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STIAL CLIAVAGE
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Many reactions have been used to deternmine $the relative
negativity or lability of organic raodicals. Lability or
negativity series of radicals bssed on these various resc
tions are not alwoyes in sgreement and gquite often apree only
in & general way. This is to be expecied when ve consider
the nany fsctors such as experimentsl conditions, reagents
and the intra-molecular forces that may influence the rcesults
obtained by the various methods.

4 method based on the prefercential cleavsge of redicals
fromn unsymmetricsl organometsllic eompounds is perhaps the
most direet and at the same time is, in general, the nost
applicable. The results obiained by this nmethod are apoarently
the same whether unsymmetrical nsreury, tin or lead ecounounds
are used, However, the nature of the splitiing agent has an
effect for anomelous rasulis are obtsined in the case of the
benzyl group when halogens are used es the splitting sgent (1).
This perticular anomBly does not occur when hydrogen chloride

is used and is probebly due to substitution or oxidation which

{1} These resulits are deseribed in more detail with original
references under "Discussion of the Cleavage Method”.



precedes splitting. (The cloavage of a Tew Ha5nlly™ and &, PbHg?
compounds with hydrogen chloride splits off one 1 and one R’
group when R and A are of nearly the some negativity.)

Beeause of this abnormal behavior of halogens, the present
gtudy of the cleuvage of unsymmeirical organolead compounds
containing unsatursied radicsls has been carried out using
hydrogen chloride as the splitting agent.

EZxenination of the results of eleavege of orgunie redicals
fron unsymuetrical organometallic compounds has shown thet the
group or groups removed first are those which are generslly
considered the most negative or labile.

Thus eromatic radicals are split off before aliphatie
radicsls. The position thal sliphetic unsatursted radicals will
oceupy in the general lability series |(aromatic, sliphetic,
unsaturated sliphatie) is not known (2). It was pointed out
meny years azo, however, that the negativity of radicals
(hydrocerbon radicals econtaining other elements as substituents
for the most part) was direetly dependent on their degree of
unsaturetion {(3).

In & study of the preferential cleavage of some phenyl-
thienyl~, phenyl-furyl~ and thienyl-furyl«lead compounds, the

result of which ig published elsewhere (4), it has been shown

(2) Austin, J. sm, Chem. Soc., 53, 3514 (1931), has shown that
tripshenyl-allyl-leud is split by hydrogen bromide to glve
triphsnyl-lead bromide.

Heinrieh, Ber., 32, 6¢8 (1899;. \

Gilman end Towne, Hec. trev. chim., 51, iowv. (1932).

g
@ (R
b g T



C)
{D

that the reletive lability or negativity of the radicals
increases in the order: phenyl, thienyl, furyl. It was also
pointed out that these faets could be correlatsed with the
inereasing degree of asromaticity exhibited by the hrdrocarbons
from whieh these vadicals are derived, thet is, benzene, thio

phene and furen. Since eny defianition or cunsi

’Ju

deration of
aromaticlity invelves o concention of unsatursted linkages,

a number of unsatursted radicals other than arcmatic heve been
studied.

The present investigation is concerncd with the clesvege
of some unsymmetrieal lead conpounds conteining unssturated
aliphatic radicsls in order to determine to what extent an
ethylenic double bond and its position with vespecet to the
carbon-lead linkage influences the lsbllity or negutivity of a
redicale Tor this purpose lead compounds contaianing the allyl-,
beta~styryle and (buten-3=yl)=lead linkege were invostigoted.

The splitting of triphoenyleallyl=lead, {triphenyl-bata-
Styrylnl ead znd trivhenyl-{buten~3-yll=leed (5) with hydrogen
ehloride showsd that allyl and bets-siyryl radicels were re=-
moved before phenyl while the phenyl radicsl is gplit off belore
the buten«3=-yl radicsl.

(8} The nanes of these nixed organoclead corxpounds may be written
more corrasetly without hyphens but for the sake of clarity
they are usad to denote a netaleczrbon linkspe when follow-
ing the name of a radical. Thus triphenyl=allyl-lead is
usuelly written triphenylaelliyilead.



This anom@lous cleavage of the allyl roaicul was notb
entirely unexpected, The extreme lability of this tyne of

radicel ie well known. von Braun asnd Xcohler (€) hav

-
)

nointed
out the labile nature of allyl and cinnamyl radicals in their
week linkages %ec aitrogen, oxygen and the halogens. Physio-
logically, compounds conteining these groups behavs quite
differently Ifrom compounds containing the penton-4d-yl
{CHa=CHCH,CH,CH, =) group. The latter sre less toxic end
behave like compounds with eliphatic substituents while allyl
and cinnemyl grouns increase the toxicity of the cowpounds,

The enhenced activity or lability of groups of the allyl
type is denonstrated by the ready coupling of allyl braide
evidenced by the difficulty of the independent sreparastion of
allylmagnesium bromide under oxdinery conditions (7}, by the
rearrangemnent of allyl phenyl ethers (8}, and by the resrrangoe-
ment of cinnanyl-magnesium chloride (9} and other campounds
containing the allyliec systen of unssturztion. ot as rnwch is
known concerning the beta«~styryl radiczl but its linkege
to halogen is Pairly lsbile since the prepsration of bete-styryl
magnesiun bromide involves considerable cousnling unlsss special
conditions are used {(10).

The results of cleavage of these unsatursted lsad compounds

{¢) von Braun and Kohler, Ber., 51, 79 (1918).

{7} Gilwan end lic Glumphy, Bull. soc. chim., 43, 1322 (1928).
(8] Cleisen and Pietze, Ber., 58, 275 {1925).

(¢) Gilman and Harris, J. im. Chem. Soc., 53, 3541 (1931).
(10) Gilmen and Zoellner, Unpublished work.



indicate that unssbturated radlicals of the cthylenic tyne are

rore labile than the phenyl radicsl 1f $he double bound is in

the 1,28 or 2,3 position with respect to the lead-carbon

linkage (11). However, if the double bond is in the 3,4

positiocn, as is the case with the buten-3-yl radical {(CHz=ClCL,Clig=]
the radiecal is then less labile then the phenyl radical, that is,

N

behaves as a saburated sliohetic radical in cleavage reactions.

(11) The part thet the unsaturation of the phenyl group plays
in labilizing the styryl group can only be determined
by investigating the cleavege of other related unsaturated
radicals.
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The nmost extensive work on the deternination of relative

negabivity or lebility of radicals by the clesvage of organo-

metallic compounds is that of Kharasch and coworkers (12).
Their work is based on the cleavage of unsymmetricsl orgsno-
msereury conpounds with hydrogen chloride in alecobol solution.
They also cheek these resulis by splitiing the uansyaetrical
compound with mercuric c¢hleride.

They state that in unsymmetrical organomercury compounds
the more electronegative group is split off Tirst by hydrogen
chloride, These investigators in subsequent work have compiled
a rather connlete seriss of radicsls in the order cof their
relative electronegativity (13).

The splitting action of halogen agids on organotin
compounds likewise has shown that the more negative redlcal is
split off first.

Ladenbure (14) has shown thet with hydroehloric scid
triethyl~phanyl-stannane vields triethyl-tin chloride and benzene.
Kipping {15) found that the order of removal of groups from

nixed stennanes was the same vwhether he used hydrochloric acid

(12) ZXKharasch and Graflin, J. fum. Chem, Soc., 47, 1948 {(1925);
also seec uciﬂnca, 53, 1510 (1923).
(13) Kharasch and liarker, J. .m. Chem. Soc., 48, 3130 (1926);
Kharuseh and Reimmuth, J. Chem. :ducatiom, 5, 404 {1988j;
d. Chen. Zducation, 8, 1703 (1931}
Kharasch end Jlenner, c¢. £m. Chem. BSoc., 54, 674
{14) Ladenburg, Ber., 4, 17 (1871} /nn., 159, 351 {
(15) Kipoing, J. Chem. Soc., 131, 2565 (19587,

S (lgwhja
lé’?l ) »



or iodine except in the case »T the benzyl radical. The benzyl
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group was split off first from trimethyl-tenzyl-stounnan
and triethyl-benzyle-stannane (17; when halogens were used. The
order was Treversed with hydroehloric acid, ethyl end nethyl
groups being removed before the benzyl group.

Thus it is scen that the benzyl radical appears to be less
negative than ethyl asnd methyl rTedicals when nydrogen ehioride
is the splitting cgent and nmore negative when hulogens are used.
“ith this exception the series of labiliitiss or negativitiss of
radicals Goss nod vary with the splitting =zgent usszd. Ffossibly
the halogens are substiiuted in the benzyl radical or as
Kharasch uand <lemner (13) point out the halogens may cause
oxidsation to take place. The investigetors who have usasd the
halogens as splitting awgentes Tind the splitiing producis to be
g mixture of benzyl bromide and trimethyl-tin bromide as deler-
mined by bolling point and molceular weight determinutious.

Tolusne was not ideutified in reacition with lyydrogen ehloride.

e -

Bullard and iicilden {12) feound that with unsymmetvrical

Ls

stannanss of the type, Hzanis, hydrogen ehleride ramcoved one
ethyl and one methyl group from dimethyl-diethyl~-sitannane
rather than two methyl groups. Likewise diethyl-di-n-propyl-
stennane lost cne ethvl snd one propyl group. These workers
used dry hydrogen chloride on the purc stannane ab relatlvely

of

{18} Xraus, ¢. 4. and Sullard, J, ame Cham. Soc., 48,2135 (1226).
(17) Xipping and Smith, J, Chem. Soe., 101, 2552 (1512).
(18) Bullard and lolden, J. ma. Chex. Soc., 53, 3150 (1931).



high Tanmperasitures ond 1t would be interssitias $o kaow whether
the order of cleavage is changed by the use of & solvont.

In this emnection the clesvage of dishenyl-di-binhenyl-
lead is describsd. The results show that about ﬁ%ﬁ of the
available biphenyl radicals are split off to fom dishenyl.

The mixbure of organolead dichlorides, obtained by splitting,
when treated with phenylmegnesiunm bromide yislded a nmixture

of phenyl-biphenyl~lead compounds from which was isclated

11.63% of pure tetraphenyl~léaé. This shows that the splitting
doss not involve solely the cleavage of one phenyl and one
biphenyl radical from each molecule of diphenyle-di-biphenyl-lead.

The splitting setion of halogen aclids on unsymmeirical
crganviead compounds has been investigeted by various w rkers.

The work of Giluan and Jones (19) on the splitting of same
phenyl~alpha-naphthyl= and phenyl«benzyl-lead canpounds showed
the order of increasing lability or negativity of these radicals
to be! Dbenzyl, phenyl, alpha=-nephthyl. The reaction was
cerried out in chloroform when Rg bR™ compounds were split end
in benzene in the case of H PbR.* compounds; the latter rezction
wes gquantitative. Their ﬁcrk shows the ¢leavape of unsymmetricel
organolead compeunds to be a satisfactory method for the detar~
mination of the relstive lability or negativity of organic

redicels.

(19} Jones, H. L., The Relative Labilities of Radieals sttached
to Lead in Organolead Compounds. Unpublished Thesis,
Iowa State College, imes, Iowa, 1920,



1iBller and Ffeiffer (20) found that hydrogen chloride
preferentially removed aryl bofore alkyl groups in unsymaesrical
alkyl-aryl=-lead compounds. Goddard and Goddard {(21) confirmed
this result by splititing simiisr compounds with thallie chioride.
Grittner (22) split diphenyl-dicyelohexyl-lead with hydrogen
chloride and hydrogen bromide and obtained dicyclohexyl-lead
dihalides.

Likevise Hurd and ..ustin {(23) and Austin {34) using =
varisty of unsymmeirical orgsnolead compounds have shown that
concentrated mineral acids (HBr, HCLl and IiU,) remove aryl
before alkyl groups. They point out that the group having the
greatest electron attraction is the controlling fector in gplit-
ting reactions, predominating the influence of the reletive
number of I and ' groups nresent in & lessed molescule., Thus,
with tri-o~tolyl-phenyl-lead and triethyl-phenyl-lead the c~tolyl
and phenyl groups are renoved first respectively.

since this thesis concerns the action of hydrogen chloride
on organolead compounds, a review of the action of the halegens
on orgenometallic compounds would be out of plece but for the
fact thet o negativity series of redicele based on the split-

ting action of either reacent 1s glmost identical.

(20) 18ller and £feiffer, Ber., 49 2441 (1916).

(21) Goddard and Goddard, J. Chem. sSoec., 121, 462 {(1922).
(22) Grttner, Ber., 47, 5257 (1914).

(23) Hurd and .ustin, J. .m. Chem. Soc., 53, 1543 (1931).
(24) Austin, J. im. Chem. Soc., 5B, 1548 T1831).
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48 pointed out by iharasch and Flenner (13) these two
series of radicals differ only when two radicals cre of
negrly the sane nepetivity or oxidation and substitution
resctions of the hslogens c¢ome into play.

In e comprehensive study of the actions of healogens on
organclead eompounds, Grittner and Zrsusge and thelr coworkers
and others have drewn the following econclusions regerding the
relative ease of splitting of various groups:

1. The lightest group is removed Tirst from nmixed alkyl
lead compounds if in primary attechment to lead. A sceondary
group is removed more readily than & primery group (25).

