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IHNTRODUCTION

Sinoce organolead compounds have been shown to be
effective in arresting ocancer (1), much research has been done
in an effort to incresse the effectivensss of thess aampagnds
in combating this dresdful disease. Hecent studies show thet
water soluble derivetives ere the most efficacious of the
organolead compounds (£); therefore, the preparation of water
soluble orgenclead drugs is & problem of prime importance.

In general, a molecules nay be made more soluble in wster
by the introductlion of polar groups, such as ~-COOH, -S0H,
~-NHg, -NBp, ete. Although organic chemists know what groups
should be sttached to incresse the water solubllity of a
compound, they experience diffioulty in finding & gensral
method of introducing such groups into the organclead molecule.
A comparison of the methods of preparing symmetrical organolead
compounds with those of preparing tﬁe unaymmetrical derivatives
indicated that the latter methods were more favorable for the

intreduction of polar groups. For this reason, attention was

(1) (&) Krause, Der., 838, 135 (1929); (b) Robinson, Doctoral
Dissertation, lowa State Collegs {1929).
(2} Sohmidt, Med. u. Chem. Abbendl. med.-chem. Forschungs-

statten I. G. farbenind., 5, 418 (1938) [C.A., o1, 5866

E 3
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turned to the study of unsymmetrical organolead compounds.

Unsymmetrical organoclead compounds sre ones in which at
least two different organic groups are attached to lead by
carbon-lead bonds. On the basis of their structures, these
compounds mey be divided into two different classes., Hembers
Qf‘thﬁ first class have only organic groups sttached to the
lead etom, that is, RgHPb, RyRePb, R KR Pb,and R&R'K'Pb (3);
but members of the second clsss, mixed unsymmetrical organclead
compounds, have inorganiec groups as well as organic groups
attached directly to the lead atom, that is, RoRPbX, RER”PLX,
and REPbX, (3).

The present investigation was undertaken to test the
applicability of the recently discovered coupling reaction of
orgénalead»sméium compounds {4} with alkyl halides [equation I]

RgPOM  + BX — RgPBR + MK (11
a8 & method of introducing polar groups. Orisntation experi-
ments wers planned to test the limitations of this coupling
reaction as influenced by the following fectors: the type of R
group on the organclesd-sodium compounds, the kind of resctive
metal (¥”), the negativity of the R’ group in the orgeniec
halide (RX), the reactivity of the halogen in the organic
{3) R indicatss an orgenle group, and the superseript shows

that one organic group is different from the other. X is
used to represent en inorganic group, such as a halogen,
hydroxide, nitrate, sto.

{(4) The suggested nomenclature for this type of compound is
in the Appendix of this thesis (p. 141},
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halide, and the polar groups which may be present in the BX
compound.

In the course of this work, it wes found that the
sarbon-lead linkage of organclesd compounds could be cleaved
by sedium in ligquid ammonie to yield solutions of organclead-
sodium compounds, a reaction which mede these resgents much
more easily available, The cleavage reaction was run under
many different sets of conditions to determine bow the resction
should be ﬁérriaé out to obtain ths maximum vields of organo-~
lead-sodium compounds. Later, the reaction of sodium with
organclead compounds was extended to & study of the prefsrential
cleavage of groups from unsymmetrical organolead molecules.
Former studles in preferentisl cleavages of orgsnometalliec
compounds have been eriterls for arranging groups in order of
decrecsing ease of cleavege. This series of groups, Khsrasch's
series, is valusble ss o gulde for chemists when predioting
the extent and course of many different types of reaotions.
¥hen the groups are arranged in order of decreasing sese of
cleavage, they fall in the same general order slthough the
eleaving agent 1s varied. Clesaving sgents that have been used
are acids, halogens and salts. It waa‘thaaght that metals, a
quite different type of cleaving agent, might give an
altogether different series when the organic groups were
arranged in order of dscreasing ease of cleavage. These

results should give more valuable informetion on the
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&pﬁliaahility‘ar Kharaseh's series,

Tﬁis_w&rki'thaﬁ,waa undertaken to study, first, the
y?syax&tisﬁ of orgasnclead-spcdium compounds by the clsavege of
organglead molecules with sodium; second, the reaction of
organolead-sodium compounds with organic halides; and, third,
the preferentisl cleavage of unsymmetriecal organolead

gompounds,
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HISTORICAL

Although 1little information concerning RgPbM’ compounds
hes been published, similar members of the Ry {5} type have
been studied in some detail, The number of metals that form
this type of sompound is small, inasmuch as definlte evidence
for the existence of R,MM’ compounds has been reported only
where M represents 81, Ge, Sn, Pb, Bi end perhaps B.

Enowledge of the chemistry of known members should serve
as a valuable guide in understanding the properties of a new
member of the same generaul type., Our first task, then, should

be & review of the literature concerned with RpMM’ compounds,

Preparation of Rﬁﬁﬁ’ Compounds

) /
Ra8iM

Organosilicon halides were more svallasble than most
organosilicon compounds; therefore, it was desirable to attempt
to use the halides as starting materiasls for the preparstion
of organosilicon-sodium compounds. However, RgSiNa compounds
could net be obtained when organosilicon healides in ligquid
{5) The significance of each symbol is: R, an organic group;

n, & small integer; M, one of the following metsls Si, Ge,

Sn, Pb, Bi,or B; and ¥, a metal that is soluble in liguid
ammonia.,
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 emmonia were treated with sodium, since these halides
underwent ammonolysls too readily (6).

. Triethylsilicon bromide reacted readily with liquid
amuonia, but did not resct with ethylemine. This latter fact
indicated that triethylsilicon-lithium may be produced in
ethylamine from the reaction of triethylsilicon bromide and
lithium, The reesotion 4id not proceed in ths predicted manner
(7), however, since the product was triethyl{ethylamino)silicon.
The equation proposed by Kraus and Nelson to explain the
results was
2{CoHg) g84Br + 2L1 + 2C HzNH, — 2(CgHg) zS1NHCHy + 2LiBr + Hg

Since & hydrogen attached to silicon is rather labile, it
seemed reasonsble to expect triethylsilicon hydride to undergzo
& reaction with lithium in ethylesmine and yield triethylsilicon-
iithium; but instead, the hydride rescted with the solvent,
ethylamine, under the catalytie influence of lithium, as shown
in the following equation (7):

(Oglig)581H + CpHgRH, —— (OgHg) zS1NHC Hy + Hp

Another discouraging result, obtained by Eraus and ﬂ@lson,
was the fallure of hexmethyldisilicon and lithium to r&ac; in
ethylamine., They expected triethylsilicen~lithium to be

(6) (a) Kraus and Kahler, J. Am. Chem. Sog., 55, 3537 (1933);
" {b} Ersus and 5herma§, iﬁiﬁ;, 55, 4694 ix%%%}; (e} Kraus
and Rosen, ibid., 47, 2750 (1935].
{7} Xraus and Nelson, ibid., 56, 195 (1934).

o &



produced. In & similsr attempt, it was found that hexaethyl-
disilicon was not clesved by a solution of sodium in liquid
ammonia. Solutions of metsls in ammonis or amines are the
most powerful reducing agents known., These results emphasize
the taﬁaﬁi@y of the silicon-silicon bond, since tbésa attempted
reactions show that this bond ¢annot be broken by the strongest
of redusing agénta. Beeause the g&rmaniﬁmwgermanium bond is
cleaved by theass strong reduelnz asgents, as mentioned in the
fellcwing section, Kraus and Nelson reasoned that the
germaniun $o siliocon bond would be weaker than the siliocon~
silicon bond, Their prediction was found to be valid, when
they showed that (triethylsilieyl)}triphenylsermanium was clesved
by lithium to yield triethylsilicon-iithium,.

(CpHg) 58100 (CgHg )z + BL1 — {CpHg) 58111 + (CgHg)zGell
This is the only reported preparation of ﬁaﬁia' compounds, and
since these reaction products have never been sapérated,
organosilicon-metal compounds have never been prepared in the

pure state.

Eaaaﬁ

Organogermanium~sodiom ecompounds, in contrast to the
eorresponding orzenosilicon derivatives, can be prepared free

of other orgenometellic iwmpurities, es demonstrated by Kraus



and Foster (8). Triphenylzermenium-sodiuma, the first
germanium compound of this type Lo be reported, was made by
the reaction of sodium with hexsphenyldigermanium in liquid
ammonia (8).

[{CgHglglely + BHNa —— 2(CgHy)z0eNa
Although the resction wams slow, the yvield of product was
practically quantitative,

Solutions of impure triphenylgermaniume-sodium in liquid
armonie were obtained by substituting sodium for either the
hydrogen of triphenylgermeniwm hydride [equation II] or for the
phenyl group of %etr&?heﬂylgarmﬁﬁia& {equation IIIl.

2{CgHgjgGeH + 2Na — 2(Cglg)gleNe + Hy (xxl
{CgHg) o0 + BMa + WNHy ——> (Cgliy)zGeNa + NaNH, + CgHg [IIX]

The supposition was made by Xrsus and Foster that when the
eqno&atratian of sodium was too high, this reactive metal alsc
substituted for a phenyl group of the primsry product,
triphenylgermanius-sodium, to yleld some of the red diphenyl-
gerpaniwm-discdium.
(CgHp ) zGela + 2Na + Ny —> (CgHy)GeNe, + NeNHp + CgHg [IV]
The supposition of the formetion of diphenylgermanium-disodium
was supported by two observations, nsither ef‘whiﬁh we s
conclusive. The Lfirst observation was the replacement of the

blus by a red color during the resction of sodium with

(8) Xraus and Foster, ibid., 48, 457 (1927).
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triphenylgermeniun~sodium in liquld ammonis. 8Since the red
color wes nct characteristic of the starting materiaels, it must
be due to a new product. Dscause red wes the typiesl color of
liguid ammonie solutions of organctin-disodium compounds (9),
this game color in ths case of germenium compounds was asgumed
to be dus to & compound of similer structure, diphenylgermeniume
disodium, Later, éigh%nyigﬁrmaﬁium»disa&ium wag shown to be
red (10, The second éﬁsefvaxiaa, whiech supported the supposed
substitution, wes the formation of a liquid corganogermenium
compound when the red solutlion, prepared by the resction of
triphenylgermanium bydride wilth excess of sodiwsa, was trested
with ammaéi&m bromide. The produect waz a mixture of a solid,
presumably triphenylgermanium hydride, and & liquid which could
not be induced to crystallize st -38°. Without purifying,
derivatizing or analyzing this ligquid, Kraus and Foster assumed
it was diphenylgermanium dibydride, and they also assumsd that
ihe presence of the dihydride was a result of tresting the
supposed diphenylgermenium-~disodium with smmonium bromids,
Later, Kraus end Brown (10) showed that diphenylgermanium
dihydride could not be isolsted as a product of the reaction of
diphenylgermaniun-discdium and smmonium bromide. Thls observation

challenged the sssumption of Kraus and Foster thet the liquid

(9] Ses p. 25 of this thesis.
{(10) EKraus and Brown, J. Am. Chem. Soc., 52, 4031 (1930).
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they obiained was diphenyleermanium dihydride; therefore, the
contention that the reaction repressnted by eguation [IV] took
place is largely speculative and 1ls supported only by th&
development of & red color.

Triphenylzersaniwm~sodiun was also formed by the ra&@tién
of triphenylgermaniws oxide with sodium (11}).

[{CgHp)3G01a0 + 2Na —— (CgHy ) sGela + (CgHg) zGe0Na
The resotion continued rather rapidly until two squivaslents of
sodium were used, but although & considerable excess of sodiun
was added, the ((UgHg)zGe0Na could not be converted to triphenyl-
germanivm~godiun, The resction of triphenylgermenium oxide with
sodium was not an important method for the preparstion of
triphenylgernanium~sodium, because an impure product was
obtained, and not sll of the germanium wes converted to the
desired product.

The preperation of trislkylgermanium~sodium compounds
proved to be s more difficull tesk then the prepasration of the
corresponding eryl compounds. The diffieculty, for the most
part, was the result of two properties of alkylg%rm@nium
compounds, First, when three of the groups on the germeniuan
w&re’alkyi rather than aryl groups, the Tourth group was more
difficult to cleave from gﬁfm&ﬁi&m; Second, trialkylgermaniume-

sodium eompounds, belng more resctive than the corresponding

(11) Xraus and Wooster, ibid., 52, 372 {1930).



aryl derivatives, were destroyed by ammonolysis. Hexaethyl-
digermanium d41d not react appreciably with sodium in liquid
ammonia, but when ether wss added, the germanium compound did
react slowly to produce triethylgermsnium-sodium (12). Hexa-
athyiﬁigarmanium recoted more readily in ethylamine with the
more slectropositive metal, lithium, Unfortunately, ilhe
product, tristhylgermenium-lithiuws, urderwent solvolysis
slowly in ethiylamine snd more rapidly in liquid asumonia to
vield triethylgermaniws hydride. Bince the poteasasium deriv-
ative was mors resistant to aelve&ysia,_@xaatia@ily a
quantitative yield of triethylgermanlium~potassiuvm was obtained
by the remction of hexamethyldigermanium and potassium in
ethylanine. Fotassium, then, is the metal of cholee for the
preperation of eliphatic RyGeM’ compounds,

Since triphenylgermanium hydride rescied only slowly and
incompletely with sodium, one would predict that triethyl-
germaniuwm hydride @ithar~wgu%§ not resct or would react with
difficulty under the same conditione. Xraus snd Flood (12)
found thet triethylgermanium hydride did not resct with sodium
in liqguid émmaﬁia,

Inorganic groups were removed from certein mixed orzanc-
germaniun compounds by resctive metals, but the inorgenie groups

were not always repleced by the metal, Part of the oxygen of

{12) Kreus and Plood, ibid., 54, 1635 (1932).
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triethylgermanium oxide was removed by lithium in sthylmmine,
apparently with the formalion of triethylgermanium-lithiuwm;
but solvolysis took place during evaporation of the solvent
{12). On the other hand, all of the halogen of triethyl~
germeniun bromide was replaced when s liquld smmonla solution
of the bromide wes treated with scdium. However, triethyl-
geraaniun-scdium was not found as a product (128). The vigorous
evolution of hydrogen during the reaction with scodiuwm indicated
that apmonolysis of the triethyleermenium bromide took place in
liquid apmonia when sodium wss present, bul smmonoclysis did not
take place under the senme condlitions when sodium wes absent.
The sodium probably scted elither as & eatalyst or as a reasgent
to shift an eguilibriuwm, DBy using etbylemine as the sclvent
and lithium as the metal, Kraus and Flood (12) were able to
prepare triethylgermanium~-lithiuwn from triethylgermanium bromide.
Since RgGeMj compounds ere very similar to RyGeil”
compounds, informstion concerning members of the former c¢less
may well be included in this discussion. Diphenylgermanium-
disodiun was produced by the resction of tetrephenyldigzermenium
with & liouid zmmonis solution of scdium (10). The golor
changes indicated that the resction proceedsd through an
intermediate stage (yellow) before forming ths diphenyl-
germanium-disodium (red).
[(CgHp)plely + 2Na — Na(CgHg)gleGe(Cqlyjpga _+2Na_
2(CgHy ) ghelag
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sxtent with trimathyltiﬁ hydride in liquid smmonia to produce
a mixture of trimethyltin-sodium and trimethyltin amide (19).

Although (CgHg)sGelNa did not resct with sodiuwm in liguid
ammonia (11), a very similar tin compound, triethyltin hydroxide,
did reuet with this metal under the same conditions to yleld
triethyltin-sodium (20). Likewise, trimethyltin amlde was
gonverted to trimethyltin-sodium by the addition of sodium (19).
These results are in asccord with the generslizetion that
inorganie groups are more readily removed from the RgMX com~
pounds if the ¥ has s higher atomic numﬁﬁry

The most important method of presparing rather pure
sclutions of triorgesnctin-godiuwm compounds 18 the trsstment of
h&x&erganeditiﬁ,camﬁcuaﬁg with sodium in ligquid ammonia,., This
method was used to prepare both trimethyltin-sodium (15) and
triethyltin-sodium (20). |

None of the BQH%’ compound previously discussed in this
report wsre prepered by cleavage of organic groups from the RyM
compounds, but this type of reaction can be carried out in the
ease of tin ecompounds. Kraus and Sessions (16) found that
trimethyltin-sodium was formed from the resction of tetramethyl-
tin with sodium in ligquid ammonis. The reactions proposed to

explain these products were

-

{19} Kraus and Nesl, ibid., 52, 695 (1930).
{20) Haradas, Sei. ?a?ara Iﬁﬁt* hga, Chem. Bessarch (Tokyo),
%’ 2&& ii§§g #.ﬂ-a, (3.9 }}#



(CHg),5n + 2Ne — (CHg)zSnNa + CHzNa
ClgNa + NHgz — CH; + NalH,

Later, Kraus (13) mentioned that it was by no meensg certain
that methylsodium was setually formed es an intermediate
compound, but no svidence was presented to oppose this
suggestion, Other orgsnotine-sodiuws compounds that have been
prepared by this method are triethyltin-sodiuwm (20) and tri-
phsnyltin-sodium {(21).

Little work has been done on the reactions of unsymmetri-
cal organotin compounds with liguid smmonis solutions of metals,
This work was important, not as 2 method of preparing erganotin-
sodiunm compounds, but as a method of studying pr&fergati&l
cleavage of groups from organotin molecules., Sodium reacted
with unsymmetricel organotin compounds to replace ons organic
group with a sodium atom. The reaction of sodium with.mathyl—
enebis{trimethyltin) probably followed the course shown in the
following equations which were proposed by Kraus and Heal (19).
{CHg) 5SnCHgSn(CHy)3 + 2Na —— (CHg)zSnia + NaCHgSn(CHgz)g

HeCHgSn(CHz)y + NHy — HaNHy + (CHzl 5n vl
(CHz}gSn + 2Na + HHy; —> (CHjz)zSnNa + Nalil, + CH,

It is equally possible that the resction proceeded as follows:

{21) Chembers and Scherer, J. Am. Chem. Soc., 48, 1054 (1928},
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(CHz)35nCHgSn(CHg g + 28Ha — ((Hjz)38nCHgaSn({CHg)Na + CHgNe
CHga + HHy —> CH, + NeNH, [vIl
{CHz) gSnCHgSn (CHy ) gl + 2Na —> (CHy)zSnNa + NaCHgSn(CHy)gNa
. NaCHpSn(CHy)gHe + NHg —> (CHg)zSnNa + NaNHg
4 similer experiment, whieh has not been ragerﬁéé, would
establish with certainty whether mechanism [V] or {VI] is the
corrsct one, This suggested experiment involves the treatment
of methylenebis{trimethyltin] with only two equivalents of
sodlium, then, the derivatization of the resulting organctin-
sodium ocompounds by the addition of methyl lodide. Tetramethyl-
tin would be the product if the cleavage procesds according to
mechanism {V], but methylenebis{trimethyltin) would be the
product if the olesvege proceeds sccording to mechanism {(VII.
| Another interesting cleavage (22) of an unsymmetrical
organctin cowpound resulted from the resstion of sodium éith &
liguid ammonis solution of a compound that wes presumebly
vinylenebis{trimethyltin). The supposed vinylenebis(trimethyl-
tin} was prepered by the resction of trimsthyltin~sodium with
shloroform. This remotion was thought to pr@ﬁaﬁ& sccording to
the following @gu&tieaaé
5(CHz) s8nla + CHClg — [(CHz)z5nlgCH + 3NaCl

2L (CHyz) s8n]40H — 2[{CHz)gSnly + (CHy)zSnCH=CHSn{CHz)g

In confirmstion of the mechanism suggested, two moles of

(28] Kraus and Neal, ibid., 58, 4426 (1930).
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trimethyltin were obisined for one mole of the supposed
vinylenebis{trimethyltin)., The tin spalysis and the molecular
weight checked the theoretical values for vinylenebis{trimethyl-
tin}. Howsver, more evidenece is needed to substantiate fully
the structure of this compound; especially since the per cents
of carbon and hydrogen found did not check with the calculated
values. DBecsuse the compound was difficult to burn evenly, the
experimental values for the per cents of earbon and kyﬁrég&n
were thought to be in error; therefore, these values were
discarded. The structure of this compound should not be con-
sidered to be proved until the compound has also been sither
derivetized or synthesigzed by a reliable method.

As mentioned before, this supposed vinylenebis{trimethyltin)
was cleaved with sodium in liquid smmonls; and upon svaporation
of the solvent, the mixture oI organctin-sodium compounds was
more stable and had more of a bright yellow color than was
characteristic of trimethyltin-sodium alone., These observetions
were used as indicetions that another organotin-sodiuwn compound,
presumably dimsthylvinyltin-sodiwa, was present.,

(CHg ) gSuCH=CHSn(CHy ) g + 2Na — (CHg)gSnla + NaCH=CHSn(CHgz)g
NaCH=CHSn(CHg)g + MHy; —— CHg=CHSn(CHgz)y + NaNH,
CHp=ClSn(CHg)g + 2Ne + NH; — CHg=CHSn(CHgz)gNe + Cl + NaNH,
This mixture of yellow compounds was treated with methyl lodide
and produced a liguid which was presumsbly s mixture of tetra~

methyltin and trimethylvinyltin. A4 {ractional veporizetion of
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the liquid waes carried out, and the molecular weight of each
fraction was determined. The wmolesular weights of the
fractions inoressed steadily from 181.1 te 180.9. The lowest
value corresponds closely to the molecular weight of tetra~
methyltin (178.8) and the highest value corresponds closely to
that of trimethylvinyltin (190.8). Kraus and Neaml, in this
report, mentioned that this evidenee for the existence of
trimethylvinyltin is still inconclusive.

