formation of biphenyl.

Thess seme suthors, in an earlier paper (45), had established for the

firet time the existence of the free phenyl radical, The apparatus used
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was made of quartz snd consisted of & chamber to contain the tetraphenyllead,
a short regiocn inside an eleatric furnaee inelined slightly from the
horizontal, and & chambar to retain the liquid and eorystalline products

and in which mercury was kept refluxing, The sample was kept just below

its melting point (215=220°) and the pyrolysis was run for six hours at en
indicated pressure of 0.01 mm,

The product formed in the mercury reflux chamber was reorysiallized
from alcchol., Ameng the characteristic broad orystals of biphenyl there
were scattered needle-like orystals. These proved to be diphsnylmercury.
48 neither tetraphenyllead nor biphenyl reacts with mercury vapor, the
suthors believed that active phenyl radieals wers present. Koton (131,
132, 133) also observed pyrolysis in tetraphenyllesd.

Simons, McNamee snd Hurd (198) pyrolyzed tetramethyllead by s static
and & flow method and observed the differsnt productes formed, The gases
produced included acetylene, isobutylens, propylene, sthylene, hydrogen,
methane, and sthane.

Paneth and Hofeditz (176) demonstrated the presense of methyl radicels
in the pyrolysis of tetramethyllead. Garsuly~Janke (60) also reported on
pyrolysis of tetramethyllead.

Meinert (182) pyrolyzed teiraethyllesd and found ethylene, ethane,
butane, hydrogen, and butylenes as well as smmll amounts of liquid products.

Paneth end lLeutsch (177) pyrolyred tetraethyllesd, tetraiscbutyllead,
and betrapropyllesad. Vhile tetraethyllead gave identifiable ethyl

redicals, the other twe lead compounds seemsd to glve mixtures, indicating
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further decomposition of the preliminary isobutyl and propyl radieals,

In heating or distilling organclead compounds, particularly the alkyl
lead compounds, the rigorous exclusion of air is a wise precaution. Krause
{138) mentions & vielent explosion resulting from trying to seal an ampoule
of tetramethyllead. Seemingly the volatile wvapors of the lead compound
mixed with air and exploded when ignited. This explosion detonated the
sample of tetramethyllead,

Bailie (10) studied the pyrolysis of RgPb, compounds with the view of
converting them to Rg’a types. 1In some oases the formation of tetravalent
organoclead compounds by pyrolysis of the triwalent type proceeds only with
difficulty, and in the case of hexaeyclohexyldilead and hexemesityldilead,
quite drastic thermal conditiones failed to bring about desomposition to
the tetrawmlent compounds, This sgrees with the cbservaetions of Krause
and Reissaus (141) thet ortho substituents in the groups attached to lead
inorease the stability of the trivalent compounds. Bailie found that
in the pyrolysis of anisyl~ and ethoxyphenyllead compounds of the Resz
type, the ortho compounds were more resistant to heat than were the pare
compounds. lLikewlse in the case of th.'tolylhad compounds, the orthe
substituted member showed greater stablility thean 'hh_e pare substituted
member, while the meta substituted oompound decomposed with the least
diffioulty., 1If a series of radicals is arranged in the arder of the
deoreasing thermal stabilities of the i Fb, compounds contsining those

6 2
radicals, they fall in the following order:
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mesityl, cyolohexyl, denaphthyl > o-ethoxyphenyl, owanisyl, o=tolyl)>

prethoxyphenyl, pesnisyl, p=tolyl > metolyl, phemyl > ethyl, methyl.
The series shows only & very generel correlation to the series of XKharasch
snd others baged upon cleavage of unsymmeitrical organometallic compounds
(see p, 16)., Steric factors must play an important role since compounds
exhibiting the greatest stabllity are thoss oontaining radiocsls with
substituents ortho to the lead atom. Thue, in the series glven above,
the o~tolyl radical is placed above the pealkoxyphenyl redioels, whereas the
reverse is found in the other series, Likewlse, the oyclohexyl group is
placed with the highly aromatic mesityl end d=naphthyl radicals, and is
placed ameng the sliphatic radicals in the series determined by preferential

cleavage with hydrogen chloride.
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INTRODUCTION OF WATER-SOIUBILIZING GROUPS INTO

ORGANOLEAD CQNPOUNDS

Considerable work has been done on the introduction of the nitro
sroup into organoclead ocompounds and the subsequent reduction of the nitro
group to an amino group.

Vorlander (212) reported that thers was no praeticsl yield of
nitration product in the reesction of tetraphenyllesd with sulfuric-nitrie
acld solution, He found that diphenyllead dinitrate was converted to
dinitrophenyllead dinitrate when heated with nitric soid to 100° in e
senled tube, Challenger sud Rothstein (40) found that & more convenient
method was to add diphenyllead dinitrate to a mixture of nitrie and sule
furic aoids at =15 to =10° and let the reaction mixture stand at room
temperature over night. They found that nitration occurred in the meta
position., Sohmidt (192) nitrated diphenyllead discetate with nitric
acid at room tempsrature. Bindschadler (14) was unable to obtain a
product from the reaction of triphenyllead-sodium with a nitrated aryl
hallde.

In the reduotion of nitroeryllesad compounds, Kocheshkov and Borodina
(128) tried to reduce di-m-nitrophenyllead dibromide. Reduotion with
dilute hydrochlorie seid and iron ylelded 95% of aniline after two days
of intermittent agitation. Titanium trichloride and 15% hydrochloric
acid gave a 100% yleld of sniline after eight days. Stennous chloride
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and dilute hydrochlorie acid also produced aniline. Redustion with
ammonium sulfide ylelded lead sulfide and aniline. Sohmidt (192) reduced
di-m-nitrophenylleaed oxide to diwm-eminophenyllead dichloride by slowly
adding titenium trichloride to the lead compound dissolved in alooholic
hydrochlorie acid,

Austin (8), by the permanganate oxidation of triphenylellyllead,
cbtained triphenyl=f,}edihydroxypropyllead. The chief resotion was the
complete elimination of the allyl group., Ozonization of triphenylallyllead
yielded a white alkali-insoluble precipitate. Stuokwiseh (201), by
hydrolysis of triphenylearbethoxymethylleed, obtained triphenylearboxymethyl~
lead and showed that it was alkeli~-insoluble.

¥elstrom (163) oxldized triphenyl=phydroxymethylphenyllead, but the
sodium salt of the triphenylepecarboxyphenyllesd was watereinsoluble.
Potassium permenganate oxidation in acetone solution of ow and petolyl
groups attached to lead (6) did not yield the carboxyl compounds,

The irmer enhydride of diethyleo=carboxyphenyllead hydroxide (1) wes
insoluble in water and cold base, but warming the base causad it to go
into solution inmmediately:

0 0

y 4
KOH CaOK
——————

¢

!
Po=C Pl
\czggﬁs o R),
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The inner anhydride was reformed upon scidifiocation of the solution.

The hydrated form has never been isolated.
The sodium salt of triphenylel= [auhydrcmy-s-(g-oarbaxyphenylazo)*
phenyl | lead (201):

HO
(C>)3%CQE:

was water-soluble. VWhen the l-hydroxy group was repleced by a

OCH

dimethylemino group, the sodium salt was still somewhat soluble in water.

Kocheshkov (128) introduced hydroxyeryl groups into tin compounds

by using hydroxyarylmercury compahnds:
RySnuSnRy & (HOR'),Hg —» BRySnR'CH + Kig
Analogous resctions with organolead compounds were unsuccessful.

The halogenwmetal interconversion reaction (73, 216) is a method of
choice for preparing organolithium compounds ineccessible through other,
nore éireet methods, By this method organolithium oompounds containing
mielear hydroxyl (2), primary amino (81, 83), and ocarboxyl groups (2)
have been obtained. Vhen the lithium compounds obiained by halogen=-
metal interconversion were used as intermedimtes in the preparation of
lead eompounds, complex mixtures were obtained (82), This my'have been
due in part to metal-metal interconversion (74). The difficulty mey be
overaome, at lesst in the aryllead series, by shortening the time of
reaction, or by converting the orgenelithium eompound to the Grignard
resgent by means of magnesium bromide (72, 82), These may prove to be
gensral metheds for the synthesis of a variety of organolead compounds

hitherto insccessible.
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ORGANOLEAD COMPOUNDS IN THE TREATMENT OF CANCER

S8inoe its introdustion in the chemotherapeutic treatment of cancer
by Bell (12), leed has attracted more attention than sny other mstal in
this particular field of themmpeutios. From his observations, Bell cone
cluded thet metallio lead has a selective aeotion upon sex ocells, blood
cells, nerve and embryonic cells, and tissus containing an abundancs of
phosphatides, especially lsolthin. The action iz general in young,
vigorously growing tissue and local in adult cells, More lead acoumilated
in the cencerocus tissues of men and dogs than in sny other part of the
body exoept the gonads. Bell suggested a direot chemical combination
between lead end the phosphatides. Ensuing investigeations (13, 173,
195, 216) gave varying degree of suocess.

It is common knowledge that lead compounds in general posesess a high
degree of toxieity. Attempts have been made to mask the lead by using
it in highly complex molecules (44, 193). At the same time, it has been
kept in mind that a more water-soluble molecule was also needed. Com-
pounds ean gensrally be mede more water-~soluble by the introductien of
polar groups such as -‘8(}3}{, =0, =COCH, -Hsg, ste., but these groups are
introduocted into organclead compounds with greaet difficulty.

Schmidt reduced di-menitrophenyllead oxide with titenium trishloride

and dbtained dl-m-sminophenyllead dichloride. The amino groups were
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detectable by diazotizetion and coupling and also by the formation of

yellow Sohiff's bases.

The first strictly organic lead compound of this type (82) was

triphenyl-p-sminophenyllead. It has been diagotised and coupled with

P-naphthol to give en aso lead dye.

Schmidt (192), in addition to a group of inorganic lead salts,

tested, on experimental mouse cancer and Brown~Pearsse tumor in rabbits,

the following orgenclesad compounds:

l.
2.
3.
4.
Be
6.