2« 41yl radicals are renoved before slkyl in mixed
aryl-alkyl~lead caspounds (2¢, 26).

3« The heavier aryl group is split off first Irom mixed
aryllead compounds {(27).

4. The group of which there is the largest number is
removed first from an organolead campound (28, 29).

5. The electron attraction or negativity or lability of a
group has more influence than the relabtive number of B and R*
groups present in an organclesd compound (23, 24).

These conclusions require exanmination in view of more

recent investigations., Conclusion one and two hold as stated

(28) Grlttner and Krause, Ber., 50, 202, 278 (1917},
(26) GCrfittner and Grilttner, Ber., 51, 1294 (1918).
(27) Krause and Schi8ttig, Ber., 58, 427 (1925).
(28) Gr@ittner and Krause, Ber., 49, 1125 (1916).
(20) Calingaert, Chem. Reviews, &, 43 (1925).
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in all known cases. The conclusion that the heavier aryl
raedical is split off first from mixed aryl-lead compounds
needs modification. It was, no doubi, & natier of chanee that,
in the mixed aryl=lead compounds on which this conclusion was
based, these compounds 2ll possessed more negative groups
which at the same time were heavier than the phenyl or other
radical fto which they were compared. The furyl radical is an
aryl group wnich is lighter than phenyl and it was shown t{o
be more negative than the phenyl refiicel (4). Likewise it is
alsco lighter and at the sane time mores negative then the
thienyl radical.

The workers who originally formulated conclusion four
were working with mixed slkyllead compounds and here sgaln
it was a matter of chanee more than snything else that the
compounds under coneideration were 8o constituted as %o lead
to this conclusion. However, Grlittner znd Krause (28) point
out en execsption in the case of triethyl-methyl-~lead where 1%
is the lone nmethyl group rether then one of the three ethyl
groups that is split off. In most ceses 1t has been cher
writers and workers who have applied this conclusion when
speaking of the arcmatic series.

Conelusion five is undoubtedly true in gll cases.

The above conclusions for the splitting action of halogens
and halogen acids on nmixed plumbanes are also valid for nixed

stannanes as shown by various investigators (14, 15, 16, 17, 30).
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In addition to the halogen acids and halogens, mercurie
chloride {31), thallic chloride (16} ané silver nitrate (32)
have been used as splitting zgents for organolead compounds.

This review of the splitting action of hydrogen chloride
and halogens on the nixed organometallic compounds of nercury,
tin and lead is sufficient to show thet the preferential split-
ting of groups from such compounds presents difflculities that
rust not be overlooked if eonclusions drawn from eXperimeatal
work ere to be velid. lzn the first place, the splitiing action
must be as nearly quantitative as possible and the products
recovered quantitatively in order to elininaste the nossibility
that secondary splitiing reactions take place concurrently with
the main resetion. OSecondly, the splitting action must not be
preceded by substitution or other reactions so that it may be
certain that the group split off is the group originally attached
to the metal. The quantitative recovery and identification of
the splitting products will determine this satisfectorily. The
third point, that we are dealing with pure organometallic com~
pounds, must be determined with all the care that is requisite
of any compound to be used in & series of crifiecsl chenical

reactlions.

(30} Grlittner and Krause, Ber., 50, 1802 (1817); Bullard and
Rebinson, J. am. Chem. Soe., 49, 1372 (1927);Bullard
and Vingee, J. 4m., Chem, Soc., 51, 882 {1929); Bullard,
J. Am. Chem. Soc., 51, 3065 (1929).

(1) Challenger, J. Chem. Soc., 125, 864 (1924); Goddard, J.
Chem. Soc., 121, 975 (1922;.

(32) Xrause and Seliitz, Ber., 52, 2150 (1919).




DISCUSSION OF RIUULTS

The treatment of triphenyl-beta-styryl-lead and triphenyl-

allyl=lead with dry hydrogen chloride in chlorcform solution
caused the cleavage of the unsaturated group foming styrene
and propylene. The other products of the splitting were
soluble triphenyl-lead chloride and insoluble diphenyl«lsad
dichloride. The latter is always fomed when an R ;PbR' cone
pound is split with hydrogen chloride unless the resction is
stopned before all of the original compound has bsen split,.

The reactions involved are as follows:

(Celig ) gPOCH=CHC Xy + HOl—> (Coils)sPbCL + CHy=CHC,Hg sue » I
(Cellg ) sPOCH=CHC (Hg#2HC1> (CoHy )} gPbCLg+CH =CHCHg#C,H, . II
(Cellg) gPbCHCH=CH, + HCl~> (C ilg)sPbCl + CHgCH=CH, ., . III
{Celly ) gPDCH o CH=CH, +2H 01— (CyHy ) oPDCL#CHaCHRCH 40,1, « IV

Styrene and propylene have been identified and the tri-
phenyl~lead chloride and diphenyl=-lead dichlorids have been
recovered and identified in practieally quantitative yields.
The cleavage of triphenyl-{buten-3-yl)}=-lead did not split off
the unsaturated group first but gave diphenyl~butenyl-lead,
phenyl-butenyl-lesd dichloride and benzene according to the

following reactions:

(Ceilg) sPBUH 3 CH o CH=CH g4 HC1— (CoHg ) g (CH2=CHCHCHg ) PbCL+Cel, ¥



{Celg) s PDCH CHCli=CH  +2H01™ (CoHy ) (CHg=CHCHCH, )PbCLa+8Cek, o o VI

Ho evidence of butylene was obtained in this splitting
reaction snd benzene was identified in 419 yield. Dishenyl-
butenyl~lead chloride was identified by conversion to triphenyl-
butenyl=lead with phenylnagnesium bromide. Phenyl-butenyl-lead
dlehloride is apparently unstable and on analysis was found to
have lost 1%# organic constituents leaving inoreganie lead
ehlorids.

These results indicate that an unsaturated radical is
more labile or negative than a phenyl radical if the double bond
is in the 1,2 or 2,3 position from the carbon-lead linkage but
less lablle or more like an aliphatic redical if the double
bond is ferther removed from the carbon-lend linkage.

In addition to the cleavage reaction several other charae-
teristics such as physiological properties (6}, coupling reac-
tions (7, 10) and rearrangenents (8, 9¢) were mentioned in the
Introduction as distinguishing factors between &llyl and betao-
sbyryl grouns on the cne hand an& buten«3~yl and penten=4d-yl
groups on the other.

This would indiecate thaet, in genersl, ethylene and propyl-
ene radicals and their derivetives are nore labile or negative
radicals than phenyl while buten-3«yl, penten-4~yl and higher
homologous uncsaturated radicals are less labile or negative than
the phenyl group.

These faels go to show that in unsaturated conpounds the



lability of the group and ite chericel provertiss are not
denendent cn the nresence ol the double bond, but on the
position that the double bond ocecupies with raspect to the rest
of the nolecule.

The cleavage of diphenyl-di=-biphenyle~lead gove snomelous
results indicating that cleavage procesds in a heterogeneous
manner and uandoubtedly means that there is very little dilfer-
ence in the relative lability of phenyl and biphenyl groups.

The isolation of 119 of pures tetraphenyl-lead when the
mixture of phenyl-~biphenyl-lead diechlorides resulting fron
cleavage was trested with phenylmagnesium bronide precluded the
poesibility of the scle cleavage of one phenyl and one biphenyl
radical from each molecule of diphenyl-di~biphenyl-lead.

This reaction is deseribed and explained in more detail

in the Zxperimental Part.



Avparatus and Procadu

Yhe various Grignard reageunts incidentel o the prepara=-
tion of trighenyl-~beta~styryl«lead, triphenyl-allyl-lesd,
trighenyl-butenyl=-lead, and diphenyl-di-biphenyls-lesd were
prepered as follows:

The magnesium, contained in a three-neck, round botion
flask of eppropriabte size and equipped with & relflux condenser
and mercury-sesl, mechanieal stirrer, was covered with ether
and 30«40 drops of the halide added, The ether was refluxed
gently, and if reaction did not start in s few ninutes, a
crystal of iodine was added. 48 soon as reacticn started,
the remainder of the helide dissolved in about €.0 moles of
ether was then added dropwise at such a rste as to csuse gentle
refluxing. sftoer all the halide had been added, the resction
was stirred and leated for fifteen to thirty nminutes.

The Grignard resgent was then decanted in a dry nitrogen
atmosphere from execess magnesium and aliquots were titrated {(33).
The Crignard reagent in slight excess was then added from &
dropping funnel $o an ether suspension of the appropriate
organolead halide contained in a flask equipped as described
above. In a few ceses the organolead halide was sdied to the

Grignard reagent; these cases will be mentioned in the

{33) Gilman, Wilkinson, Fishel and leyvers, J. Am. Chem. Soc.,
45, 150 (1923). OSee also Gilmen, Zoeliner aund bickey,
ibid., 51, 1576 (1929).



dateiled .goount of the verious runs. The resction mixziure
was then hyd:olyzed by pouring into lced anmonium chloride
solution and worked up in the customary manner.

In the preparstion of triphenyl-sllyl-lead, triphenyl-

betawstyryl=lead and diphenyl-di~biphenyl-lead the halides

for preparing the Grigonard reagents were direetly aveilable,
and the lead compounds were propared according to the follow-

ing reactions:
CHap=CliCHac ¢Br+ (Celig) s P0CLl—> (C lig) sPbCHCH=CH, + lighrCl ., VII
Coilg C=CiliigBr+ {CsHy ) s PBCLl~—> (G, Hg) sPDCHmCHCHg+ligBrCl . . VIII

In the nreparation of triphenyl~{buten-3-ylj~lead the
halide and lead compounds were prepared by the following

series of roeactions:
CHp=CHCU MgBr + CH,0 {gas )} CH, =CHCHCH,O0lgBr. . + « » o IX
CHa=CHCI,CH, 0B + PBrsy {in pyridine)~> CHa=OCHCHUHBr o « » o 4

T et Y iy 12 ‘ e e T mr , -
Q}zﬁgg;‘éo}““ac“"a“r + J.L';M Cz‘isﬂbﬁcziautlgﬁﬁlgf e #» e & = & & 8 w = -K.I

OH ,=CHCH o O gMgBr+ (0 Hs ) PDCL——d (Coly) s PDOHS0H,,CH=CH, o . o XII

Preparetion of Triphenyl-beta-styryle~lead (10,

%

> B ¥ i Y
2un 1. To a 200 cc. flask was added 7.3 g. 1l

A
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80~200 mesh magnesium with 30 ec. of anhydrous ether, 35 drops

of bete=-styryl bromide znd a crystal of iodine, The flask was



heated with a micro burner and reasction appeared $o stsrt. The

renainder of the 18.2 g. (0.1 mole) of halide, diluted with

e
L

4]

[

. of ether wass sdded from a dropping funnel over a period
of two hours, with gentle refluxing over s hot plate. 4L color
test was nogative (34} so the reaction had not startsed in the
first »lace. The reaction mixture wes then heated over a hot
plate until reaction begen, which was guite vieclent and the
solution became dark red in eolor. After the vigorous reaction
had subsided, it was refluxed and stirred for fifteen minutes.
in average of btwo titrations indicated a 49i81% yield of
Grignaerd present (33).

Fourteen and twenty-two hundredths grams (0.03 mole) eof
triphenyl-lead chloride was added to the solution of beta-
styrylnagnesium bromnide at one time which csused gentle reflux-
ing. I% was then refluxed and stirred for one hour and hydro-
lyzed. Ilore cther was added and the ether layer filtered
from 3 g. of insoluble material. This proved to be impure
tetraphenyl-lead contaminated with triphenyl~lead chloride.
The 3 ¢. of product yielded 1 g. of pure tetraphenyl-lead,

m., D. 227=8%, soft 225°, which did not depress the melting
point of an authentie sgpeeimen.

The ether solution when washed and dried and the solvent
distilled off, yielded an oil nmixed with a sludge of erystals.

This was dissolved in alechol and on filtering an il cane

{34) Gilmen snd Schulze, J. Am. Chem. Soec., 47, 2002 (1925).
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down which crystellized over night. The crude triphenyl-beta~
styryl-lead thus obtained weighed 5.5 g. (me p. 74~80°, soft
67°%). Recrystallization from alcohol gave 3 go. of oroduet thot
melted at 90° to a sludge (elear liquid 110°, soft 85°). It
blackened at 150° and deconposed with bubbling &b a78° .

another crystallization geve a nmelting point of 99-100° with
dscomposition, soft 96°.

A lead enalysis (35) was 0.68% low showing the sample to
be impure,

The various mother liquors yielded 4.5 g. of a gummy
product from which there was obtained 1.5 g. of crude tri-
phenyl-beta-styryl-lead, m. p. 100~10°, soft 90°, and 0.3 g.
of 1,4 diphenyl butadine, melting at 150-1° and giving no lead
test.