This cleavage was of interest, if the equations are
correct, because this was the preperation of the first Esﬁﬁ'
sompound containing an unsasturated aliphetic group
[CHy=CHSn{CHz)pNal. It was of interest also to observe that
the [~CH=CHSn(CHz)z] group was oleaved before the methyl group.

Triphenyltin-sodiunm, contaminated with triphenylmethyl-
sodium, was formed by the eleevage of iriphenyltriphenylmethyl-
tin (23). _

(CgHg ) 5SnC(Cglp) g + 2Ma —— {CgHg)zSnNa + (CgHg)zONa
This reaction is of little importsnce for the preparation of
the organotin-sodium compound because of the simulteneous forme
ation of triphenylmethylsodium. It should be noted, however,
that the triphenylmethyl group rather than the phenyl group
was clesved from the unsymmetricel orgapotin compound. The
signiricanes of this observation will bsé mentioned in con-

nection with preferentisl cleavage of groups from organcometallis

{23) Bailis, Doctorsl Dissertstion, Iowa State College {1939).



- 25 -

compounds,

Compounds having the formula HaRgSnSnR,Na are slightly
different 3truaturally‘£han those having the formula RzSni|
but sinee the two types are closely related cheamically,
gompounds of ﬁhﬁ former type may properly be mentioned in this
discuasion. The first one ol the tetrasorgancditin-disodiuam
compounds to be prepared was made by Ersus snd Greer (24)
when they added sodium to polymerized dimethyltin in liquld
ammonias

2{CHy)pSn + 8Na —— Na(CHg)gSnSn(CHz)Na

Evidence for the formation of this product was, first, thet a
characteristic color (yellow) developed and, second, thet when
methyl iodide was added, hexemethylditin was produced. Harada
{20) prepared the correspounding ethyl compound by adding
godium to dlethyltin. |

| Another closely related type of compound that should be
included is the disodium derivative, HySnHag., Kraus and
Gresr (24) gave the first report of this type of compound
also. The method they applied to prepare dimethyltin-disodium
was the sddition of sodium t¢ teitramethylditin-discdium.

Ne(CHg)oSnSn(CHz)gla + 28Na — 2(CHg)gbnNay
This same resction has been applied to the preparation

of other diorganotin-discodium compounds., Cheambers and

(24) EKraus and CGreer, J. Am. Chem. 500., 47, 2568 (1925).



Scherer (21} spplied it to the preparation of a diaryltin-
disodium compound, diphenyltin-disodiuwm. They found that it
- was not negessary tc carry out the gddition of sodium in a
stepwise fashion, or to isolate the intermediste compounds:
that is, diphenyltin dichloride rescted with four equivalents
of sodium to yield diphenyltin-disodium. ILater, Harada (20)
ghowed that diethyltin-discdium could eslgo be prepared by the
additlion of sodium to diethyltin dibrowmide.

4

R gPbH

Eraus and Eahler (6a), reporting on the condusctivity of
ﬁéﬁﬁa gompounds of the Group IV metals, made the statenment,
vZxeepting the derivatives of tin and lesd, the sslis are stable
in the pure state." This statement indicated thst they tried
to prepare an organoclead-sodium eemﬁauﬁﬁ, but they mentioned
nothing else concerning this type of lead compound and geve no
experimental detalls.

‘Gilmen and Bailie (25) presented the first definite
evidence of the existence of an EzPbNa compound. They prepared
& solution of the supposed triphenyllead-sodium by adding sodium
to a iigquid emmonise solution of hexmphenyldilead. The supposed
organolesd-sodium was then derivetized by the addition of bengzyl

(25) Giluan and Bailie, ibid., 61, 751 (1939).
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shloride, and triphenylbenzyllead wasg isoleted, The product-
ion of this unsymmetriecal orzanclead compound proved that
triphenyllesd-sodium was present before the addition of benzyl
cﬁieride, Gilmen end Ballle slso prepared the R Pblia
compounds in whieh the R represented the p-tolyl, g-anisyl,
cyclohexyl, or p-ethoxyphenyl group.

Soon afterwerd, Foster and cowerkers (26) confirmed the
preparation of triphenyllead-scdium and added that hexsphenyl-
dilead also rescted witu tetrasodium nonaplumbide 1o give
triph@nylleaé~ﬂaﬁium; ¥hile the resction of hexephenyldilesd
with sodium gives & quantitative yield of triphenyllsad-scdium,
good yields of this product, although slightly less purs, are
obtained also from the reaction of triphenyllead halides with
the same metbtal.

Sodiuwn is not the only metel that rescts wilth hexaphenyl-
dilead to yield &ﬂ{ﬁgﬁﬁ/ compound., Lesper {27} prepared the
lithiwa, potassiwe, rubldium, esleium, strontium, and barium
derivatives of triphenylleed by the rsasetion of & liguid
ammonia solution of the metal with h&zﬁph@ayldilaaﬁg He also
prepared the calclium snd lithium derivatives of trlethyllead
by the reaction of triethylleasd chloride and the metal in
liguid ammonia.

(26) PFoster, Dix and Gruntfest, ibid., 61, 1885 (1939).
{27} Leeper, unpublished studies,



Bailie (23) showed that triphenyllead-sodium was produced
when triphenyltriphenylmethyllesd was treated with sodium in
liquid ammeonis. Additlon of benzyl chloride to the resulting
solution gave & mixture of triphenylbenzyliead and 1,1,1,28~
tetraphenylethane, The formation of these two products proved
that triphenyllead-sodium and triphenylmethylsodium were
produced during the initisl resction; therefore, the triphenyl-
methyl group rether than the phenyl group was cleaved from
triphenyltriphenylmethyllead,

Some RpPbi; compounds were prepared by the reaction of
diphenyllead dihelides with several metals: lithium, sodium,
potassiunm, caleium, strontium, and barium (28). The highest
yielﬁé of diphsnyllead-dimetsl compounds were obtained by the
reaction of &iyhaﬁyllaﬁﬁ dibromids or &iehlariﬁé with either
1ithium or sodium., 4Agsin, liquid ammonis was uaé& as th@‘
resction medium. The resgents had to be added in a certein
order; that is, the diphenyllead dihalide had to be added to a
solution of the ﬁa%&i ian liquid &mmﬁnia~ The reactions of
diphenyllead dihalides sppesr to be gulte complex; becasuse alter
adding ethyl bromide to derivatize the expected diphenyllead-
disodium, Apperson isolated tetrsethyllead, triethylphenyllead,
and triphenylethyllezd as well as the expeocted diyhﬁﬁgiéieﬁhyln
lead.

The formetion of this mixture of products may be

{28} Apperson, Doctoral Dissertation, Iowa State College (1940).
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partially explained in two ways. The first explanation is
that the diphenyllesd dihalide reacted wlth sodium in s very
complex menner fto produce & mixture of PbNa,, CglgFbNag,
{CgHg ) gPblay, and (CgHg)gPbNa; then each of these compounds
rescted in the normal way with ethyl bromide to yield
Pb{CgHgly, CellgPb{CaHg)y, (CeHg)sPP{CgHg)p, and (Cglly) zPbCHg,
respectively, The sescond explsnstion is that the diphenyllesd
dihalide rescted with sodium in the expeocted manner to produce
only diphenyllead-disodium, but the letter compound reacted in
& complex manner with ethyl bromide tc yleld the mixture of
organolead compounds,. We eannolt say, at present, whieh is the

correct explanantion,

RgBiM

Organometal-sodium compounds of only one Group V metal,
bismuth, have been proved to exist. Dlphenylbismuth-netal
ogmyaun&s were prepared by the reaetion of s liquid ammeaia
golution of & diphenylbismuth h&liﬁé with sodium, potessium,
lithium, caleiws, and barium (29). Also, the organie group
may be variaé, for diorgenobismuti~godium compounds wers
prepared in whieh the organie groups were either phenyl,
p~tolyl, or p-chlorophenyl groups.

{29} Gilmen end Yablunky, J. Am. Chem. Sog., 63, 212 (1l94l1).



RaBu’

These organoboron-sodium compounds differ from other
Rni compounds in two respects: first, the apparent valence
of the boron is higher than the normel wvalence of boron; and
second, these compounds are prepared In ether, not in liquid

pumonia or ethylamine, Further investigastions will undoubtedly

show more differsnces between organcboron-~sodium compounds and

/

the other R, " compounds mentioned in this thesis. The

monosodium (30) and disodium {31) derivetives of tri-« -naphthyl-
boron, as well as the monoscdium derivative of triphenylboron
(30), were prepared by the rsaction of the triarylboron com-
pounds with sodium amslgem in &th@?,‘bui little further work

has been done on these compounds,

Generalizations

One may now draw some generalizations soncerning the

methods of preparation of R’

(e) The reasctlion of R MR, with Eﬁ a8 a rule, givea the

gompoundg.

most pure RyMM, but the sterting material, particularly a
hexaalkyldilead eompound, is the least readily available.
{b) The reaction of R MX with 1’ is the one usually

(30) Bent and Dorfmen, ibid., 57, 1359 (1935).
(81} Bent and Dorfmsn, i .y 5L, 2182 (1932).
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applied, becauss the yields are good and the sterting
material is more easily obtained than in method (a).

{(e) RylH reacts with " te produce RpM¥, but the start-
ing materisl is not readily avellsble and hss never besen
prepared in the case of the lead compounds.

(4} The reaction of ReM with ¥’ to yield Rz’ is not
applicable for those compounds in whioh ¥ has a low atomioe
number (Si), but is more applicable for cases in whieh M has
& higher atomic number (8n). This iaaraaaing applicability
indicetes that this reaction may become the most important
method of preparing RsPHi, if the ylelds sre satisfactory,
sinee R Pb types are the most readlly available of the orgsno-

lead compounds.

Preferentisl Cleavsge of Organometallic Compounds by Sodium

In the preceding section, 1t should be noticed that almost
every method of preparing Eﬁﬁﬁ/ compounds involved the clesavege
of a group from sn organometallie compound and the replacement
of that group with the metal used for cleavage. Although
;ﬁh:ge ra&eﬁicn@vwara not run as sttempts to study the prefer-
@ﬁﬁi&l cleavage of groups from orgauometsllic compoundas, the
results may be used as an aid in formuleting the gensralizations
on preferential cleavage which are given in the latter part of
this section. The first part of this sectiocn 18 concerned with
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a review of other reactions inv&lving the preferential
cleavege of groups where no attenpt was made to prepare Raﬁﬁl
eompounds,

With silicon compounds, Eraus and Nelscon (7)) found that
sodium in liguid ammonias did not resct with triethylphenyl~
giliccn; howsver, lithium in ethylamine did reasct with doth
triethylbenzylsilicon and tristhylphenylsilicon. Since no gas
was evolved end no eromatic hydrocarbons were delbected, it is
certain thet cleavage of the silicon-carbon bonds did not take
place. It was suggested that the aromatic groups were reduced
by the m@tals§

The helogen was removed before the athyl group vwhen
triethylgermanium halides were treated wiith one equivalent of
1ithium in sthyleamins {1&}; This was the method used to
prepare hexaethyldigermaniuu,

The preferentisl removal of halogens Irom both dimethyl-
tin dibromide (24) and diphenyltin dichloride (2l) was used as
the best method of prepering dimethyliin snd ﬁiyhényltin¢

Also, in the case of the lead compounds, the addition of
one equivelent of sodium to a liquid smmonis solution of |
trimethyllead iodide (32), triethyllead bromide {3&), triphenyl-
lead lodide (23), or tri-m-tolyllead bromide (23) csused the

removal of the halogen: but the organic groups remained

(32) Calingsert esnd Soroos, J. Org. Chem., 2, 535 (1938).
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attached to the lead atom,

The halogens ware removed before the organle groups from
organometallic compounds of the Group III metels, but the
resctions were not simple. For example, when dlphenylthalllium
bromide was treated with sodium in liquid ammonis, triphenyl-
thallium, and metallic thallium were cobtained (33). The
presence of these products iﬁéie&ta& that the bromine was
removed first, and the resulting diphenylthalliwm underwent
disproportionation. Also, when dimethylgallium chloride reascted
with sodium in liquid ammonia, the ehlorine was removed, but
the resulting dimethylgsllium did net undergo disproportion-
ation (34)., Although the halogen-gelliuwm bond was broken
rather readily, the carbon-gallium bond was cleaved with
difficulty. For example, Kraus and Toonder found that the
methyl groups were not cleaved Irom trimethylgellium by sodium
in liguid smmonia or by lithium in ethylamine,

Eraus and Kurtz (35) mentioned that the ehlorine was
undoubtedly removed first when éthylmsreurie ehloride was
treated with sodium in ligquid ammonia., Also, they inferred
thet tha earbon-mercury bond may have been cleaved next by the

sodium, If the carbon-mercury bond had not been cleaved, the

(33) Gilman and Jones, J. Am. Gkaﬁ‘ Saa. 63, 235? {1940},
{(34) Xraus and Toonder, ibid., b, 3847 (1955
{35) EKraus and Kurtz, ibid., 4?, 43 {lgﬁﬁi,
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ethylmercury would have undergone disproportionation to yield
dilethyluercury and mercury (38}, but diethylmercury was not
one of the produets, Thersfore, Kraus and Eurtz were probably
correct in thelr inference that the carbon-mercury bond was
broken by sodium.

A Tew attempts were made to cleave organometallic com-
pounds of the Group V elements with metals in liguid ammonia.
Triphenylantimony rescted with sodium in this solvent to
produce a red color (37). This color may have been due to
diphenylantimony-sodium; howsver, the identity of the product
has not been prayed; The hydrogen of methylarsenic dihydride
was replaced by potassium, but the methyl group remasined
attached toc the arsenic atom (38), . |

When triphenylohromium lodide was trested with sodium in
liguid ammonia, the halogen, rather than the phenyl group, was
removed and triphenylechromium wes produced (39).

Sedium in liquid sevmonia was incapable of removing either
the ilodine or the methyl group from trimethylplatinum iodide
(40).

In liquid smmonia or in ethylamine, the cleavage of
{36) Gilman, "Orgenic Chemistry", John ¥iley &nd Sons, New

York (1838) Vol. I, p. 481,
(37} Voodas, unpublished studies.
{38) Johnson snd Pechukes, J. Am. Chem. Soe., 59, 2068 (1937).
(39) Hein and Markert, Ber., &I, 2258 (1828). ~

{40} %ichtﬁnwaltar. Doetoral Dissertation, Iowa State College
1938).



orgenomstalllic ﬂam@aunés‘staps, in gensrel, after one group is
removed, but in inert solvents the cleavage stops only after
all of the grcups are removed, There ars no reports whieh
ellow decisions to be made as to whieh groups are removed most
‘easily in inert solvents, However, it is of interest to
notice that tetraphenyllead was not clesved by sodium in
benzene, but tetraethyllead was slowly c¢leaved by this metal
in seversl differsnt solvents, The tetraphenyllead was
refluxed for twenty-four hours with sodium sand, but no
avidence of phenylsodium wes obtained {%1}; Gilman and Young
{42) found thet tetrasthyllesd in ether was cleaved by sodium
or sodium-potassium alloy to produce ethylsodium. Didbenzo-
furan wes also pressnt, for they were studying the metalation
of &ihéaﬁafuran by ethylsodium. In cyclohexane also {(43),
tetraethyllead reacted with sodiuwn to produce ethylsodium
which in turn was used to cleave l-menthyl ethyl ether or

- deneocmenthyl ethyl ether, Likewise, Schlenk end Holtz {44)
were successful in preparing ethylsodium by the resction of
tetraethyllead and sodium in gasoline.

Seversl generslizations mey be stated conecerning the

{41} P. Moore, unpublished studies.

{42) Gilman snd Young, J. Am. Chem., Soc., B7, 1121 (1938},

(43) Hiickel end Bretschneider, J. prakt. Chem., 151, 61 (1838).
(44) Schlenk und Holtz, Ber., D0, 268 (1917).
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preferential cleavage of groups from orgsnometallic compounds
by resctive metals in liquid sxmonia or in sthylamine.

(a) The easiest bond to cleave is a metal-metal bond of
R M-¥R, compounds.

(b) The next easiest bond to cleave is s metesl-halogen or
& metal-hydrogen bond.

fa} Organometallic aﬁm@anﬁﬁs of the Group IV metals

anged in increasing ease of cleavage by metals are R.Si,

ReGe, R Sn.

(4) The tripheaylmethyl group was cleaved befors the
;hanyl group from both triphenyliriphenylmethyltin and the
corresponding lead compound.

(e) The [-CHgSn(CHy)z] group was reported as being cleaved
before the methyl group from (CHy)z3nCHgSn(CHz)z. This con~
elusion was drawn by Kraus and Neal (19) without sufficient
evidence. A mechanlism based on the ¢lsavage of &« methyl group
first would explain their observations Just as well, as discussed
earlier in this thesis.

(f) The [-CH=CHSn(CHyz)gl group was reported as being
cleaved before the methyl group from (CHyz)zSnCH=CHSn{CHz)jz.
This conelusion (82) was drawn without sufficient proof of the
structure of the starting materisl or of the product, as
mentioned earlier in this theslis, However, one umay expect

vinylenebis{trimethyltin) to cleave as reporited il one
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congiders the atruaﬁurer(Gﬁs}gsnﬁﬁwsﬁﬁniﬁﬁg}a as & vinylog of
(CHg ) 39nSn{CHg) 5.

{z) The phenyl group was reported as being cleaved from
triphenyltin-sodium more essily then the methyl group was
cleaved from trimethyltin~sodium. When Chembers and Scherer
(ﬁl}’éraw*ihis sonclusion, they did so after apparently
misreading the experimental conditions reported in some sarlier
warklhy ¥reus end Sessions, The latter suthors {(14) cleaved
tetramethyltin @iﬁh only twoe equivalents of sodiuwm and found
that no dimethyltin-discdium wes formed; thet is, the second
methyl group wag not ramﬁvéé; Later, Chembers and Scherer
cleaved tetraphenyltin with more than two equivalents (the exact
amount was not given) of sodium end found that diphenyltin-
disodium was produced; that is, the =econd phenyl group was
removed. Chambers and Scherer compared these two experinents
on the basis that more than two eguivalents of sodium wers used
in both ceses, but this was not true. In the same report,
these authors pointed out that 1f sn excess of sodium was not
used in clsaving tetraphenyltin, no diphenyliin-discdlum was
formed; that is, the second phenyl group was not removed.

This was the experiment that was run under conditlons similar
to those uged with tetramethyltin, and the second group ves
not cleeved in either case. Therefore, one cannot say that
the phenyl group was cleaved from triphenyltin-sodium more

easily than the methyl group was cleaved from trimethyltin-sodium.
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Since triethylsilicon-lithium was steble in both liguid
ammonis and ethyleamine, it ssems peculisr that triethyl-
germenivm~lithium would undergzo sclvolysis in these media, but
Kraus snd Flood (12} reported that solvolysis did take place
slowly in sthylemine and completely in liquid amﬁani&. On the
other hand, neither triethylgermanium-potassium (12} nor
triphenylgermanium~-sodium (6e) underwent solvolysis in liquid
ammonia,.

Reactions of organogermenium-metel compounds must be
carried out In the absence of alr because triphenylgermanium-
sodium wes destroyed by éxygen, 88 shown in the following
equation {(8)}.

2(CgHg) gGela + 0y — 2(CgHg) zGelNa

Vhen working with organcgermanium ocompounds, one must
avoid the pressence of wmoisture because water was found to react
readily with triphenylgermenium-sodium to yield triphenyl-
4germanium hyﬁriﬁe; Likewise, smmonium bromidse reacted with
triphenylgermanium-sodium and triethylgermanium-lithium to
produce triphenylgermenium hydride and tristhylgermanium
hydride, respectively (12).

The soupling reaction btetwsen organogermanium~-sodium
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gompounds and organic or organometallie helides, in liquid
smmonia, may be applied to many different types of halides.
For exemple, triphenylgermenium=-sodium coupled in the
expected manner with bromobenzene (8); methyl iocdide (45);
ethyl bromide (48), p-propyl, n~butyl, and n-smyl bromides
{6b); benzyl chloride (6b); triphenylgermanium fluoride (8);
triethylgermaniuwn bromide (6b); trimethyltin bromide (8); and
diphenylgermanium dichloride (6a}. The dihalide, methylene
dichloride, reacted with triphenylgermenium-sodium to yleld
the expected methylenebis(triphenylgermanium) (45), but more
bighly helogenated methanes, chloroform snd casrbon tetra-~
chloride, reacted to produce unexpected products (45). For
example, chloroform reacted with triphenylgermenium-sodium to
yield & mixture of methylenebis{triphenylgermenium}, triphenyl-
germanium am@d&, and triphenylmethylgermenium. 4ilso, carbon
tetrschloride rescted with triphenylgermanium-sodium, but
triphenylgermaniun amide was the only produot isclated,

The closely related diphenylgermanium-~discdium reacted
with smmonium bromide, but no diphenylgermenium dihydride
could be isolsted (10). The complex mixture of products was

net completely purified.

{45) EXrsus snd Rutting, J. Ams Chem. Soc., 54, 1622 (1932).
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Halides which undergo ammonolysis in liguid ammonia, and
thus produce ammonium halides, cannot be used in the presmence
of organotin-scdium compounds; becsuse ammonium halides rapidly
destroy organotin-sodium gompounds. For example, both tri-
phenyltin-sodium {21} and trimethyltin-sedium (16) rescted with
ammoniws bromide to give the corresponding organotin hydrides.

Alr will alsc destroy organotin-~sodiuvm oompounds, This
prediction was based on the observetion that oxygen reacted
with triphenyltin-sodiun, end after hydrolysis of the produet,
triphenyltin hydrozide was obtained (21).

In general, trimethyltin-scdium coupled well with
aliphatic monohalides to give the expected trimethylalkyltin,
The halides tried were ethyl bromide (18), benzyl chloride
(17), methyl icdide (46}, triphenylmethyl chloride (16}, and
sodiun chlorcoscetate (281).