T

Trimethyllsed chloride

Tetraphenyllead

Dimethyllead oxide

Hexaxylyldilead

Sodium salt of diphenyllead eatecheldisulfonic acid
Sodium oaloium salt of diphenyllead
catecholdisulfonic aoid

Sodium salt of di-meaminophenyllead oateshodisulfenie

aclid

A distinet aetion was ocdbtained only with compounds 6 and 6 and to a lesser

Using a radloactive isotope of lead falled to incresass

the effisacy of the sompounds.

The oomplexity of some of these molecules containing earbonelead

linksges may be readily appreciated from the following illustration. The

compound is mumber 6 in the list just given and the strueture was errived
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&t from claims made by Schmidt in United States Patents 1,879,533 and

1,389,383,

Collier {41) studied eleven of the organolead compounds prepared
by Krauss (137}, The results are given in Table 19.

The toxicity was dependent upon the structure of the compound rether
than upon the solubility in water. TIri-n-propyllead fluoride wme the
nzoét effactive,

Buck end Kumro (17) made toxicity studles on a number of organclead
compounds. They found that tetramethyllead hss a relatively low
toxiocity and placed some hope in organolead compounds containing m or
three mathyl groups and having the remeining valencies of 1§‘d satisfied
by an aromatic mecleus with amino or hydroxyl substituents.

In another seiies of toxieity studies (71), Table 20 was compiled,
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Organolesd Compounds and Their

90,

Effect Upon Mouse Cancer

Compound Number of % distinet % complete

animals effeot healing
Tri~nepropyllesd fluoride 14 T1e4 50.0
Triiscbutyllead bromide 28 60.7 21.4
Triisoamyllead bromide 13 61,6 77
Tetraphenyllead 22 59.1 40.9
Hexaphenyldilead 18 16.8 5.5
Triphenyllead bromide 13 77 0.0
Triphenyllsad fluoride 20 55.0 25.0
Diphenyllead dibromide 15 46.6 6.6
Hexacyclohexyldilead 13 63.8 30.7
Trieyelohexyllead iodide 16 43.8 256.0
Triphenyloyclohexyllead 20 20.0 15.0
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Table 20. Toxleity of Organclead Salts

Compound Solubility M,7,.D. MeleeDe
Triethyllead p-toluenesulfonate  0.5-1.0% 12~15 mgs. 16 mgs.
Triethyllead sslicylate 0.26 15-18 18-20
Triethyllead phenylacetate 0.3 12-15 15
Triethyllead furocate 048=0.4 12-15 15
Triethyllead p-amincbenszcate 0.6«1.0 12-15 18

Triethyllead furylacrylate 0,305 12~15 15«18
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LEAD POISONING AND ITS TRBATMENT

The dangers of lead poisoning and the early troubles in the tetraethyle
lead industry are now of common knowledge. Anyone who has worked with
organclead compounds and has felt the pains in the stomach, the languor,
and lack of appetite associated with lead poisoning oan sappreciate the
statement that utmest cleanliness, proper ventilation, and & good diet are
necessary. The diet of a worker coming in oontact with lead in any fomm
should inelude plenty of oaloium (95) end vitamin ¢ (118), Milk and all
dairy products are good socurces of calecium and the vitamin C may best enter
the diet as vegetables or fruit julces., The calcium appears to prevent
the deposition of lead in the bones, and vitamin C forms a peorly ionized,
less toxic compound with lead that is eliminsted.

In cases of lead polscning, two procedurss may be employed. The first
is the storage of the lead for quick alleviation of symptoms and the sscond
is de~leading the patient. The first method need not be carried cut in a
hospital but the second should, For storage of lead, caleium lagtate,
gluoonate, ehloride, glucoheptonats, glucurcnate, borogluccnste, ascorbic
acid, ferrous ascorbate, vitamin D, ealeium or sodium citrate, sodium carbon~-
ate, and socdium bicarbonate are employed. For elimination, phosphoric acld,
hydrochloric aclid, potassium or sodium iodide, sodium thiosulfate, ewmmonium
chloride, magnesium sulfate, thyroid and parathyroid extracts are used (198),

An extensive study of lead polsoning, dlagnosis, and treatment is

elso given by Gant (58).
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IRDUSTRIAL USES OF ORGANOLEAD COMPOUNDS

The most widely known use of an organolead compound is as an anti~
knock agent in motor fuel. Tetrmethyllead is the compound most widely
used in this respect, although tetramethyllead has found some use, according
to the patent literaturs. Pabtents have alsc suggested unsymmetrical
organolead compounds, such as diethyldimethyllead, as possible materials,
Trialkyllead salts of nitrophenols have been patented for use as anti=-
knook agents (210).

Compounds such as triethyllead phenate, triethylleed cresclate,
di-triethyllead resorcinclate, and di~triethyllead pyrocaetecholate have
been suggested for use es dlsinfectants, insecticides, or as driers, anti=-
oxidants, and inhibitors (206).

Plastics have been prepared by reacting compounds such as trimethyle
lead bromide and potassium methaerylate to get trimethyllead methacrylate
and then polymerizing this product with styreme (211).

A German pstent (61) suggests the use of tetraethyllead in a process
for coating iron with metallic lead.

Di=triethylisad styphnate is mentioned in a patent (209) as the main
ingredient in an ignition compound sultable for use in elestric blasting

Caps.,.
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ANALYSIS OF ORGANOLEAD COMPOUNDS

The methed of gravimetric analysis suggested by Gilman and Robinson
(78) is the most convenient general method of analysis of orgsnolead
compounds, The usual method now used in these laboratoriss is carried
out on & much smaller sonle. Instead of a 400 ec. beaker and a 0.6 ge.
sample a Coraning micro filter beaker no. 31085 and about 0.1 g. sample
is used. Decomposlition of the sample is first carried out with 1 co. of
conocentrated sulfuric acid and finished up with the cautious addition of
perhydrol. The lsad sulfate is precipitated with an aleohol-water
solution and the analysis completed as suggested by Gilman and Roblnson.

astin (8) has suggested a volumetric analysis of aryllead compounds
using stendard ammonium molybdates solution with tannic acid as the
indicator.

Hein, Klein, and Meseé (111) titrated tetraethyllead in ethyl alcohol
with an lodine solution and obimined good results although several hours
are necessary to determine the point where a slight yellow color shows the
presence of excess iodine. The reaction tekes place more rapidly in methyl
alechol, Determination of tetrmethyllead in gasoline is done by adding

excess iodine in gasoline and titrating the excess with sodium thlosulfate.

(CoHig ) Fb # Iy ——> (Cylig) gFPI & CHgI
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With tetraphenyllead the conditions are quite different becsuse of
the difference in solubility and slow reate of reaotion. Here best
results are obtained by adding excess iodine to a bensene golution of
the organclead compound, heating in the presence of light, and back
titrating with sodium thiosulfate solution. Under these conditions the
reaction ias:

(CBHE)@R’ 3L, ——> Fol, & 4C.H.I

VCalingaort and Gambrill (30) have suggested the following method of
enalyzing for tetrasthyllead in gesoline. The sample of gasoline econe
taining tetraethyllead is refluxed with concentrated hydroshloric acid and
the lead chloride that forms is extracted and a lead determination made
by any of the standard methods. [Edger and others (48) have likewise

suggested a methed of analysing for tetrmethyllead in gasolins.
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INTRODUCTION

Organclead sompounds have been shown to be effective in arresting
cancer (see under "Organolead Compounds in the Treatment of Cancer™ in the
historiocal portion of this thesis), In the early studies of lead therapy
in cancer it was found that the general insolubility of lead compounds and
the slight difference between the therapeutic and toxic doses would be
serious drawbacks %o thelr widespread use.

Iwo methods of overcoming the insolubility of organolead compounds
presont themselves; the compounds mey be made water«soluble or fw—sélublo.
In general, a molecule may be made more soluble in water by the introduction
of polar groups, such as =-COCH, -CH, -8053, =NHz, =NR,, eto. The diffioulty
has been less s matter of what groups to introduce to effect water-solubility
than of how to introduce the groups.

This work, then, was underteken in order to study possible means of
introduecing waterwsolubiliszing groups into organoleed compounds., Some
studies were also made upon intermediates for future studles along this line.
The cther group IV-B metals, germanium and ¢in, were given some attention
in order to obserwve what gradations in properties exist in this group in the

pariodic system of the elements.
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EXPERINENTAL
Organolead Reaotions

The interaction of phenyllithium, iododenzens, and lead chloride

to produce tstraphenyllead

In & 1 1. thres-necked flask was placed 12 g. (1.73 g. atoms) of finely
out lithium metal together with 500 oé. of dry ether. To this was added
125.8 g+ (0.8 mole) of bromobentens in 200 co. of dry ether. The resultant
sclution was sllowed to stand until clear and then was decsnted, under
nitrogen, into e dropping funnel.

The clear phemyllithium sclution was slowly added to 200 ce. of dry
ether, 69.6 g. (0,26 mole) of anhydrous lead chloride, snd 66 g. (0.25
mole plus 10%) of lodobenzene in a 2 1. threeenscked flaske The rate of
addition was such that gentle refluxing oococurred. ¥o oooling was necessery;
the reaction was not vigorous, Some bright yellow precipitate was observed
after about one~third of the phenyllithium wes added but no free lead waas
neticed.

The mixture was refluxed for two hours after the addition was oompleted.
This did not seem to make any differsnce in the appearanse of the mixture,

It was hydrolyzed by dropwise addition of water while being cooled in an

ice bath.
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The ether layer was then distilled and the residue flltersd and dried.
This solid residue weighed 123 g. Extraotion with chloroform gave 103 g.
of tetrsphenyllead., This mé an 80% yield based upon reaction (1) of page 144
or 1807 based upon the geries of reactions marked (2) of pege 144. There
was an inorgsnic residue of 14.5 g. which was light grey in color end had

no black color of free lead,

The intermction of phenyllithium, bromobenzens, end lead shloride to

Pproduce telraphenyllead

This resoction was the same as that on psge 108 except that 39.2 g.
(0.26 mole) of bromobenzene was substituted for the iodobensens,

As the phenyllithium was added, a greyish precipitate was noticed,
while the solution tock on a yellowe-orsnge color, Upon further addition
of phenyllithium this color diseppeared with the formation of a lead mirror
end o black solution, The mirror slowly disappeared. Then the addition
of the phenyllithium was completed, the mixture was stirred with refluxing
for two hours. The deep black suspenaion was slowly oonverted to a grey-
black suspension. There was a strong positive color test number ons at
the end of this time.