Fun 2. To a 500 cc. flask waes added 74.86 g« (0.6 atom) of

30-80 mesh maegnesium, 40 cc. of ether, a erystal of iodine and
2 ec. of beta=bromostyrene (redistilled}. The reaction mixture
was heated several hours without causing reaction, even aflter

2 cc. more of the halide was added., COver night a brown color
developed and when & few drops of halide were addsd a vigorous
resction ensued. The remainder of the 36.4 g. (0.2 mole) of
beta~bromostyrene dissolved in 90 ce. of ether was then zdded
from a dropping funnel over a period of two and one=quarter

hours with external heating. The solution was then decanted

(35) Gilman and Robinson, J. fm. Chem. Soe., 50, 1714 (1928).



through glass wool in a stremn of dry nitrogen %o remove
magnesium. Titration gave a 77.30% yield of Grignerd,

To the filtered CGrignard solution, diluted with 50 cc, of
ether, was added in small portions 38 g. {(0.0808 mole) of
triphenyl-lecad chloride over a period of one hour. 24d4dition
of the tri§henyl~leaﬁ ghloride caused the solution %o reflux.
A Tinsl color tegt indicested only a trace of Grignard reagent.
It was then refluxed and stirred {ifteen minutes and hydrolyzed.
A1 insoluble residue containing some finely divided lead was
filtered off and weighed 6.8 g.

The ether layer was dried and the solvent distilled from
a water bath. The residue caisisted of 2o gumiy solid that
was cooled in the ice box for several days when it became
more crystalline. These pasty crystals were dried on & porous
plate for several days and then welghed 25 g. Recrystalliza=
tion from 350 cc, of alceochol yielded 12 g. of product, m. D.
105~-7°, Continued cooling of this alcohol mother liquor
yielded 0.5 g. of 1,4 diphenyl butadine, m. p. 147-9°, and 0.9
g. of an aleohol insoluble product {(m. p. 200~-25°, sludge 150°,
sinter 140°).

The yield of feirly pure product, m. p. 100-7° was 12 g.
or 27.85%.

Several recrystallizations of the 12 g. of crude triphenyl
beta-styrylelead from alcohol gave 8.2 g. or 18.89% of pure

product, m, p. 107-80  gnd 1 g. of 1,4 diphenyl butadiene,



anal. Caled. For CgellpaPbi  FPb, 38.28%.

38.11 and 37.97%.

Cleavoge of Triphenyl-beta=styryl-lea

i solution of 8.41 g. (0.01 mole) of triphenyl-beta-
styryl=lcad and 150 cc.« of dry chloreform wes treated with
diry hydrogen chleride Tor forty minutes, Jjust below the boll-

ing polnt of chloroform. 4 precipitate of dipheuyl-lsad

fet)

dichloride began to separete from the hot solution =t the en

¥

of thirty=five minutes.

The recction was carried out in & 300 ce. Erlennmayer
flesk eguipped with an inlet tube Tor hydrogen chloride and
a spirel condenser. The Tlask containing the solution of
triphenyl beta-styryl-lead was swepb out with =z strean of &ry
nitrogen velfcre gassiﬁg in the hydrogen chleride.

The diphenyl*lesd dichlorides was filtered {rom the
ehloroform solution and weighed C.7. g. (16.20%) when oven-
dried, Vhen treatsd with phenylmagnesium bromide it yielded
0.93 g. of crude tetraphenyl lead (m. p. 283-30°, soft 8150;
sinter 190°). Digestion with hot alcohol vielded 0.72 g. of
pure tetraphenyl lead, m. p. 227-8°, soft 224~6°; & mixed
melting point with en authentlc specimen (m. p. 227-8°, soft
226°) melted at 227~8°, soft 224~6°, This was en 86.11%
yield of pure tetrephenyl-lead.

The chloroform solution from which diphenyl-leod di-

chloride had been filtered yielded when distilled, 3.8 g.
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{80.171) or triphenyl-lead chloride after digestion with
petroleum ether. The melting soint of the triphenyl-lsad
chloride was 205-6", soft 202+3°, and & mixed melting point with
an authentic specimen {(m. p. 205-6°, soft 2028-3°) was 202-3°,
soft 200-1°.

Hecrystallization of 3.435 ge. of the gbove triphenyl-lsad

chloride yielded 2.2 g. of pure tripaenyl-lead chloride, @M. D.

[

~2®?~80; a mixed meltiang point with an authentlc specimen {1z
De 204=3°) was 205-6°, There was alsoc obtained U.6 g. of crude
triphenyl~lead chloride, 1le De 205=5" .

The total yield of phenyl-lsad halides was 96.375.

The petroleun ether sciulion which contalined the other
product of cleazvege, styrene, was practiecally all sveporated
by suction and decanted from a small amount of soiid, Tas
renaining soluticn evaporabed spontaneocusly and aboul U.1D g.
of an orange colored liquid remained which no longsr had the
odor of petroleun ether. Two boiling point determinations,
made by =dding a portion of the liguid to a largs melting
point tube and inverting in the larger tube a small melting
point tubs, gave boiling points of 145° and 146=7°, respec-
tively. Styrene boils at 146°, The bolling point of tolusne
made in the same manner was 111°. The styrene beeame turbid
as the tenperature approached its Dboiling point in each case,
It readily dscolorized a sclubion of bromine in csrbon tetra=-
¢hloride.

An attempt to prepare dibromostyrene gave & few crysials
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but not enough for & reliable melting point dstermination.

Prenaration of Triphenylesllvielead (2)

t9
7
u

Run 1. The ellylmagnesium bromide {7) wes nade by adding
D

[

¢

twenty drops of allyl bronide t0 14.559 ge (0.8 atom) of 80 mesh
magncsium snd 30 ec. of ether in a 500 cc. flask. Gentle
heating sufficed to start the reaction and the remainder of the
helide, (24,2 g. or 0,2 mole) in 200 cc, of anhydrous ether was
added Trom & deopping funnsl over a period of thres hours. The
reaction nixture was hested Tfiffeen ninutes after spontaneous
refluxing ceased.

The sllylmeguesium bromide solution was decanted in an
inert atmosphers to & dropging Tunnel. The Grignerd reagent
wag then alded dropwise over a period of one hour Ho 5 suspeone-
sion of 18.96 g. {(C.04 mole) of triphenyl-leced chloride in
100 ce, of anhydrous sther contained in a 500 ce. flausk.
Lddition of the ellylmagnesium bromide caused gentle refluxing
and the cuspension changed in sppearaace and greduslly dissolv-
gl, .Iter reaction esased iV was refluxed for fiftesn minutes
'whan a color test for Grigaard reagent was positive.

The reaction mixture was hydrolyzed and the csther layer
was separysted and drisd. The solvent was distilled from a
water bath whieh left & ligquid layer still conteining sane
ether. addition of sleohol precipitetsd the itriphenyleallyl-
lead &3 a cream white, crystalline body, m. p. 78=3°, soft
70°, Recrystallization from sleohol yielded 13.60 g. of pure

product, m. p. 74=-6°, soft 73°. The mother liquors yielded
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« 20 g. more of meteriel which was z tobal yisld of 82 U of
ecrystallized product, based om triphenyl~-lead chioride.
Trivhenyleallyl=lead foras beautiful fluffy crystals having
& slight lemon yellow color.

dun 8. A crystal of ilodine and 30-4C drops of the halide
were added to 2 suspension of 21,80 g. (0.9 atom) of 30-80

A\ o = . 3 s -4 = oy Aw Y - 1429 - 58 e e % o 3w
mesh marmesiun in 50 ¢z, of ether. The reaciion starded in a

€.s

few minutess vhen wamed snd the remainder of the hzlide (36.3
ge 0r 0.3 mole %totall) in 200 ce. of anhydrous ether wes added
over & pericd of two hours. The sclution was decanted from
exeess megnesium in an inert atmosphere of nitro
titrated giving 2 €0% yield of Grignard.

To the decanted solution of sllylmegnesium branide comn-

ot
]
fde
[
4
foe ]}
[

n a 500 ec. Tlask was addeld over a period of une houy
4833 g. {0,102 nole) of triphonyl=lesd chloriée. I% wes then
t

refluxed for zbout oans hour when a cclor test was still

The resction mixture was hydrolyzed and the dried ether

layer distilled, vieldi

fn

g = erude white solid. This wes

trezted with 30 ec. of alechol, filtered and washed with

(A

¢
!

35 « 0 dried oproduet meliting at

£

alcohol and yislde
70~1¢ ond deconmpesing with blackening ot 183~5¢, This is &

68,107 vield of erude pnroduct bssed on the triphenyl-lezd

”3

ehlorids ussed. Reerystzlilzation fronm 350 ce. of aleohol

yielded 29.4 g. of triphenyl~allyl-lead {m. p. 73°} which is a



56,03% yield.

Attempted rreparation of Diphenyl-dislliyl-lead

Allylmagnesium chloride was prepared from 29.18 g. (1.2
atons) of 80 mesh magnesium and 30,60 (0.4 mole) of allyl
chloride and 400 cc, of anhydrous sther as follows:

The magnesium, contained in & one liter flask was covered
with 50 cc. of ether and 30-~40 drops of the halide were added.
The resction did not start when heated gently. Fifty more
drops of halide and a crystal of iodine were added., The
reaction then started vigorously when warned gently. The
renalnder of the halide in 350 c¢ec., of ether was sdded dropwise
over a period of one hour at such a rate that moderate reflux~
ing took place, It was stirred and refluxed for thirty
minutes after the addition of the halide.

The ether solution of allylmegnesium chloride was siphoned
from magnesium into a dropping funnel and titrated., Titration
indicated a 43.90% yield of allylmagnesium chloride.

The allylmegnesium chloride was added dropwise to an
ether suspension of 17.2 g. (0.04 mole) of diphenyl-lead di~
chloride whieh is 46% of the theoretiecal amount based on the
titration value above., After being stirred, the reaction
still gave & heavy color test and 13.0 g. (0,03 mole) of
edditional diphenyl-lsad dichloride was added in small
portions. A color tést was then faint. It was refluzed for

forty-five minutes and then stood two hours when & very small
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amount of deposited lead nade the solution sppear grey. .

It was then hydrolyzed and the ether layer removed and
dried over sodium sulfate. The dried ether solution partially
avaporated over night and deposited & reddish amorphous solid
which was extracted with ether in s Soxhlet Ixtractor for five
hours. Zvaporastion of the ether solutions yielded 4.3 g. of a
erystalline product, which partially melted at 65~70° to e
sludge that still remained at 160°. Recrystallization from
alcohol gave 3.20 g, of triphenyl-allyl-lsad, m. p. 73-4°,

A mixed melting point with an authentic specimen showed no
depression.

The ether solution from which the amorphous solid had
been filtered was treated with aleochol, but no preeciplitate
formed. The alechol-ether nixturs was ecnaeﬁtrated by suction
and yielded liquid znd resinous portions. The liguid became
darker and darker, did not solidify and continued to dsposit
& resinous, amorphous product.

The remeinder of the liquid and these resinous products
{8.15 g.) were dissolved in benzene and treated with hydrogen
chloride for sn hour. The solid product obtained by splitting
proved to be mostly lead chloride as it dissolved readily in
ammonium acetate and gave a coplous test for lead with potass~
lom dichromate. The gaseous products from this hydrogen
chloride trestment were passed through bronine water, A4 brown
liquid separated out of the bromine water whiech was extracted

with ether. The dried ether solution on removal of the solvent



vielded a davrk brown oil which boiled at 138-9°, Bibromopropans
boils at 141.5%°. The apparatus used Tor determining the boiling
point of this smell amount of nmaterial is described under the
splitting of trishenyl-bete-styryl=-lead. The dibromopropane did
not apparently decclorize bromine water although 1ts brown

color made observatién difficult.

Apparently diphenyl-disllyl-lesd is unstable and may
rearrange to glve triphenyleallyl-lead. However, it is possible
that the diphenyl=lead dichloride used was contaminated with
some triphenyl=lend chloride; this is conceivable considering
its method of preparation. The 3.80 g. of pure triphenyl-allyl
lead obtained above is a2 9.43% yvield besed on the moles of
diphenyl~lead dichloride used. It hardly sseems plausible that
the dirhenyl-lead dichlorids was contaminated to this sxtent
with triphenylelead chloride since the Tormation of HzPbR'Y has
not been noticed before in preparing R,PbRp' compounds.

Cleavage of Triphenyl-allyl-lead

Run 1. In this run triphenyl-lead chloride and diphenyl-
lead dichloride were quantitetively identified azs the two
golid products resulting from the cleavage.

4 solution of 9.58 ge (0.02 mole} of triphenyl-allyl-lead
dissolved in 200 ce, of dry chloroform was placed in a 300 cc.
Erlenmeyer flask fitted with an inlet tube for hydrogen
chloride and an alr condenser connected to three 1235 co.
Lrlenmeyer flasks. The first flask was immersed in an ice

beth and the seeond znd third contsined bromine water.
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Hydrogen chloride was passed slowly through the solution
kept at B0-60° for forty-five nminutes when diphenyl-lead di=-
ehloride besan Lo precipitate. After passing in hydrogen
chloride for a short tinme, the bromine water begon to suck
back indicebting that it was reacting rapidly with o grs. A
few olly drops af liqulid separated from the bromine water but
these were lost in working up.