The products of the resotions betwsen aliphatic polyhalides
and organotin-sodium compounds are less prediectable. Ethylens
dichloride reacted with trimethyltin-sodium to give ethylene
and hexamethylditin (16). Nethylene dichloride when trestsd
with either triphenyltin-sodium (47) or trimsthyltin~sodlium (19)

(46) Bullard and Robinson, ibid., 49, 1368 (1929).
(47) Xraus and Eatough, ibid., 55, 5014 (1933).
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gave the corresponding (RySnjgCHp, compound in good ylelds.
Chloroforn reacted with triphenyltinesodium to give mostly the
normal product, [(CgHg)s5nlgCH, and e smell amount of hexa-
phenylditin (47}. However, chloroform reacted with trimethyl-
tin-sodiun to give & large amount of haxamethylﬁitia and &n

| apprecliable amount of s compound which has been assigned the
structure (CHg)sSnCH=CHSn(CHz)z (22). Carbon tetrachloride
‘rescted with triphenyltin-sodium {47}, trimethyltin-scdium
{22}, and triathyltiuwsaéiumriaﬁ} to yield the corresponding
hezaorgenoditin éamgauadgz but the fete of the carbon could
not be éstermina&; in an attempt to prove the struecture of
vinylenebis{trimethyltin), 1,Z-dichlorcethylens was treated
with trimethyltin-sodium, but only hexamethylditin was found
&s a product (22),.

Chambers snd Scherer (21) resported that sryl halides did
not reaset with triphenyltin-sodium unless the halageg.haé been
soctiveted by the presence of a negetive group ortho or para to
the helogen. Their conclusion was based on the observation
that p~ or mpechloroaniline or sodium g-chlorephenoxide 4id not
coupls with triphenyltin-sodium, but both sodium p-bromo-
benzoate and p-chloronitrobenzene did couple with this
organotin-sodium compound., It wes mentioned, however, that
the products from the last two resctions were unstable and

underwent decomposition; aanaaquéntly, they could not be
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properly identified., Aryl halides show more promise of
rescting with trialkyltin-sodium compounds than with the tri-
aryltin-sodiwa compounds, The soupling reaciion took place
between pwdichlorcbenzene and trimethyltin-scdium to yleld
p~phenylenebis{trimethyltin) (16). The coupling resction took
place t0 a lesser extent between bromobenzene snd trimethyl-
tia*ﬁﬂéiﬂﬁ, since only a small amount of trimethylphenyltin
was formed. The other products were trimethyltin hydroxide
and considerasble [ (CHy)zSnlzN¥ and benzene {(46).

Sinos organotin-sodium compounds reacted with bromo-
benzene, sodium owchlorophenoxide snd the ochlorocanilines to
produce benzens {46), phencl {21}, and aniline (21},
reapsctively, it may be that g metal-helogen interconversion
took place wlth subsequent ammonolysis as shown in the follow-
ing equations.

| RgSnNa + CgHgBr — OCgHgla + RgSnBr
CeHgNa + RH5 — CgHg + NaNH,
BgzSnlla + RgSnBr —— (RgSn)g + NaBr

Some organometallic halides resot with organctin-~sodium
eamgcuaﬁa‘ta ecouple the organometallic compounds,

RgdX + (CHy)zSnNe — RgSn(CHzlz + NeX
Trimethyltin~sodium reacted in this menner with trimethyliin
halides {16}, triethyltin bromide (17), and triphenyltin
bromide (17). 4Also, trimethyltin bromide reacted in this way
with both triethyltin-sodium end triphenyltin-sodium (17).



This type of reaction wus used in sttempts to produce com-
pounds which have & tin-lead linkasge, &s in the reaction of
trimethyltin~sodium with trimethyllesd chloride, but
apparently the product [ (CHy)z8n~Pb{CHz)z] was unstable (16).
The sene general method wes applied in an attempt to produce
& tin-merecury bond by the resetion of iriphenyltin-sodium
with phanylmarcuris icdide, but only hexephenylditin, phenyle
mercuric emide, and mercury were found as produsts (21).

Tetraethylditin~disodium rescted with ethyl bromide to
give hexsethylditin (20), and likewlse, tetramethylditin-
disodium reacted with methyl iodide to give hexamethylditin
{24). These reactions were used to prove the struoture of the
tetraalkylditin~discdium cumpounds.

in interesting product [ (CHg)gB8n(CHy)pSnSn{CHy)eSn(CHz) 5]
- was formed by the reasction of tetramethylditin-disodium with
trimethyltin bromide, This ﬁra@uﬁt was interesting because it
contained three successive tin-tin bonds (48).

Sodium reacted with tetraethylditin-disodlum and with
tetramethylditin-disodium to yield diethyltin~disodium (20) snd
dimethyltin~disodium {24), rsspectively.

Diphenyltin-disocdium was destroyed by the pfaaeaas of
&ﬁ%ﬁﬁiﬂm bromide and produced the nns%ablayéiphanyiti&
dihydride (21).

Methyl iodide reacted with both dimethyliin-discdium and
diphenyltin-discdium to produce tetramethyltin (24) end
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dimethyldiphenyltin (48) respectively. In a similer menner,
diethyltin-disodium rescted with ethyl bromide to yleld tetra-
ethyltin (20}, However, an aromatic halide, bromobenzene,
when allowed to resct with dimethyltin-discdium 4id not
produce dimethyldiphenyltin {(46). In conirast to this
result, bromobenzens did remct with trimeﬁhy&tinﬂsoéinm to
give & small smount of trimethylphenyliin: therefore, it may
be said th&t trim&tkyltin»aa&ium ig more resctive than
&imﬂthyitinwdisaﬁium;

There is only one report {24) of a reasction of an organie
polyhalide with e dlorgenotin-disodium compound. This report
mentioned that Aimethyltin-disodium reaoted with methyleme
dichloride, but the resction was guite conmplex. The main
product was sssigned the formula [ (CHg)oSnCHgl,.

As would be expected, dimethyltin-disodium reacted with
dimethyltin dibromide to produce polymerized forms of dimethyl-
tin (24). The same type of reasction took place beilween
disthyltin-disodlium and dlethyltin didbromide (20). However,
when the ratio of the number of moles of dimethyltin-disodium
t0 dimsthyltin didbromide was two to one, a compound of the
structure [Na{CHj)oSn{CHyz)gSnSn(CHy)gNal was formed, This
complex compound reacted in the normal way with ethyl bromide
and with trimethyltin bromide (24)., The product from the
resction with trimethyltin bromide is of particular interest
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becsuse it contains a chain of five tin atoms,
Dimethyltin-~disodium reacted with dimethyltin with the
formation of tetramethylditin-~disodium (24).
{CHy)gSnNay; + (CHz)gSn — E&(&E@}QSaSn(Gﬁgigﬁa

’
RePUM

@rg&naleaﬁ~séﬂiﬂm compounds were destroyed by bctﬁ air
and mnisturs; Thus, when & liguid ammonis solution of
triphenyllead-sodium was allowed to reasct with air, hexaphenyle
dilesd and lead oxlde were gra&aaedfia about equel amounts (25).
Decomposgition of triphenyllead-sodium in liquid esmonis by the
eddition of water gave mostly lead oxide, but decomposition by
the addition of butyl aleohol geve mostly lead hydroxide {25);

Ammoniun bromide destroyed organolead-gcdium compounds as
well as all other R  compounds. In the case of lead com-
§auxﬁ$, however, the destruction was slower and a stable
hydride was not formed. Several atiemnplts were made to prepave
organolead hydrides by this method, but none was successful
{26). 4lso, Foster, Dix snd Gruntfest (26) studied the rezetion
of triphenyllead~sodium with smmonium bromide, and they
proposed the formstion of triphenyllead-ammonium.

Gilmen and Beilie (25) found that several Ry;PbNa compounds
reacted with benzyl chloride and ethyl bromide to yleld
RgPbCH,Cglly and RgPbCgHy, respectively. Alsc, they found that
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triphenyllead-godium reacted with benzohydryl chloride to
produce the expected triphenylbenzohydryllead.

Poster and e¢o-workers {28) reporited that triphenyllesd-
sodium reasocted with methylene éiehlari&s, in the absence of
ammonia, to form a waxy solid from which no pure compound
eould be isolated, They found the molecular weight of the
waxy solid to be 640 and mentioned that this valus suggested
the produet might contain two triphenyllesd groups. There-
fore, they felt that this waxy masterial mey have been crude
methylenebis({triphenyllead).

Leeper (27) Tound that good ylelds of triph&nylbanmyile&é
were formed when benzyl chloride waes sdded Yo the lithium,
godium, potassium, rublidium, calelum, bariuwm, or strontium
derivatives of triphenyllesd. He also found that the esleiunm
and lithium derivetives of triethyllead resoted with benzyl
ehloride to give triethylbenzyllead.

Little can be said of the reactions of diorganclead-
éimatal compounds, since they are the least stable of the com-
pounds mentioned in this report, Some decompesition takes
place during their reactions with any other material. As
mentioned prafimualyf the preparation of diphenylleed-dimetal
compounds may result in the simultanecus formation of other
organolead-metal compounds; therefore, the reactions mentioned
here may not bs reaections of pure diphenyllead-dimetal com-
pounds. Ammonium bromide was added to diphenyllead-dilithium,

\
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and a2 small yield of hexaphenyldilead was obtained, but no
hydrogen was evolved (28). Diphenyllead-dilithium rescted
with dipbenyliesd dibromide, but hexsphenyldilead, rather than
the expected diphenyllead, wes formed. Apparently, diphenyl-
lead-dilithiun reacted in & very oomplsx mennsr with ethyl
bromide bscause a mixture of tetraamethyllead, triethylphenyl-
lead, diethyldiphenyllead an&_%riphenyiaﬁhyila&é was produced
(28).
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The sumonis was allowed to evaporate, the ether wes distilled
off, and the residue wes extreoted with hot methyl alecohol
followed by hot benzene. Triphenylethyllead was obtained from
the methyl ealcohel and was reerystalligzed from fresh solvent.
Tetrephenyllead was obtained from the benzene extract and wes
recrystallized from chloroform. Baeh organolead compound wes
identified by & melting polnt and & mixed melting point,
Residuss that were insoluble in hot organie solvents were
dissolved in srmonium acetate, and the inorgsnic lesad was
precipitated as lead chromate by the addition of potassium
dichromste., The per cent yields were based on the emount of
tetraphenyllead added; in no c¢ase were they caleulated on the
basis of only ihat part of the tetraphenyllead which reacted,

Solvents

Two experiments were run according to the genaral
procedure, and the average ylelds of products were 88% of
triphenylethyllead (m.p. 44~45°), 15% of inorganic lead, and
13% of recovered tetraphenyllead {(m.p. 223-224°).

Another sst of two experiments was run as above with the
following modifieations: 100 ece. of ether was used in which
to suspend the tetrsphenylleed, and 75 ec. of szmonia was used
to dissclve the sodium. In one case, the clesvage was
ellowed to continue for five minutes, The products were 82%

triphenylethyllead (m.p. 44-45°}) and a trace of inorzanic lead.



In the other cease, the cleavege was allowed to continue six
minutes. The ylelds, in this ocase, wers 83% of triphenylethyl-
lead (m,p. 44-45°), 6% of inorganic lead, and 5% of recovered
tetraphenyllesd (m.p. 224-285%).

When these two sels of experiments were compared, it was
noticed thet the yield of triphenylethyllead wes 15% higher

when the elesvage was run in the more dilute solution.

Temperstiure

The genersl procedurse wss modified by the use of 100 co.
Aof ether and 75 ecc. of ammonis, and the cleavage was run at
~70¢ for one hour before ihs ethyl bromide was aéﬁaé; The
yields of products were 47% of triphenylethyllead (m.p. 42-43°},
& trace of inorganic lead,and 35% of tetraphenyllead (m.p.
224-225°).

An experiment, previously described in this report, was
run with all other conditions the same, but the time and
temperaturs of cleavege were six minutes and about -30°, 1In
this oase, the yields of triphenylethyllead and tetraphenyl-
lead were 83% and 5%, respectively. When the results of these
experiments were compared, it was seen that cooling the
cleavage reaction to -70° was pot sdvisable since it decressed

the yield of triphenylethyllead %6%.



Amount of ethyl bromide for derivatization

A suspension of 0.0039 mole of tetraphenyllead in 100 co.
of liquid ammonis wag stirred while 0.008l1 g. stom of sodium
was added, After ten minutes, 0.0068 mole (1.7 aquivalents) of
ethyl bromide was added, ' The mmmonia waes ellowed to evaporate
from the grey solution, and then the residue was worked up as
mentioned in the general prosedure. HNo triphenylethyllead
could be found in the methyl sleochel solution, but there wers
indieations of the presence of triphenyllead hydroxide, This
triphenyllesd hydroxide was prescipltated by the addition of
hydrochloric acid., ZHecrystallization of the precipitate from
ethyl sleohol gave a yield of 1.48 g. (80%) of triphenyllead
chloride (m.p. 202-204°), A4 mixed meltingz point with known
triphenyllead chloride was not depressed., The other products
isolated were 6% inorganic lead and 8% tetraphenylleed (m.p.
325~2$%‘); |

The fact to observe is that 1.7 equivalents of ethyl
bromide geve no triphenylethyllead, but Apperson had found that
a large excess of ethyl bromide (10 equivalents) gave a 90%
yield of triphenylsthyllead. The triphenyllead-sodlum that

Apperson used was prepared from hexaphenyldileed and sodium,
Different metals

These experiments were run under identical conditions and
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in duplicate. The metsls were andded to & stirred suspenaion
of 2.57 g, {0.005 mole) of tetraphenyllead in 150 c¢c. of liguid
ammonia and sllowed to reaset six minutes before 1.9 z. (0.015
mole) of benzyl chloride was added. After the smmonia evapor-
ated, the s0lid residue was hested with several portions of hot
methyl sleohol to extraoct the triphenylbenzyllssd. The residue
was then hested with hot ehloroform to dissolve the tetra-
phenyllead. The organclead compounds were orystallized twice
from their respective solvents., The experimenitsl date are

given in Table I.

Table I.
g. atoms of & yleid of % (Ughg I 4PD
Metal metal used (Cglly ) sPLCHCglis  TeoOVere
K 0.01 77 9
Na 0,01 81 2
Li 0.01 64 14
Ca 0,008 66 15
st 0.005 87 : 18
Ba 0,005 55 22

An attempt was mede to clesve tetraphenyllead with
magnesium. Magnesium turnings, 0,005 g. stom, were added to
180 ce. of liquid eammonia, end then 0.01 g. of smmonium

bromide was sdded. The liquid ammonie did not turn blue, butb



after three %uwaw@mw 2.57 8. (0.005 mole] of tetrephenylleasd
was added and the solution was ellowed to stir for two hours.
Although the solution bad not changed in appsarance, 1.9 g. of
benzyl chloride was sdded and the resction worked up in the
usual way. [o.triphenylbenzyllead wae found and 90% of the

tetraphenyllead was reccovered.

Presgence of sodamide

Sodamide was a by-product of the cleavege of tetraphenyl-
“lesd with sodium. Nﬁme an organlie halide was added to
derivatize the triphenyllead-sodium, the sodamide reacted with
the hallide more rapidly than did the triphenyllead-sodium.
This fact was shown by z comparison of the experiment given
below with thoss in which the sodamide was removed,

Metallie sodium, 0,23 mm {0,01 g. atom), was added to a
suspension of 2.57 g. {(0.005 mole] of tetraphenyllesd in 150
CC. aw liguid ammonia, &nd the resciion was allowed to con-
tinue for six minutes before the addition of 0.7 g. {(0.0085
mole] of benzyl chloride. A red color developed immediately
but wwmam rapidly. Whan the reaction was worked up in the
usual way, 7% of triphenylbenzylleed (m.p. wov@wavu,w»m of
inorgsnie lead, and &% of wmﬂwuww&wwwwmwm {Beps 223~284°) woere
cbtained. A
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Removal of sodamide

Piltretion, This experiment was run in the same way as
the experiment above, but after gix minutes were allowed for
the clesvage, the resction mixture was filtered through a
sintered glasss crueible befors the 0.7 g. of benzyl chloride
was added., When the mixture was worked up by the ssme method,
70% of triphenylbenzyllead (m.p. 90-91°}, 7% of inorganie
lead, and 4% of tetrephenyllssd (m.p. 223-224°) were obtained.

- Bemoval of the sodsmide incressed the yield of triphenylbenzyl-
lsad 63% as can be seen by comparison of this experiment with
the preceding one.

Addition of ammonium bromide. Awmonium bromide resaocts

readily with sodamide and mors slowly with triphenyllesd-~
sodium (25, 26}. This experiment was run to show thal ammon-
ium bromide could be used to destroy the sodamide without
destroying the triphenylleed-sodium.

A solution of triphenyllesd-sodium in 150 cc. of liquid
ammonis was mede in the same wey by the asddition of 0.01 g.
atom of sodium Lo C.00% mole of tetraphenyllead., After six
minutes were allowed for the cleavage, 0.49 g. {C.005 mole)
of emmonium bromlde was sdded, snd one minute 1&t§r 1.78 ce.
{0,015 mole) of benzyl chloride was introduced. The solution
d4id not become red, After the mixture wes worked up in the
ususl way, 83% of triphenylbenzyllead (m.p. 90-92°}, no
inorgenic lead, and 9% of tetraphenyllead (m.p. 222-223°) were
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obtained.

In the experiment just described, an excess of benzyl
chloride was used, but if the sodamide had been destroyed, an
excess of benzyl chloride should not be necessary. Therefore,
another experiment wes run in the same way as just desoribed;
but sligh@ly'ﬁgre‘ammsnium bromide, 0.54 g. (a.&ﬁﬁs mole), was
added and also less benzyl chloride, 0.83 ec. (0.0055 mole),
was used., Again, no red color could be detected during the
reaction with bengyl chloride. The yields of products were
B80% of triyhaﬁylbanzyliaad {mep. 91~92°) and 12% of tetra-
phenyllead {m.p. 224-225°)., This experiment shows that an
excess of bengyl chloride is not necessary if the sodsmide has
teen destroyed.

addition of excess smmonium bromide. Tetraphenyllead was

cleaved with sodium under the same conditions as used above;
then 0.98 g. (0.0l mole) of ammonium bromide was added. One
minute later 0.83 co. (0.0055 mole} of benzyl chloride was
introduced, Only 24% of triphenylbenzyllesd (m.p. 89-90°},
43% of inorganic lesd and 0.57 g. of & mixture of tetraphenyl-
lead and hexsphenyldilesd were obtalned. Although the excess
emmonium bromide hed rescoted only one minute, it had destroyed
about one-halfl of the triphsnyllead-sodium.

Time

Tetraphenyllead, 5.15 g. (0.0l mole), was cleaved



mﬁ?m

ageording to the genersl procedure (p. 49), but the amounts of
solvents were changed to 75 ¢s. of ether snd 75 eo., of ligquid
amsonia. The cleavage was allowed to continue for ome, two,
and five minutes to give 56, 55, and 55% of triphenylethyllead;
2, 11, and 3% of inorgenic lead; and 17, 5, and 4% of tetra-
phenyllesd, respectively. The cleavage of one phenyl group
from tetraphenyllead waes esasentially complete after one
minute, but the blue color of the sodium d4id not fade before

thrse nminutes of resction.

Excess sodium

Four experiments were run under similsr conditions, but
in two of thew cleavage was sllowed to continue for six
minutes, In the other two, cleavage ﬁaﬁ allowed to continue
for two and three-guarters hours, The solution of 0.044 g.
atom of godium in 10 ce, of liguid smmonisa was added rapidly
to & stirred suspension of 0.01 mole of tetrsphenyllesd in
20 coe. of ether. Two successive b ece, portions qf liguid
smmonie were used to wash over the rest of the sodium, The
reaotion was allowsed to ocontinue for a;%har gix minutes or two
and thrse~quarters hours before the addition of £ ce. of ethyl
bromide in 10 coc. ©f ether, After the ammonia evaporated, 30
se. of ether wes added. Then the solution was filtered, and
the filtrate was washed successively with dilubte nitrie acid,
dilute sodium esarbonate solution, and Tinally with water.
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The ether solution was eveporated, and the residue wes
extracted with hot methyl alechol. ﬁﬁ?‘f&&ﬁiﬁiﬁg solids were
extracted with hot benzene. The solids that were insoluble
in the hot orgsenic solvents wuré disgolved in ths nitrie soid
wagh solution, nsutralized with ammonium hydroxide, ascidirfied
with acetie aeld, and the inorganic lead precipitated by the
additlon of potassium dichromete,

The triphenylethyllead obtained from the methyl salechol
solution and the tetresphenyllead Irom the benzene solution
were recrystallized from fresh solvents and identified by
melting points snd mixed meltling points.

. The average yields for the six-minute cleaveges were 68%
of triphenylethyllead, 2% of incrganic lead, and 186% of tetra-
phenyllead; while the yields of the same compounds for the
two end three-quarters hours cleavages were 66%, 12%, and 1%,
respectively. Therefers, the ameunt of triphenyllesd-sodium
remeined constent over & few hours, even in the presence of
excess sodium, but there was & decrecse in the yleld of tetra-
phenyllead and an incresse in the yial& of inorganic lead when
a longer time was allowed for the cleavage.