The mixture was cocled in an ice bath and hydrolyzed by the addition
of water. The reaction wes much more vigorous than in the preceding one
vheres iodobensene waa used, |

Aftver hydrolysis, the ether was distilled snd the solid residue in

the water layer filtered and dried. It only weighed 77 g. Eighteen
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grams of bromobenzene was recovered. The extracted tetraphenyllead
weighed 32 g. which was & 24.8% yleld based upon reaction (1) of page 144.

The inorganic residus had & greenish cast without evidence of any free lead.

The intersetion of phenyllithium and lead chloride te produce

tetraphenyllead

This was the same size resction as that of page 108 with the ex~
eceaption that no iodobenzene or bromobenzene was used.

A black suspension resulted upon the addition of the phenyllithium,
"after the momentary formation of a bright yellow-orange solution. After
two hours refluxing the black color had changed to dark grey. There wes
a positive Color Test 1.

Hydrolysis was effeoted by the cautious addition of water to the
stirred mixture ecoled in an ice bath. After addition of 250 ec. of
water, the mixture was stirred for an hour, the ether distilled, and the
solid residue filtered from the water., The dried solid weighed 89.56 g.

Chloroform extraction gave 30 g. of tetraphenyllead and 33 g. of a
light green inorgenic powder. This represents a 41% yield of tetra-

phenyllesd figured upon reaction (1) of page 144, for comparative purposes.

The interaction of phenylmagnesium bromide, iodobensens, and lead

ehloride to produce tetraphenyllead

The Grignard reagent prepared from 157 g. (1 mole) of bromcbenszense

and 24.3 g. (1 g. atom) of magnesium in 360 co, of ether was slowly added
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to a mixture of 93 g. (0«3 mole) of lead chloride and 68 g. (0.3 mole} of
iodobenzens in 350 co. of toluene. The first few drops of Grignard reagent
caused a bright yellowworange color but this wes soon replaced by the chare
acteristic black of the ordinary tetraphenyllead preparstlons. The black
mixture was refluxed with stirring for five hours, The mixture did not get
thick as in the ordinary tetraphenyllead preparations. It was hydrolyzed
by pouring upon iced mmnonium chloride, After standing over night, the
reaction mixture was filtered and the organic portion of the filtrate was
distilled. The residue from this distillation was added to the original
filtered solid and the whole mass extracted with chloroform, in a Soxhlst
extractor.

Iz; this manner 63.6 g. of tetraphenyllead was obtained together with
a residue of 53 g. of black inorganic materisl., Thie was a 375 yield
based upon resction (1) on page 144 or 747 based upon the series of
reactions marked (2) on page 144,

In & check sxperiment in which the reaction mixture was stirred for
two hours and only ether was used as a solvent, a 34% yield of tetra-

phenyllead (based upon reaction (1) of page 144) was obtained.

Reaotion of hexaphenyldilead with maleic snhydride

In chloroforme In reactions between maleic anhydride and hexaphenyl=
dilead, small amounts of mleic aoid or traces of water were found to cause
a flocoulate precipitate. To avoid this, the maleic snhydride was heated
in e test tube suspended in an oil bath,

In & dry tabe was placed 4 g. (0.0045 mole) of hexaphenyldilead, 0.45
g« (0.0045 mole) of maleio enhydride, and 100 se, of dry chloroform. The
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tube was sealed, shaken well, and placed in a warm lsboratory desk.

After {ifteen minutes only e slight precipitate had formed. Five months
later a slightly brownishegrey solid filled the lower part of the tube.
This material was insoluble in mcetone, ethyl alechol, dioxane, chloroform,
oarbon tetrachloride, benzene, and the petroleum ethers. It was slightly
soluble in bolling water and dissolved in glacisl acetic moid,

Any unreacted materials were removed by boiling, first with shloroform
and then with alaochol, Digestion with an smmonium acetats solution
removed traces of inorganic lead. The material was then a greylsh-white
oslor. Vhen vie@d under a microascope, it was seen to possess a ouble
structure similar to salt. When heated, it turned brown at 265=-270° and
had not melted at 330°, This product was believed to be d,p=di(triphen~
yllead)sucoinic acid, Because of the very limited solubility of the
compound, it was Impossible to run e neutral equivalent upon it,

Anal. Calod. for Cygle,0,Fbe: FPb, 41.75. Found: Pb, 41.70.

In molten malelc anhydride. In the course of investigating the

posaible structure of the compound formed by the long-time interaotion of
hexaphenyldilead and maleic anhydride in chloroform seclution, it was found
possible to prepare this product in s muech shorter length of time. 4
quantity of maleie anhydride was heated somewhat above its melting point
(62.6°) but not too close to the desomposition temperature of hexaphenyl=-
dilead (160°). To the moliten solution was slowly sdded hexaphenyldilead

in small quantities. Teco large individual additions caused local formation
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of a deep purple or red color. Additions were suspended when the mixture
became thiock, Gentle heatling was contimued for fifteen mimutes and then

the crude d,fBwdi(triphenyllesd)sucoinic acid was progressively extracted

with bensene, alechol, water, and ammonium scetate sclution., The product
from this treatment was a greyish-white powder which proved to be as insolw-
uble in solvents as the product from the previous resotion. From 4.38 g.(0,06

mole) of hexaphenyldilead wes obtained 4.0 g. (Bl% yield) of product.
Anal. Caled. for Cmﬁuc&haz Pb, 41.78. Pounds Pb, 41,98,

 Sodium salt of o Pdi(triphenyllesd)suceinic acid

——— SN

Since, in the above experiments, the hexaphenyldilead could have rsacted
with sither the double bond or the anhydride linkage in maleic anhydride, a
mathod of differentiating between the two possible structures had te be
found. The material waz too insoluble to attempt to run a neutral equive
alent., An alternstive procedure would be to attempt to prepare the sodium
salt of the acid form, by prolonged bolling of s sedium hydroxide solution
with the unknown produet,

A quantity of the purified product of the reaction of hexaphenyldilead
with molten maleisc snhydride was refluxed for eight hours with & 10% sodium
hydroxide solution. Some dioxane was added to the refluxing mixture to
prevent undue foaming. After the eizht houre of refluxing, the mixture
was diluted with water and filtersd. The solid that separated was washed
repeatedly with water untlil the filtrate was alkali free, It was then
washed with aleohol and air-dried %o give a orystalline product that
sparkled in the sunlight, The product was as insoluble as the starting

materinl,
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Amls Caled, for G‘oﬁsaoimamz t P » 39,98, Found: Pb P 40.41.

While the ant;.lysis was 0.43% higher than the anticipated walue, it
was 8till 1.34% lower than theoretiocal value of the starting material,
It burned with a strong sodium flame. Undoubedly longer refluxing of the
solution would have given more complete conversion of the free acid to

the sodium salt.

Triphenyllead~sodium and ethyl g; .ﬁ-dibromosuocinats

First attempt. Three grams (0.0034 mole) of hexaphenyldilead wes

dissolved in 150 co. of 1liguid ammonim in a 250 ec. thres-nscked rounde-
bottamed flask equipped with a stirrer. To this solution was added 0.157
g« (0.0088 g, atom) of sodium cut into small pieces. This was followed
by 1.14 g. (0.0034 mole) of ethyl d,B-dibromosucoinate, added in small
quantities. The ammonia boiled vigorously when this last material was
added,

After the ammonia had boiled off the residue was extracted successively
with chloroform, amonium scetate solution, and sleochel. There was a very
small residue of shiny ocolorless plates that melted at a high temperature
to give a black melt. They burned on a spatula with a smell flame, leaw-
ing a residue of lead, The eample was too small for an analysis,

Second attempt. Triphenyllead-sodium was prepared by adding 0,282 g.

(0.0114 g. atom) of sodium to B ge (0.0057 mole) of hexaphenyldilead in
200 occ. of liguid ammonia. Vhen about half of the ammonia had ewmporated,

80 co. of anhydrous ether wae added and then the rest of the ammonia wes
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- evaporated. The last traces were removed by immersing the reaction flask
in warm water and refluxing the ether. A green oil was cbserved under
the clear ether layer.

To this mixture was added 1,89 g. (0.0087 mole) of ethyl d,p-dibromo=-
succinate dissolved in 20 ce. of anhydrous ether, The ather in the flask
olouded up at onoe sand the green oil disappeared with the formation of a
brown and then & red soale upon the sides of the flaek. The reaction
wes refluxed in a water bath for one-half hour. It was then worked up
by filtering the ether and extracting the residue suocessively with
chloroform, ssmonium aceﬁto solution, and alpohol, The residue after
this treatment was a grey powder that annlyzed 53X low for lead content,

for the eompound where sach bromine was replaced by a triphenyllead unit,

Triphenyllead acid maleate

Five grams (0.011 mole) of triphenyllead hydroxide was dissolved in

280 co. of boiling, sbsolute eleohol. To this solution was added 1.07 g.
(0.011 mole) of meleic anhydride and the mixture was boiled for ten
minutess The milky solution was filtered and the filtrate was distilled
until a precipita.te started to forme A white solid was filtered from the
ocooled solution, This solid was dissolved in hot alecochol and treated
with alecholie potassium hydroxide while still hot., Addition of & little
water and cooling ceused the potassium salt to precipitate. The product

was filtered, redissclved in hot aleoohol, and scldified to Congo red
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paper with hydrochloric acid. addition of water precipitated the free
acid, which was filtered, washed with water, and air-dried., It melted |
at 207° and weighed 5.5 g. which represents s 90% yield.

Anal. Caled. for CogiygOsPb: Fb, 33.64. Found: Pb, 38.80.

Feutral Equivalent. Caled: 536, Found: 526.

The solubility, analysis, and melting point of triphemyllead acid
maleate gre decidedly different from the corresponding figures for the
product from hexmphenyldilead and maleic anhydride.