Filtration of the chloroform solution yielded 1.5 g.
{(17.4%} of 4ary diphenyl-lead dichloride. One and four-tenths
grams of this diphenyle-lead dichloride when Ireated with
phenylmagnesiunm bromide yielded 1.2 g. of tetraphenylelcead
which is 77.85% yield. The tetraphenyl-lead melted at 228° and
showed no depression when & mixed nelting point was made with
an suthentic spseimen.

Bvaporation of thec chloroform solution yielded 7.35 g. of
ary triphenyl-leed chloride (m. p. 207-8° with decomposition
to & solid, soft 204%). A mixed melting point with authentic
triphenyl-lesd chloride {m. p. 206-8°, soft 204° and deconm~
posing to a solid) melted at 207°, soft 203«4° and zlso decom=
posing to a solid. The 7.35 g. of triphenyl-lead chloride
was a 77.62% yield,

Conversion of 4.74 g. (0.0l mole) of this trizhenyl-leud
chloride to tetraphenyl-lead by treating with phenylmagnesium
bromide in ether yielded 4.5 gs of a erude product which was
digested with alechol snd then melted at 228°, soft 224°.

This is a 90.91% yield of tetraphenyl«lead. Crystallization



from benzene yvieldsd 4,03 g. of tetraphenyle-lead, m. P« 2389,
which is a 81.65% yield of reerystallized product. 4 mixed
melting point with an suthentic specinen melted at.EZﬁb.

The total yield of phenyl-lead chlorides from this
elesvage of triphenyl-allyl-lead was 95.0270.

Hun 2. In this run triphenyl-leacd chloride and diphenyl-
lead dichloride were recovered cuantitatively and grapyleﬁa
wes identified ss dibromopropanc.

4L solution of S.59 g. (0.02 mole} of triphenyl-sllyl-lead
and 350 cec, of dry chloroform was treated with dry hydrogen
chloride Tor cone hour at a moderate rate. The tanpereature was
kept Jjust below the boiling point of chloroform throughout the
reactioni After thirty minutes, insoluble diphenyl-lead di-
chleride began to precinitats.

The reaction was carried out in & 200 cc. Erleameyer
flask ecuipped with an inlet tube for hydrogen chloride and an
outlat tube leading to a eateh bottle and thence tc two 125 ce.
Erlenmeyer flasks econtaining bromine in carbon tetrachleride.

it Pirst there was no appreciazble evidence of much absorp=-
tion of gas by the bromine solution but toward the end of the
run the bromine solution sucked back and eventually azll siphoned
back into the esteh bottle. NMore bromine solution was edded
to the lrlenmeyer flasks and the s8tream of hydrogen chloride
was replaced by one of dry nitrogen to remove zll the propylene
passible from the hot solution.

The bromine solution was treatad with aquecus sodium



bisulilfites to reanove bromine, dried over caleium chloride and
the solvent digtilled Trom a water bath., - bout 5 cc., of
regidus ranained which was digtllled Trom s Claissn flas!

Two to three grams of chlorolfomm distilled over first and
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iquid bolling at 100-130°, The liguid remaining
in the flask boiled &t 141-3° and weighed 0.38 g.: DFe =
1.9084; u§°” 1.8193. The physical constants glven forx 1,23
didronopropane are: D. . lél.&aa Qﬁgw 1.8353% ng 1.5190,

The total yield of pure dibromospropane obtained from this
clecvage of 0,02 mole of triphenyleallyl-lend was .75 g. or
18.56%.

The ehlorcform solublon was filtered fram dijhenylie~lsad
dichloride which weighed 1.05 ge (21,419}, Distillation of the
chloroform FTiltrate yielded 6.9 g. (72.86%) of dry triphenyl-
lead chloride, m. p. 206-7°, soft 205°. 4 mixed melting poini

1, kY : K (Al & s €2 .
with on guthentic specimen (m. p. 206-7 , soft 2057) melted

at 206-7", soft 204.5°.

The t5tal yield of phenyl-lead e¢hlorides obltained in this
cleavage of triphenyi-allyl—laa& was “é.z?ﬁa

Runs 3, 4, and 5. The results of these cleavage runs of
tripheﬁyl-allyl-lead are summarized in Tabls I, Thea procedure
was ths same in Hun 1 and 2 except that the gases were collected
and then analyzed by the explosion method. Imporbtent details
of 2ach run are found in fooinctes to the table

The results of these explosion analyses viere ﬁua gatis~-

factory., This mey possibly be due to the apprelcalile
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solubility of propylene in water. However, in Dun 4 Zxplosion
I 2nd I1 vere mede with gas umeasured over mercury and the
volume of carbop dicxide end the contrazction observed were

not in the correct ratio according to the sguation,

1

‘ﬂa L] Cﬂvua + 4 3,/2 Ga *—w-:\ 5{}(}3 + Sﬂge e ® © & @ 2 & = "’)i‘IIz

The wolune of carbon dioxide asccording to the squstion is
three and the contraction is two and five=tenths volumes (5.5
minue 3] for each volume of propylene burned. The ratio of
carbon dioxide to contraeection sctuelly obtained was & volumes
to 2.8 velumes.

The results of explosion of the propylame mixturss from
Rung %, 4 and 5 are tabulated in Teble II although they ssem
to have little sipgnificance. 7The values in column eight
represent the volume of unssitursted gas exploded as calculated
from the contracilon and welume of carbon dioxide actually
obssrved., The valuss in column nine represent the number of
carbon atoms present in an unsaturated gas of the fornula,
GpHz,, caleoulatod on the basis of the values in colwmn eight.

In no case did the volume of propylene nmeasured by
absorption check the value celeulated from the contracition

and volume of carbon dioxide actuslly measured.



Teble I

fely

Cleavage of Tyiohenylsallylelsad

{Cells ) 580G 4 Cli=Cl,y {CeHg ) 8 PDC (Cglig) olblLg | cOLCHCH=ClIy | CliBrCHBYOI,
MoLles:  Lenps Vi | moles  : v molss 3 b SEPtthe s un~lt g 0.
Run - ‘ 2 ot ;. O ismab. -
s : : ' : : :
1 C.02 ¢ 309 : 45 ti CLOLBS § 776 1 U.C038:17.40) « 8 = 1 = e e
? t : H : :
2 | 0,02 & 30° & @0 0,0146 3 73,9 | ©,0048:21,41 ] =t « ¢ = 141-143°
5 f : ” K {a/! t / (b)
3 0,02 3 30° 1 &0 0,0017 s 8,451 0.0177:83,54 | 8741448 130,000 158-135°
: : | : ¢ {e) | (dis :
4 C.CL s 26° ¢ 120 ¢ e | 0, LUB6:88,19 | 305:224 155, 20 et
3 ) - Py . e . (’b\
> o » . » ] & & r P
8 vo01 ¢ 86 : 8L ek T 0,0086:65.84 | $40:304 343,90 147-140

—
£
p g

Carbon dioxide was passed through the sclution before, during and after cleave
age with hydrogen chloride, The gag wes collected over 40% potassium hydrox-
ide and on sitaanding the volunmoe of gos increased., This may have bean dus o
some chloroform that collected in the sdsorpticn buld over the mercurv. The
volume of gas ¢ollected was 1080 cc. at 36° and 737¢8 mm. The vapor pressurs
wes teken as one-half that of water.

Th%s product was obtained Irom the bronine water used to determine the per cent
of propylene present. Iy nay not be pure dibromonropsne since bromine waber
contains other substances bthan bromnine. )

# gmall amount of c¢hloroform solution of $rivhsayl-aliylelead was lost in intro-

3 iy . 1 2 12 .

&ucin§??t_inﬁm the reactlon flask. The yield of diphenyl-lead dichloride

{88.19))) indieates 0,009 moles of triphonyleallyl-lesd was actually used.
“he ¢as was collected over waber snturated with hydrogen ohloride.



Teble II

s of Propylene by Zxplosion
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rreparction of Buten~-l-ol-4, C@£=CﬁcﬁzcﬂEOH

This unsaturated alcohol has been prepared in small yields
by Demjanoff (36) and .agner (37). Detter yields vwere obtained
by Yariselle (38}, a (39), Griszhkewitch end Trochimowski
{40) snd Juvela {(41)}. These latter workers prepsred buten=l-ole
4 by treating magnesium and trioxymethylene with allyl bromide.

Ffollowing the directions of Juvala a 13.75% vield of crude
buten~l-0l=-4, b. p. 95~120°, was obtained in a preliminary run
as follows:

4 solution of 60.5 g. (0.5 mole) of allyl bromide in 50
ce. of anhydrous ether was added dropwise over a period of
twelve hours to =z suspension of 15 g. of trioxymethylens,

13.4 g. {C.55 atom) of 80 mesh magnesium and 50 cc. of ether
contained in a 3500 ec. flask. The reaction mixturs was heated
and stirred for four and one-half hours and then worked up as
describted by Juvala. He obtained a 7% yield of crude product
in & similar one mole run.

In a second preliminary run 20 g. of trioxymethylene when
heated with 0.5 mole allylmagnesium bromide (7} (80% Grignard
by titrstion) gave 2¢.13% of crude buten-l-ol-4, b, p. 95-120°.

Demjenoff, J. Russ. Phys. Chem. Soc., 24, 346 (1882).
vwagner, Ber., 27, 2437 (1894).

Pariselle, Ann. o ehin. phys., (8), 24, 315 (1911).
Zelinka, lonatsh., 35, 1507 (1914).

Grischkewitch and Trcchimowshi J. Russ,. ;hys. Chern.
Soc., 48, 891 (1916).

Juvala,“g‘er., 83, 1689 {1930}.
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This gave 8,9

£

. or a 15.45% yisld of buten~l-ol=4, b. bp.
111~16%, when dried and redistilled.

Hun 1. The use of gassous formaldehyde with allyimagnesium
bromide gave 453% yield of purs bubten~l-~ol-4 (42)i. OUne mole of
allylmagnesium bromide {(titrating 78% Grignard) which hed been
decanted fronm magnesiunm was $reated while stirred with gaseocus
formaldehyde until a color test was negative. The formaldehyde
was prepared (43} by heating 50 g. of trioxymethylene in a 500
ec. round bottom flask in an oil bath at 180-200°, The flask
was fitted with an inlet tube for dry nitrogen sznd 2 large
outlet tubs leading to the reasction flask.

The renection nixture was hydrolyzed by nouring into
erack=d ice and then =dding an excess of 20% sulfuric scid.

The acid layer wes steam distilled until 2300 ce. of distillate
eollected., This distillate wes setursted with potassium cer-
bonete ané extracted four times with ether, This sther portion
was eombined with the original ether layer and the whole dried
over potassium carbonate and the solvent distilled from a

water bath., The residue was fractionated yielding 3.2 g. of

(42) CGer. pat., 554,310 {C, 2., 86, 5101 (1932)}, report the
reaction of cthylene oxide with sllylmegnesium bromide
but the procedure appears to be a combinetion of the
Grignard and Barbisr resctions. The resction of gaseous
formaldshyde with ellylmagnesium halides has noi been
reported; Gilman snd Voolley obtained a 68% yield of
buten=lwol=4 by this method.

(43) *Organic Syntheses", John ¥Yiley and Sons, Ine., New York,
1933, Gollective Vol. I, p. 182,



The 52.18 g. of crude buten-l-ol=4 was & 59% yvield based on the
789 of ellylmesgnesivm bronide actually precent.

The first and seceond fractions when dried cover barium
oxide and agein Tracticosted ylelding 24.25 z. or é?.lﬁ% of
buten~l=-0l-4 boiling at 111-16°, There was a2lso obiuined 1.1
roduct, b. p. §5-111°, 2.1 g. of product, b. p. 116-25°%,

L4 £ 4 0 -
end 2.87 g. of produet, b. p. 125-88 all of whieh were not

£a 0f

77

fractionated agein,

sreperation of Buten-3-yl 3 “aﬁiabJ CHa=CHOHCE By

This halide was prepered asccording to the dircetions of
Juvzla {38) s Tollows:
A solution of 3.5¢ ge {0.045 mole) of pyridine snd 14.4
g« (0.2 wole) of buben~l-ol-4 was added from = dropping
funnsl %o & 150 cc. distilling flask containing 21.7 g. {0.08
mole} of phosphorus tribronide. The resction mixture was
sheken throughout the sddition which recuired one hour. Ths
reaction mizture was distillicd and the distillate neutralized
with 20% potassium hydroxide, and the layer of bromide was
sashed three timees with welter znd dried over calcium chloride.
igtillation yielded 12.5 g. [46.35%) of crude butenyl bromide
boiling at 27-114°. This crude product was washed twice with
water and dried over calecium chlcriée an€ when distilled
vielded 7.75 g. of product bei’inr at 97=90.5°, This is a
28,727 yisld of pure buten=3-yl bromida.



4 second ruan similsr to the first yielded 4.7 g. of pure
butenyl brouide, b. p. 96-8°, refractive index, nj 1.4588.

‘This halide has also been prepared by Pariselle (38) and
Zelinka (39} in rather poor yields. The use of pyridine
prevents to a great extent, addition to the dcuble bond.