Bince excess sodlum did not decrsase the yield of tri-
phenyllead-sodium, it should be satisfectory to add metallic
sodiun 0 = suspension of tetrsphenyllead in the ammonia —-sther

mixed solvent., Two check experiments were run as described



above, but the metallic sodium wes added dirsetly to a
suspension of tetraphenyllead in & mixture of ether and liguid
ammonia., Also, the cleavage was allowed to continue for six
hours before the ethyl bromide was added. W¥hen the resction
wag worked up in the same way, the averages of the yields of
products were 58% of triphenylethyllead (m.p. 40-41°), no
tetraphenyllead, and 257 inargéni& lead,

Another experiment wes run under the same conditions, but
0.1 mole of tetraphenyllesd and corresponding amounts of ths
other resgents were used, Also, this cleavage was allowed to
proceed for only fifteen minutés befors the ethyl bromide was
sdded. The reaction produect was worked up by the same general
method, but the wethyl alecobol soluble fraction was subjected
to a reduced pressure distilletion. The product ﬁiaﬁiilea at
190-200° {4 mn.) with some decomposition. This boiling point
was considerably sbove that reported for diethyldiphenyllead
[170-175° (5 mm.)] (28). 4lso, ell of the distillate
solidified at room temperature, and triphenylethyllead would
not orystsllize even if only & smell amount of diethyldipbenyl-
lead wes present (49). The melting poiant of the distillate was
47-48%, and on resorystallization it was changed to 42+43°,
which 18 the reported value for triphenylethyllead (50}. The

{49) Apperson, unpublished studies.
{BO} Krause and Schmitz, Ber., 52, 2150 (1919}.
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vields of the products were 67% triphenylethyllead {m.p.
42-43°), 11% inorganic leed, and 8% tetraphenyllead (m.p.
2B3-224° ).

| The sther that was removed from the crude reaction product
of this last run was very carefully frsctionated to separate
the benzene Ifrom the ethsr. Renwene was formed from the phenyl
group cleaved from the tetraphenyllead. Di-n-butyl ether was
added in the fractionation to force &ll of the benzene through
the column. The orude bengene fractlon (b.p. 76-78%) amounted
to 4.5 ¢c. or a 50 per cent yield based on the removal of one
phenyl group from tetraphenyllead. %The crude benzene contained
unsaturated hydrocarbons, since it dscolorized sppreciable
amounts of\bremin&, This unsetursted compound was not eyc10~'
hexadiene-1,3, since no color wes produced when the crude
benzene was trsated with ethyl alcohol and concentrsted sulfuriec
aeid (51). The refractive index {ngi} of the crude benzene
wes 1,4860, but the reported value (52) is 1.50137. 4 3 ce.
portion of the crude benzene absorbed 0,3 ce, of bramiaa; and
the benzeune that was distilled from the bromides had a
refreoctive index of 1.5010, Therefore, the lmpurity was sn
unsaturated compound and probably & partislly reduced benzene

ring. This purified benzens was nitrated under the conditions

(61) Markownlkoff, aﬁﬂ.g 302, 31 (1898).
{52} Brihl, ibid., 200 200, 13§ Ex&aa}.
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given by Shriner and Fuson (53). Hsorystellizetlon of the
orude product from dilute alcohol gave m-dimitrobenzene (m.p.
87-88%), the identity of which was proved by a mixed melting
point. | , ,

A comparison of the results from cleavage experiments in
whieh four equlvalents of ﬁoéinm were used showed that the
yield of triphenylethyllesad was éee:aase&, end the yleld of
inorzganic lead was increased efter six hours of cleavsge.

The gxparimanﬁs desoribed below were run with different
amounts of socdium in attempis to eleave two phenyl groupa from
t@tr&yh&nyﬁlaaﬁw In every osss, the sodium was dissolved in
15 co. of liguid smmonia end added to s stirred suspension of
5.15 g. {0.01 mole} of tetraphenyllesd. The rest of the sodium
was rinsed over with & co. more of liguid ammonis. The
resction wes allowed to continus in e nitrogen atmosphere, with
stirring, for two and three-quarters hours before a solution
of & cc. of ebthyl bromide in 10 ¢c. of sther was added. The
ether layer was evaporated alter it had been washed quickly
with dilute nitric aecid, sodium bicarbonate, and water. The
residus was extracted with methyl sleohol and with benzene,
Inorganic materials werse dissoclved in the wash nltrie acid,
aud the lesd chromate wasryraaiyitat@é. The yields of products
are averages from duplicate runs.

{(53) Shriner and Fuson, "Identification of Organie Compounds®,
John ¥iley and Sons, Hew York {l@&&] D. 139.



When 0.506 g, (0.082 g, atom) of sodium wes used, the
yvields of products were 74% of triphenylethyllead (m.p.

40-41°}), 3% of inorganic lsad, end 4% of tetraphenyllead

(m.p. B22-223°), |

When 1,01l g. {C.044 g. atom) éf sodium wes added, the
average yield of each produet was 66% of triphenylethyllesd
{mep. 40-41°), 12% of inorgenic lead, and 1% of tetraphenyl~
lead (m.p. 221-222°)},

When 1.51 z. {C.086 g. atom) of sodium was used, & total
of 40 ee. of liquid smmoniea had to be sdded to dissclve the
sodium. The yields of produets were 57% of trirhenylethyllsad
{(m.p. 41-42°) and 22% of inorgenic lead.

When 2.02 g. (0.088 g. atom) of sodium was added, it was
also nscessary to use 40 ce., of liquld emmonis. The yleld of
sach produet was 57% of triphenylethyllead {m;?; 40-41%) and
15% of inorganic lead,

Piethyldiphenylleasd could be found as & product in none
of the above experiments; =20 there was no definite evidence
that two phenyl zroups were ¢leaved from tetirephenyllead.
However, since an incrsase in the amount of sodium caused a
slight decrease in the yield of triphenylethyllsad, it is
conceivable that two phenyl groups may have been cleaved from

the tetraphenyllead to & small axtent,



- B3 -

Optimum conditions

The powdered tetrsphenyllead and 100 eguivaelents of sther
are pleced in a three~necked flask provided with a stirrer,
separatory funnel, and e four inch long, 10 mm. diameter
glass T-tube stoppered at the top. The side arm of the T-tube
'is connected to a trap. Now, 270 squivelents of liquid
ammonis are added to thes contents of the flask. While this
solution 1is stirred, 2.4 equivslents of sodium is added,
plecs by piece, through the T-tube, and five to ten minutes
is allowed for the clsavage to become complets. The
sodamide, formed during the ¢leavage, may be removed elther
by filtretion or by the addition of one equivalent of ammonium
bromide, FHowever, it is not necessary Lo Temove the sodamide
if the triphenyllead~sodium is to be used for the prepsration
of a triphenylslkyllesd compound. 1In this case, s solution
of & equivalents of the alkyl halide in an equal volume of
ether is added, The ammonia is allowed to evaporate and the

mixture is worked up as desoribed previously.

Conditions influencing cleavage of tetraethyllead

Solvents. Tetramethyllead, 6.46 g. {(0.02 mole), was
gdded to a solution of 0,92 g. (0.04 g. atom) of sodium in
100 ose. of 1lguid ammonis. The blue color 4id not fade out

until afterArcurt@aﬁ,miauteﬁ of resction; then 0.04 mole of
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n-butyl bromide in 25 ce. of ether was added. Vhen all of the
smmonia had evaporated, water was sdded, and the orgenic layer
was washed with dilute hydroehloric acid, dilute sodium
bicerbonate and water, The ether solution was dried, the sther
removed and the residue distilled under reduced pressure to
yialé 5.6 g. (80%) of triethyl-p-butylleed. All of the yields
in this section were calculated on the besis of the emount of
tetraethyllead added., The physiecal properties of the
distillate were: Db.p. 81-83° (5 mm.), ng@ 1.5112, and

ﬁia 1.5283, BHedistillation of the organclead compound through
the same fractionating column gave a distillate with s boiling
point of 106-108° (13 mé;} and & refractive index (ugn} of
1.51228. These values check the reported values for triethyl-
gfﬁatyliead (54}, Tetraethyllead waes found to be only
glightly soluble in ligquid ammonia.

Toluene, 50 ce.,, was used to dissolve 8.46 g. (0.02 mole)
of tetraethyllsad; then & solution of 0,92 g. (0.04 g. atom)
of sodium in 150 cc. of liquid asmmonlia was added., Six
minutes were allowed for the cleavage to become complets
before 5.48 g. (0,04 mole) of u-butyl bromide in 20 ec. of
ether was sdded., The reaction was worked up in the seme way
as mentioned above. 4 yleld of 6.2 g. (88%) triethyl-p-butyl-

lead was obtelned. The constants of this product were

(54) Gruttner and Krause, Ber., 50, 202 (1917).



bsps 91-93° (8 mm.) and a§° 1.5121,

Ether, 50 c¢c., was used as a solvent for G.4 g, (0.02
mole) of tetresethylliead, To this sclution was added 0.92 g.
{0.04 g. stom) of scdium in 150 ce. of liquid smmonia sccord-
ing to the procedure mentioned sbove. VYhen the resction was
worked up in the same way, the yield of triethyl-n-butyllead
- was found to be 91%. The boiling point and refractive index
(np ) were 81-83° (5 mm.) and 1.5122, respectively. Other
runs gave ylelds as high es 95% of triethyl-p-butyllead.

Clesvage was slower and less complete in liguiﬁ’ammﬂaia
slone than in the cases where mixed solvents were used. The
moat aaﬁylaﬁe cleavage was obiained when ether-ammonis solvent

was used,

Temperature

A mixture of 150 ce. of liguid smmonia and 150 cc. of
ether was used to dissolve 0.92 g. (0.04 g. atom) of sodiunm,
The solution was then cooled in a bath of ether and solid
carbon dioxide while 6.46 g. (0.02 mole) of tetrasthyllead was
added., The blue of the sodium solution was rapidly discharged,
but the ecleavege was allowed {0 continue for three minutes;
then 5.48 g. (0.04 mole} of p-butyl bromide was added. All of
these reactlions were run in en atmosphere of nitrogen., The

reactlon mixture wes worked up in the ususl manper, and 8.7 g.
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(95%) of triethyl-n-butyllead was obtained. The constants of
the product were b.p., 82«84° (5 mm.) and ﬁgﬁ 1.5120.
~ VWhen the reaction mixture was not cooled, but with all
other conditions the same, & yield of 91% triethyl-n-butyl-
lead was obtained., The boiling point and refractive index of
this product were 81-83* (5 amm,) and 1,51283, respectively.
A lower temperature heas no marked sffect on the cleavage

or derivatization reaction.

Amount of n~bubtyl bromide for derivatization

The same geperal procedurs was used on the following sets

of experiments., Tetraethyllead, 6.4 g. (0.02 mole}, was
dissolved in 150 ce. of ether, and 150 ce. of liquld ammonia
was added. Sodium, 0.98 g. (0.04 g. atom), was then intro~
duced and allowsd to react for seven minutes before a definite
amount of n~butyl bromide was added. A4 nltrogen atmosphere
was enmployed during these reactions, After the liquid smmonia
had @va@ar&t&&, the reasction mixture was filtered; and the
ather filtraste wes washed successively witﬁ dilute hydroechlorie
acid, dilute sodium carbonate, and water. The corgaenlec layer
was dried, the ether was removed and the residue was fraction-
ated through a column of about ten theoretiecal plates.

Cne eguivalent., In this run, 2.74 g. (0.02 mole} of
n-butyl bromide was added to the solution of triethyllead-sodlum



according to the general procedure described abovs. Théra
were several differences between this snd the other runs in
this section when the reactlons were worked up. Firast, the
ether aﬂl&tian turned pink when it wes beling filtered.
Second, the filtrate turned ﬁiagk immedistely upon the
addition of dilute hydroehloric seid. 7Third, decomposition
of the organclesd frection took place during distillation.
These three changes alsc took place when a solution of
triethyllead-sodium was trested in the same way, These
glmilarities indicated thet one eguivalent of n-butyl bromide
may be iasuffiaigﬁt to derivatize the triethyllesd-sodium,
This was emphasized by the isolation of a less pure triethyl-
np-bubyllead in a lower yield. The yileld of triethyl-n-butyl-
lead wee 5.4 g. (77%), end although it was fractionated twice,
the refractive index st 21° was 1,.5182. This value d4id not
egree well with the reported velue il;ﬁlﬁ@}; The product had
& density of 1.5872 at 21°.

One and cone-half eguivelents., This reaction was run

aceording to the genersl procedure desoribed at the first of
this section, but this was a laerger run sad was done in a more
soneentrated solution. Tetraethyllesd, 127.2 g. (C.4 molse},
in 500 ec. of ether was added to a solution of 18.8 g. (0.8l g.
atom) of sodium in 500 ge. of liquid ammonia. Later, 82.5 g.
(0.8 mole), of pn-butyl bromids in 75 ce. of ether was added.

The yield of triethyl-n-butylleed was 125.1 g. (90%), and the
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chareoteristics of this produet weare ngi 1.8125, b.p. B0-82°
(4 mm,.} and 104~106° (12 mm.).

Two equivelents., The same general procedure was followed

and 5.48 g. (0.04 mole) of p~butyl bromide was sdded to
derivatize the triethyllead-sodium. The product, which boiled
ateadily at 81-83°, was gollescted in two fraatiana; S8ince both
fractions were found to heve the same refractive index (ngﬁ
1.5122), they were combined. The density (d. ) of the combined
 fractions was 1.5122, and the yield was 914,

The cleavege was repeated in a larger run and in a more
coneentrated solution, Tetrasthyllead, 127.2 g. (0.4 mole),
in BOO oco. of ether was added in a‘slaw atream 10 a solution
of 18.6 g. {0.81 g. atom) of sodium in 500 cc. of liquid
ammonia. The resction wes allowed to continue for ten minutes;
then 109.1 g. (0.8 mols) of n-butyl bromide in 100 ce. of ether
was sdded. When the product wes worked up in the usual way,
151.5 g. (94%) of triethyl-n~butyllead was obtained. The boil-
ing point and refraoctive index €é§§§ of this product wers
104~106° {12 mm.) and 1.5183, respectively.

Pive eguivalesnis. Another run wes made agcording to the

general procedure, but 20.8 g. (0,15 mole] of n-butyl bromide
was'adﬁaﬁ to derivatize the tristhyllead-sodium. The yleld
of triethyl-p-butyllead was 10 g. (95%). The characteristies
of this product were ny 1.5125, b.p. 91-9%° (8 mm.), end



106«107° (13 mm.). Since this was the first experiment of this
set to be rum, a lead analysis was also made on the product
(65). |

Angl. Caled. for CyoHg Pb: Pb, 59.0. Found: Pb, 58,6,

Different metals

Liguid ammonia, 150 c¢ec., was used to dissolve the metal
usged for clesvage, and B0 ec. of toluene was added. Two
minutes after the addition of 6.46 g. (0.02 mole) of tetra-
ethyllead the solution lost the blue color and becems slightly
orange., Six minutes was allowed for the reaction to become
complete before 5.48 g. (0.04 mole) of n~butyl bromide in 20
ec¢. of ether was aﬁ&s@; The reaction mixture was worked up in
the usual way.

When 0.8 g. {0.02 g. stom) of celcium was used as a
eleaving agent, a 94% yield (6.6 g.) of tristhyl-n-butyllead
was obtained, The constante for the products were b.p. 91-33°
(6 mn.) and oy 1.5125.

When 0.88 g. (0.04 g. stom) of lithium was employed as a
cleaving agent, a 94% yield of triethyl-p~butyllead was also
obtained. The eonstants for the product were b.p. 91-83* (8 mm. )

80
and np 1.5124.

{85) 411 lead snalyses were carried out according to the
method of Gilmen and Robinson, J. Am. Chem. Soc., 80,
1714 (1928).
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¥hen 0.92 gz. (Q*Gérg. atom} of sodium waes used as a
cleaving agent, an 88% yield (6.2 g.) of triethyl-n-butyllead
wee isolated. The constants for this product were found to
be b.p. 89-91° (7 mm.) end ny 1.5121. |

Under these conditions there is no appreciable difference

in the cleavage ability of these nmetsls,

Removal of sodemide

Filtration. & solution of triethyllead-sodium in a
mixture of ether and liguid smmonie was prepared by the
addition of 12.92 g. (0.04 mole} of tetraethyllead in 50 oo,
of ether to a solution of 1.84 g. (0.08 g. atom) of sodlum in
50 ec, of liguid emmonia. The cleavege wes allowed to continue
for six minutes before the resction mixture was filtered
through glass wool., The filtrste was then treated with 5.4 g.
(0.04 mole) of n-butyl bromide, After the smmonia had
evapcrated, the ether solution wes washed with water, dried,
evaporated, and distilled under reduced pressurs. The main
fraction boiled at 91-93° (8 mu.) and amounted to 11.8 g. (85%)
of #riethyi~gybutyllaaﬁ. The lower yield was probesbly due to
loss of triethylisad-zcdium during filtration becasuse there
were no color changes or evidence of instability during
distillation which would indicate incompletely derivatized
triethyllead-sodium.

Addition of smmonium bromide, A solution of
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then & solution of 10.96 g.» (0.08 mole) of n-butyl bromide in
40 cc, of ether was added. The smmonie was allowed to
aevaporate, and the resulting ether solution was washed
successively with dilute amcetic zcid, dilute saﬁiﬁm hydroxide
solution, and waeter, The orgenie layer was then dried and
subjected to fractional distillstion. The only organclesad
compound obtained wes 8.1 g. (87%) of triethylen-butyllead.
The boiling point wes 90-94° (8 mm.}, and the rafraagiVﬁ
index {ngg) was 1.8120. There wes no evidence that two ethyl
groups were c¢leaved from tetraethyllead under these eonditions.
Conditions for more vigorous cleavage were used when 4.6
Ee (0e2 ge atom} of sodium in 300 e, of liquid ammonis was
treated with a solution of 16.15 g. (0.05 mole) of tetraethyl-
lead in 20 ce, of ether, The reaction waes allowed to gontinue
for two and one-halfl hours, By this time, most ol the ammonisa
had evaporsted; so 50 e¢g. more of liquid smmonis was intro-
duced. Then 19 g. (0.2 mole] of methyl bromide in 20 co. of
ether was added very ceutiously. The resction was worked up
in the same manner as described above, Two fractional
distilletions were necessary to separate the mixturs into
three mein frections., The first was 0.7 g. of an impure
compound which boiled at 40-47° (16 mm, ). The second was
2.15 g, of diethyldimethyllead or & 15% yield. The third was
5.5 g. of triethylmethyllead or & 36% yileld. The observed
congtants for diethyldimethyllead were bL.p. 54~-56°% (16 mm.)},



- 73 -

ngg 1.6168 and a§° 1.7852. The cbserved characteristies of
the triethylmethyllead were b.p. 70-72% (16 mm.), n§4 1.5163
and ﬁig 1.7122. These obgerved constants check the reported
constents for both ﬁiathyldimethyll&aﬁ {66} and triethyl-~
methyllead (57]). |

Cptimum conditions

A solution of 2.2 squivalents of sodlium in 100 equivalents
H
of ligquid smmonia iz mede in & three-necked flask provided
with a stirrer, separatory funnel, end a four ineh long, 10

ameter glass T-tube stoppered st the top. The side arm
0of the T-tube 1s connectsd to a trap. 4 solution of tetra-
- ethyllead in 20 equivalents of ﬁ@éium drised ether is added
rapidly to the stirred solution of sodium, After six minutes,
the solution may be filtered to remove the excess sodamide;
however, if the solution of tristhyllsad-sodium is to be used
for the preparation of an unsymmebtrical orgenolsad compound,
it is not necessary to rsmove the sodamide., In this case, a
solution of 1.5 equivalents of the alkyl halide in an equael
volume of ether is asdded., The resction is worked up ss

deseribed previously.

(56} Holler aend Pfeiffer, Ber., 49, 2441 (1916).
(57) orittner end Krsuse, 1Did., 49, 1125 (1916).



Cleavage of Urganolead Compounds in Inert Solvents

¥ith the binary system (Mg + MgI,)

An sttempt was made to cleave triphenylbenzyllead with
the binary system of Gomberg &nd Bachmann (58}, but apperently
only & redistribution reasction toock place., Powdered magnesium,
1l ge (0,042 g. atom), was covered with 25 ec, of ether, and
1.5 g. (0.0118 g. atom) of lodine was asdded and allowed to
react until the solution became colorless. To this solution,
which contained msgnesious iodide, was added 2.65 g. (0.005
nole) of triphenylbenzyllead in 50 ve. of bengzene., The
solution became slighitly green, but all of the volor tests
with Mlchler ketone wers ﬂ@g&tiva; After forty-one hours
of reaction, an 6xcess of ethyl bromide was added and allowed
to react fifteen minutes before the solution was filtered.

The filtrate was avaporated and the residue extraeted with

hot ethyl alecohol. GSome decomposition took place in the hot.
aleohol sclution. When the aleohol solution was ecoled, 1 g.
(38%) of triphenylbenzyllead (m.p. 93-94°) was obtained. The
residue left from the hot aleohol extraction was orystallized
from ehloroform to yield 0.3 g; (11.5%) of tetrsphenyllsad

{m.pe 223-224°). The identity of esch of these compounds was

(58) Gomberg end Bschmann, J. Am. Chem. Soc., 49, 8584 (1927).
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proved by & mixed melting point determinstion.
Since tetraphenyllsad snd unsteble organolsad compounds
were found as produscts, it ls probable thet & redistribution

reaction took place.

With sodium emalgen

Two attempts were made to cleave triphenylbenzyllead
with sodium asmelgem. In both cases, &»saluti&# of 2.85 g
{0.005 mole) of triphenylbenzyllead in 50 aé; of ether was
stirred with 0,35 g. {0.015 g. atom} of sodium in 28 g. of
meroury. One reaction was sllowed to go five and one-half
hours at room temperature before 2.16 g. (0.02 mole) of ethyl
bromide in 10 eo, of sther was added. The sther solution was
evaporated, and the residue wes crystallized from methyl
gleohoul, The only product thet could be isolated was 2.85 -
{86%) of triphenylbenzyllead (m.p. $2-93°). The other
resstion was refluxed twenty-sight hours before the ethyl
bromide was sdded. Again, 2.86 g. (86%) of triphenylbenzyl-
lead (m.p. 92-93°) was the only gr@&n&% found.