Di=triphenyllead maleate

To & hot solution of 4.58 g. (0.01 mole) of triphenyllead hydroxide
was added an alooholic solution of 0,58 g. (0.0056 mole) of meleic acid.
The solution was distilled until material ata.ri:ed to precipitats. The
maas of orystals produced upon cooling was filtered and aire-dried to give
3.9 g. (62% yield) of a white product sintering at 198-1998°,

Anale Calod., for Cuales0,FPbot Fb, 41.84, Found: Fb, 42.30.

The properties and analysis of this compound, likewise, do not sgree

with those of the product from the reaction of hexaphenyldilead and

maleic anhydride.

Attempts to induce & reaction between hexaphenyldilead and various

unsatureated orgenic eompounds

Dry benzene solutions of the proper molecular proportions of
hexaphenyldilead and isoprene, pyrrole, styrene, 1,4~diphenylbutadiene-1,3,
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and furen were sealed and stored in the dark Por five menths., There was

no reaction in any caae,

Triphenylwo-hydroxyphenyllead

Upon 0.88 g« (0.128 g. atom) of lithium chips in 50 oc. of enhydrous
ether was slowly dropped 5.48 g. (0.04 mols) of n-butyl bromide in 25 co.
of anhydrous ether, The mixture was stirred for one<half hour after the
addition was eompleted and then the excess lithlum was filtered out. Into
the stirred solution of n-butyllithium was slowly dropped 2.25 g. (0.013
mole) of o=bromophenol in 25 oo. of ether. Stirring was continued for
one«half hour after the addition was completed,

To the o=lithic lithium phenoxide thus formed wes added 4.74 g.
(0.01 mole) of triphenyllead chloride. After 100 ocec. of bensem‘ was added,
the mixture was gently refluxed for one hour. The mixbture was then filtered
and the filtrate hydrolyszed with water slightly eocidulated with hydroshloric
acid, The solwent layer was separated and distilled. The residue was
washed with oold alochol and then recrystallized from this solvent. There
was cbtained 0.64 g. (12% yield) of triphenyl=o-hydroxyphenyllead, m.p.
216-218%,

Anml. Caled, for 024112001%: Pb, 38,98, Found: FPb, 39.22,
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Triphenyl=Sephenanthryllesd

The Grignard reagent wns prepared by refluxing 3.67 g. (0.0143 mole)
of 9-bremophenanthrens and 0.36 g. (0.0143 g. atam) of megnesium in a
mixture of 15 eo. of dry bentene and 15 co. of anhydrous sther., To this
was added 5.18 g. (0.1 mols) of triphenyllesad bromide. The mixture was
refluxed for twenty=four hours and then was hydrolysed with a dilute
hydroehlorioc acid solution. The ether layer was separated and evapor-
ated to give a brown oll which slowly orystallized, This material was
jnsoluble in aleohol, pet. ether (bp, 80~68°), acetons, and dioxane.
The brown oolor of the oil was removed by dissolving the oil in benzene
and passing the solutlion through a column of activated alumina. The
benzens was -then distilled and the reesidus reecrystalliszed from ethyl
acetate to give a produot melting at 160-171°, There was 3.5 g. (67%
yield) of material with & slightly yellowish cest.
Anal. Caled. for C&Hz&}"b: Pb, 33.66. Found: Pb, 33.47.

DieSwphenanthryldiphenyllesd

The Grignard reagent was prepared by refluxing for twenty-four hbura
a mixture of 7.34 g. (0.0288 mole) of 9=bromophenanthrens and 0.70 g.
(0.287 g. aﬁcm) of magnesium in 60 oc. of a 1:l benzene~ether mixture.
To this was added 20 cc. of ether and 5.21 g. (0.1 mole) of diphenyllead
dibromide, After refluxing for twenty~four hours, it was hydrolyzed with

dilute hydrochloric acid and filtered. The ether layer was ewaporated
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to give & clear brown llquid that precipitated colorless orystals upon
adding eothyl acetete. The erude product weighed 4.86 g, (68%),
Recrystallization from ethyl acetate gave materiel with a greyish cest
and melting at 208-210°,

Anal. Caled. for C . Hagtbe Fb, 28.86. Found: Fb, 28.93.

Rhen 0.5 ge (0.0007 mole) of diwHwphenanthryldiphenylleed was dis=
solved in 30 oo, of boiling chloroform and dry hydrogen chloride bubbled
in, a precipitate formed, The preoipitate was filtered and dried %o
give 0.29 g. (97% yield) of diphenyllead dichloride, identified by re~
fluxing with phenylmegnesium bromide and meking a mixed melting point
deternination with known tetraphenyllead. The chloroform solution was
evaporated to recover the cleaved phenanthrens, which was identified by

& mixed melting point determination,

Attempted preperations of tetra=Sephenanthryllead

ifo the Grignard reagent prépared in 50 co. of benzensw-sther from
2.57 g+ (0.01 mole) of S=bromophenanthrens and 0.25 g. (0.0l g. atom)
of magnesium was added 26 ec. of benzene and 1.2 g. (0.,0043 mole) of dry
lezd chloride. The solution turned orange and after a few minutes heabtw
ing on & hot plate it was deep red, After refluxing five hours, the color
had disappeared and the sides of the flask were coated with a solid. The
mixture was hydrolyzed with an ammonium chloride solution, filtered, and

the ether layer evaporated, The residus did not contain lead,
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In another run of the sams size, the reaotants wers refluxed for
onge hour on & stesm baths The mixture turned from bright red to black
and & pracipitate appeared on the sides of the flask, ‘This time the
reaction was hydrolysed with dilute hydrochlorie acid, Evaporation of
the ether layer did not give any material oontaining lead. One gram of

phananthrens was recovered.

Triphenyl=7=(1,2=bansanthryl) lead

To the n~butyllithium solution prepared in 30 ce. of ether by the
reaction of 1.6 ge (0.011 mole) of n=buiyl bromide with 0.17 g. (0.026 g.
atom) of lithium metel was added 1 g. (0.00325 mole) of 7=bromo=1,2~
bensanthracens. The reaction mixture was stirred for two minutes and
then 1.6 g. (0,00325 mole) of triphenyllead chloride was sdded. Stirring
was continued for ten minutes before hydrolyzing with water. The resulte
ant mixture was filtered and washed with ether. The residus was re-
orystallized from ethyl soetate. The product melted at 204-205%, which
was the sams melting point as triphenyllead chloride. A mixed melting
point, howsver, was deprsused., There was 1,13 g. of produet which was
2 52% yield.

Anal, Caled. for OgcHaePb: Pb, 5l.12. Found: Fb, $0.90.

Vhen dry hydrogen chloride was passed into a chloroform sclution
eontaining 0.2 g; (0.0003 mole) of triphenyl=7-{1,2«benzanthryl)lead a
white precipitate formed. This preoipitats was filtered and dried to

give 0,12 g. (928 yield) of diphenyllead dichloride. This product wes
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identified by refluxing it with a phenylmagnesium bromide sclution,
hydrolysing, and working up in the customary mammer. The tetraphenylleaed
thus obteined was identified by a mixed melting point with a knowm sample
of tetraphenyllead. The chloroform was evaporated from the 1,2~
benganthracene formed by the hydrogen chloride cleavege to give 0,07 g.
(quantitative yield) of 1,2-bensanthracens. It was identified by a

mixed melting point with & known sample of 1,2«bensanthracene,

Di~7=(1,2=benganthryl)diphenyllead

To the n~butyllithium prepared in 40 cc. of ether by the reaction
of 3.0 g« (0,022 mole) of mebutyl bromide with 0.033 g. (0.0¢8 g. atom)
of lithium metal was added 2,6 g. (0.0081 mole) of Tebramo=l,2~
bensanthresene., The mixture was stirred for two mimutes and then 1.75 g.
(0,004 mole) of diphenyllead dichloride was sdded. Stirring wes cone
tinued for ten minutes before hydrolysing with water.

The resultant mixture was filtered and the solid extracted with
benzens, Vhen the bensene solution was oconcentrated and alechol added,
small slightly yellow needles formed. These needles melted with some
decomposition at 205-296° (mioro melting point). There was only 0.3 g.
(3.6% yield) of diw7«(1,2=bensanthryl)diphenyllead.

Anal. Caled. for O%Hsan: Pb, 26.39, Found: Fb, 26.40.
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Reactions in ligquid ammonia between hexaphenyldileed and

soverel metels, derivetized with benzyl chloride

The following is a typloal procedure in the reaction of hexaphenyl-
dilead with metals in liquid ammonia, using bengyl ehloride to derivatize
the product thus formed.

A 280 oo. three-necked flask was fitted with a mechanical stirrer
and the side-nscke were equipped with stoppers., Through one of the side-
necks was added 2,19 g. (0.0025 mole) of hexaphenyldilead and 150 oc. of
ligquid ammonia.

¥%hile this mixture was stirred, 0.038 g. (0.005 g. atom) of lithium,
out into amall pieces, waus slowly added. The solution was stirred for
five minutes after the addition was completed and then 1 cc. (excess} of
bensyl ehloride wes introduced, dropwise, Eweporation of the ammonis
lef't a residue which was extracted with ether. The ether solution was
eveporated and the residue washed with 10 cc. of aloohol. There remained

1.9 g. (72% yield) of triphenylbenzyllesd, melting at 91-92°,
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Teble 1, Remotlons in Liquid Ammonia in Whieh 00,0026 Mole
of Hexaphsnyldilead was Treated With Various
Yetals Followed by Bensyl Chloride

Hetal ge atom % Triphenyl~
of metal bensyllead
Lithium 0.008 TL s 72
Sodium 0.008 60 ;3 64
Potassium 0.008 56 3 57
Rubidium 0.008 52
Coesium -———— ——
Caloium 0.008 79 3 81
® 0.0026 40 ; 41
Strontium 0,005 67 3 74
" 0.0026 34 ; 36
Barium 0.008 56 ; 61
i 0.0025 31 5 36

Reaotion in liguid amnonis betwesn 0.1 mole of triethyllead chloride
and 0.2 g. atom of lithlum gave a 404 yield of triethylbenszyllead when
benzyl chloride was added.

When 0.2 g. atom of calcium was substituted for the lithium, the

yield was only 13%.
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Reactions in liquid ammonis betwsen diphenyllead dihalildes

and several metals

The following is a typloal reaction in liquid amonia between a
diphenyllead dihalide and & liquid ammonia soluble metal, Actually, only
diphenyllead dichloride and diphenyllead difluoride were used. Caloium,
1ithium, and sodium wers the metals used.