Pregaratipn of Buten-B-yl-magnesium Bromide, CHg=CHCL 3 CHl pdigBr

von Braun and Deutsch (44) have prepsred this Grignard
reagent from 1,244~ tribromobutane according to Reaction iIV.
The reaction of magnesium with buten~-3~-yl bromide has not
been previously reported.

Buten~3-yl-magnesium bromide wes prepared in 75.00% yield
&siﬂg the directions of Gilman and licGlumphy (7) for allyl-
magnesium bromide, and in quantitative yield using the stand-
ard conditions of Gilmen, Zoellner and Dickey, (45) according

to Reaction 4V,
CHgBrCHBrCH Ol oBr + 2lig——> CHa=CHyCHaCHaMEBr + » o+ « + « XIV
CHp=CHCH,CH,Br + Mg CHa=CHCHaCHGUEBE « o « o » o « o « XV

Run 1. A suspension of 3.7 g« (0.15 atom) of 80 mesh
magnesium and 10 cc. of anhydrous ether in & 200 cc. flask was

heated with a erystal of iodine and 10 drops of buten-3-yl

{44) von Braun and Deutsch, Ber., 44, 3699 (1911).
(45) Gilman, Zoellner and Dickey, J. Am. Chem. Soc., 51,
1576 (1929).



bromide. Hseaction began at once and the remainder of the
halide (6.85 g. or 0.0507 mole, total) in 40 cc, of sther
was then added over a pericd of one hour while the reasction was
stirred. After spontaneous refluxing ceased, the resction mix~
ture was stirred and hesated over a hot plate for fifteen nin-
utes. 4 color test wes positive end titretion showed a 75.22%
vield of Grignard present.

Hun 2. Using the standard conditions of Gilman, “oellner
and Dickey (45}, 3.37 g. (0,025 mole) of buten-3-yl bromide
and 0.59 g. {0.028 atom) of magnesium turnings and 30 ec. of
ether gave a quantitative yield of Grignard when titrated.

Carbonation of Buten-3~-yl-magnesium Bromide

Thne Grignard reagent prepared in Run 2 was decanted from
magnesiun in an inert atmosphere inte s 200 cc. flask and was
éarbonated in the usual manner (46) at -2° or lower. Hydrolysis
was effected with dilute hydrochloric acid and ¥he efher layer
was extracted with 10% sodium hydroxide. 4scidifieation, and
extraction of the acid layer with ether yielded upon evapora-
tion of the solvent, 1 g. of product, This was distilled
giving 0.5 g. of allyl acetic acid,CHg=CHCH,CH,CO0H, boiling
at 185-7° by the melting point tube method, Bromine in

earbon tetrachloride converted this aeid to 3,4 dibromovaleric

{46) CGilman end Parker, J. im. Cheu. Soc., 46, 2816 (1924).
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acid {(47), m. p+ 54-55°. Regrystallization from a mixture of
ligroin and cerbon disulfide yielded m pure nroduct, m. D«
57-8°,

Preparation of Trivhenyl-(buten=3-yll-lead, (Celg)sPbCH,CHCli=Cily

The buten=3=yl-magnzsium bromide from Run 1 wes decanted
from magnesium in an inert atmosphere to0 a dropping funnel. It
was then added dropwise to a suspension of 9.47 g. (0.02 mole)
of triphenyl-lead chloride in 20 ecc. of etheor, RAeacltion ensued
and after three-fourths of the Grignard solutlion was addied the
triphenyl lead chloride had gone into solution but a color test
was negetive. The remainder of the Grignard solution was added
end the reaction mixture was refluxed over a hot plate for
fifteen minutes when a color test was still negative.

The reaction mixture was hydrolyzed by pouring into iced
ammonium chloride solution. The athef‘layer was separated and
filtered from & small amount of white inssluble produect and
dried over caleium chloride. The ether was distilled from a
water bath and yielded 9.5 g. of s white solld melting to a
eloudy liquid at 85°, (clear 95°, sinter 75°). This is a 96.35%
vield of crude product based on the triphenyl-lead chloride
used, Two recrystalliz&tions.fram aleohol raised the melting
point to 90-2? but the liguid was eloudy and becane clear at
118°, By dissolving the product melting at 90-2° in petrolsum”

(47) Uesserschmidi, snn., 208, 100 (188l).
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ether {(b. p. 30=80") and evaporating the solvent, constant
melting triphenyl-(buten~3~yl)~lead was obtained, m. p. 64-6°.
It is 2 whits solid not affeeted by sunlight.

Ansl. Caled. for CagilsgPbt FPb, 42.C1%. Found: Pb,
41,78 and 41.87%%.

Cleavage of Triphenyl-(buten-S-yl)-lead

Run 1., 4 solution of 2.47 g. {0.005 mole) of triphenyl~
{outen=3=yl)=lcad and 70 cce of dry chloroform was placed in a
150 c¢c, HErlenmeyer flask ecuipped with sn inlet tube for hydro=-
gen ehloride and an éutle% tube leading tﬁxnugh & safety flask
to two flasks eontaining 2% bromine in carbon tetrachloride.
The solution was kept at 40-45% and dry hydrogen chloride from
e generstor was passed slowly through the solution for one hour
after the flask hed been swept out with dry nitrogen. After
thirty minutes a flocculent, white precipitate began to form.

The solution of bramine in carbon tetrachloride showed no
decclorization end did not =zuek back as it does when an unsat-
urated gas is being absorbed.

This insoluble product was filtered from the chloroform
solution and dried and weighed C,79 ¢. which is a 38.72% yvield.
it had no melting point but showed slight sintering at zbout
220° and gave a test for lead when trested with amzonium
acetate and potassium dichromate.

It may well be that a compound like phenyl-butenyl=-iead

dichloride is decomposed by ammonium acetate or decomposes



spontaneously %o glive lead chlorids. Sixty-five hundrsdtls
gram of the preduct was washed with am-onium acetate then with
aleohol and finally with ether in the hope of removing lead
ehloride. It sesmed that the ether removed & considersble
amount of the product but only = tf&ce of oroduet was recovered
from the ether. After this treoatnent there remained only 0.1 g.
of product which waes Lreated with shenylnmagnesium bhroaide but
the only product isolated was a very small amouni of diphenyl
melting at 66° and showing no depression with an authentic
speeimen. Fourteen hundredths gram of the original product when
extrected with ethor yielded & smell amount of triphsnyl-bulenyle-
lcad melting with decanposition atl 187-30°,

The chloroform filtrate from the spilitting roaction gave
no rapid decolorization of potassium permanganabte solution as
a solution of butylens should. The chloroform was distilled on
a water bath lsaving 1.15 g. of diphenylebutenyl=-lead chloride
which is a 51.117 yield. It melted with decomposition at 135-5°
and turned brown at 216° and black at 220-3°. Recrystalliza-
tion from alecohol gave 0.85 g. of product melting with decan-
position at 134=-5° and tho mother liquors yilelded 0.13 g. of
product melting with decomposition at 130°.

The diphenyl-=butenyl-lcead chloride was dried in a vacuunm
desiccator over phosphorus pentachloride and analyzaed for
chlcrinef

Anal. Galed. for C,¢H,.C1Pb: Cl, 7.85%. found: C1,

7.72 and 7.79%.



Sizty=three hundredths gram of the diphenyl=butenyl-lead
chloride was treated with a dilute solution of phenylmasesium
bromide. The rezction mixture when hydrolyzed yielded a sone-
what gumy solid melting at 80-85° %o a sludge, all closr by
125° and blackening st 215-220°. The produet was dissclved in

petroleunm ether and Tiltered from a trace of inscluble product.

Iveporation of the petrcleun ether yielded .2 g. of trishenyl-
" [ ; 5
butenyl-lead melting at 84~6 . 4 nixed melting seint with an

L
o
e
1
]

2
R

authentic spscimen of triphenyl-butenyl=-lead f{m. p
melted at B82~3°. This is & 29.16% yield of reerystellized
product. The actual yield of »nroduct would be much hisher
since considerable difficulty waszn encaumﬁereﬁ in working 1% up.
e chloroform digtillate containing the benvene reosulting
Trom the clsavage of triphenyl-butenyl-lead wes added to a
nixture of 12 cc., of concentrated sulfuric aseid and 6 cec. of
fTuming nitric acid contsined in o 200 cc. round bobttom Flask

reflux condensae?. LIt was refluxed one agnd ocnew

i)
£2
=
’iﬁ
L 4
3
&
P
=
[
o

hal? hours and when cool wes poured into cold water. The

ehlorocform leyer was dried over potassium carbonete and the
golvent distilled yielding crude dinitro~beonz cne. This was
rveerystallized from alceohol and yielded 0,37 g. of dinitro-

L] N .
benzene, n. p. 88«8 . 4 mixed nelting point witk an authentie

sam:le (m. p. 90°) melted at 90°. The mother liquors yielded
0,08 p. of crude product, m. p«. 60=5°. This is a total yield

of %1.67§ of dinitrobenzens basasd on the anmount of benzense



produccd by the splitting of C.000 meoles of Triphenyl-dbubtsnyle
[’ fan 3
lesd into 51.11% of dinhenyl-bubenyl~le

2 v 3
Gilechloride,

of “henyl=butenyl-lzad ¢
Run 2. Hydrogen chlorids was nassed slowly through a
solution of 1,17 g. {(0.0024 mole) of tripnm yl-butenylelead
in 40 cc. of dry chlorolorm which was kept Just bvelow the
boiling point of ehloroform throughout the reaction. The
hydrogen chloride was passed throupgh the solution Tor forty-
five minutes and o white orescipitate began to form afber
thirty ninutes. The reaction was carried out in a 129 ce.
irienmeyer flask equipped with an inlet tubs for the hydrogen
c¢hloride and sn outlet tudbe leading through a caten Lot tle to

& Tlesk containing a few drops of 27

broniine in carbon tetra-
chloride. This dilute solubion of bromine was light ovengse in
color but leacding the produets of clsavege through this sclution
showed no decolorization., & control solution of bLromine in
cerbon tetrachloride of the same strength as sbove was imedicte~
1y decolorized by a drop or itwo of amylenec.

wyidently there is no hagwuxabl* cleavage of the bubenyl
grovp from lead.

The chloroform sclution wee filtered frow the nreeinitete
of insclubls dichloride which weighed U.76 g. and is & 77.870
yield, cezleculated as phenyl~butenyl~lead. This product gave
no lead test when trected with ammonium acetate and pobtassium
dicuromate for about thirty ssconds but graduslly & yellow

precipitate of lead dichromate formed, & water suspension of
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and dinhenyl-lead dichloride did not.

There 18 no guestion that originelly the dichloride
obtained by cleavage wes phenyvl-butenyl-lead dichloride since
under all ordinary conditions diphenyl-lead dichloride doss not
decompose %o lead chloride. It must, however, loose 1%y organice
constituent rether readily. 4 similar instability of an
RaPbCl; compound was observed in the preparation of dithienyl-
lead dichlorlde (4) although several mixed alkyl lead dichlor-
ides have been described and are apparently stable (48).

Evagcratian of the chlorofomm solution from whieh the
dichloride was filtered yielded (.05 g. of diphenyl-butenyl~
lead, m. p. 129¢32°, This is a 4.63% yisld.

The total yield of solid products (lead chloride and
diphenyl-butenyl~lead) obtained in thie cleavage run was
82.5% (49).

Preparation of Diphenyl-di-birvhenyl-lead, (CsHg)aPb(Csl,Celizly

This compound was made from para-phenyl phenylmagnesiunm
bromide and diphenyl-lead dichloride in the following nmanner:

Egg_;, 4 solution of 46.6 g. (0.2 mole) of para-bromo-
diphenyl and 200 ce. of ether was treated with 5.6 g. (0.23
atom) of magnesium turnings in a 500 ce. flask. Heat or

activated catalyst (50) did not start the reaction so one

(48) Grlttner and Xrause, Ber., 50, 209 (1917).

(49) If the per cent of dichloride obtained by clesvage is
calculated as lead chloride, the total per cent of
cleavage products is 118,030,



haelf of the ether was distilled off. Heaction then begen
immediately when warmed with a crystel of iodins. 1t was heated
for seven and one-~h2lf hours end the resction mixture turned
reddish brown toward the end. ©One hundred cubic centineters

of ether were added and two aliquobts of the solultion titrated;
the yisld of Grignord was 70.47%5.

Addition of 19 g. (0.04 mole) of diphenyl-lead dichloride
to the p=phenyl phenylmegnesium broanide left a faint color
test aftsr the reaction was stirred and refluxed for thirty
nminutes. The solution was hydrolyzed snd the ethsr layer
filtered from an inscluble rssidue. Pertisl evaporation cf
the ether yielded 0.5 g. of a product solftening from 165~23G°
but still pertly colid. The ether solution yieldsd a guasy
residue which was treated with 50 cc. of cold sleohol anG the
resulting semi-crystalline product was dried on a porous plate.
The crude diphenyl-di-biphenyl-lead softened at 110-18° and
melted to a clear liguid at 123°, yield 13 g. or 48,70%.

Recrystallization from four parts of alcohol and one part
oi bonzene =nd then from chloroform by adding slechol yielded
5.2 g. (19.50%), of fairly pure diphenyl-di-biphenyl-lead,

m. p. 131-3°, soft 129°.