%ith sodium

A solution of l.4 g. {0.06 g. atom) of sodium in liquid

ammonia was made and the ammoniz wes allowed to evaporate to



form a thin laysr ef sodium on the lnside of the flask. Then,
50 co. of ether and 8.3 g. (0.025 mole) of tetraaﬁhyllsa&vwere
added, and the mixture was stirred for two hours, The surface
of the sodium became dark, but epparently there was no
apprecisble resectlion, Dry ammonis gas was introduced abtove
the liquid; then the ether began to reflux end a ges was
evolved. The reaction flask was cocled in an ice-salt cooling
mixture, The eolor of the solution becauns yallaﬁ and then &
very deep red. Methyl lcdide, 8.5 g., was intraﬁaaéé and
allowed to react five miuaﬁas‘befﬁre ethyl slochol was added.
The resction mixture was filtered to separete 3.2 g. (28%) of
- lead iodide. The tiltraﬁa was subjected to fractional
distilletion. The crude arg&aalaaﬁ‘disﬁillate was refraction-
ated, but only 1.4 g. (18%) of triethylmethyllead was obtained.
The eanstanta observed fbr the product were b.p. 75-78% (17
e ) s ng l.ﬁlﬁ@, and di 1.7082 (58).

This experiment was repeated, but this time 16.6 g. (0.05
mole) of tetraethyllead, E.% 2. {0.1 g. atom} of sodium, and
100 ee. of ether were used, The resction was kept at -10° from
the start of the introduction of ammonias. Also, 14.2 2. (0.1
mole) of methyl iﬁﬁi&é was added before the solution becane
red, The resotion nizture was worked up in the same way to
yield 3.37 g. (15%) of lead lodide and 7.3 g. (47%) of
tristhylm@thyileaé, The latter product had the following
gonstants: D.p. 72-74° (16 mm.), agg 1.5150, and ﬁi‘ 1.7120.



Reactlion of Qrgaaolaaﬁ«a@éium»wﬁth Organic Halides

Iriphenyllead-sodium

Triphenyllesd~sodium was prepared by the addition of a
8light excess of ﬂeéiém to & suspsnsion of 2.83 g, (0.005
mole} of triphenyllead iodide in 150 cc. of liguid ammonia,
Then a solution of 1.03% g. {0,0055 mole) of ethylene dibromide
in 10 ce. of ether was aéﬁe&* Alter evaporation of the
smmonia had teken place, water was sdded, and the mixture was
filtered, An attempt wes made to extract unsymmetricel
organoclead compounds by the ﬁﬁe of hot methyl aleochol, but
nonse of the residue dissolved. The residue was then extrected
with chloroform, and the solution was concentrated and cooled.
When methyl alcchol was edded to the cold solution, 1.7 g.
(80%) of ﬁax&yhanyldiiaaé precipitated, The product darkened
at 172° and melted at 225-226°, | |

An attempt was made to use a modification of this
procadure as & rapid method for the preparation of hexaphenyl-
dilead, Tetraphenyllead, 5.15 g. (0.0l mole), was cleaved by
0.5 g. {0.022 g. stom) of sodium in & mixturs of 75 ce. of
liguid emmonis and 50 c¢c, of ether, The reactlion was allowed

to continue for ten minutes before 4.14 g. (0.022 mole) of



- 78 -

sthylene dibromide in 10 cec, of ether was added. The asddition
had to be done carefully until the excess sodium hed besn
destroyed., The smmonis and ether were e%aperatad; then the
residues was extracted with ohloroform. The ¢hloroform solution
was concentreted, and the hexmphenyldilesd wes forced out of
solution by the addition of methyl ala&&sx; The yield of hexa-~
phenyldilead was 2.5 g, (57%). 4 melting point sample darkened
at 170° end melted at 224-225°. When the experiment was
repeated, 2;58 2+ (59%) of hexaphenyldilesd was obtained. A
lead analysis proved the product was pure.
Ansl. Caled. for OgzgHzoPbe: Pb, 47.3., Found: Pb, 46.9, 47.0.
* The presence of a largs exeess of ethylene dibromide
during its resotion with triphenyllead-sodium may lead to the
produection of either triphenyllead bromide or triphenyl-
¢g¢brnmaaﬁhyileaﬁ; Therefore, & solution of triphenyllsad-
sodiun in 78 eec. of liguid emmonie and 50 cc. of ether was made
by the cleavage of 5.15 g. (0.01 meole)} of tetraphenyllead with
0.5 gs (0,022 g. atom) of sodium. This solution of triphenyl~
lead-godium wag slowly forced over into a stirred sclution of
10 ¢c. of ethylene dibromide in 20 ce, of sther, The smmonia
was sllowed to eveporate, and the residue was subjected to
steam-distillation. The nonvolatile portion was extraeted with
hot methyl slsohol followed by hot chloroform, The methyl
aleohol solution contained a compound that was very soluble

but whick had no definite melting point. These properties are
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reaindful of triphenyllead hydroxide; so the alcohol solution
was treasted with dilubte hydrochloric scid. Immediately a
white precipitate wes formed which, when recorystallized from
ethyl aleohol, amounted to 0.11 g. (2%) triphenyllead

shloride (m.p, 2804~-205°). 4 mixed melting point with an
euthentic spescimen of triphenyllead chloride was not depressed.
The echleroform solution was concentrsted and coolsd to yield
0,81 g« (6%) of tetraphenyllesd (m.p. 283-224°). Methyl
‘aloohol was then added to the ohloroform. This treatment
gaused 1.3% g. (34%) of hexaphenyldilead to precipitate.

2-Chlorotoluene

All of the resetions hatw@éﬁ triphenyllead-sodium and
aryl halides described in this section were run under similer
conditions and worked up according to the same genersl direct-
ions. These general directions were to add 4.73 g. (C.Cl mole)
of triphenyllead chloride to 100 ve. of liquid smuonis in &
250 ec. three-necked flask and then to introduce 0.5 g. (0.022
g. atom) of metalliec sodium. After six minutes, 25 ce. of
ether and & definite amount of the sryl haulide were added,

The resction was allowed to continue for warious lengths of
time before the mixture was hyﬁr@ly%aﬁ; The mixture was
steam~-distilled, and the nonvolatils portion wes extracted
sucesszively with hot ethyl eloochel, chloroform and smmonium

acetate, All of the producits were identified by = melting
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eight hours in ome run snd for twenty-three hours in another
run, The raac%iga was worked up as deseribed in the general
directions, and after meny raery&talliz&tiaﬁs, the chloroform
soluble fraction was sepearated into tetraphenyllead and a com-
pound that wmelited at 115-119°, The latter compound was proved
to be triphenyl-p~tolyllead, since a mixed melting point with
aun authentic specimen was not depressed, The yields of
products from the eight hour run were a;a g» (4%) of triphenyle-
p-tolyllead {(m.p. 115-119°) and C.1 g. iﬁ%} of tetraphsnyllesd
(m.p. 228-224°). The yislds of products from the twenty-three
hour run wers 0,25 g. (5%) of triphenyl-p-tolyllead (m.p.
115~1198°) and 0.3 g« {8%) of tetraphenyllesd (m.p. 223~824°).
In spite of the five recrystallizstions, the triphenyl-p-tolyl~
lead was not pure, since the observed melting point wes 6 to
10® lower then the melting point which has bveen reported for

this compound (59).

KMethyl p-bromobenzoate

The solution of triphenyllead-sodium was treated with
2.15 g. {0.01 mole) of methyl p-bromobenzoste and was allowed
to resect for twenty-four hours., The resction wss worked up
&3 mentioned above, but the residue from the alecohol solution

was extracted with hot weter. Vhen the water solution cooled,

(59) Krause and Schmitz, Ber., 52, 2150 (1819).
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erystals of an amide formed. All aqueous solutions were then
acidified and extracted with ether. The ether wes evaporated,
and the residue was recrystallized from methyl aloohol. The
product was 1.1 g. (55%) of p~-bromobenzamids {m.p. 196-197°).
The identity of the product waes confirmed by a mixed melting
point with an authentic speeimen of p-bromobenzamide. No pure
organolead compound could be isclated as a produet of this

reaction.

p-Iodonitrobsnzene

The reaction between triphenyllead-sodium and 2.5 g.

(0.01 mole) of p-iodonitrobenzene wes carried out ascording to
the general direotions, dut a benzens scvlution of p~iodonitro-
benzene was added to the triphenyllesd-sodlum. 4 very intense
red color dseveloped in the solution, but the resction wus
allowed to continue for twenty-four hours. The only organolead
compound isala%ad,in the pure state was 5.3 g. (60%) of hexa-
phenyldilead.

This reaction was repeated, but 6.34 g. (0.084 mole) of
solid p-iodonitrobenzene was added to the ﬁelutiaﬁ.cf triphenyl-
lead~-sodium. Again, the red coclor developed, and the reaction
was allowed to continue for twenty-four hours., This time,

1.85 g. (45%) of hexaphenyldilead, 0.3 g. (8%) of tetraphenyl~
lead, and 0.25 g. (8%) of lead chromste were obtained.
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2,4~Dinitrochlorobenzens

A sclution of triphenyllead-sodium, prepared according to
the g@ﬁﬁtﬂl directions, was trested with 2.03 g. (0.0l mole)
of 2,4-dinitroohlorobenzene. An intense red color developed
immedistely, and then it changed to a violet color., Most of
the products dlssolved in the hot slochol, but when the
solution wese ecooled, only & tar could be obtained. HNo pure
compounds could bes isolated from this reaction. When liquid
ammonie was added to 2,4-dinitrochlorcbenzens, aAre& color
dsveloped and was scon repleced by a violet color. However,
upon svaporation of thé ammonia, the melting point of the

2,4=dinitrochlorobenzene was unchanged.

Iriethyllead~sodium

Kethyl bromide

Tetraethyllead, 12.92 g. (0.04 mole), was dissolved in
80 c¢e. of ether, and added to & solution of 0.56 g. (0.08 g.
atom) of lithium in 75 eec. of liquid a&monia while the
resction was cooled in an acetone-solid carbon dioxide bath.
A nitrogen atmosphere was used. After ten minutes of cleavage,
7.6 g. (0.08 mole) of methyl bromide in 20 ce. of ether was
added. The sther solution, remsining after evaporation of

the ammonia, wes washed several times with water, dried, the
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ether fractionated off and the residual o0il subjected to
reduced pressure diatiliahiaﬁ; The yield of triethylmethyl-
lead was 10.34 g. (85%) and its identity was proved by the
constants b.p. 75-76° (16 mm.), n;s 1.5153, and &fﬁ 1.7120.
These constants check those reported for tristhylmethyllead
(87).

Benzyl shloride

Sodium, 6.9 g. (0.3 &« atom}, was dissolved in 285 ee;
of liquid emmonie, and a solution of 46.4 g. (0.15 mole) of
tetraethyllead in 225 co. of ether was added rapidly. A
sclution of 57.8 g. (0.3 mole) of benzyl chloride in 35 cc.
of ether was then added. At this stage red streamers
sxtended through the thick zrey sclution. The red color
séamaé to originste from the precipltate in the bottom of the
flask and then to fale as it went through the soclution, A4fter
two hours, weter was added; and the ether sclution was washed
successively with dilute acetie aecid, dilute sodium hydroxide
solution and water. The organic layer wes dried over sodium
sulfate and the ether removed. Crystals began to form in the
residual o0il; so it was cooled and filtered. The so0lid
weighed 4.8 g. and melted at 1&1*133‘; Two recrystallizations
from petroleum ether (b.p. 75-115°) gave orystals with a
melting point of 183.5-184°, A mixed melting point with an

authentie specimen of stilbene wes not depressed. The oll



from the filtrate above was distilled at 4 mm. Some
deccmposition toock place, but 41 g. of distillate, boiling

~at 115-120°, was obtained, Upon redistillstion, decomposition
again took place, giving only low boiling fractions. No
triethylbenzyllead could be obtained. This éxgarimeat was
checked on & smaller run with the same resulis.

It was fﬁit that the sodamide mey hsve interfered with
the derivatizetion; so the axpérimagt was repeated and the
triethylleasd~-godium was filtered to remove the sodamide.
Sodium, 0.3 g. atom, wag disgsolved in 225 ce. of liquid
smmonia, and 0.15 mole of tetreethyllesd in 225 ce, of ether
was added. The solution was filtered through a sintered |
glass oruecidle, and to it was added 0.177 mole of benzyl
¢hloride. HNo red color developed during this reaction. The
mixturs was worked up in the same way as above, and sgsasin,
decomposition took place during the distilletion., The
fraetion that bolled at 125-128° (4 mm.) was collected and
redistilled, but only 5.6 g. (10%) of triethylbenzylleed was
obtained. The observed boiling point was 150-152° (13 mm.),
and the density {ﬁfa} was 1.5381. These values check the

reported values (60).

(60} Gruttner and Griittner, Ber., 51, 1293 (1916),
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t-Butyl bromide

An ether solution of 12.92 g. (0.04 mole) of tetraethyl~
lead was rapidly added to 1.84 g. {(0.08 g. stom) of sodium in
50 ec. of liguid ammonia, Adding 10.96 g. (0.08 moles) of
t~-butyl bromide caused no color changs., Usually, the color
changed from s green to & light grey during derivatizetion.

After five hours, the solution was red with an orange and

blaek preclpitete on the sides of the flask., The addition
of water ceused a vigorous reaction, and the solution turned
to & dark red, then quickly to & black amorphous mass. The
mixture was filtered, éaﬁ the filtrete was washed several times
with water, dried end worked up in the usual manner, Distil-
lation was accompsanied by considerable ﬁéaamgaaitiaa; 8o it
wes necessary to cerry out two more fractional distillatlons
before the product could be identified. Tetraethyllead, 4 g.,
was the only compound that could be isclated in‘ths pure st§ta.
The gbserved constants were b.p. 60-63° (6 mm.), n%a 1.5208,
and &i& 1.6584, These values check those reported for tetra-
sthyllead (61},

Dehydrohalogenation takes place mush more readily with
£~butyl bromide than with n-butyl bromide, and sodamide is
a reagent that causes dshydrohalogenation (62). It may be that

(61) Gruttner and Krause, ibid., 49, 1415 (1918).
(62) Bergstrom and Fernelius, Chem. Rev., 12, 43 {(1933).
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ammonivy bromide was formed from the dehydrohalogenation of
the t-butyl bromide and that it destroyed the triethyllead-
godium. To test this idea, 32.3 g. (0.1 mole) of tetraethyl-
lead in 150 ce, of ether was added to 4.8 g; (0.2 g aton) of
sodium in 150 ce. of liquid smmonia, and 27.4 g. {0.2 mole) of
f~-butyl dromide in 20 ce. of ether was added. After the
reaction was allowed %o teke place four minutes, a red color
developed; then 21.8 g. (0.2 mole) of ethyl bromide was added,
The resction was worked up in the usual way and gave 30.5 g.
of an oil bolling at 59-81°% (& ﬁm*}; Other constants were
éia 1.8584 and n%g 1.5208, These ponstants proved the liguld
was tetreeihyllesd since they check the reported values for
this compound (61). The yield of tetraethyllead was 95%.

The same amounts of rescients were mixed in the same way
as above, but this time the L~bubtyl bromide was allowed to
react four hours with the triethyllssd-gsodium at the temper~
ature of an acsetone-sclid earbon dioxide bath and in an
atmospheres of aitrogen. At the end of four hours the solution
was red aﬁd,aenﬁaiaaé some black precipitate. The 0.2 mole
of ethyl bromide was then added, and the resction worked up
in the same way. Considerable decomposition took place during
fractional distillation. The only product isolated was 9.7 g.
{30%) of tetrasthyllesd boiling at 60-83° (6 mm.). Two more
fractionational distillations were necessary to bring the

refractive index up to 1.51981 at 18%, No triethyl-t-butyllead



could be isclated,
Todobenzene

Tetraethyllesd, 32,3 g. (0.1 mole), waa dissolved in 50
c¢. of ether and 75 ec. of liguid ammonia; then 4.6 g. {0.2 g.
atom) of sodium wes added piece by piece. The sodium dissoclved
slowly; so 50 cec. more of liquid somonia was added, apd fifteen
minutes allowed for solution to take place. 4 solution of 40.8
g+ (0.8 mole) of iodobenzense in 20 co. of ether was added, and,
three miunutes afterwerd, a red color developed. The reaoction
was allowed to continue twenty minutes before the addition of
1l ec. of n-butyl bromide. When the emxmonia hed evaporated,
water was sdded, and thé sther layer washed qaiakly'with
dilute hydroehloric seid, dilute sodium bicarbonate solution,
and water. The organic layer was dried and sublected to
fractional distillation. Decouposition took pléaa during
distillation and gave 13 g. of 1iéﬁié boiling at €1-64° (8 mm.)
whioch was probably tetraethyllesd. The other fraction boiled
at 127-131° (7 am,) and 135-137° (12 mm.) and amounted to 5.6
g. (15% yield) of triethylphenyllead. The unsymmetrical
orgenvlesd compound was not sbsolutely pure as shown by the
refractive index {ngﬂ} of 1,5532. The reported constants for
triethylphenyllead are b,p. 135° (13 mm.) and aga 1.5782 (80},

The experliment was repeated under slightly differsnt
conditions as 45 g. (0,139 mole) of tetrasethyllesd in 150 co.



of ether was added rapidly to a solution of 6.4 g. {(0.278 g.
atom) of sodium in 150 ce. of liquid smmonis. A saiutian of
56.8 g. (0.278 mole) of iodobenzene in 80 cc. of sther was
then added. There was a 801i1d in the bottom of the flask
which begsn to turm to a mushy oonsistency after ninety
minutes of resciion; so water was added. The mushy materiasl
solldified during a vigorous evolution of a gas. The solution
was filtered, snd the solld washed thoroughly with ether to
give white crystals which melted st 100-102%, The orystals
burned with & colorless flame and contained lead and iodine.
A small amount of the precipitste was dissolved in chloroform
and was forced out of solution by the eddition of petroleum
ether., In attempts to repeat this erystallization only an
0il could be obtained. A4lso, when other solvents were used
the materiel alwsys separated as an oil. The maltiaglpainﬁ
of the purified erystals was 100-101.5°, The melting point
does ﬁat agree with that of any known compounds which may be
expacted to be formed. The erude material was powdered and
washed with water and with ether. The powder was dried, and
a lead determination was made on this cruds sample.
Anal. Caled. for [{CpHg)azPbIlg(CgHy)aPbt Fb, B4.7. Found:
Pb, 55.9 and 55.7.

¥hen the ether soclution wes worked up in the usual way,
a small smount of high boiling material was found, but no
pure fraction could be obtained,



Bromobenzense

Abbott (63) had found thet bromobenzene reacted with
triethyllead~sodium to give satisfactory yields of tristhyl-
phenyllead; so an experiment wes run the same as above, but
0.278 mole of bromobenzene, instesd of lodobenzene, was used
for the derivatization. In thig case, the reaction wes
allowed to go four hours., No precipiteate formed upon the
addition of water. A good yield, 39.7 g. (77%), of triethyl-
phenylliesd was oblained and was identifled by the constanits
b.p. 137-140° (15 mm.), np 1.5752, and d¢ 1.5915.

Allyl ehloride

A solution of 49.4 g. (0.15 mole} of tetraethyllead in
285 oo, of dry ether was added rapidly to 6.9 g. {0.3 g. atom)
of sodium in 285 ec, of liquid esmmonia. To this mixture, 23
g+ (0.3 mole) of allyl chloride in 25 co. of ether was added
dropwise. There wes & very vigorous reasction, and & purple
solor developed, which lasted until all of the alkyl halide
had been added. Water was added after the ammonia had
svaporated, and the ether layer was washed successively with
acetic acid, sodium hydroxide sclution,and water. The oil,
left after the ether was dried and removed, was fractionated

to give 36.2 g. (72%) of triethylallyllead as proved by the

{63} R. K. abbott, unpublished studies.
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constants b.p. 85-86° (8 mm.), ny 1.5410, and ds° 1,6056,
These velues check those reported for this compound {64). A
cheek run gave a 71% yleld of triethylsllyllesd.

8-Butyl bromide

A solution of triethyllead-sodium was made in the same
way from 49.4 g. (0.15 mole) of tetrmethylleed in 225 ce, of
ether and 6.9 g. (0.3 g. stom) of sodium in 285 cc. of liquid
ammonis . Qarivaﬁizatian was accomplished by the use of 41.1
g+ (0.2 mole) of g-butyl bromide. The alkyl halide was added
rather rapidly, but the green color did not fade rapidly, the
golution did not boil as vigorously es usuasl and did not
besome thiock ismmediately. These changes 4id teke place in ten
minutes, but the Taet thet thoy take place more slowly shows
that s-butyl bromide reacts less repidly then p~butyl bromide
with triethyllesd-sodium. The product was isolated in the
usual menner to obtain 43.2 g. (82%) afwtrie%hyxwgyhutyileadu
The observed constants were b.p. 108-109° {15 mm.},iﬁge
1.5180, and éig 1.5318. These constants check those reported

for this compound (65, 66]).

(84) Cruttner and Krause, Ann., 415, 338 (1918).

{65) Giim%n,'s?aaagy and Robinson, Ree. trav. chim., 49,
208 (1930).

(66) Grittner and Krauss, Ber., 50, 574 {1917).