To 3.99 g« (0.01 mole) of diphenyllead difluoride suspended in 200 cec.
of liquid ammonis in a three-necked flask, wes slowly added O.4 g. (0.01
Ee atom) of caloium metal. The suspension was stirred during the whole
procedure end a deep red coloration was noticed about each piece of
metal. At times the whole suspension took on a momentary reddishe-brown
color. ‘hen about half the metal had been added, the smmonia solution
became blue and stayed that ococlor. The ammonis was allowed to evaporate
and the whitish résiduo extracted with ohloroforme Fractional orystalli-
gation of the ohloroform sclution gawve orcops of tetraphenylleed and
hexaphenyldileed.

The following Teble 2 gives the data on the warious reasctions of
this type that have been run., The per cent yield was based upon the

amount of phenyl radicals appearing in the reactant and in the product.
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Reactions in Liquid ammonia Between Diphenyllead
Dihalides and Seversl Liquid dmmonia Soluble Metals

. H H
M $  ge Beabom 1 g. *% T Ze %
grams ¢ mole 1 1 3
3
t Lithium
4.32 0.01 s 0.28 0.04 trace 1.78 60,
]
t Caleium
2016 0.005 4 0§4 0.01 0.60 3?.&
s
3 Calcium
4052 0001 3 014 0.01 0023 100 0;68 23-3
4
3
4
Diphenyllead diflucride 2
3 Lithiun
2.00 0,006 s 0,07 0.01 trace 0,78 b2,
]
t Sodium
2060 00005 $ 0923 0001 trace 0856 46,
]
3 Calcium
3.99 0.01 t D.8 0.0} trace 1,70 58 .
3
$
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Attempts to prepare compounds of the type Rgn’PonR%

m-%tmqolohexxldiphan;yidilud. Dleyclohexyldiphenyllead
(prepared in 65% yield from diphenyllead diehloride and ayclohexylmagnesivm

bromide) was dlssolved in pet. ether (b.p., 28-38°) and a slow stream of
dry hydrogen chloride was passed in until a preoipitate no longer formed.
Too repid addition of hydrogen chloride cleaved two phenyl radicals. The
precipitate that formed was filtered and recrystallized from chlorofom

to yield orystals of dlayclohexylphenyllead chloride that sintered slightly
at 195° and started to decompose at 205°,

Anel. Caled. for CygHpePbCl: FPb, 42.63. Found: Fb, 42.58,

To a suspension of 9,76 g (0.02 mole) of dioyelohexylphenyllead
chloride in 350 oece. of liquid ammonia was slowly added 0.46 g (0.2 g.
atom) of sodium, cut into small pieces. The liquid ammonia becams colored
a deep red. The smmonis was allowed to ewmaporate and the solid residue
was extracted with ehloroform to give a deep red solution. Exposure
of this solution to sunlight caused an lmmediate disappearsnce of the
red color and the formation of a precipitate. Even evaporation of the
ochloroform in the dark did not keep the solution from slowly losing its
color. A lead analysis was run upon the supposed sym=tetracyclo=
hexyldipheryldilead.

Ansl, Caled, for (}133371’1): Pb, 46.00. Found: Fb, 41.83,
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sym~Tetraphenyldisthyldilead. An 81% yield of diphenylethyllead
chloride was obtained by slowly bubbling dry hydrogen chloride into a

solution of triphenylethyllead in pet. ether (b.p., 26=-38°), The
precipitete that formed was reorystallized from algohol to give a white
orystalline product which sintered at 142° and decomposed at 146=147°,
Anal, Caled. for Cy4Hy5FbClt Pb, 48.70. Founds Ib, 48.%7.

No partiecular color changes were noticed when 4.26 g. (0.01 mc;le)
of diphenylethylleasd chloride suspended in 250 cc, of liquid ammonia was
treated with 0.23 g. (0.01 g. atom) of sodiume The yellowish solution
obtained by chloroform extraction of the residue after the aﬁmoniu had

evaporated oould not be concentrated without decomposition taking pleece,

Attempted sulfonation of tetraphenyllead

To ice cold 30% fuming sulfuric acid was slowly added 1 g. (0.0019
mole) of finely powdered tetraphenyllesd. The material dissclved st once.
After allowing the solution to come to room tempereture, it was poured

upon ies, Only inorganic lead was obtained.

Attempted nitration of tetraphenyllead

To a selution of 46 oc. of fuming nitric eacid and 35 co,. of cono.
sulfuric acid cooled to =50° in an scetone-dry ice bath was slowly sdded
some powdered tetraphenyllead. The solution immedietely turned browa and

soon became black, whereupon the addition was stoppeds Upon allowing the
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nixture to coms to room temperature, considerable gas was evolved so the
material was poured upon ice. Some gummy material was obiained together

with unreacted tetraphenyllead, lead sulfate, and nitrobenszene.

Nitration of diphenyllead dichloride

A solution of 45 co. of fuming nitric acid end 36 co. of eona.
sulfuric scid was cooled to ~50° in an scetone-dry ice bath, Upon slowly
adding 10 g. (0.019 mole) of diphenyllead dichlorids a thiock grsy paste
formed. There was a strong odor of chlorine, indicating replacement of
the chlorins by the nitrate group. The peste was allowed to stand over
night at room temperature and was then poured upon ice. The solid that
ssparated was filtered, wmshed with water, and ailrwdried.

An annlysis indicated 33,34% lead, This is lower than any of the
nwst likely peossibilities, (y_-ROacSHQ)zP'bClg sontains 39.65% lead;
(m~N0gCgH, JoPb (NOg), has 36,0043 and (CgHg)pFb(NOg)y, 42.68%.

Piug-nitmphcqllud dichloride

The method of Setzer, Leeper, and Gilmnl wes followed for preparing
diphenyllead dinitrate. This was converted to di-menitrophenyllead

dinitrate following the general method of Challenger and Rothstein.? They

3etzer, Lesper, and Gilmen, J, Am, Chem, Soc., 61, 1608 (1939).

Z0hallenger and Rothstein, J. Chem, Soc., 1256 (1934).
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recommended using a bath temperature of «10 to ~16° but it was found that
lowering it to =50° enabled faster addition of diphenyllead dinitrate
wlthout danger of decomposition.

To about 200 ec. of boiling water was added 10 g, (0.02 mole) of
di-m-nitrophenyllead dinitrate. 4 clear solutlon resulted. To this wms
added a solution of 2.9 g« (0.05 mole) of sodium chloride, There was an
immediste formation of a white precipitate., The mixture was cocoled,
filtered, aud washed with a little water. Yield, 10.1 g. (978). It
wag soluble in aloohol end recrystallized from ethyl acetate in small
eolorlens plate-'l.. When observed under a micro melting point apparatus,
these plates sublimed at 250° and decomposed at 285-288°,

Anal, Caled. for CynHgO,NaPbCly: Pb, 39.65; N, 5.36,

Pound: Po, 39.33;3 N, 5.35.

_D__i;-gmni‘brophenyllmd dilodide

Di-m~nitrophenyllead diicdide was prepared in 95% yield similarly to
the method used for the dichloride. The diiodide was a bright yellow
erystalline material which decomposed around 135°, Like diphenyllead
diiodide it tended to decompose upon atiempted recrystallisation, but to
a lesser extent.

Amlt e&lﬂdc for 612H804N2H)12‘ pb. 29.56. FoundS H), 30005. )
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Triphenyllead nitrate

To a solution of 1. g. (0.0022 mols) of triphenyllead hydroxide
dissolved in 30 co. of hot alechol was added 0.5 co. of cono. nitric acid
dissolved in 10 cc, of alechol. The solution was brought to a brisk
boil on a hot plate and 'then allowed to cool, There wes only a smell
amount of a erystalline produot so the solution was ewsporated to a
small volume on & steam plate. Upon cooling, small colorless orystals
appesred. These were filtered, washed with a little alechol, and aire
dried. They sintered with some desomposition between 220.225°,

Anal, Calod. for CygHigOghibs Fb, 41.40. Found: b, 41.07.

¥When conc. sulfuric acld was added to the sample for analysis, it

burst into flames and evolved considersble smoks. The low analysis mey

have been due te volatilisation of eome of the lead,

Nitration of triphenyliead nitrate

The general procedure (p. 128) used in the nitration of diphenyllead
dinitrate was followed, No color developed until ths cooling bath was
removed, whereupon the solution siowly turned dark blue. Vhen poured
upon ioce the next morning, the color disappeared and a grey-white
orystalline mass preoipitated. This was filtered, washed with water,
and air-drieds The dry product was extracted with ethyl acetate and the
residue of tri-menitrophenyllead nitrate was analyzed for lead.

Anal. Caled. for CygHynOgNgPb: Pb, 32.44. Found: Fb, 32.45.
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After standing a month in a sorew cap bottle in a drawer, the
material had turned a dirty grey. It partly dissolved in glacial acetic
acid., The residue dissolved in ammonium acetate solution and gave a
heavy precipltate with sodium chromate solution. This is the usual test

for inorganic lead,

Nitration of triphenyllead chloride

The general procedure (p. 128 ) employed in the nitration of
diphenyllead dinitrate wes followed. Twenty grams of triphenyllead
chloride wes slowly added tc the nitration mixture, with stirring. After
the first sddition, ovﬁlution of gas was noted, and the mixture beocams
dark. At the end of the reaction the solution was dark brown and quite
visoous (130 ece. of solution). The mixture was allowed to come to
room temperature and stand for two hours, It was then poured upon ice
and the precipitate filtered, The grey-brown precipliate was washed
well with water and dried to give 28 g, (984%) of product.

The theoretioal lead content for tri-menitrophenyllead nitrate is
52.29% while sn analysis on the above material indicated only 27.9%.

This is far below the lead content for any possibls nitrated lead compound.
As evidenced by the dark color produced during the nitration, considere

able decomposition must have oocurred.