4 gecond run wes made in the same manner from C.006 mole

{50) ©ilman, Peterson snd uchulze, Rec. trav. chim., 47, 19
! TRy e T Y e e SR < ” > " R S SRS o
{1928); Cilmen and Heel, Bull. soc. chim., 45, 250 (1929).
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biphenyl-~lead proceeds by st least two different reactions
sinultaneously.

Rup 1. 4 solution of 6.67 g. (0.0l mole) of diphenyl-
di-biphenyl-lead in 150 cc., of benzene was treated with
hydrogen chloride for thirty minutes just below tﬁe boiling
point of the solution. The white precipitate began %o form
after ten minutes. This was filtered off and the filtrate
treated with hydrogen chleride [or another thirty minutes
and again filtered,

The dry insoluble dichloride weighed 4,37 g. which is
a guantitative yleld., The 4.37 g. of gﬁoﬁact was treated with
9henylmagnesium bromide and yieslded 3.75 g. of erude product,
m. p. 220°, soft 200°, sinter 160°, Digestion with aleochol
and reerystallization from benzene twice gave 0.6 g. of pure
tetraphenyl-lead, m. p. 227-8°, which is a 11.06% yield. The
remainder of the produet consisted of .57 g. of e nmore
soluble protion, m. p. 125-8", soft 115°, which is probably
impure diphenyl-di-biphenyl-«lead although reerystallization
did not give a sharper melting point. The less soluble por-
tion, (0.8 g. ) melted at 190-225°, soft, 126°, and is un-
doubtedly very impure tetraphenyl-lead.

The yield of crude diphenyl resulting from the cleavage
was 1,65 g. or 53.57%. Uhen reerystallized from alechol there
was 1.5 g. or 42.21% pure diphenyl as shown by a mixed melting

point determination.



Bun 2. 4 chloroform solution of 1.3% g. (0.002 mole]

of dinhenyl=-di-biphenyl-lesd Was treated with hydrogen
ehloride for one and thres-quaritscrs hours just below the
boiling point of the molution. The insoluble orcanclead
dihalide when filtered off weirhed 0.84 g 1t gave a slight
lesd test when washed with ammonium acetate, so it was washed
several times with the latiter and then with aleohol and ether.
hen dry it weighed 0.58 g. znd was anzlyzed for lead. The
per cent of lead for the three possible organolead dihalides
that might result from cleavage are: diphenyl-lead diehloride,
47,9553 di-biphenyl~lead dichlorids, 55.4?%; phenyl-bivhenyl~
lead dichloride, 40.77%% a mixture of the first and second,
4). '?l/‘di:‘.

Anal. Tound: Pb, 40.68%,

This per cent of lead corresponds most closely to phenyle
biphenyl=lesd dichloride but could have just as well resulted
from the right nmixture of di~biphenyl=lead dichloride and
diphenyl-lead dichloride. The gleavags of diphenyl-di-bi-
phenyl-lead may conceivably oroceed in three ways, acsording
to the following rouctions: |
(Colig ) Pb{ 0y, Colly) gmcs (Celig ) oPOCLo+2CeHgaCplly o » « o ZVI

(CoHg) sPb(CelqaCylly) g+ BHClme> (CglHgoCgly) oPBCL #2320 H, . .XVII

oy SHCL
(Cellg) P CeHg o Collg) s> (Colg) (CollgeCeliy )JPbCL p#C H g%
C,HgColg XVIII
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Considering the amount of diphenyl obtained in the cleav-

age of dijphenyl«di~biphenyl~lead, the following conelusgions

may be nmade:

(1)

(2)

(3)

If cleavege oroeseds according to reasction AVIII,
no tetraphenyl~lezd should have been obtained when
the phenyl-biphenyl-lead dichloride was treated
with phenylmegnesium bromide {precluding, of course,
the rearrangenent of triphenyl-biphenyl~lead to
tetraphenyl~lead). Hleven and six hundrsdths per
cent of pure tebraphenyl-lead wes obtained.

if only the first and second reactions take place,
they must proceed simulbaneously and at about the
sarie rate to account for the 53% of diphenyl obtained,

if all three reactions take place simultansously,
then the second reaction must proceed at a greater
rate or to a greater exbtent than the first esnd third
reactions to account for the spproximately 53% of

diphenyl obtained.

Work in progress on the cleavage of iriphenyle~biphenyl-

lead, not ready for presentetion as yet, may throw light on

this anomalous cleavage. The phenyl and biphenyl radicals

are probebly of very nearly the same labililty or negatively

thus zsccounting for these results.



SIRRARY

Phree unsymnmetricgl orgenolead compounds conteining
unsstureted groups have been split with hydrogen chloride.
The result of this splitting shows that the relative
lebility or negativity of an ethylene radical is not condi-
tioned by the greaeﬁcé of a double bond but rather by its
position within the radiecsal.

The c¢leavage of trirhenyl-besta-styryl-lead, triphenyl-
allyl-lead and triphenyl-buten~-3-yl-lead shows the order of
decreasing rélative Lability or negaetivity of the radicals
involved to be: (allyl, beta-styryl), phenyl, buten-3-yl.
Thus, the eleavage reaction confirms the extreme lebility
of the allyl radical and of the besta~styryl radiecal fto a
- lesser degree in other chemical and physioclogical resctions.
The decreased lability of buten~3«yl radical, evidenced by
the results of cleavage, is further shown by the smooth
reaction of magassium with buten~3-yl bromide to give &

quantitative yield of Grignard reagent under ordinary condi-

tions in the manner of saturated alliphatie helides.

It is pointed out that in detersining the relative
negativity or lability of radicals by the cleavage method
certain ecompounds, such as diphenyl-di-biphenyl-lead which
contain radicals of about the same lability, are spiit in

a heterogenous manners.



B, THE IHTRODUCTION oF wATIH SOLUBLE GROUFS INTO

ORGANOLIEAD COMPQUNDS
INTRODUCTION

The preparation of organolesad conmpounds conbaining
solubilizing groups is of interest both from a practical and
a theoretical point of view. The interest in water soluble
orgenolead compounds results directly from the recent discov-
ery of certain physiological properties which lead compounds
have in general. I% has been found that lead in any fomm
has a pronounced deleterious effect on the growth of certain
tissues and cells and this toxie effect is especially pro-
nounced in ranidly growing cells such as enbryos and repro-
ductive germ cells (1)

Since cancer tissue likewise consists of rapidly growing
cells, it was hoped that the toxic effect of lead could be
utilized therapeutically in the cure and allsviation of cancer.
buring the early stages of lead therapy in cancer it was soon
found that the general insclubllity of lead compounds anéd the
slight diflerence between the therapeutic and toxic dose would
be importaent drawbacks to any widespread use of lead. Despite

this, B:11 (2) in Zngland and Ullmann (3) in this country have

(1) Bell, Lancet, 203, 1005 (1922); 206, 267 (1924); 209,
1003 (1925).

(2) Bell, Lancet, 210, 537 (1926).

(3) Ullmann, Rediology, 8, 461 (1927).
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reported cuite favorably on the rosylits oblained in maay
advanced cascs of gancer by the use of colloldel preporations

T lead and lesd salts, However, it is alsc true that other
investigators have not reported so favorably, but thils may
In some eases bo dus to Inferior preparetions or Jeulty
sdainistration.

The advanbage whieh orpanolead compounds would havs over
inorganic preparations because of thelr gresber fat solubility
end consequent esass of penalrating cancer tissue has been
pointed out {(4). This point loses soze of its abtrectiveness

2
0l

in view of the extrame

0 acids, =Zince the us

sengitivensss of organoclead cogpounds

ual method of injection iz iatravon-

ously, the seidity of the blood may convert the origlnal
orgenolead compound into a form that is more toxic and at the
same time less solubls

it would seenm thet in order to have pronounced superior—
ity en orgasnoclead compound must be preferentlally susorbed Ty
the cancer tissue or slse be directly injected into the dig-
eased tissue, Otherwise 1t would find its way to all of fle
organs and the coasequent severc lesed poisoning would counter-
act to & grecter or Lesscr degree the benelficial elflect in

reterding growth or allevialting pain.

Humercus invecstigators have

(4)

Bisechoff, laxzwsll,
85 {19z8].

studied the toxicity of

Zvens and Nuzum, J. Pharmacol., 34,



organolead compounds and thelr effect on cancer tissue in
aninals (4). Buek and Kumro have studied the effsect of a
number of organolead caonpounds on aminals. They find

tetramethyl=-lead to be the least toxie of the compounds

~
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r tissue (3).
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Erezuse (6} has investigated the bsneficlal effects of
certain crganolead compounds on cancer in mice and finds thet

several compounds, especlally tri-n-propyi-
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have prophylatic and curative value.

Gilman =nd Gruhzit {(7) heve found seversl organic salts of

triethyl-lsad hydroxide to be qulite toxic when tested on rats.
A

ixperimentally the introduction of webter solubliliziag

groups such as hydroxyl, carboxyl and amino into orgenclead
compounds presents certain diflleculivliess whlech cre due to o
pecullar properties of these caapounds. Lhese dilfliculiles

hinge primerily on, (a; the extreme seasliiveness of ihe

carbon~lcad linkage to scidle and to extremely cloctropositive
O P » {15 Lo N R R B N S o 2 Cwa-{ T L { om e g 't"p\’

T@q@i‘)xlts, Vb the inertnesszs of nalogens in Crignard Tormaetion

a phenyl or other group to lead snd, l(e)

Buck znd Kumro, J. Fhermecol., 38, 151 {(193C).

> Loy 2O

Krause, Ber., 62, 135 (1929). ) ‘
Gilman and Grunvg? de Pharmucol., 41, 1 (1931,
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Jroctieally the only sethod availeble for the opreparsiion

ol e et {3 g & TR gL ey £ o 3 | ol ) . sy g
halides with the CGrignerd vezpgent. The rsactions sroceed
simoothly asg follows:

T T TY o
43 gl L + }.1‘55\?&)41 + A{ixhg * & B 8 & # P 8 € » & o 3;

T, . g P s TS DY S g
i Dany F 2;&'&;{3& e Agdhilg? + Cillghs o o o o o o & » a & o1l

Howevsr, the intraduced R' groun cannot contain s funciional
grour having sn active hydrogen since the Urignard rompend
would react with this hydrogen.
¢ analogous use of orgenolithlum compounds is suctesse

ful 1f there is not an excess of the lithium compound present

42}

o

(8). In the exverimental pert of this thesies it is ghown
that the coupling of orgsnolithium compounds with crganolszd
nono-halides proceeds mueh bedter than with the dihaildes.
Organcsodium compounds have besn used very littls
goupling reactions with orgenolesd halides becsuse they cause
decomnosition of the leund compound (9). In this connection
Schlenk and Holtz (10) have prepared impure sthylsodium by

the resclion of sofiun on tetresethyi-lesd., Likewise, Foster

{11) has found thut the resction of irirphenvl-lesd chlaride

susting, 4. dom. Chen, Foc., dﬁ 37ee (19%2). )
Zraus and Sessions, J. am. - Then. Soc., 47, 2366 (1929)
Sehlenk and Holtz, Ber., 50, 262 (1917)7
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with sodium In liquid ammonia causes degomposition of the lead
compound rather than forming triphenyle-lead sodium. However,
Calingaert (12} has prepared trivalent lead compounds by this
resctlon and it may well be that under the proper conditions
an unstable RgPbNa compound can exist.

The preparation of a compound of the type, RgPbNa, would
neke avallable a method for preparing mixed orgenolesd com-
pounds that has been used successfully with germanium and
tin compounds, The reactions proceed in liquid amnonia as

follows:
R;Snﬁa + RYZ mem———— R‘SHB’ Y HaX o o o 2 o o 2 2 o o o & IIX
Rasm&ﬁg + 2RV e BEERRY; * 2HBE o & o o ¢ o o s & @ v

Further evidence for the decomposition of the lead-carbon
linkage by electropositive groups is presented in this thesis
in the reaction of magnesium on triethyl-lead bromide. This
probably involves the slectropositive lLigbBr group and the
intermeliate formaticn of {CyHg)aPblighr, although postulation
of the latter is not essentiael in explaining the formation
of ethylmagnesium bromide that occurs. Lthylmsgnesium bromide
might form from the reaction of the MgBr group with an ethyl
group that was removed from lead directly or it may utilize

ethyl groups that were liberzted in the spontaneous conversion

(12} Chem. Reviews, 2, 43 (1923).
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of tricthyl-lssd to tetracthylelead.

The coupling of orgsnolead halides with the sodiun com-
pound of malonic ester and acetoscetic ester did not give
evidence of the formation of an orgenolesd ester (13).

It should be borne in nmind thet in any coupling reaction
the products formed depend entirely on the relative attrsction
whieh the groups involved have for each other and for them-

selves, Thus in the following reaction:
{Gi’is}gsn;:{ﬁ * (Cgﬁg)aigbc‘l"‘» (05%}33!1??3{3355)5 + FNall « « » ¥

it mey be expected to proceed as written if triethyl-lead
groups and trimethyl-tin groups have more attraction for sach
other than the trimethyl-tin and triethyl-lesd groups have for
themselves. If the latter is the case, hexamesthyl-di-stannane
and hexsethyl-di=-plumbane would be the products formed.