Bromobenzens

4 solution of 38.7 g. (0.15 mole) of tetramethyllead® in
150 ce. of ether was added, in a slow stream, to & solution
of 6.9 g+ (0.3 g. stom) of sodium in 150 ce. of liquid smmonia.
The resction was quite vigorous, but & period of ten minutes
was allowed for the resction to come to completion. Then,
47.1 g. (0.5 mole} of bromobenzens in 60 ¢c. of ether was
added t§ this brown solution of trimethyllsadesodium. The
reaction waes allowed to take plece in & nitrogen atmosphere
for thirty bours; then 10 ce. of sthyl %raﬁiﬁe was added.
Since there was no apparent resction with the ethyl bromide,
woter was added end the mixture was worked up in the usual
menner. The product was fractionally distilled twice and gave
e yield of 20 g. (40%) of trimethylphenyllead. 4 check run
gave & yield of 21.2 g. (43%). The boliling point of the
product was 68-69° (5.5 mm.), and the refractive index at 20°
wes 1.5826. Sinoe the boiling polnt did not agree with the
one reported for this compound [77-78° (3 mm.)] (67), a2 lead

analysis wes ruan on the product.

* Kindly provided by Dr. G. Calingsert of the Ethyl
Gagolinse Corporation.

{67) Calingaert, Beatty and Sorcos, J. Am. Chem. Sg¢., 62,
1099 (1940).
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Anal. Caled. for CgH,,Pb: Pb, 62.9. Found: PFb, ég,s

and 62.7.

Also, 7 g. of & fraction boliling at 34-82° (120 mn.) was
obtained during the fractionstion of esch run, These frections
were combined snd refractionated to recover 10 g. {134 of
tetramethyllead. The constants of this product were b.p.
108-109°, dg  1.9960, and np 1.5126, and they agreed well with

the reported constants (62].

Preferential Cleavage of Organclead Compounds

The same directlions wers used for all of the yxafarantial

cleavages mentioned below., In this general method, a three-

necked flaak s&aﬁaiaing 180 ¢c. of liguid smmonia was gooled
to «70*, and the whole system was flushed out with nitrogen.
A definlite amount of the metal was then dissolved in the
liquid smmonia. To this solution was added a mixture of 0.1
mole of the unsymmetricsel organcolead compound dissolved in
126 ec. of dry sther. The reasctlion waes sllowed to continue
for six minutes; then 0,2 mole ¢f an appropriste alkyl halide
in 20 cc. of ether was sdded to derivatize the organolsad-
matal compounds., The cooling bath was then removed, and the
smmonia was allowed to eveporate. Water wae aééa&, end the
gther layer was washed with dilute acetic acid, dilute sodlum

hydroxide solution,and water. After the ether layer was
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}ﬁrisé over sodiwa sulfate, the ether was removed by distil-
lation. The oily rssidue was then frsctionslly distilled
through & column of about ten theorstical plates. The yield
ol each fraction was teken as the total amount of masterisl
eollected from & tempersture midway betwsen the true boiling
peoint aﬁﬁ the boiling point of the next lighter compound to a
temperature midway betwsen the true @oiiiag point and the
boiling point of the next heavier compound., ZXach frsction
was redistilled through the column, and the midportion was
saved for anslysis snd for the determinstion of the physical
gonstants. The yields were based on the total amount of
mnsymmatriaﬁl organclead compound added, Check runs were
made in every case exceplt in the cleavage of triethylmethyl-~

lesd and triethyl-g~butyllead.

¥riethyl-n-butyllead

Cleasvage by different metals

Triethyl-p-butyllead was cleaved by calclum, lithium,
and sodium to determine if one metal showed more of &
prefereantial alsavﬁga than another. In eamch case, 35.1 g.
{Osl mole) of triethyl-n-butyllesd was used. Methyl bdromide,
19 g« (0.2 mole), was introduced to derivatize the organo-
lead ~sodium compounds. The products isoclated were

triethylmethyllead, diethyl-an~butyluwethyllead, and recovered
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tristhyl-p~butyllead. The physicel constants for diethyl-
n~butylmethyllead heve not bsen published; so this product
was ldentified as desoribed lster. The physical constants
that have been reported for the other two compounds ere:

for tristhylmethyllead, b.p. 70-70.5° (16 mm.), no = 1.5158,
and &fﬁ'g 1.7124 (57}; and for triethyl-n~butyllead, b.p.
108° (1% mm.), ny 1.5120, and d, '~ 1.5285 (54). Earlier
in this report, the boiling point of triethyl-p-butylleed was
reported as being 91-93° (8 nm,) and B1-83° (5 mm.).

Qagﬁiﬂma The reaction was run a8 described above using
4 go (0.1 g a%am) of ealoium. In two runs the yields of
triethylmethyllead were 4.5 g. (14.5%) and 4.6 g. (15%), and
the yields of diethyl-n-butylmethyllead were 14.3 g. (48.5%)
and 15,6 g. (46.5%). The amounts of recovered triethyl-
n~-butyliead were 1l1.2 g. {32%) and 8.8 g; {35%}; The physical
constants for the three produets were as follows: for tri-
sthylmethyllead, b.p. 71° (16 mm.), my- 1.5150, and d;° 1.7114;
for diethyl-p-butyluethyllead, b.p. 67° (5 mm.), n 1.5125,
and ﬁﬁa 1.5817; and for triethyle-nebutyllead, b.p. 91° (8 mm.),
n2° 1.5122, and 4o 1.5290.

Lithiuwm, When 1.38 g. {0.2 gz. stom) of lithium wes used
as a cleaving agent, the ylelds of triethylmethyllead in two
Tuns were 6.2 g. (20%) end 6.8 g. (22%); end the yields of
diethyl-n-butylmetbyllead were 19.8 g. {(59%) and 19.4 g. (58%).
The recovered triethyl-n-butyllead was 2.9 g. (8%) and 3.6 g.
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{10%). The physical constants for the profucts wera as
follows: for triethylmethyllead, b.p. 44° (6 mm.) and ﬂ§4
1.51583 fex diethyl-n~butylmethyllead, b.p. 69® {6 mm.), and
agg 1.5122; and for triethyl-p~butyllead, b.p. 89° (6 mm.),
and nﬁé 1.5123,

Sodium, The experiment was run with 4.6 g. (0.2 g. atom)
of sodium; and the ylelds of products were triethylmethyllead,
7.5 g. (84%) and 8.8 g. (28%); disthyl-n-butylmethyllead,
18.2 g. (57%) and 17.5 g. (58%); triethyl-pn-butyllesd, 2.8 g.
(8%) and 4.2 g. (12%¢). The constants on sach purs fraction
were tristhylmethyllesd, bgy; 41° (4 mm.) and ngﬁ 1.51563;
| ﬁiathylfg~bu$ylmathyiiﬁa&, b.p. 68% (5 ﬁmgl and nga 1.51285;

- and tristhylen~butyllead, b.p. 89® (6 mm.) and ngﬁ 1.5124.

Identification of éiathyiﬁgrbutylma%hyikaa&

All of the products were identified by boiling point,
refractive index, and density. These figures are mnot reported
for diethyl-n~butylmethyllead; so this compound was prepared
by & standgrﬁ procedure and the constants were determined fér
it. Triethyl-n-butyllead, 35.1 g. (0,1 mole}, was sleaved by
the introduction of hydrogen chloride over an sether solution
of the organclead compound until a white precipitate began to
form. Apparently diethyl-n-butyllead c¢hloride was rather
soluble in ether. The reaction mixture was filtered, and the

filtrete was eveporated to & mushy consistency. Iiore ether
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was added and the mixture was again distilled. 4An excess of
an ether sclution of methylmegnesium bromide was added and
refluxed for ten minutes. The reasction was hydrolyzed with
ieed sumoniwnm chloride; then the ether solution was washed with
diluts acetle acid, dilute sodium bydroxide solution, and
water, After the organic layer was dried, the sther was
distilled off and the residue fractionsted thres times through
an efficient column. The physical constants of the main
fraction, diethyl-p~bubtylmethyllead, were b.p. 80° (7 mm.) and
§5° (3 mn.), np 1.5118, and d;  1.5827,

Anal. Calod. for CgHgpPb: Pb, 61.42. Found: Pb, 61.17,
61,81

Cleavage by sodium

The general ﬁﬁ%hﬁé‘ﬁﬁﬁ applied to the cleavage of 33.5 g.
{0.1 mole) of triethylallyllead by 4.6 g. (0.2 g. atom) of
sodium. The reaction mixture developed a dark red ocolor, but
the solution became yellow after the 19 g. (0.2 mole) of methyl
bromide wes added, Some lnorgeniec lesd ocompounds were lormed
in this reaction and were isolated as leasd chromate. The
yields of lead chromste from two runs were 2.75 g. (8.5%) and
2.24 g, (10%). The yields of triethylmethyllead were 17.8 g.
{68%) and 21 g. (88%). During the fractionel distillation,
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the boiling point became steady for a short time at 84°

{15 rmma. }. This was approxzimately the temperature st whioh
one would expect diethylellylmethyllead to boil. There was
1.5 g. of this impure fraction in one run and 0.6 g. in
another. The ylelds of diethylellylmethyllead, then, were not
more than 54 and 24.

Since tristhyllesd~sodium hes been shown to be stabls
under these conditions, the inorganiec lead must have come from
the decomposition of dlethylellyllead-sodium. I this is true,
the sum of the per cent yields of inorganic lead and diethyl~
allylmethyllead zeve the per cent of materisl from which an
ethyl group was clesved (12.7%). 'The yield of triethylmethyl-
lead signified the per cemt of triethylallyllead from which
sn allyl group was cleaved (63%). Therefore, the ratic of the
numbers of allyl to ethyl groups cleaved was 63:13 (14:3);
wheress, if né preference was shown, the retio would have been
1:3. @h&r&f&ﬁa, a strong preference for clsaving the allyl

£roup was shown,

Triethylbenzyllead

Cleasvage by sodium

An ether solution of 38,5 g. (0.1 mole) of triethylbenzyl-
lead was cleaved by 4.6 g. (0.2 g. atom) of sodium, as

desoribed in the genersl method. The reaction mixture developed
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& red color during the cleavage, but the color changed to a
yellow when the 19 g. (0.2 mole) of methyl bromide was added.
& second run was made on 35.4 g. (0.098% mole) of triethyl~
bengzyllead, and proporticnsl amounts of the other chemicals
were used. The amount of lead chromete isolated was 4.8 g.
{15%) in the first run and £.85 g. {9.5%) in the second. The
yields of organclead compounds were as follows: triethylmethyl-
lead, 20.4 g. (66%) and 17.4 g. (61%); a liquid boiling at
132-140° (10 mm.), 2.6 g. and 4.4 g. The observed physical
sonstants for triethylmethyllead were b.p. 69° (15 mm.),

ny° 1.5160, and d;  1.7153.

The high-boiling mmterial could not be separated by
fractionel distillation; so it was ecleaved with bromine and
treated with ethylmagnesium bromide according to the method
of Gruttner and Krsuse (b54). Fraetional distillstion of the
resulting organclead compounds gave 8 product which distilled
at 87-88° (24 mu.). This frection had & density (do) of
1.7110; therefore, this fraetion must be triethylmethyllead.
Consequently, there must have been some diethylbenzylmethyl-
lead in the hizgh~boiling fraction.

In the second run, the reaction mixture was distilled
with steam just after hydrolysis. The distillate was dried
and subjected to frectional distilletion, and the toluene
frection was nitrated. The yleld of Z,4~dinitrotoluens
(m.ps 689=70°) was 1.8 g. {(11¥%}). 4 mixed melting point was
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not depressed.

Sixty-three per cent of the triethylbenzyllead underwent
cleavage of & benzyl group and not more than 28% of the organo~
lsad compound underwent cleavege of an athyl group. The 22%
wae a maximwn, since it wag the sum of the yields of lnorgenic
lead and high boiling frae%i&n; The ratio of the benzyl to
ethyl groups cleaved was 63:828 ($;6:3}, but the retioc of benzyl
to ethyl groups in the starting materisl wes 1:3; therefore, &
strong preference for the cleavege of the bsnzyl group was

shown.

?ri%%ﬁg&ﬁgr%utyllaaﬁ

Cleavage by sodium

The general method was applied to cleave 35.1 g. (0.1
mole) of triethyleg-butyllead with 4.6 g. {0.2 g. stom) of
sodivm. Agein, 19 g. (0.2 mole) of methyl bromide was used
for derivetization, The resctlon was worked up in the ususal
way to yield 14,6 g. (47.5%) of triethylmethyllead and 11.8
2., (35%) of & frasction boiling st 108° (17 mm.). The triethyl-
methyllead was identified by the constants b.p. 71° {16 mm.},
np 1.5158, and d  1.7110.

The high-~boiling fraction was 2afraetian&taﬁ;‘aﬁa the
middle portion, boiling atgaéily at 87.5° (10 mm.), was

20 ,
separated and gave a refractive index (m } of 1.51680 end s
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density (diﬂ} of 1.5892. Also, a lead anslysis checked the
theorstical value for disthyl-g-butylmethylliead.
Anal. Celod. for CgH,,.Pb: Pb, 61.4, TFound: Pb, 61.7 and
61.8.

The ratio of the ethyl to s~butyl groups cleaved was
35:147.5 or 3:4, but the retic of the number of them in the
sterting materiel was 35:1; thersfore, the s-bubyl group wes

cleaved more readily then the ethyl group.

Identifiecation of &isthyl:gfbutylmsthyilaﬁd

Pive grans of d4isthylumethylphenyllead was dissolved in
25 ec. of dry ether, and solid ear%@ﬁ dloxide was added until
an sxcess was present. A4 &aiuﬁi@nréf bromine in eiher was
added zlowly until the bromine color remained one minute. The
sxcess carbon dloxide was expelled, and the sther solution
dried (B4) before it was poured into an ether solution contain-
ing an sxoesa of s~butylmagnesium bromide. The rssction was
refluxed Tor 10 minutes, then poured on lced~ammonium chloridse
and worked up lu the usual way. The main product was 2 g.
{434} of en oll, diethyl-s~butylmethyllead, with the follow-
inz physicsel constents: Dbep., 76-78% (16 wmm.), ugg 1.5187,
and &i& 15880, |
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Triethylmethyllead

Cleavage by sodium

A solution of 0.9 g. (0.1 mole] of triethylmethyllesd
in ether was added to a solution of 4.6 g. (0.2 g. atom} of
aodiwa in ligquid smmonie. Thls reuwotion was run and worked
up a8 deseribed sbove in the general method, However, 24.6
ge (0.2 mole) of p-propyl bromide was the alkyl halide that
was adﬁaé to dsrivatize the cleavage products., Upon fraetion~
ation, two products were obtained, COme of the products was
diethylmethyl-n~propyllead and smounted to 27.4 g. (85%). The
observed constants for this product were b.p. 76° {11 mm.),
ngg 1.5158, and éﬁﬁ l,aéﬁﬁ; These values ohsck setisfactorily
with the following reported velues: b;y; 80.5 (15 mm. ),
nﬁg"" 1.5141, end dig‘l 1.8403 (54). The second product
obtalned was 0.5 g, of & compound which boiled st 84-86°
{11 mm.) and hed a refractive index {a@?) of 1.5153. These
velues indicated thet this compound was probably mostly
triethyl-n~propyllead, but it was produced in no mors than
1.5% yield., The constants that have been reported for
triethyl-n~-propyllead are be.p. 99.5° (16 mm.) and a;s.?
1.5175 (57).

The ratlio of ethyl to methyl groups cleaved was 85:1.8
or 57:1, but the ratio of the number of them in the starting

material was %:1; therefore, the ethyl group wses cleaved
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preferentially.

The cleavage was run as described in the general methed,
but only one-half of the amounts of chemicals were used.
Lithlum wee used as the cleeving sgent, Thus, 18,6 g. (0.0
mole) of triethylphenyllead in ether wes added to0 a solution
of 0.69 g. (0.1 g. atom) of lithiuw in liquid ammonis, For
derivatization, 9.5 g. (0.1 mole) of methyl bromide was added.
The only organclead eompound that could bs lsoclated was
diethylmethylphenyllead, but it wes produced in en 88% (15.2
g.) yield. The physical constants were b.p. 132° (15 mm.) and
a5’ 1.7025.

The cleavage %as‘regﬁatad under the ssme conditions but
with double the quantity of reagents m@nﬁi@n&d ebove, The
profuct boiled at 131° (15 mm.) and 98° (4 mm,.). The yield of
diethylmethylphenyllead from this run was 32.8 g. (90%). 4n
analyzis of this compound checked the theoretieal velue.

Anal. Celed. for Cy4H;pPb: Pb, £8.01. Pound: Pb, 57.97 and
57.92.

The ethyl group wes clesaved exclusively from triethylphenyl-
lead.
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Identificetion of diethylmethylphenyllesad

The properties of dlethylmethylphenyllead have not besn
reported. Consequently, to establish the identity of this
product, the phenyl group was replaced by & bromine; and the
bromine was replaced by an n-propyl group to yleld the known
diethylmethyl-p-propyllead. A solution of 18.3 g. (0.046 mols)
of diethylmethylphenylleed in 8¢ co, of ether was cocled by
the addition of solid carbon dioxide, and then & solution of
7.5 g« of bromine in 10 cc, of sther was added until the
bromine color remained for one minute (54}, The reaction was
sllowed to warm up, and was thesn refluxed for Tive minuteas.
The ether solution wae dried by meens of sodium sulfate and was
added to an exceass of & solution of p-propylmagnesium bromide.
After the mixture was refluxed for 15 minutes, the solution
was poured on lced-smmonium ochloride and worked up in the
usual way. The main fraction bolled at 84-85° {17 mm.), &and
after refractionation gﬁ?@”a yield of 5.9 g. (40%). The
propertiss of this product were b.p. 84-85° (17 mm.), agg
1.5155, end d; 1.6300. These properties cheek satisfactorily
with those reporied for diethylmethyl-p-propyllead; therefore,
the product from the above cleavage was diethylmethylphenyl-
lead, The reported constants for diethylmethyl-n-propyllead

ERB.1 | 22 .
are hc@« 80,.5% (}.5 m*], E-D lt&%&l, and ﬁ.& 1.6403 {54:)¢
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Irimethylphenyllead

Cleavage by sodium

4 solutlion of 4.8 g. (0.2 g. atom) of sodium in liquid
ammonia wes used to cleave 32.9 g. (0.1 mole] of trimethyl-
phenyllead acecording to the gaaaral method previously
>dﬁsarikeﬁ* The arg&aela&ﬂnﬁe&iﬁm gompounds were derivatized
by the addition of 24.6 g. (0.2 mole) of p-propyl bromide.
V¥hen the mixture was worked up, only dimethylphenyl-n-propyl-
leasd c¢ould be found, but it was isolated in an 31.4 g. (83%)
yvield. The physical constants for the products were b.p. 83°
(3 mm.), ny 1.5713, and dg 1.6932. & lesd anelysis was also
run on the product.

Anal. Celed. for Qiiﬁﬁgﬁﬁz Pb, 58,08. Found: Fb, 57,92 and
57.90,

This cleavege was repeated, but only one-third of the
guantitiea of reagents mentioned above were used. In this run,
10 g. (76%) of dimethylphenyl-n-propyllead was obimined., The
physieal cheracteristics wers b.p. 95° {4 mm.) and ngg 1.5718,

The results of these two experiments showed that the
methyl group wes the only one cleaved.
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nyl-p-dimethylaminophenyllead

Cleavage by sodium

A mixture of 17 g. {(0.03 mole) of triphenyl-p~dimethyl-
aminophenyllead, 42 co. of ether and 60 c@; of liguid ammonia
was cooled to -70° in s nitrogen stmosphere, and 1.38 g.
{0,086 g. atom) of sodium was added. Even after thirty
minutes of resmetion, the sodlum color still persisted; so the
eooling bath was removed. 4after an sdditional forty-five
minutes, the éelar of the sodium had diseppearsd and was
replaced by & light green color., An excess, 32.7 g. (0.3
mole), of ethyl bromide in 35 oc. of sther was added, and the
mixture was allowed %o stir until the ammonia evaporated. The
volatile solvents were distilled off and the mixture was
distilled with stesm. &1l of the distillste was collected
together and extracted with dilute hydrochloric acid. The
ether solution was fractionated to separate the ether and
bengens. The benzense was forced over after the sdditlion of
di-n~butyl ether and further fractional distilletion. 41l
fraetions which may have contained benzene wers trsated with
cold concentrated sulfuriec se¢id, and the sulfuric acid was
sxtracted with purified petroleum ether. The petroleum ethsr

gsolution was nitrated (68) to gilve 0.65 g. {(15%) (0.0039 mole)

{68) BSee ref. 53, p. 138,
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yaf m-dinitrobenzene (m.p. 85-87°). Recrystallization gave
pure m~-dinitrobenzene as evidenced by the fact that an
authentic sample did not depress the mixed melting point. The
benzene was not rscovered by a very efficient method; sc the
efficienoy was checked by & control separation and nitratien;

4 solution of 2 ec, (0.0225 mole) of benzene in 95 ec. of
ether was distilled through the same column as had been used
‘ahava with the same precautions and treated in the same way.
After nitretion, 0.98 g. of m~dinitrobenzene (m.p., 87~-89°} was
obtained. In the control, the isolation of 0,98 g. of
m~dinitrobenzene meant that 0.0225 mole of benzene was present
at the start of the separstion of the products. By a direct
proportion, thé isolation of 0.65 g. of m-dinitrobenzene meant
that 0.015 mole of benzene was formed in the cleavage reaction
deseribed above., This Q;Glﬁ mole represented s 50% yield of
benzens,

The hydrochloriec acid extract was made strongly basic with
sodium hydroxide, saturated with sodium ehloride and extracted
with ether. The ether extract of amines was avagaréﬁe&, snd the
residue was treated twice with benzenesulfonyl chloride and
sodium hydroxide solution (69). The dimethylaniline was ex-
tracted from the basic solution by mesns of ether., The ether

solution was dried, and the ether was distilled off., The

(69) ©See ref. 53, p. 25.
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pierate of the residus was then made according to the
directione by Shriner aend Fuson (70}. The 0.4 2. of yellow
precipitate melted at 155-159°, but two reerystallizations
raised the melting point to 162-163°, A mized melting point
with & sample of dimethylaniline pierate wss not depressed,

A sample of 0,15 ce. {0.0012 mole) of dimethylaniline was
treated in exsetly the same way and yielded 0.41 g. of crude
picrate (m.p. 159-160%), In this case, 0.41 g. of pierate
represented the presence of 00,0012 meole of dimethylaniline;
therefore, the 0.4 g. of picrete from the cleavege product
meant that 0.0012 mole (4%) of dimethylaniline was produced
from the cleavage.