Triethyllead chloride and diatomethane

Into 18,48 g. {0.05 mole) of triethyllead chloride in 50 cec. of dry
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bengene was passed the diazomethane prepared from 6.2 g. (0.08 mole) of
ni‘brcmxﬁtthylum. Af'ter standing over night, most of the benzene was
evaporated off and the residual crystals filtered and air~dried. A lead
anslysis agreed with that for the starting material and not for the

_expected triethyledwchloranethyllead.

Iriethyllead chloride and diazoethane

In & similar experiment in which diazoethane was generated from 5.856 g.
(0.05 mole) of nitrosoethylurea, a lead analysis indicated that the

triethyllead chloride waes reccvered unchanged.

Attempted reactions of halogencesters and lead powder

Ethyl gk_-bramoprcpiomtc. The lead powder used in the following exper-

iments was obtained from the Metals Disintegrating Compeny, Elizabeth,
New Jersey as a product designated MD 1065, It was claimed that 704 of
the material consisted of a powder less than fifteen microns in diameter.

4 mixture of 10.356 g. (0.06 g. atom) of lead powder and 18.1 g.
(0.1 mole} of ethyl d-bromopropionste was heated to reflux for twelve hours.
The heating was Interrupted three times while the coating of lead on the
walls of the flask was soraped loose. Upon vacuum distillation the ester

was recovered guantitatively.

Bromomethyl scetate. A mixture of 5.17 ge (0.025 g. atom) of lead

powder and 7.68 g. (0.05 mole) of bromomethyl acetate was heated without

solvent on a hot plate for ten hours, There was no reactiom.
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Ethyl bromoacetate. A mixbure of 5.17 g. (0.025 g. atom) of lead

. powder and 8435 g. (0.056 mole) of ethyl bromoscetate was heated without

solvent on a hot plate for eight hours., There was no reaction.

Orgenogermanium Reasctions

Action of iodine upon tetra~n=butylgermanium

Anhydrous germanium tetrabromide wae prepared ascording to the
directions of Lenbengayer and Brandts. The general msthod of preparing
tetraalkylgermanium aampo:':mx’!s"t was used to prepare tetra~n-butylgermanium,
From ons mole of n~butyl bromide, 54 g. (80% yield) of tetra~n-butyl-
germanium, bep. 127=128 at 4 mn., was obtained.

To 10 g. (0.033 mole) of tetra-n~butylgermanium was added 8.38 g.
{04086 g. atom) of iodine orystals, The first few orystals turned the
solution a murky red sand seemed to go into solution. The mixture was
warmed on & hot plate, with occasional shaking, for eight hours.

Vaouwn distillation gave 10 g. (69% yield) of material boiling at
126-126° at 4 mm. This is the boiling point of tetra-n=butylgermanium

but addition of bromine to the distillate coused evolusion of iodine fumes.

Slauvengayer and Brandt, J. Am. Chem. Soc., 54, 622 (1932).

%rabern, Orndorff, and Dennis, ibid., 47, 2039 (1926).
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Preparation of tri-n-butylgermanium iodide through trien-

butylgermaniuwn bromide

Orndorff, Tabern, and Dennis® mention that ethylene bromide solutions
of tetraphenylgermanium are rapidly brominated whereas other sclvents
require days for complete reaction.

To 10 gs (0.033 mole) of tetrabutylgermanium in 25 ec. of ethylene
bromide was added 5.28 g. (0.066 g. atom) of bromine in 25 cs. of ethylene
bromide. The solution was refluxed four hours at the end of which time
no bromine vapor was apparent over the surface of the boiling liguid.

The ethylene bromide was distilled and the residue sheken with a
potessium hydroxide solution., The product was then teken up in pet.
ethar (b.p,, 75=115°), dried with sodium sulfate, and distilled under
reduced wessure. The oxide had a camphorelike odor,

The oxide was shaken with hydrogen iodide solution, dried over
calcium ohloride, and distilled. It boiled at 125-127° at 4 mm. There
was obtained 6 g. (49%) of tributylgermanium iodide.

Anal. Caled, for 6123276013. I, 34.26, Found: I, 34.11,

Totra~2=-furylgermanium

To & mixture of 20.8 g« (3.0 g. atoms} of lithium chips, 1 1. of
ether, and 117 g. (1.5 mole) of furan was slowly added 163 g. (1.5 moles)
of ethyl bromide in 200 co. of ether. Vhen the reaction wes completed,

the mixture was filtered, 500 vees of benrene added, and the ether distilled,

Sorndoref, Tabern, and Demnis, ibid., 49, 2612 (1927).
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To this solution was slowly added 85 g. (0.217 mole) of germanium
tetrabrbmida In 100 co. of benzens, There was moderate refluxing during
the addition. The mixture was heated to reflux for 4 hours, with stirring.
It was then allowed to settle end cool, the ligquid layer was separated and
the benzens distilled.

The residue from the bensens distillation was vacuum distilled from
an oil bath, In this distlllation, no material came over until thes oil
bath commenced to smoke, then a quantity of slightly yellow liguid
suddenly shot over into the receiver and solidifieds There was 20 g.
of this solid. Upon redistillation, this materiel distilled smoocthly at

" 16%° at 1 mm. Seemingly an initisl complex had to be broken up by heating.

After three distillations and seven recrystallizations, the material
still melted over the range of from 656° to 80°. There wes no Beilstein
test for halogen so all of the material from the various reerystallizetions
was gathered together and heated for 3 days in a bensgene solution. The
product from this treatment melted at 99=100° after recrystellizing from
80~68° bepe. petroleum ether, Seemingly the initial product was cone
taminated with hexafuryldigermanium. There was 18 g. (24.3% yield) of
pure mterial,

Anele Caled. for Cygiijp0,6e: Ge, 21.07. Found: Ge, 21.04.

In a check experiment, the product exhidbited the sams type of super-
heating in the first distillation. The product then distilled at 163°
at 1 mm. snd melted at 99-100° upon recrystallizing from 60«88° petrolsum
sther. Ho prolonged heating in a bengens soclution was required this time.

The yleld was 32%.
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Organotin Reactions

a~Butyltin trilodide

I‘:Sncla was prepared according to the directions of Reinbach and
Fleck®,  Conoentrated sclutions of equimolecular emounts of potessium
chloride and stannous chloride were mixed and cooled in ice water. The
erystalline product that separated was filtered snd dried in an oven &t
105°,

Tohekirian, Lesbre, and Lewinsohn7 prepared the lower members of
the RSnlz series from alkyl iodides and KSnClge The exact mechanism
of the reaction is not yet clear. The suggestions of these authors
were Tollowed in preparing the nebutyltin triicdide.

To 15 g. (0.0568 mole) of powdered KSnClg in s Carius tube was added
35 co. (excess) of n=butyl iodide. The tube was sealed and heated
seventy=two hours at 90°, The tube was then opened end the liquid
decanted from the solid. The solid was extracted with pet. ether (b.p.,
28-38°) and the two liquids combined end fractiomated. There was 8 g.
(25% yield) of materiel boiling at 154° at 5§ mm. This liquid had a clear
red color, even after treatment with bone dblack, and would not wet glass.
Decomposition set in within a few minutes ef“er isoletion, with deposition
of stannous iodide,

Anal., Cele, for 04H98n13: Sn, 21.33. Founds Sn, 21,82,

Spimbach and Fleck, Z. anorg. Chem., 94, 139 (1916).

Tfohakirian, Lesbre, and Lewinsohn, Compt. remd., 202, 138 (1836).
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Iri-n-propyltin bromide and diazoethans

To 25 g. of nitrosoethylurea suspended in 150 ce. of n-butyl
alochol was gradually added a solution of sodium nebutoxide in the
alochol. This was dae at reduced pressure and the gases distilling
were passed through a tube filled with solid potassium hydroxide and
then condensed in a trap cocoled in an acetonse«dry iéc bath. To the
yellow liquid which condensed was slowly added tri-n-propyltin bromide.
There was & vigorous reaction which was best controlled by frequent
immersion of the reaction flask in the ecetone~dry ice cooling bath.
Addition of the %in .oompound wag discontimued when the yellow color left
the solution. The product was & pasty white liguid, This was waouum
distilled but the volume of liquid was too small for en acourate
thermometer reading, The temperature sesmed to be about 130-135% at
3 mne The product was a clear colorless liquid without the sharp unw
pleasant smell of the atarting tin compound.

The material was pleced in a nitrogen filled glass stoppered bottle.
The umpla‘ commenced to turn yellow and deposit a white solid before en
analysis could be run. A qualitative test did indicate that chlorine

waeg present,

Reactions of halogenated oompounds with tin powder

Ethyl bromoacetate, The tin powder used in the following reactions

was obtained from the Metsls Disintegreting Company, Elizabeth, ¥ew Jersey.
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The product was designated ¥D 105 and it was claimed that all of it was
less than 3256 mesh.

4 mixture of 5.93 g. (0.05 g. atom) of tin pewder and 16.7 z. (0.1
mole) of ethyl bromoacetate was heated to reflux for five and one~half
hours. The layer of tin upon the bottom of the flaek slowly dise
appesared. Upon allowing the reaction mixture to ecocl, erystals sppeared
in the thiek blaek liquid, The liquid portion wes washed ocut with ether
and the orystals remeining behind were reorystallized from benzens., This
colorless erystalline meterial melted at 139°. There was 3.5 g. (15.5%
yield) of product. Assuming that this compound hes s structure similar
to that of the material isclated from the resction of ethyl lodomcetate
and tin® this compound would be called dicarbethoxymethyltin dibromide.

Anale. Galod. for 083140481131‘23 Sn‘ 26,22, Pound: SI!, 26.22.