The preparation of organoclead compounds containing a
carboxyl group attached to carbon has been attempted by pre-
paring the Grignard reagent of an organolesd halide in which
the halogen is one or more carbons removed from lsad.

Grittner and Krause (1l4) have reported the preparation of the
Grignard reagent of triethyl-5-bromoamyl-lead., Gilman and
Robinson (13) did not obtain a Grignard reagent with this

eompound however.

(13) Robinson, Jack D., Organolead Compounds, Unpublished
Thesis, Iowa State College, Ames, lowa, 1920.
(14) Gruttner and XKrause, Ber., 49, 2666 (1916).



Gilman and Hobinson have attempted to prepare the
Crignard reagent of trishenyl-para-bromophenyl-leszd with no
suceess (13).

In spite of the difficulty of introducing solubilizing
groups into organolezad compounds, certain functional groups
have been introduced. VBrlander (15) nitrated tetraphenyl-
lead and obtained m-ﬁinitrs-ﬁlbhenyl—lemd dinitrate., sustin
(16} has pnrepared l~(d13hsnyl-lead)~a 3-propanediol, (Ceisla
sbCH,CHOHCH,CH, by the oxidation of triphenyl-allyl-lead.
Gilman and Robinson (13) oxidized triethyl-allyl-lead but
obtained no seidic compounds from the reaction. sustin has
also prepared several organolead compounds contsining dimethyl-
amino-lead groups (17).

The reaction of copper-bronze with some double salts of
diazonium compounds and lead galts is reported in this thesis
in an attempt to prepare some substituted orgenoleasd com~
pounds, This method, although successful with the analogous
mercury complexes, does not work with the diazonium-lead
complexes. Numerous coupling reactions were also carried out
betwesn organolead halides e&nd alphas-halogen esters and other
compounds, Cne of these, using sodium as a coupling agent,
gave some promise as a means of initroducling solubilizing groups
into organoclesd compounds.

(15) V&rlander, Bor., 58, 1893 (1925).

(16) sustin, J. am. Chem. Soc., 53, 3514 {(1931).
(17} sustin, J. sm. Chem. Soc., 54, 3726 (1932).
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The preparation of z number of orgenolead conmpounds
incidental to the work of this thesis is also deseribed., In
this connection the mechanigm of the resction of lead chloride
on phenylmegnesium bromide in the preparation of tetraphenyl-
lead is discussed. It hag beern found that by extreme care in
working up all products of the regection, the yield of tebra-
phenyl-iesd is materially increased. The procedurs used slso
glves apprsciedble gquantities of triphenyl-lead bromide thus

incressing the total yield of phenyl-lezd products cbtained.

ol



SAPIRILIENTLL

Some Orgenic Complexes of Lead Salts with

Diazonium Compounds and with imines

Lisecussion

dany caplexes of diszoniwn compounds with inorgenic salts
are known. The mere comon are those of mercury, gold, tin
end platinum selts slthough diarzonium ¢amilexes of blsmuth
and anfinmony salts ars slso known. Sakellarios {18) has
deseribed the complex salt of plumbic chloride with ben. ene=-
digzonium chloride.

Nesmejanow (19) and Nesmejanow and XKehn (20) have shown
that the sryldiszonium chloride complsxes with nercurle
chloride can be converited by copper to arylmercuric chlorides
acecording to Reaction VI. If ammonium hydroxide (21) is used
with the eonpen dieryl mercurizls are obtained by Reaction
ViI. They report a 32% yield of phenylmercurie chloride and
snaller yields of pars~hydrozy phenylmercuric chloride, di=

para=-lofo-phenylnmereury and other substituted me reurials.
fxrﬁa:&‘ﬁg};ﬁ + 2 Cu —"""‘""'") iﬁﬁig}: + gg + ?301251 « * % s &8 = VI

,&rﬂaﬁ.ﬁg}is + g CU. ---—-..) .:-razig + Eéﬁ: + 6 CuCl * 22‘}'2 * e ¢VIE

(18) Sakellarios, Ber., 56, 2536 (1923).

(19) Nesmejanow, Ber., 63, 1010 {1929).

(20) UNesmejanow and Kahn, Ber., 68, 1018 (1929).
{(21) Hein =nd Vagler, Ber., 58, 1499 (1925).



This unique prapsration of substituted organomercury
compounds, 1f successful with lead compounds, would furnich
a ready means of prepering orgenolend compounds containing
solubilizing groups. The double salis of benzenediazonium
chloride end para=tolyldiszonium chloride with lesd chloride
have been prepared for the first time, but their decomposition
with copper geve no evidence that an organclesd compound was
formed. Other metals than copper and other diazonium salts
than the chloride were tried but the results were negative in
every case (22).

Because of the instebility of the complexes, particularly
toward water, it was impossible to completely free them from
lead chloride and consequently the enelyses for lezd are high.,

The double =salt of plumbic chloride with benzenediazonium
chloride (18) was prepared and trested with copper in acetone
but no organclead compouné was obtained.

In a survey of the litersture many references to orgsnie
eemplexes with lead selts were found. The following articles

contain many leading roferences, {23, 24, 25, 26, 27, 28],

(22) The traces of lead found by extraction with organic
solvents is undoubtedly due to slight solubility of
lead halides or the complexes in the solvents.

(28) losnier, Ann. chim. phys., (7}, 12, 388 (1897).

(24) HMatthews, J. 4Am. Chem. Soc., 20, 832 (1898).

(25) Mandel, Ber., 54, 703 (19215,

(26) Byrkit and Dehm, J. im. Chem. Soc., 51, 1167 (1929).

(27) Lum, Pharm. J., 122, 149, 321 (1829)%

(28) Griess, ann., 137, 39 (1866).



Preperation of C.H N,01.20C1, {Run 2, Table I}

The vrocedure of Hesmejanow (19, 20) for the correspond-
ing mercury complex was followed in preparing the bsnzene-
diazoniw. load-chloride comple Several runs were made and
in the first of these no complex sslt was obtained since it
was decompoged by the woter used in washing. 411 of the
runs are summerized in Table I,

A scolution of 46.5 . (0.5 mole) of aniline in 135C cc,
of concentroted hydrochlorie acid was cooled and 150 gz. of
eracked ice odded. Diazotization was effected by adding &
concentrated water solution of 38 g, of sodlum nitrite wvhile
stirred vigorously., The solution of benzenediaszonium chloride
was afled with mechanical stirring to o liter bsaker containe
Cing 69.5 g. (0.85 meole) of lead chleoride suspended in 69.5 g.
of coneentrated hydrochloric acid and 75 g. of cracked ice,
4after a few minutes & pale yellowish, curdy precipitate Tilled
the besker.

It was filtersd by suction end washed with cold slcohol
end then with cold ether. The air dried product weighed 85 g.
which is an 81.20% yield. The complex thus obtained was
fluffy end yellewisﬁ but became paler. It dissolved in hot
water with & neutral remection, evolved an arcmstic odor end
geve a lead test., The product did not melt but exploded
with a puff when heated cn a spatula.

Apal. Calcd. for CeHglizClsrb: »PFb, 48.51. Found: 2b,
52,45 and 52.44%.
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Roaction of CalsiisCl,-bCl, with Copper in icetone (Run 2,

Table 11}

The benzenediazonium chloride complex with lead chloride,
prepared as described sbove, was treated with copper in
acetone (18) as follows:

4 suspension of 65 g. (0.203 mole] of CgHglizCl,7bCl, in
250 ec, of acstone was treasted with 20 g. of copper-bronze
p@ﬁ&ar. Reaction began very slowly but became vigorous
after fifteen minutes, and had to be cooled to prevent too
vigorous reacition; the reaction was stirred throughout., The
reaction mixture was filtered and the residue extracted four
times with benzene and washed with ether. The acetone and
benzene and ether portions were combined and the solvents
distilled from a water bath. The remaining liquid was filter-
ed fron a small amount of residue and fractionated. It yielded
a considerable amount of benzene, b. p. 78-80°, & g. of product,
b. p. 83-105° and 8 g. of chlorobenzens, b. p. 128-9°, This is
a 31% yield of chlorcbenzene. The small amount of rssidue
obtained by distilling off the sclvents gave no test for lead.
Neither did any of the residues from distillation econtain lead.
The 83~185° boiling produet gave & halogen test and proved to
be a mizture of benzene and chlorobenzene. None of the liquid
portions gave a lead test.

Beaction of C,ilsi3C1.FPbCl, with Copper in Acstone and Ammonium

Hydroxide (Run 3, Table II)
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4 suspension of 40 g. (C.096 mole} of the double salt
prepared in Run 3, Table I in 200 cc. of dry azcetone was
stirred with 32 g. of copper-bronze powder. Two hundred
cubie centimeters of 25% ammonium hydroxide were added and
the mix ture stood twelve hours. 7The reaction mixture was
filtered from the residue and the filtrste was washed and
dried end yielded 3 g. of crude chlorobenzene, b. p. 120-33°.
No lead test was obtained in the filtrate or residues. The
original regidue was extracted with benzene for six hours
end distillation of the benzene gave a irace of residuse

giving a faint lead test.

Resction of G HgN.C1.PbCl, with z;nc in Acetone (Run 4,
Téﬁle.ii)

4L suspension of 15 g. (0.04 mole) of the double salt
from Run 3, Table I, in 75 cc. of scetone was treated with
6.3 go (0.1 atom) of zine (29). The zinc reacted mildly and
a gas was evolved as the solution became warm and turned
brown. The reaction mixture was worked up a&s in fthe previous
run end yielded 2.5 g. of crude chlorobenzens, b. p. 125-3GC°.
The slight amount of resgidue from the distillation of solvents
gave - folnt lead test.

Resction of Cgl N,01.PbCl, with linc in 20% Sodium Hydroxide

{29) <Zinc and other umetals were used instead of copper in the
hope that they might work better than the copper-bronze.



Table I1

euetion af Dia7onium winh m@tais

ﬁn: Digzonium Complex siolesss: Heagent ‘1 Eroduct % Do Do *alms:in Products
1 icﬁﬁshQCI.?b01g :0¢12u:§Copper~bron?ez CeligClL 5100~50°§0 0903 Wepative
2 .U,Hawacl.FbCle :0,200:;30pper*hronze§ CeHaCl % 129° .0.0v1= Hegative
3 .Gﬁﬁgfsﬁl.rbclg ;G 966:;60@§er-bvcn?e% CeHHgCl ;l?0~53 :6,687§ Trace
4 :c,ﬁgm,c1¢fbaxa :0.040*.Cmppe?~bron46; CeHeCL §125»30°§e.022§ Trace
5 Su,H,H CL.PbCl, :0 691 Gopper«bronza: CeHsCL %190~80°;Q.069§ Hegative
& 2p~GH,G,H4ﬂ301 belg.o O?Q‘;Copperwbranza:p~GﬁzbaH461 ;l‘O~60°§0.016§ Negative
g 2§~Ch3 JHKaCl. Fbclz.ﬁ 090+ 1Zine . f e i am i Trace
8 :yncaacgﬁéﬁ Cl. 95018.0 100§:Txn ; - g - : - ; Trace
% p”aﬁgcsﬁ@ﬁgclubelg:O 100%§&luminum gp,p'ditolvl % %iga): - ; Negative
10 8g~CHa eH, 01,0 bClazD.lOO:;CuOQ %p,p'ditolyl ;li?:gdgi - : Yegative
11 'pmcﬁab,ﬁwﬁabl,PbalafO OSOZ:bsdium ; - : - : - : Trace
iz p~GH,C H,NsC1. PbCla;u.160. tSodiun ; - : - § - : Trace
$3 $s0lld : : ¢ Positive
13 .p*&H,CaHéNECl Pbclaz - ;iﬂacﬁ(aﬂm) :residue : - ~§ - : Trace
14 (CQEaNaCI) (EbCl‘)ag —— §§Copper-bronze:trace of : églgﬁgz -~ ; Negantive
15 '(c,ﬁ,w,cl) (Pbﬁl‘)gi - ffﬂopperubronzazcoﬂ.Cl ete. *  130° '0,080° Negutive
16 z(G,B,Naﬂl)v(PbCl¢}a; cem £50 : §133~55°&o 1oo§ Negutive

opper=bronzetC4HzCl ete.
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(Eun 5, Teble Il)

4 suspension of 38 g. (0.091 mole) of the double salt
from Run 4, Teble I, in 150 cc. of 209 sodium hydroxide was
treated with 12 g. of powdered zine and a trace of copper-
bronze powder. HMuch hest was evolved and the reaction
mixture turned black. working up the reaction products
yielded 1 g. of product, b. p. 100<20° testing for halogen.
No lead test was obtained in any of the extracted products.

Preparatiocn of p-CHsCeH MN2C1,PbCl, (Run 7, Table I)

Several runs of the p-tolyldiazonium chloride~laad
chloride complex were made of which the following run is
typical. The other runs ars included in Table I.