The cleavege wea repeated under the same conditions with
12 g. {0.0215 mols) of triphenyl-p-dimethylaminophenyllead and
corresponding enmcounts of the other chemicals. The products
obtalined were 0.37 g. of m-dinitrobenzene and 0.74 g. of
dimethylaniline picrate., These yields represented a production
of 39% bvenzene and 10% dimethylaniline, The mixture of srgénﬁ~
lead compounds could not be separated.

The cverage vields from tkaaé runs show that the ratlio of
- the number of phenyl %ﬂlgfaimathylamiaﬂphenyl groups clesaved
was 45:7 or 6.4:1. The ratlio of the number of groups in the
starting material was 3:1. A4 preference for a ai@ﬁvage of the

phenyl zroup wae shown.

{70) See ref. 53, p. 140,
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DISCUSSION

Preparstion of Organolead-sodium Compounds

As pointed out previously im this thesis, there was only
ené raport of an organic group being cleaved from an organo-
1lead compound by a reactive metsl. This report was that a
‘triyhsnyi&aﬁhyl group wes cleaved from triphenyliriphenyl-
methyllead by sodium. The C-Pb bond thet was broken in this
cese was an uncommonly weak one; therefore, one could not
Justifiably predict that organclead compounds In gensral would
be cleaved by sodium. ZEvidence of the weskness of this bond
was found in the report that triphenyltriphenylmethyllesd
dissociated spontansously into triphenylmethyl and triphenyl~
lead (23).

Prom the results of several reports, 1t may be seen that
the order of incressing ease of cleavage of eertsin C-i bonds
is Q=51 € C~Ge { C-8Sn, If this order may be extended one step
morse, C-Fb bonds should be cleavsed even more readlly than C-5n
bonds. The experiments deseribed in this thesis have shown
that the ¢leavage of organic groups from orgenclead compounds
is & general resction, since p-dimethylaminophenyl, pheuyl,
methyl, ethyl, n~butyl, s-butyl, sllyl, and benzyl groups were

all shown to be cleaved from appropriaste orgeanclead compounds.
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This cleavage reaction is an important method for the
preparstion of organclead-sodium compounds, as may be seen
when this method is compared with the two other important
methods which have been reported. The cother two methods are,
first, the reaction of triorgsnolesd halides with sodium in
liguid ammonia, and second, the reaction of hexsorganodilead

compounds with sodium in liquid ammonia.

From the stendpolnt of the yield of triphenyllead-sodium,
based on the amount of tetraphenyllead used, the best method
wes the direct eleavage of tetraphenyllecd with sodium in
liguid emmonie which gave &n eighty~three per cent yield. When
the tetraphenyllead was flrst treated with iodins to yileld
triphenyllead iodide, then the iodide treated with sodium in
liquid ammonia, the yileld of triphenyllesd-sodlum was seventy~
nine per cent (25), The yileld of triphenyllead-sodium would be
slightly lower, due to manipulation losses, when one employs
the sddition of sodium teo hexephenyldlilead. Howsver, an extra
step, isolation of the hexasphenyldilead, 12 involved, IT
triphenyllead chloride was chosen as an intermediste triorgano-
lead haslide the over-all yield of triphenyllesd-sodiwa wes
sixty-eight per cent, Therefore, the direct cleavege method
gives the highest yleld of triphenyllead~-sodiun,

The yilelds of trialkyllead-sodiun compounds from these
three methods are probably very much elike. 4 definite Tigure
for the yield of triethyllead~sodium from the reaction of
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sodlum with either trilethyllead chloride or hexaethyldilsad
cannct be given, but the yield in either ocase cannot be
appreciably higher than that obtained by the direct cleavage
of tetrsethyllead with sodium. The yiseld in the letter case
was ninety-~five per cent,

From the stendpoint of the avallability of the starting
materisls, the direct cleavage method for the prepsration of
orgenolead-sodium compounds has a distincet sdvantage. In
almost every cese, symsmetrical organclead compounds are more
reedily available than orgencleasd halldes or hexsorganodi-
lead compounds.

When purity is the factor of prime importance, it is
advigable to prepare triphenyllead~godium from hexsphenyl-
dilead. Triphenyllead ohloride and sodium gave practically
& guantitative yield of triphenylliead-sofiwmm, but a small
amount of dark solid also formed. The gr@&nﬁtiaa of this
s0lid showed thaet en lmpurlty was formed. The constitution
of thieg impurity is not known. Cleavage of tetraphenyllsad
with sodium gave sodamide as & by-product; however, the
sodasmide may be removed. Two methods are availeble for the
removal of sodamide; first, the solution of triphenyllead-sodium
may be riltered through a sintered glass plate, and second,
an equivalent of ammonium bromlde may be added. The ammonium
bromide destroys the sodamide in preference to the triphenyl-

lead-sodium; however, one must avoid adding an excess of
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ammonium bromide. A4ll of these methods yield solutions of
triphenyllead-socdium which are pure encugh for most purposes,
However, if sodamide is not removed at wama two equivalents
of benzyl ehloride must be sdded for derivatizstion.

Since hexeethyldilead reascts with eir and is of limited
mﬁmwwww@wu the most pure sclutions of tristhyllesd-scdium are
probably best prepared by the resction of either triethyllesd
chloride or teiraethyllead with sodium followed by flltration,
The addition of ammonium bromidse cennot be used as a method to
destroy sodamide in the presence of triethyllead-sodium, since
the latter compound also reacis vigorously with ammonium
bromide. Thus, emmonium bromide destroys some of both compounds.

Qbviously, the direct cleavage of organclead compounds
with sodium, being & one-step process, regquires much less time
then any of the other methods, Both of the other methods
reguire the isolation of at least one intermedlete ocompound,
either an organolead halide or & hexaorgenodilead compound,

From these comparisons, it may be stated thet the prepar-
atlion of organclead-sodium compounds wwmawa direct cleavage
of symaoetrical organclesd compounds has many advantsges over
other methods of preparation, and it hes no serious dissdvant-
ages.

In some preliminsry work, an attempt was made 1o cleave
the ethyl or p-butyl group preferentially from triethyl-

n-butyllead by means of sodium; then the organclead-sodiun
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compounds were derivatized by the addition of methyl w&awwa@ﬂ
From the yields of diethylen-bubtylmethyllead and triethylmethyl-
lead obtained, it could be seen that the n-butyl group was
cleaved slightly more easily then the ethyl %ﬂaﬁw» It was
believed that the difference between the ease of cleavage of
the groups should be greater than wag shown; and that il the
reactlion could be slowsd down, a more pronounced difference
would be ssen., Several experiments were run under different
eonditions to try to slow down the cleavage of tetraphenyl~
and tetraethyllead and still obtain a good yisld of organo-
lesd-metal compounds, Some general facts whieh have been
observed in connection with thesse studies nay uw mentioned.

The clesavage of tetraphenyllead wes very rapid. It was
essentlally complete in one minute but should bs ellowed at
least six minutes to use up as much of the tetraphenyllead as
possible. The rste wes about the seme whether the reuction was
ron in liguid amsonie slone or in sther-liguid smmonie mixed
solvent.,

The rate of cleavage of tetrasethyllead was more dspendent
upon the solivent. In liquid smmonia alone, the cleavage
required fourteen minutes. In toluens-ammonie mixed solvent,
the cleavege required three minutes. In ether-ammonie mixed
solvent, the blue color of the sodium feded as rapidly as the
tetraethyllead was added,

Cooling the resction to ~70° greatly increased the time
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of cleavage of tetraphenyllead, but did not inoresse the time
of aiaavaga of tetreethyllead nesrly ss much. There was s
“greater difference betwesn the retes of clesvage of an sthyl~
Fb bond and & phenyl-Pb bond at lower temperatures; thersfore,
preferential cleavage studles should be rum at low temperature.

Higher yields of triethyllead-sodium and triphenyllead-
sodium were obtained when ether-liquid smmonia mixed solvent
rather than liquid ammonia slone was used as & cleavage medium,
Tolusne~liquid ammonia solvent is better than liquid smmonia
aienﬁ but not so good as ether-liguid ammonia.

Tetraphenyllesd gave higher yilelds of triphenyllead~-sodium
when the cleavage was run in more dilute solutions {100
equivalents of sther and 270 eguivalents of liquid smmonia)
than when it wes run in more concentrated soclutions (20
squivalents of ether and 73 equivalents of liguid ammonia).

A comparison of the ability of various metels to ¢leave
tetraphenyliead was meds, the results of which are shown in
Table I {p. 53). The ability to cleave was Judged by the
yield of triphenylbenzyllead found after the cleavage was
allowed to continue for & definite period, and the triphenyl~
lead-godium was derivetized by the sddition of benzyl ehloride.
The metals placed in order of cleaving abllity are X, Na >
1i, Ca, Sr > Ba. Magnesium did not dissolve in liquid ammonia
to an extent sufficlent to cleave tetraphenylleasd. Caleium,

lithium, and sodium showed very little difference in ability



- 115 -

to eleave tetraethyllead, for upon derivatization of the
cleavage produets with n-butyl bromide, the yislds of triethyl-
n-butyllead agreed very closely in the three cases.

The order of addition of the ether, tetrsethyllead, liquid
ammonie, and sodium bhed no pronounced effect on the tims of
cleavage or yield of produet.

A reasonable excess ol sodiun mey be used in the prepar~
ation of either triphenyllesd-sodium or tristhyllead-sodium.
The reagtion does not easily continuse with the removal of one
more organlec group to yleld diphenyllesd-disodium or diethyl-
lead~disodium. When tetraphenyllead was allowed to reset with
& large excess of sodium (over eight equivalenis) for two and
three~quarters hours, there was & slight decrease in the yield
of triphenyllead~sodium, but no evidence for the formation of
diphenyllesd~disodium was found, The reaction mixture was not
red and did not produce diethyldiphenyllead when ethyl bromide
was added. These two properties are ehar&starigtie of diphenyl-
lead-disodiun (28).,

it has been definitely proved that two ethyl groups could
be clesved from tetraethyllead snd under much more mild
conditions ithan were used for tetraphenyllead. Proof that two
ethyl groups were removed lies in the faect that derivatization
with methyl bromide led to the formetion of &iethyldimatkylleaﬁ,
However, even iﬁ this cese, the second sthyl group was cleaved

with considerably more difficulty than the first; so thers
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would be no more than a trace of RyPbNag; compounds formed
during the preparation of RyPbNa compounds if reasonable care
is exerecised,

As mentioned eerlier in this report, Chembers and Scherer
{281) claimed that it was essier to cleave & phanylvgrenp Trom
tri§hanyltin~aedia§ than it was to cleave a methyl group from
trimethyltin-sedium. It was algé pointed out in this thesis
that they lacked sufficient evidence for such a statement.
Due to the similerity of the methyl and ethyl groups, it mey
" be predieted thet the opposite would be true of organclesd
camyaunﬁai since the ethyl group wes cleaved from triethyl-
lead~godiws more readily than the phenyl group was cleaved from
triphenyllead-sodium,

¥When teiraphenyllead was aliawaé to react with a large
excess of sodium for several hours, the yield of triphenyllead-
sodium slowly decreased. This deorease may have been due to
the cleavage of a phenyl group from the triphenyllesd-sodium,
but if this wes true, the diphenyllead-disodium that was
produced was unsteble under these oconditions, However,
diethyllead-disodium was stable under similar oconditions. 4
comparison of these results hint that it mey be more wise to
work with diethyllesd~disodium rather than diphenyllead-
disodium in studies on the preparation and praysftiss of
RgPtMy compounds.

This thesis reports the preparation of the first
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unsymmetrical organclesd-sodium compounds. They react
normally and are relatively stable; however, diethylbenzyllead-
sodium and diethylallyllead-sodium sesmed to undergo some
decomposition even at ~70°,

Several attempis were made to cleave orgsnolsad compounds
in inert solvents, and thus obtain solutlions of organclead-
sodium compounds that were free of smmonis. Mild conditions
must be used, or cleavags will be complete with the formstion
of free lesd. When sodium was allowed to resot with organo-
lead ocompounds in ether, the bright surface of the sodium
gradually darkened until it became gquite blseck; then the
reaction seemed to stop. The darkening may have been dus to
deposition of sither corgencscdium compounds or free lead. It
probebly was not the former since orgenosodium compounds,
particularly sthylsodium, are destroyed repidly by ether,
Apperently a coating of lead on the sodium stopped the reaction.

An attempt was made to cleave triphenylbenzyllead by
sodiun awmalgam in ether. The smalgam was used to avoid ithe
formation of & coating on the sodium., However, the triphenyl-
benzyllead was not cleaved.

The binary mixture (Mg + Mglg), acting as 1 1t were a
solution of magnesious lodide, has reasctions similar to those
of a metel (71). An attempt was mede to cleave

{(71) Gomberg and Bachmann, J. Am. Chem. Soc., 48, 236 (1927);
52, 2455 (1930). See also, ref. 58, Ps 060
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triphenylbenzyllead by means of the binary mixture. There was
noc evidence af-#a&etiwn, for none of the magnesium seemed to
have been dissolved. Slowly the solution changed color, and
when the mixture was worked up, the products were found to be
tetraphenyllead, triphenylbenzyllead snd an unstable organo-
lead compound., Apparently, a redistribution resction toock
place slowly. There are no ré@ﬁrts thet either magnesium
iodide or magnesious iodlide causes & redistribution reection,
but it is reasonable to assume it does since many metsl halides
do (72). A redistribution reasction of triphenylbenzyllead
should have also produced dibenzyldiphenyllead, tribenzyl-
phenyllead and tazrghsﬁzylia&ag However, & lead 3@m§suhé whieh‘
eontains two or more benzyl groups is unstable snd deccmposes
when hested {73}« Thia fact sccounts for the decomposition
that took place when the resction was worked up.
Tetraethyllead, in an ether solution, was not cleaved
noticeably by sodium, although the surface of the metal turned
dark. ¥When ammonie gas was introduced, a reaction took place
with the evolution of heat; The solution turned yéllaw, a
color whioh is charscteristic of triethyllead-sodium; then a

‘yed color developed. The production of a red color meant that

{72) Calingsert and co-workers, ibid., 61, 2748, 2755, 2758,
:?3% 19%9); 62, 1099, 3.10{1“‘:(54, 42, 1545 (1940); 83, 947
1941). |

(73) EKrasuse and Schllttig, Ber., 63, 1381 (1950},
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triethyllead~sodium was being destroyed, probably by further
cleavage to yield diethyllead-disodium, Apparently, it was
more difficult to stop the reactiom at the first stage in
ether thap it was In liquid ssmonia, Triphenyllead-sodium
forms s complex with ammonia (27), and the formation of a
complex often makes a compound more stable and less resctive.
Henoce, it is possible thet smmonia stabilized the triethyl-
lead-sodium toward further cleavege long encugh for it to
asvape from the surfasce of the aséium; In this way, the |
tetraethyllead would not be immedistely cleaved to free lead,
and the I'ree lead could not cost ths surface of the sodium.
Neither dimethylaniline nor triethylamine were capable
of preventing the formation of s black coat on the sodium. It
may be that trimethylamine ocould take the place of mummonia gas

‘in promoting this cleavage reaction in inert solvents,

Reaction of Organolead-sodium Compounds with Orgenic Halides

The organic group of the orgsnoclesd-sodium compound
had pronounced influence on the extent with which these com~
pounds Teaeted with organic halides. The organic groups which
were present in particularly stable hexaorzanodilead compounds
were also present in the organolead-scdium compounds that
reacted less completely with bensyl ah&oriﬁs« For example,

both hexa~g-anisyldllead and hexacyclohexyldilead were quite
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stable, and benzyl chloride reascted incempletely with both
tri-g~anisyllead-sodium and tricyclohexyllesd-sodium (85).
This incomplete derivatization may be explained, atyleast in
the former case, as being due to & steric hindrance caused by
the methoxy groups in the ortho positions,

Several observations have indicated th&t triethyllesad~
sodium was more reactive then triphenylleed-sodium. First,
triethyllead-sodium, mixed with an equal amount of sodamide,
wag derivatized completsly by the addition of one and one-half
equivalents of p-butyl bromide., This observation meant that
triethyliead-~sodium was more resctive than sodamide toward
n~butyl bromide. However, triphenyllesad-sodium, mixed with an
sgual amount of sodamide, was not derivatized at sll by the
addition of one and seven~tenths equivalents of ethyl bromide,
Triphenyllead~godiug did not resot with alkyl helides unless
quite an exeess of the halide wasg gresaat, but triethyllead~
sodium did reamct with these halides completely if only a small
exoess of the halide was yras&at; Therefore, triethyllead~
sodium was more reactive than triphenyllead-sodium.

Seocond, when smmonium bromide was added t¢ a mixture of
sodamide and triphenyllead-~-godlum, the sodamide was completely
destroyed before any of the triphenyllead-scdlum was destroyed.
This was aenother indication that sodamide was more resoctive
than triphenyllead-sodium. However, when ammonium bromlde wes

added to & mixture of sodamide end triethyllead-sodium, about
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thirty per sent of the triethyllead-sodium wes destroyed.
From thesge resulis, it was concluded that sodamide and
triethyllead~-sodium were of about the same reactivity toward
amponium bromide, Therefore, triethyllead-sodiun was more
reactive than triphenyllesd-sodium,.

Third, triethyllead-sodium rescted with bromobenzene to
glve a seventy-seven per cent yield of triethylphenyllead,
but triphenyllead-sodium elther 4id not react with p-bromo-
toluene or gave & very poor yleld of triphenyl-p-tolyllead.
Trimethyllead~sodiun reacted with bromobenzene to give e
forty-two per cent yleld of trimethylphenyllead. These three
results indicated that the order of decreasing resotivity was
as follows: triethyllesd-sodium ) trimethyllead-sodium )
triphenyllend~sodium,

Two different organie groups may be present at the same
time in the organoclead-scdium compound; for exemple in the
compounds diethylallyllead-sodium, diethylbenzyllead-sodium,
diethyl-s-butyllead~-sodium, mwawaWsmwvﬁuwwwam&:mamwmﬁ.
diethylmethyllead~-sodium, diethylphenyllsad-gsodium and
dimethylphenyllead~sodium. These ecompounds reacted normally
with alkyl halides; however, the benzyl and allyl derivatives
appeared to be unstable since some decomposition seemed to
take place even at -70°%,

Tetraphenyllead was clsaved with various metals, and

then derivatized with benzyl chleoride, in order to determine
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which metal was most effective in the production of a high
yield of triphenylbenzyllead, The metals arranzed in decreas-
ing order of effectlivensas are as follows: Ha, K D Sr, Ca,

Li ) Ba. Sodium, caleium and lithium,were of equal effective-
ness in the production of a high yield of triethyl-n-butyllead
by derivatization of the cleavage product of tetraethyllead by
metals,

The extent of coupling of an Qrganié halide with an
organolead-godiun compound was markedly inmfluenced by the type
of organiec group in the organic halide. The least reactive
ones tried wers the aryl halides, Triphenyllead-sodium did
not couple %0 an appreciable extent with any of the following
aryl helides: p-chlorotcluene, p-bromotoluene, p-iodotoluene,
methyl p-bromobenzoate, p-iodonitrobsnzens,and 2,4-dinitro-~
chlorobenzene., However, triethyllsad~sodium did couple with
the phenyl group of bromobenzene to glve satisfactory yields
of triethylphenyllead.