Bromomethyl acetate. A mixture of 5.93 g. (0.05 g. atom) of tin

powder and 15.3 g. (0.1 mole) of bromomethyl acetate appesred o start
reaoting as soomn as mixed, The mixture was heated for five and one~helf
hours to give & black solution. Vhile most of the tin had disappeared,

it was impossible to isolate any orgenotin compound by either orystallization
or distillation, Distilling the mixture at reduced pressure ceused the

mixture to foam and deposit inorgenioc tin,

Smumert and Eller, Ber., 44, 2328 (1911).
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Phensoyl bromide, A mixture of 5.95 g. (0.0 g. atom) of tin powder

end 19.9 g. (0.1 mole) of phenscyl bromide was heated on & hot plate.
Shortly after the organic material had melted, a bright green solution
formed. After two hours heating, this solution had turnsd very dark.
At the end of four and ome~half hours, all of the tin sesmed to hawve dis-
appeared. Upon sllowing the resction mixture to ocool, the black liquid
set to s glassy solid. Attempts to recrystallige the material, or

distil i1t with & mercury vapor pump, were unsuccessful,

S-Bromoethyl acetate. A greyish suspension formed when a mixture

of 5.94 g. (0.056 g, atom) of tin powder and 16.7 g. (0.1 mole) of the
ester were mixed, After fifteen minutes of heating, & clear solution
formed over the precipitated tin. The reaultant clear sc¢lution slowly
reucsted with the tin during the course of eighteen hours, to give a black
solution. Upon oooling, this black solution sclidified. |
Petroleum ether (b.p., 60-68°) would not dissolve this solid but
bensene proved an excellent solwent. A dark thieck oil resulted from
sttempts to decolorize a bensene solution of the produet. Vhen the oil
muld'not orystallize, vaocuum distillation was attempted with e merocury
vapor pumpe The oil decomposed without distilling. The foemy solid
residue from the attempted distillation wae dissolved in ethyl acetate

but would not orystallize.

Ethyl d«bromopropionate. In an oll bath, a mixture of 2.95 g.

(0.025 g. atom) of tin powder and 20 cc. of the ester were heated for
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twenty hours at 150°, 4t the end of this time, all of the tin had dise
appeared end & dark brown solution remained.

Vaouum distillation of the dark solution gave two fractions. The
first fraction was colorless and consisted of unreacted ester, The second
frection was clear brown in color. There was only 3 oo. of the sesond
fraction and s correot thermometer reading oould not be made, but it
seemed to be about 82-86° at 1.6 mm. There was & solid residue of 6 g.
The second fraction to distil was assumed to be the expeoted diwdemethyl-
deoarbethoxymethyltin dibromide.

Anal, Caled. for CynHyq0,8nBrae Sn, 28.71. Founds 8n, 23.24.

In a second trial, heated at 180° for eight hours, it was noticed

that more undesir'able solid appearsd the longer the heating was contimued.

The optimum time of heating is most likely four to five hours.

Diethyl debromosuccinate. A mixture of 5.95 g, (0.06 z. atom) of

tin powder and 25.3 g. (0.1 mole) of the eater was heated in an oil bath
for six hours. About fifteen ntinn'bea after heating wes started, a little
extra vigorous boiling of the liquid wes noticed for & while., Vaecuum
distillation of the product gave 16 g. of a colorless liquid with an
ester-like odor, boiling at 58«60° at 1,5 mm. The expected product was
the ethyl ester of the di{desucoinic acid)tin dibromide.
Anal, Caled. for CyglizgOgSnBra: Sn, 19,00, Found: Sn, 13.96,

The sample was redistilled and the middle half collected seperately
for another analysis. This time the tin content was 13.87#. There is

no reasonable explanation for the consistently low analysls except on
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the ground of an impure sample. The cause of the impurity may be due
either to partial decomposition of the sample during distillation, or to
inocomplete fractionation of the reaction mixture. The theoretical analysis
for tin in the compound having four ester radicals and no bromine attached
to tin, is 14.64%.

Ethyl dibromomalonate. A mixture of 3 g. (0.025 g. atom) of tin

powder and 26 g. (0.079 mole) of ethyl dibromomalonste was heated in an

oil bath at 130°, The reaction suddenly became vigorous about fifteen
minutes after lwating was started., The oil bath was removed and the
reaction mixturs allowed to cool. The product was & dark brown excesd=
ingly viuéoul cil. This oil was readily soluble in 25 co, of ether.

Only a trace of unreacted tin settled out, TWhen distillation was attempted,

using e mercury vapor pump, the material decomposed before distilling,.

2~Bromopyridine. A mixture of 12.2 g. (0.1038 g. atom) of tin

powder and 32.8 g. (0.2076 mols) of 2-bromopyridine was heated to reflux
for one and one~half hours. The mixture slowly turned dark and the solid
tin disappeared. VUpon cooling, a very viscous substance resulted.
Attempted distillation removed a small amount of unrsacted 2«bromopyridine
but the main portion of the material would not distil. The residue from
this ettempted distillation was melted and poured from the flask ae a high=
melting, glassy, black mass,.

The product was insoluble in the petroleum ethers, benzene, alechol,
glacial acetic acid, ethyl acetate, and chloroform. The material would

not distil.
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1=Chloro=-2~icdosthans., When a mixture of 42.7 g. (0.224 mole) of

l-chloro-2~iodoethans and 17.7 g. (0.149 g. atom) of tin powder was heated
to reflux on & hot plate, the mixture turned a green color in sbout
fifteen minmutes. There was no further color change and after five hours
of refluxing, mest of the liquid hed disappeared. The residue was
vacuum distilled from an oll bath. There was considerable decomposition
as evidenoed by the coating of the distilling flask with stexmiec iodide
(mepe, 142-143°), A small emount of a light red liquid distilled at
65«70° at 1 mm. In an attempted redistillation, most of the liquid
decomposed, leaving an orange solid., A small amount of the red liquid,
when exposed to the air fumed considerably and decomposed leaving an
orange solid, The most likely oompound formed is di-Sechlorcethyltin
dilodide. |
Anal. Caled. for CgHgSnClplps Sn, 28.76. Found: Sn, 26.90.

BEvidently some decomposition oceurred in the analytical sample

between the time it was distilled and the time the sample was wolghed,

1-Bromow2=-ghloroethane, A suspension of 11,87 g. (0.1 g. atom) of

tin powder and 28,7 g. (0.2 mole) of l=bromow=2=-chloroethane was sealed
in & Carius tube and heated in & furnace at 146° for twenty~-six hours.
There was no reaction.

The same gquantities of materials were heated in the seme mamner at
180° for sixz hours. The cooled tube was then opened and the oontents
were filtered., Distillatiom of the filtrate gave only unreacted

l=bromo-2~-chloroethane. The so0lid reestion product was extracted with
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aloohol end the aloohol distilled. There was a residue of one-~half gram
of a colorleas thick 0il., The most likely compound formed was diePe=
chlorcethyltin dibromide.

Anal, Calod, for CéﬂBSnBrzGIz: Sn, 29.27. Found: Sn, 35.00.

Thile this analysis was carried cut upon material that had been
neither distilled nor reecrystallized, the analysis as determined was %too
far off for there to be even a faint possibility of its being the desired
compound. Even tetra~B-chlorcethyltin would only have 31.85% tin. The
sample must have contained inorganic tin as well as an organctin compound.
The material burned with a faint flame when heated upon e spatula.

Vhen the same quantities of starting meaterials were heated twenty
hours at 180°, the l-bromo-2-chloroethane was completely decomposed.

Yhen the same quantitles of starting materiels were heated for ten

hours at 195°, the lebromo~2-chloroethane was completely decomposed.

1-Bromo=g=chloropropens. A mixture of 17.9 g. (0.15 g. atom) of

tin powder and 50 g. (0.312 mole) of lebromo~3~chloropropans was heated

in an oil bath at 140° for seventy-two hours, Upon distilling the

reaction products, 47 g. (94%) of the l«bromow3=-chloropropane was recovered,
The same quantities of materials sealed in a Carius tube were heated

in a furnsce for twenty-four hours at 250°, The l=bromo-3wohloropropsnse

was completely decomposed.
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DISCUSSION

Tetraphenyllead was used as the starting materisl in a number of
the experiments in the course of this research, Since comparatively
large quantities of tetraphenyllead were nseded, variations in methods
of preparation were tried in an effort to obtain improved ylelds., An
interesting development of these attempte was the formetion of tetra~-
phenylleed by the action of phenyllithium upon lead chloride in the
presence of iodobenszene., The general equation for such a reaction
¢an be written:

(1)‘ SRLL & RI 4 PbCl, —> B .Pb & 2LiC1 & L4I

In the ordiné.r‘y method of preparing R‘P’b sompounds by use of the
Grignard reagent (an organolithium compound is sometimes used instead)
theoretically only half of the lead used in the reaction can appear in
the product in the form of an organolead oompound, This is apparent
from the following series of equations which is commonly used to explain
the courge of the reamstion.

(28) 12mMgX 4 6#Cly ——= 6R,PD # 12Mg(x)c1
6R Fb -~ 2R Fb_ & 2P0

2 6 2
2'36?6:3 —— 333.1& + Pb
A oharacteristic feature of such a method of preparing R4Pb sompounds
is the development of & blaok suspension dus to the formation of finely

divided lemd. ‘This blmrok color of the resotion mixture is missing, or
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at most only present as a fleeting trace at the start of the reaction,
when the reaction is carried out in the presence of an organic lodide
a8 in resction (1).

The faot that there are occasional indications of the momentary
presence of finely divided lead in these resoctions might lesd one to
believe that the organie iodide reacted with the finely divided lead,
porhaps in the following mammer:

2RI § Pb s RzP‘bIa
That this was not the case is evident from the resotion where the Grignard
reagoent was substituted for the orgenolithium compound, In that case
the yleld of tatmphanylload vas much lower and a black resction mixture
wos formed.

Substitution of m organic bromide for the organic iodide in a
reaction using an organolithium oompound likewise did not prevent the
formation of free lesd. Here, however, refluxing of the reaction
mixture caused most of the free lead to disappear slowly, This differe
ence in the length of time that the free lead was present'my have been
due %o the lower rate of reactivity of orgenic bromides eas compared to
organic iodides, It is more likely that the reaction tock a different
course since the yleld of tetraphenyllead was very low.

From these cbservations it is evident that the best yields of Rsfb
compound are reached when an organolithium compound is used in comjunction
with an organie iodide. The mechanism of the reaction might conceivably
involve the formetion of free radicala:

(3 RLL ¢ BRI ——r 2 [R=] 4 LiI
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The free radicals might then resct with the finely divided lead formed
by the thermal decomposition of diphenyllead:
(4) 2 [R~] # P — R0
This can hardly be considered the main reaction, however, since the
presence of free lead has only been observed ocoasionally and never for
any length of time. It seems more likely that the main resction invclves
the action of free radicals, formed as in reaction (3), upom diphenyllead,
formed as in reaction (2)2
(8) 2 [R=] 4 Byfb —s R4Pb

Perhaps some ides of the actual mechanism involved eould be gained
by use of an organic radical in the organic iocdide different from that
‘used in the organolithium compound. This might also prove to be a most
oonvenient method of preparing unsymmetrical organclead compounds,

¥hen methyllithium and methyl iodide were reasted with lead ohloride
Jones? was able to obtain s nearly gquantitative yield of tetramethyllead.

The change of lead from m* to ¥+ requires that simmltanecus
reduction also teke place in this reaction. This is probably best ex~
plained by assuming that the R groups underge a change from R¥ in RI to
R in RgPb,

In the course of attempting to introduce waterw-solubilizing groups
into orgenolesd ecompounds, the action of maleic anhydride upon hexaw
phenyldilead was investigated, After the reastion mixture hed stood for

five months at rcom tempereture e sclid materiel separated from the

9Jones, R.G., unpublished work.
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reaction solution. The same product was also formed (and more rapidly)
when hexaphenyldilead wae added to molten malelic anhydride., There were
two possible positions for the organclead compound to reast with maleic
anhydride, One position involved the double bond and the other position

involved the anhydride linkage.

H O H
(Cﬁﬂs)g?b(i}cg leﬁoyb(ceas)s
CaH ) aPDOC,

(Callg) 3 gc‘b g‘{g“b(csﬂs)s

I I3

Hexaphenyldilead has often been incorrectly celled triphemyllesd
although recent studles tend to discount the pogsibility that free rede-
icels exist to eny great extent., This nomenclature does, on the other
hand, help te point out & possible relationship with triphenylmethyl, e
fres radical known to exist to a considerable extent in equilibrium with
hexaphenylethane.

Conant and melo were able to ocbtain a product from the reaction of
triphenylmethyl with maleio anhydride and to show that this product was
dpB=di (briphenylmethyl )suceinic acid. Presuming that a similar reaction
oscurred in the reaction of hexaphenyldilead with maleic anhydride, figure
I would indicate the product formed. Conant and Chow converted thelr

product to the sodium salt and found that the salt was insoluble in water.

IOConant and Chow, J. am. Chem. Soc., 55, 3475 (1933).
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It was found in this research that the free acid was very insoluble

in water, as would be expected fram & compound with a molecular weight

of 982, The sodium salt was formed with difficulty when the free acid

was boiled with a sodium hydroxide solution. The sodium salt was also

very insoluble in water. The actual formation of a sodium salt

indicated that structure II was not the correct structurs of the product.
Several additional experiments were cerried ocut with the hope of

finding further similarities between hexaphenyldilead and triphenylmethyl

in their reactions with various compounds eontaining active groupings.

Comant and co-workers 0711

obtained reactions betwesn triphenylmethyl
and oompounds such as pyrrole, isoprene, and other substituted 1,3-dienes
but in similar reastions with hexaphenyldilead no reactions occurred,
| Another method of introducing water=solubilizing groups involwves
the use of an organolithium compound, The single reaction of this type
that was investigated can best be illustrated by the following outline

of reactionss

: OH os ¢ }aPbCl
oo+ ameogigit — (o =222,

1.3 HCl BO
O e (™)

The product, triphenyl-c-hydroxyphenyllead, was not water-soluble but

the method as & means of introducing weter-solubllizing groups shows promise.

1loonant and Scherp, ibid., 53, 1941 (1981).
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A number of different active groups have been introduced in this manner
and greatly improved yields have been realized 27134 ysuyin the last
Year or £0.

The main purpose of preparing water=soluble organolead compounds was
in order to test them as possible antiecancer agents., Polynuclear hydro-
earbons are known to cause cancer and it was believed wise tc prepare
several organolead compounds containing polymiclear hydrocarbon radicals
in order to have them tested for possible cancereproducing sotivity. If
such compounds showed decreased cancer-producing tendencies it might be
interpreted as an indication of the effectiveness of organclead compounds
in the treatment of cancer, Tith this in mind triphenyl-f~phenanthryllead,
die9«phenthryldiphenyllead, triphenyle7-(1,2«bsnseanthryl)lead, and
di=Te=(1,2-banganthryl )diphenyllead were prepared and sent to Dr. Louis P.
Fieser for testing in mice. After six months thirty-nine ocut of a total
of forty mice injected with the organolead compounds containing the
phenanthryl redieal (tmnty mice on each compound) were still alive and
showed no evidence of tumor development, Unfortunately, no information
has bsen received on the organolead compounds contalning the 1,2=~bensanthryl
redicale 1,2=Benzanthrecens is known to produce eancer whilo‘ there is no

such knowledge in the case of pure phenanthrens,

lemtscn, Dootoral Disseraticn, Iows State College (1942),.
l%htran. unpublished work,

M5 4uckwisch, unpublished work.
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In studies on the feasiblility of using resetions in liquid sammonias
as a means of introdueing organic radiecals into organolesd compounds, the
effect upon the yield of produoct caused by different liquid smmonis-
soluble metals was investigated. From these studies it became very
apparent that the first metal in Groups I-A and IIsA, lithium and caloium,
gave the best yields, The yield then progressively decreased as cne
went down each group in the periodic system of the elements.

Another interesting observation wes that the Group II=-A metals
seemed to act as monovalent metale in the liquid smmonia reactions,

Thus, the r_aa.ction of calcium oan be represented by the equation:

(ceas)zmrb(csﬂs )5 $ 2Ca —>» (6635 )SPbCac;P'b(csﬁs)s
rather than by the equation:

(CgHg ) gFEPb(Colp ) b Ca —» (CgHy)zPbCaFb(Cghg)y
If the quantity of ocaloium representsd by the seoond equation abeove was
used, the yield of product upon derivatiszing with benzyl chloride was
half the yield one would get if twice as mmch caleium had been used.

The reactions between compounds of the type RpfbXs and metals in
liquid ammonis were a contimmation of studies made by Ap»permn.:"5 No
additional information has been found to add to the discussion found
in his thesis,

The action of halogenated organic compounds, especielly halogencesters,

with metallic lead would seem to offer an excellent msthod of introdueing

15 ppperson, Doctoral Dissertation, Iowa State College (1940).
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water-solubiliging groups into organclead compounds, providing lead in a
finely divided state has sufficlent reactivity towards halogens. Robinsonl®
tried a Reformatsky type of reaction with ethyl bromoscetate or ethyl
d=bromopropionate end megnesium upon triethyllead chloride or triethyllead
bromide. He was unable to isolate an organolesd ester but thought that
a reaction had oocurred. Emmert and Eller® rescted tin with ethyl |
iodoacetate and obtained a product that they believed was I,Sn(CH,CO0C,Hg)s.

With the hope of getting an analogous resetion to take place between
very finely powdered lead end bromoesters, sthyl ol-bromoproplonate,
bromomethyl acetate, and ethyl bromoacetate were refluxed with lead powder.
There was no evidence of a reaction.

¥When tin powder was tried in place of lead powder, resctions occurred
with ethyl bromocacetate, bromomethyl acetats, phenscyl bromlide, =-bromo-
sthyl acetate, ethyl d=bromopropionate, diethyl d-bromosuccinate, ethyl
dibromomalonate, and 2-bromopyridine. In some ceses the remction was
quite exothermic and without exception the tin powder wms used up. The
products were nearly slways thlok tars or glessy solids and decomposed
upon attempted distillation under reduced pressure. The relative
instabillty of these products was also illustrated by their decomposition
with deposition of stannous bromide if the reaction mixture wes refluxed
too long. Further investigation would surely dlsclose some suitable

method of separsting the pure products. It was the intention in this

161iobimon, Doctorsl Dissertation, lowa State College (1929).
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work %o react the products (essentially RgSnBry types) with an orgeno=
metallic compound such as dlethyleinec which is unreactive toward the

ester grouping. The product from such & reaction, a (622115)25.’»:11-’{z sompound,
would then be hydrolyzad to the free acid for further study,

Resctione of tin powder with compounds such es lechloro~2-iodcethane,
1l=bromoe=f=chloreethene, and le=bromo=3~chloropropane were unsuccessful.
There were indlcations of sane reaection but seemingly the product formed
was quite unstable at the temperatures required for a reaction to take
place. The purpose of these experiments was to get = compouni of the
general type X,5n [((:l!2 ). X] and finelly to replace the halogen attached
to carbon by water-solubilizing groups.

The reactions of E.stX and RSSnX oompounds with disgomethane and
diazoethane were further variations in the attempt to produce an organo=-
metallic compound with & halogen attached to carbon. The compound
expected would have the general formula RSM(Cﬁz)nx' Hellerman and Newnoant!
had cbaserved this type of resction between diazomethane and mercuric
chloride or HigX oompounds.

In the present experiments there wes no izidiaatim of a reaction
with the lead compounds and the product with tri-nwpropyltin bromide,
formed in small amounts, was unstable.

Pohakirien, Lesbre, and Lewinsohnl® prepared compounds of the general

type RSul; whers the R group wes methyl, othyl, and n-propyl. Thess

17Hellerman and Newmen, J. Am. Chem. Soc., 54, 2869 (1932).

187ohekirian, Lesbre, and lewinsohn, Compt. rend., 202, 138 (1936).
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sompounds were quite ﬁnsta.ble. With the hope of preparing a more stable
compound of this type n-butyltin triiodide was mede. This, too, started
to decompose within a few mimutes after isclation.

The attempted preparation of RgPb, ecompounds with two different
organic radicals was discontinued after two of the experiments gave
materials of very low atability. Ons very interesting observation was
that sym=tetracyclohexyldiphenyldilead, a highly colored material in
solution, was instantly decolorized with decomposition upon exposure to

light, The speed with which this decomposition took place was amagzing.
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SUMIARY

A survey of the literaturs of orgenolead compounds has been
made, All materials with a Pb~C bond have been liated in tabular
forma.

Several methods leading to the introduction of water-sglubile
izing groups into orgenolead compounds have been investigeted. Some
studies heve been made on organogermanium and orgenotin compounds

for comparison with related orgenolead preparations.
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