Ethyl bromide, s typilesl alkyl hslide, coupled with tri-
phenyllead-~-sodiwm to give & satisfactory yield of triphenyl-
athyllead only if a large excess of the sthyl bromide was added.
However, ounly a small axcess of an alkyl halide was necessary
to derivatize completely tristhyllead-sodium., HMethyl bdromids,
ethyl bromide, n-propyl bromide, and n-butyl bromide are the
alkyl halides that have been shown t0 underge the coupling
reaction with triethyllead-sodium slmest quantitatively.
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It was interesting to notice the influence of & branched
aliphatic chain on the speed and completeness ﬂf aerivatizatien
of triethyllead-sodium. The derivatization wss almost
instantaneous and practically quantitative when p-butyl bromide
was added, The derivatlizstion was noticeably slower and
thirteen per e¢ent less ccuplete when g-butyl bromide was added.
The derivatization d4id not take place at all when t-butyl
bromide was sdded. There were probably three factors which
prevented f-butyl bromide from ecupling with triethyllead-
sodium: first, steric hindrance would be a factor in holding
the t-butyl group away from the triethyllead group; seoond,
t-butyl bromide is less reactive than the other alkyl halides
that were used (74); and third, t-butyl bromide undergoes
dehydrohalogenastion more resdily than the other halldes
mentioned, and the hydrogen bromide formsd would destroy the
triethyllead~sodivm,

The more reactive halide, benzyl chloride, derivatized
the triphenyllead-sodium completely to produce triphenylbenzyl-
lead, even though only a slight excess of the halide was added.
Likewise, allyl chloride, whiech is similar Yo benzyl chloride
in resoctivity, derivatized triethyllsad-sodium t0 give a high
yield of triethylallyllead. In contrast to this last Tesction,
penzyl chloride reaoted with tristhyllesd-scdium to give &

{74) See ref, 36, pp. B4Z, 844.
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poor yield of triethylbenzyllead. ¥hen the two compounds
were mixed, a vigorous reaction took plece, and the liquid
organoclead produet was stable until heated up to the boiling
point of triethylbenzyllead; then dscomposition took place,
When benzyl chloride was added to the liguid ammonia solutions
vwhich contained sodamide, stilbene was ﬁradua&é; However,
stilbene could be formed only by the dehydrohalogenation of
benzyl e¢hloride, Since sodamide cen cause a dehydrohslogen-
ation of benzyl ehloride, it may be that triethyllead-sodium,
being of similer reactivity, could also remove hydrogen
chloride from benzyl chloride. The Tormation of hydrogen
shloride would lead %o the destruction of the triethyllesd-
sodiuwm, This reasoaling provides a possidble explanetion for
the production of only & poor yield of tristhylbenzylliead from
the reaction of tristhyllesd-sodium with benzyl chloride.
The reasction of only one dihalide, ethylene dibromids,
was tried with organolesd-godium compounds. Triphenyllead-
sodium did not couple with ethylene dibromide to produce
trighenyl<¢§rhr@mgathyilea& even when the solution of the
former compound was slowly added to an excess of sthylene
dibromide. Hexaphenyldilead was the mein product. Advantage
was taken of this cobservation to develop a convenient, rapid
method for the preparstion of hexaphenyldilead. The yield of
hexaphenyldilead was rifty-eight per cent. This yiseld was
thirteen to twenty-five per cent less than the ylelds obtained
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by the conversion of tetraphenyllead to the chloride or

iodide, followed by the addition of a liguld ammonis solution

of sodium (25), but the preparstion by the reaction of tri-
phenyllead-sodiun and ethylene dibromide was much more rapid.
The reactivity of the hslogen of the orgsnic halide had
a proaounced influence on the sompletensss of the coupling
reaction. The raaetivity of the halogen 128 intimately
associated with the nature of the organio group of the organic
halide, and since the influence of the organie group has
slready been discussed (p. 122}, reference may be made to that
gection to review the influence of the resctivity of the
halogen on the completensss of the reasction. However, two
additional cases may be mentioned. A small yield of triphenyl-
p-tolyllead was obtained by the resction of triphenyllead~
sodium with p-iodotcluens, but no triphenyl-p-tolyllead could
be isolated after triphenylliead-sodium wses mixed with sither
p~bromotolusne or p-chlorotoluene. We are therefore led to
the conclusion that aryl iodides have more of a tendency than
aryl bromides or chlorides to couple with triphenyllesd~-sodiunm,
This observatlon cennot be carried over 1o the resctions
of trietbyllead-gsodium. Bromobenzene rather tbhan iodobenzene
gave the higher yield of triethylphenyllead when the aryl
halides were allowed to resot with triethyllead-sodium, In
the case of lodobenzens, there seemed to be a side reaetion

whioh used up the ¢triethyllesd~sodium before it had a chance
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to couple with that aryl halide.

Salts, such as sodium p~iocdobenzoate, did not reaset with
triethyllead-sodium, possibly dus %o the insclubility of the
salt in the reaction medium (63). An sster, ethyl p-bromo-

benzoate, underwent smmonolysis before it rescted with tri-

phenyllead~-sodium, Aromatic nitro compounds react with liquid

ammonia to form compounds which apparently destroy the triphenyl-

lead-godiunm.

From these observetions several recommendations may be
made as guldes in further work. PFirst, avoid organic groups
which offer steric hindrance. This gpplies for the organie
groups in both the triorganclesd-sodium compound and the
organie halide. BSecond, avold the uge of triaryllead-sodium
compounds with the lesser reactive halides, Third, use a largse
axcess of an alkyl halide to obtain a satisfsctory yield of a
trisrylalkyllead from & triaryllessd-scodium compound. Fourth,
successful aeagling is more apt to be obteined by the use of
tri&lkyllsaﬂ«aa&iu% aamgaaﬁéﬁ thaz with triasrylleasd-sodium
compounds unless the organic halide undergoes dehydrohalogen-
ation easily. Pifth, it is more advisable to use sodium than
other reactive metals, Sixth, the use of i-alkyl halides
should be avoided. Since these recoumendetions were made on
a limited number of observations, it must not be expected that
they will be wvelid in every case,
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Preferential Cleavage of Organclead Gﬁmyeunda

It would be convenient If a study of the ease of cleavage
of groups from organolead molecules could be based on the time
required for the organolead compound to use up two equivalents
of sodium, but this methed was shown to gilve contradiectory
results, When liquid ammonis alons wes used as & solvent, in
whiech neither organclead sompound 18 noticeably soluble, tetra-
phenyllead was cleaved in four minutes, and tetrasthyllead was
eleaved in fourteen minutes. From these results, aa# would be
124 to say that the phenyl zroup was cleaved more readily than
the ethyl group. When ether-liquid smmonia mixed solvent was
used, in which tetraethyllead was completely solubls and tetra-
phenyllead only slightly soluble, tetraphsnyllead was cleaved
in three minutes, and tetrsethyllesd was cleaved instantaneously.
From these results, one would be led to the opposite conelusion,
that the phenyl group was cleaved less readily than the ethyl
group. This difficulty mey be due to differences in
solubility, but no inert solvent was found whieh would dissolve
an sppreciable amount of both tetraethyllead and tetraphenyl-
lead st the temperature of liguid eammonia.

The most direct comparison on the sase of cleavage of
groups was to attech both groups to the same lead atom, then
to oleave the resulting unsymmetrical organclead compound with
sodium. The orgenclesd-sodium compounds that were formed could
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not be isolated; so they were derivatized by the sddition of an
appropriste alkyl balide, By the retio of the amounts of the
verious products formed, one could determine the amounts of sach
of the origlnal groups cleaved, or the relative ease of
cleavage of esach group. |

In order to select the best metsl to use for the study of
the preferenitlal clesvege of an unsymmetrical organclesd come-
pound, the clesvages of triethyl-p-butyllead by lithium, by
s@ﬁiﬁw,anﬁ by e¢sloium were compared. The cleavege products
were derivatized by the addition of methyl bromide, and the

producis were ﬁapara%aé; The results are collected in Table II.

Table II

~ [ Ratic of groups cleaved
- .0 4 ‘

Metal [TC 1104
Ca 311
1i 21 - B9 3:1.1

Ha 26 64.5 B:11.4

The amount of triethyl-p-butyllead from whieh an ethyl
group was cleaved was determined by the yield of dlethyl-n~butyl
methyllsad, and the amount of starting material from which an
n~butyl group w&s cleaved was determined by the yield of
triethylumethyllead. The ratio of ths sthyl to p-butyl graupa
eleaved would be the ratio of the yield of diethyl-n-butylmethyl-
lead to the yield of tristhylmethyllead.
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If the cleaving metai showed no preference for elther
group, the ratio of ethyl to n-butyl groups cleaved would be
5:1., The results in Table II indlcate that the cleaving metals
showed very little preference for one group over the other;
but when a preference was shown, the g}butyl group was
8lightly easier to cleave than the ethyl group.

The cleavege of several other unsymmetrical organolead
compounds by sodium was carried ocut. The ratios of the groups
cleaved from each unsymmetricel organoleed compound tested are

shown in Table III.

Table III

Compound tested — , Ratio of groups eoleaved
triethylallyllead - ethyl : allyl = 3:14
triethylbenzyllead athyl : benzyl = 5:&;6
tristhyl~-g~-butyllead ethyl : g-butyl = 3:4
tristhyl-p-butyllead ethyl : n-butyl = 3:1.4
triethylmethyllead gthyl : methyl = §7:1
triphenyl-p~dimethyl~ phenyl : p-~dimethylaminoe

aminophenyllead phenyl = 6,4:1

triethylphenyllead ethyl : phenyl = 88:0 (78)

trimethylphenyllead methyl : phenyl = B2:0 (75)

(75) The ratios are indeterminate; so the per cents are
quoted, '
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From the results in Table III, the ssries of groups
arranged in order of decreasing ease of cleavage with sodium
is allyl ) benzyl ) s~butyl D n-butyl > ethyl > methyl > phenyl)
p-~dimethylaminophenyl.

It is intsraatiag to compare this order of groups with the
order obtained in certain other cleavage studies. The most
complete series, bssed on the cleavage of unsymmetricsl
erganﬁmarcuryreomgﬂnﬁﬁa by hydrogsn chloride, was presented by
Kharasch apnd co-workers (76), but this thesis 1z concerned
with only & Tew of the groups of Kharasch's series, These
groups placed in order of decorsasing sase of ale&?aga from
organomercury compounds by hydrogen ohloride are phenyl >
methyl ) ethyl D> n-butyl > benzyl (76a).

The sanme serdes was found to represent the esse of
cleavage of groups from unsymmetrical orgenoclead compounds when
hydrogen helides were used as cleaving agents (23, 77). In
addition, Austin (78) found that the p~dimethylaminophenyl

{76) (=) XKharasch and Flenner, J. Am., Chem. Soc., 54, 674
{1932), Thie publication conlain® refeFences Lo the
earlier work and correlates the resulis of sll of the
published experiments. (b) Kheraseh, Pines and Levine,
de Org. Chem., 3, 347 (1938); (c) XKharasch and Swartz,
inid., ﬁ 405 {I¢38); (4) Kherasch, Legasult and
Sprowls, ibid., 3, 409 {1938). ' o

(77} {a) Gilmsn and Towne, Rec. Ltrav. chim,., 51, 1054 (1932).
This publication contslns relsrences to the work done
before 1932. (b) Gilmen, Towne and Jonss, J. Am. Chen.
Sec., 58, 4689 (1933); (e) Austin, ibid., 63, 3514
TI0B1)5 55, 2948 (1933); (&) Jones, Evens, Gulwell and
Griffiths, J. Chem, Soc., 39 (1835). »

(78) Austin, J. Am. Chem. Soc., 54, 3726 (1932).

SIS I————
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group weg cleaved more readily then the phenyl group from
trirhenyl-p~dimethylaminophenyllead. 4gain, 1t was Austin
(?7¢} who published the surprising result that the allyl group
was clesved more readily then the phenyl group from triphenyl-\
allyllaaaa Therefore, in the clesavage of organolesd compounds,
both the allyl aﬁﬁ p~dimethylaminophenyl groups are more
easily cleaved from lead than any of the groups mentioned
above as part of Kharssch's series.

In genersl, all other inorganie cleaving sgents reacted
with unsymmetrical organolesd compounds to give the same
series as was found by the cleavasge with hydrogen helides.

The other inorgenic cleaving agents (79} thet have been used
are gilver nitrate (80}, halogens (81), thellium ohloride
(82), nitric scid (774, 83), and mercurlc chloride (802, 84).

It is of interest to note that the order of cleavage of

groups from organolesd compounds by sodium was the reverse of

the order obtained when any other inorgenie cleaving agent was

{79} For a survey of cleavage reactions as well as a general
review of the chemistry of organclead campounds see
Calingeert, Chem., Rev., 2, 43 (1935).

(80) (a) Krause and SchiBttig, Ber., 58, 427 (1925); 63, 1381
{1930); (b) Krause and Sechmitz, ibid., B2, 2150, 2165
(1919); {e) Kreuse and Renwanz, 1bid., 62, 1710 (1929).

{81) Leeding references to cover all of this work were
?ellsa%aa by Kaplan, Mester's theslis, Iowa State College

1938).

(82) Goddard and Goddsrd, J. Chem. Soc., 181, 482 (19282).

(83) 4Austin, J. Am. Chem. Soc., b3, 1048 (1931); Hurd end
Austin, Ipid., 53, 1543 (1931).

(84) XKrause and Henwanz, Ber., 80, 1582 (1927).
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used, the allyl group beling an exception.

The position of the allyl group in the hydrogen chloride
cleavege series is surprising. Austin {(77¢) observed that the
allyl group wes cleaved first when ¢riphenylallyllead was
treated with alcoholie h?ﬁrmgam bromide. EKharasch bsllieved
that the different cleaving conditions may have caused the
epperent unpredicted labllity of the allyl group. ThenGiluman,
Towne end Jones (7%b) clseved triphenylallyllead under the con-
ditions used in other clesavage studies and found that sgain the
allyl group was cleaved first, Since they also found that
M&J¢iynnsaturgt®é eliphatic groups were cleaved from lead with
uncommon ease, they suggested thet triphenylallyllead may exist
in the form (CgHp)sPbCH=CHCHz: thue the "allyl®™ group would no
longer be expscited to ¢leave less essily than the phenyl group.

Eharaseh and Swartz then cleaved phenylallylmereury with
hydrogen chloride and found the two groups cleaved at about the
same rate. They assumed that the unpredicied lability of the
allyl group was due to clesvege by a different mechanism, as
1llustrated in the following equations:

ColigHgCHyCH=CH, + H' + 017 — CgHgHgOH,CHCH; + C1™
CeHsHgCHoCHCHy + 017 ~———>  CgHgHgCl + CHy=CHCHg
This suggested mechanism may elso be applied to explain why the
allyl group was clesved first from triphenylallyllead. This
mechanism does nolt explain why both J&J4Lf and 4QJ:1fanaatur~
ated groups were cleaved more readily than the phenyl group but
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of the reactions of benzyl compounds can be predicted more
acourately from & serises phenyl - ethyl - benzyl than from
a seriss phenyl - benzyl - ethyl. Both the hydrogen chloride
and the sodium cleavege give the former series, but cleavage
of organoclead compounds with bromine gave the latter series.
Griuttner and Grittner (60) found that the ethyl group was not
cleaved in preference to the benzyl group when triethylbenzyl-
lead was treated with bromine. This snomalous behavior was
explained by the assumption thet the benzyl group was
oxidized off instead of being removed by direot cleavage.
¥hen testing relative resctivities, one should use a
reaction in which all compounds undergo the same reaction by
the seme mechanism. If one member reacts by a different
mechanism, the resulis certalnly are not comparable, It is
believed that the allyl group was removed by a different
mechenism then the other groups when hydrogen chloride was
used ag & cleaving agent. Likewise, 1t is believed that the
benzyl group was removed by a different mechanism than the
other groups when bromine was used as a cleaving agent, How-
ever, there is no evidence that any of the groups were removed
by & different mechanism when sodium was used as a cleaving
agent, Cleavege with sodium, then, has given more reliable
results than cleavage with either hydrogen chloride or
bromine,

The sodium cleavage series provides a basis Tor planning
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the preparation of certaln unsymmetrical orgsnolead compounds.
For sxample, in the preparation of diethyl-p-butyl-p-tolylleed,
one would start with the readily available tetrsethyllead,
treat it with sodium, and then with p-bromotoluene. One would
trezt tﬁa product, trilethyl-p-~tolyllead, with sodlium and then
with n-butyl bromide. From the cleavage series one would know
that the orzanic halides should not be used in the reverse
order.

The new compounds prepared for identification purposes
were diethyl-n-butylmethyllead, dlethylmethylphenyllead, and
diethyl-g~butylmethyllead.

In review, these studles on the preferential cleavage
with sodium have glven a series of groups which 18 almost the
conplete reverse of Kharasch's series. This study hes also
elarified the positions of the allyl and benzyl groups in the
series of organic groups. This work has also provided s
more convenlent method for the prepsration of sertsin

unsymmetrical organclead compounds.

Suggested Mechanlsm of the Cleavages of Orgsnolead
Compounds by Metals

Since the series of groups ?l&@ﬁd in order of decreasing
ease of cleavage by meitasls 1s the reverse of the series
placed in order of decreasing sase of cleavage by other

inorgenic reagents, it 1s reasonsble to suppose that these



- 136 -

cleavages proceed by different mechanisms,

Sodium in liquid smmonis is known t0 be ionized into e
sodiwa ion and an slectron (86). Since sodemide and sodium
belides do not cleave organclead compounds, it cannot be the
sodium ion that eleaves the organolead compounds; therefore,
the slectron must be the cleaving sgent., The electron
probably sdds to the lead, temporsrily lnoreasing the number
of electrons in the lead atom. This arrangamént is unstable
and ths compound decomposes. In order to reduce the number
of slectrons on the lead, an orgenic group must break away with
& pair of electrons. The lead is left with three organic groups
and one unshared electron, a free radlieal, Such compounds
react lmmedietely with metaellie sodium to give triorganolesd-
sodium compounds, a reaction which would take place befors
any more organolead compound weas cleaved.

The group which broke away with the slectron pair has az
negative charge, and there is s positive sodium ion in
solution. This mixture of charged psrticles is, in sffect, a
solution of an organosodium compound, Orgenosodium compounds
that are stable in liquid ammonis exist in ionic form (87).

Almost &ll of the organosodium compounds undergo ammonolysis

(86) Kraus, Chem. Rev., 8, 851 (193l).
(87) (&) Kreus and Rosen, J. Am. Chem. Soo., 47, 2739 (1925);
{b) Wooster and Mitehell, ibid,, 5Z, 688  (1930).
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imuediately in liquid ammonis. This ammonolysis explains the
formation of the hydrocarbon and sodsmide, The equations for
this mechanism are shown below,
L Ra+ + .
RgFOR + *7 ——s [RgPBR] — RgPb + B*
RgPb + Na — HyPbla
R+ He” + NHg —— RH + NahlH,

?hia»m@shaniam is supported by the following observations:

1. The presence of the RyPbNa compound has been proved by‘
derivatization with HX compounds and the product (RgPbR ™)
isolated and identified,

2. The produstion of HH has been proved by the isolstion
and derivatization of bengzene from the cleavage of tetraphenyl-
lead, and of toluene from the cleavage of triethylbenzyllead.

3« The presence of sodamide has been indicated by the
geparstion of s white powder which reacts vigorously with
water to give ammonie and leaves a strsﬁgly bagsic solution.

4, Kreus (13) mentioned that it was by no means certain
that methylsodium is formed ss an intermediete when tetra-
methyltin i cleaved by sodlum in liquid smmonia, During
the cleavage of triethylbenzyllead & red color appsared in
the solution but the color slowly faded. The formation of a
temporary red color probably measnt that benzylsodium was

produced because benzylsodium is known to be red in liquid
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smmonis, and it slowly undergoss awaenalysis (87b, 88}, A
red color also formed during the cleavage of triethylallyl-
lead, but it did not Torm in the cleavage of any of the other
organoclead compounds. The formetion af & Ted color in these
two cases only indleates that the orgsunosodium compounds
probably were formed snd the smmonolysis is slow sn&ugh 80 &
gufficient concentration of organcscdium compound is formed

to produce a red color.

(88} Kraus and White, ibid., 45, 777 (1923); Edelmen, Linford
and Burgess, Abstracts, American Chemiesl Zoclety,
Cincinnati 519%6)*
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A survey of the literature concerning the preparstion
and reactions of Ry’ (5) compounds wos made, 4lS0, & review
was made of some of the work published concerning the
preferential cleavage of proups from organometalliec compounds.

A gtudy of the cleawvage of orgenclead compounds by
reactive metals was made, A numbsr of examples showed this
method to be a valuable one for the preparstion of organclesd-
sodlum compounds.

Studles were mede on the applicetions and limitetions of
the resction betwesen triorgenclead-metal compounds and organie
halides.

The cleavage of unsympetriesl organclesd compounds by
metals was developed &z a new and wvalusble technique for
compiling & sseries of groups which is useful in the prediction

of relative reasctivitiesm of members of & homologous ssries.
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A reply from Dr. E. J. Crane to a reguest for recomnmend-
ations soncerning the nomenclaturs of certain types of
organometallic compounds.

COrY
February 20, 1941

Dr. Ernest Bindschsdler,
Jows State College,

Deay Dr. Bindschadlsr:

Dr., Leonard 7. Capell of this office
and Dr. Austin M, Patterson have besn giving some thought to
the nomenclature problems discussed by you in your lstiter of
February l. Doctor Patierson hes written with reference to
the compounds the following comment:

*] am sorry to have been delayed so long in answering
your letter of February 12 about the names of organo-
metallic compounds from Dootor Gilmen's laborstory. Several
considerations are involved and I wished to avold too hasty
an answer, Even now I do not feel very well preparsd to
reply, but I realize thet Dr., Bindschadler cannot be kept
fﬁiting too long., I will sccordingly give you my present

GE8,

#] see the point in avoiding such names as 'stannide?
if possible; it is probably betlter in such csses to use
faddition' names which are less commitsl.

*On consideration, I like in most cases the Tirst
name for each compound as given in Dr, Bindschadlerts list,
but I think it might be well to use a hyphen to indicate the
closer connection of the organic radicals with one of the
metals. At present; then, the nemes that seem perhaps best
to me are: ‘

1. {CH:)aPbNe trimethyllead~sodium

2. [ { Eﬁg?ai}b }a{}a bhis (trim&thyllaﬁd } «galeium

3s {CgHg) zPbCalCl triphenyllead-calcium monochloride
. (ch,} . PoNe, dimethyllead-disodium

5. Na{CHjz)SnSn(CHz) Na toetramethylditin-~disocdium

6. (sﬁﬁﬁgsaﬁag triphenylborine-disodium

7+ (CgHg ) z351NHC Hy triethyl (ethylamino)silicane
o (if N-(triethylsilicyl)ethyl~
amine is not sceceptable.)

"1 have inseérted 'mono' in 3 to avelid conveying the
impression that it is & compound with Cally. Perhaps the
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tmono! is not needed, T have substituted 'borine' for

thoron' in 6 snd 'silicanet for ‘'zilicont' in 7.
*T would hesitste to coin a whole series of prefixes like

caleio~-, bario-, ete.; I have never ecared speclally for
sodio~ even."®
Neither Doctor Cspell nor I feel that we can add
gnything to this discussion,
Sincerely yours,

Es J. Crane
Editor, Chemical Abstracts



	1941
	Unsymmetrical organolead compounds
	Ernest Bindschadler
	Recommended Citation


	 