4 solution of 142.5 g. (1 mole] of p-toluidine hydro-
chloride in 560 ec. of concentrated hydrochloric acid was
¢ooled in an ice-salt mixture and treated with 560 g. of
eracked ice, The cooled solution was diazotized with a
slight excess of the calculated amount (69 g. or 1 mole) of
e concentrated solution of socdium nitrite. The p-tolyldia-
zonium chloride solution was filtered and added with mechan-
ieal stirring to 139 g. (0.5 mole) of lead echloride suspended
in 250 cc. of concentrsted hydrochlorie acid. (The lead
e¢hloride was preparcd from 133.5 g. (0.5 mole) of leed car-
bonate and concentrated hydrochlorie acid). 4ddition of the
diazonium solution caussd the formation of a flocculent

precipitate and stirring was continued for forty minutes.



The filtered complex was washed with cold alechol @d
¢old ether. It formed faint pink, feathery crystals and
deconposed with a puff et 12¢°. In another run the complex
decompossd at 133«4°. The complex was enalyzed for lead.

inal. Celed. for C.H,N;Cl,Pb: Pb, 47.86%. Found:
b, 46,98 and 47.EGN.

Reaection of p=- E§J5h§N§CL,¢bCLa;wiﬁ& Copper in cet@ns and

Aymonium Eydroxide (Run &, Table II)

4 suspension of 30 g. (0.07 mole} of the double salt
from Zun 3, Table I in 200 ecc. of acetone was trested with
25 g+ of copper-bronze powder. No reaction occcurred for
fifteen minutes and then the evolution of zes beeane
vigorous but very little heat was evelved. It stood some
time and 200 ce. of 25% ammonium hydrozide was added to the
reaction mixture which then stood for some time and was
shaken frecuently.

fltration and extraction of both the Tiltrate and the
residue yiclded 2 g. (23%) of erude p=-chlorotcoluens, b. p.
150-60° but no test for lead was obtained in any of the
e%tracteﬁ materials.

R@acuian 01~p~ﬂﬁgﬂgﬁgﬁaﬁl Pbﬁlg,w*th Different HNetals in

Variousg Solvents

The double salt of p=tolyldiazonium chloride with lead
chloride was treuted with the following metals as in the

copper run asbove, and the resulis are tabulated in Table II.



It wes hoped that these mebals might be more effccitive than
the copper-bronze, but they were not.

Run {7} Yinc + ammonium hydroxide in acetone.

Run (8) Tin + smmonjium hydroxide in acetone with heat.

Run {9) Aluminumtmmionium hydroxide in acetone with heat.

Run {10} Cuprous Hydroxzidetammonium hydra&iéa in acetone.

f'ﬁu_n (ll) QO&EL}K’ iﬂ ave“&m}.@.

Run (12) Sodium in ethyl acetate.

Run (13) oSodium hydroxide (20%).

In Runs 7, 8, 11, 12 =and 13 slight tests for lead were
given by the residues obitalned when the solvents used to
extract the original solution asnd residuss were svaporated.

The tests were so feint that it is not probablse that they
are dus %o the formation of an organic lead compound bhuld
rether to slight extrasecition elther of lead chloride or the
diazoniunm-lead chloride eompl sx.

Runs 9 and 10 yielded small amounts of di-p=tolyl,
meltmﬁa at 121° when purified.

Preparation of {_z:,ﬁgﬁgclg), ‘?’bClg)a{ﬁxm 9, _Teble IHLS)

Three runs were mads of which the following is typical.

The lead tebrachloride was prepared by dissolving 13.35
2o (.05 mols) of lead cerbonaste in 300 cc. of concentrated
hydroehloric scid and leading chlorine inte this sclution
cocled in iee. The ehlorine was bubbled through until all
the lead chloride dissolved. Ixcess chlorine in the solu-
tion was removed by bubbling dry nitrogen through the
mixture Tor about a minute.

The acid solution of lead tetrachloride wae treated with



& solution of bonzenediazonium chloride propured from 9.5 .
(G.1 mole) of pure aniline, 60 cc. of hydrochloric ucid,
100 g. of ice and 6.9 £, of sodium nitrite. . yvellow pro-
elpitate appearcd immedistely which was suspended throughout
the solution. It stood two hours in an ice-szlt mixture
and wss filtered by suction and washed with three portions
of ice-cold alcohol followed by three portions of ice-cold
ether, The air dried sroduct weirhed 32 g. and stood in a
vacuum desiccator for twelve hours when it weirhed 28.5 ¢.;
the yield bused on (CaHgH4C0l)aFPbCl, as the formula of the
eomplex is 90%. However, analysis indietes the formula
to be (CeilgliaCl) 4. (PbCL,) s this gives a yield of Bé,ﬁﬁﬁ,
baged on the lead tetrachloride theoretically present.

inal. Caled. for C,allssl,(Cl,s8bat Fb, 24.32. Found:
Pb, 24,01 and 24.097.

Jakellarics (18) analyzed his oroduct and found it to have

the following formula, (CeHslsCl),.FbCl,.

feaction of (CalighigCl) 4{PbCl, s with Copper in icetone (Run

14, Table II)

4 suspension of 12.8 g. (C.02 nole) of the benzenedia-
zonium chloride comnlex with lesd tctrachloride in 50 cc.
of acetone was trested with 7 g. of eopper. Ivolution of
nitrocen becan immediately and the Tlask hed to be cooled
to orevent too vigorous resction gnd it was sheken throughout

the resction. It stood overnight and the residue was



Tiltered frowm thoe acctone. +‘he vesidue was exbructed with
ethier end the cther and scsibone gombined and distilled
from & weber bath. < small asocunt of residual liguid and

green eclld gave

&

test for lead.

Ihe other runs sumierized in Table II yielded chloro-
venzene and other halogen compounds but no product contalning
lead., aAnother run like ifhe sbove carried out in curbon
Tebrachloride instead of scetone gave uno products soluble
in orgenic solvent %ha% eehudlneu 1€&€e

Senzeneaiazonium Chloride- Tebraphenyl-l ead Compiex

The diazonium solubion from 37.2 2. (Cu4d mole; of aniline,

120 ccs of hyﬁrdchlariﬁ acid, 1230 g. of cracked ice and 26 g.
(0.4 mole) of sodium nitrite in 75 cc. of wabter was added
slowly with mechanieal stirring to a suspension of 51.5 g.

(C.1 mole) of tetraphenyl-leasd in 400 cc. of 157 sodium
hydrozide, 4 yellowish orange fiuffy precinitate formed

after part of the benzenediazonium chloride was added and
beeane more and more siiff. Lifter complete acddition the

sc6lid product vompletely filled the one liter beaker. It was

b

filtered by suction and dried. slecohol and elher decouposed
the complex leaving belraphenyl-lead, m. D. 223°, and & red
solution. iVater apparenitly had no effect on the canplex
uniess heated to its boliling point when a black residue rose
to the top. The product burned on a spatula wiith slight

xplosiveness and dscomposed vigorously when trested with



sulifuriec acid, The yield of the complex wus Y5 g. which was
81lx besed on the formula below and the tetraphenyl-lcad used.
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sugls  Culeds. fox Ugailseiieblglbt b, 22.11, Pound: Ph,

58447 and 22.680.

& several days the couplex decouposed inte 1ts
comconents and 46 g. (505.33%) of tebraphenyl-lead melting at
224 was recovered. |

freperation of sniline-jend icebate, Cellsliig ibllpiizUaje

asniline combined with lead acsltate to glve & salt having
the composition Cellgille.r0{CsH305)ss I% melted end decomposed
at 204° in one run and at 206 in another. Dimethylaniline
did not give a salt} the ovigiral lead acetule beling recovered
apperently. ead chloride, bromide and nitrats combined with
aniline but the producis were nolt as stable as that of aniline
and lead acetale.

Two runs of the aniline=lsad scetele compl ex were made
and the following procedure was used.

4 solution of 16 g. 10.042 mole) of lead acebube tri-
hydrate in G0 cc. of water containing a Tew dr¢§ﬁ ci acebic

acid was treated with 9.3 g. (.l mole) of pure aniline. After

o

standing a sbovrd time a mass of silky, white crysials separated

out, They were filtered, washed with walter and dried, yield-

o

x o 5 o »,”J & o Gy o pro—
ing 9.7 ge. of product which was a 45.30) yield. The crystals
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decomposed at 204%, sintering at 195°, The melting point of
those from the second run was 308°.

Some of this solid was diazotized with sodium anltrite
in hydrochlorie zeid. No l#ad chloride precipitated but
potassium dichromate gave & yellow precipitate.

The lead acetats salt of aniline, m. D. 8080,'Was boiled
with water for somebtime snd solidified on cooling. This
melted at 200¢ and & mixed mslting point with $the oricinal
compound melted at 2@8~10e. The laad acetate hydrate used to
prepare the zniline salt melted g% 65»?00.

4nal., Caled. Tor C,oH,s041{Pb: Pb, 49.55. Found: Pb,
49,74 and 50,20%.

Sumary

The ecomplex bebtween lesd tetrachloride and benzened a-
zonium chloride was prepared and treeted with copper in
acetone (18). It wes found that similar complexes of Isad
c¢hloride with benzenediszonium chloride and »-~tolyldiazoniunm
ehloride c¢ould alse be prepared. They were trected with copper
end other metales in aceione, but in no case was theres good
evidence that any organolead eompound formed, apparently the
lsed complexes do no?d react in the same manner as do the
analogous nereury diazonium complexes. DBenzenediepzonium
chlorids 2lso fomed an unstable complex with tetraphenyl-lead,

4 double salt of zniline with lead acetstse wns also pre-~
pared and remsined unchengzed when hested. Apparently there

was no rearrangement of a lead group to the ring.
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wome Loupling leactions of Organolsad Halides

Eiscussion

The introduction of functionsl or soclubilizing goroupns

into organclend compounds cannot in most cases be el scted

tional srouns., Beeausze of this fact an attemmt has been
de to ecouple orgenclead halides with = number of haelides
contelning functiorel grouns. The rescents used to effset

» >

eounling of the two halides were godiuvm, magnesiunm, zZincs-
coprer counle and aluminum chloride.

One resction that has been tried is thet of orgenolead
helides with alpha-hnlogen esters, Mo definite coupling
nroductes vwere isolated in this resction although resction

occurred. Previous work had slso given negative results {13)

with tristhyl-lesd chleride, magne and alpha-hslogsen esters.
Usging sodium s8 the ecoupling agent yvielded & very small

3

grmount

#

P mroduct in the resetion of ethyl bromoacetzte and
triethyl-lead bromide. This oproduect was wober soluble and for
that resson it is unlikely that it was a lead ester.

In the slow reaction batween triphenyl-lesd chlorids,

~F

sodium end chlorobonzeng, a 82% yield of S$etraphenyl-lead

was obieined in whet ic undoubtedly & counline reaction (30).

(30) GIorton and Stecvens, J. in. Chan. Soe., 58, 2244 (1931).
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Tetraphenyl~load might result [rom the deecomposition of tri-
phenyl-lecd {formed by the setion of sodium on triphenyl-lead
chlorids) into tetraphenyl=leszd and lezd {31) but since there
was no deposition of lead this .iechianism is not plzsusibls.
Yor this reeson it is without question & coupling reaction
between the two halides involving possibly (but noi necessar-
ily) the intermediste formation of an organosodium compound.

The reaction of triethyl-lesd bromide with sluminum
ehbloride gnd benzens ceused decomposition of the triethyl-
lead bromide but no evidencs of triethyl~phenyl-leud was
obtainedy Turthermore, no hydrogen chlioride was evolved until
the resction was hydrolyzed.

I% appears thet sodium may be the most effective coupling
reagent but at the sane time it provides greater opportunity
for hoeterogeneous coupling and undesirable reactions with the
functional group itsslf.

The investigetion of the counling of alpha~halogen esters
with organolead halides led to a study of the reaction of nag-
nesium on triethyl-lead bromide. In this reaction lsud is
deposited and tetraphenyl-lead is formed together with ethyle
magnesium browide, The ethylmagnesium bromide was Tirst
noticed beseause of the positive Grignsrd color test which the

solution gave and it was identified by making the proplon-

(31) Krause and Reissaus, Ber., 55, 588 (1%32].
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enilide derivative with phenyl isocyancte. It dhould be
ranembered that these are the Tinal products of the resction
and thet it is quite vpossible that the intermediate canpound
(triethyl-lead)-magnesium bromide, (Cslls)sFblgBr, is formed.
Hesctlion with beﬁzaphaﬁmne and an&lysis of the sclution con-
taining the recction products polnt to the formation of
{triethyl=-lesd)-magnesium bromide.

The reaction of tristhyvl-lead bronide end marnesium would
be oxpected to give triethyl=leasd and megnesium bromide and
the letter with excess magnssium would produce this fres group,
magnesious bromide (~ligBr), (32). The magnesium bromide or the
system magneslum, magnesium bromide could then resct in one of
three vays 10 form ethylmasgnesium bromide:

1. flsgnesious bromide combined directly with an ethyl
group from triethyl-lead with the formation of very unstable
diethyl~lead; the latter decamposed to give lesd and triethyl-

lead and possibly tetraethyl-lead.

o)

2., The negnesious bromide might combine with triethyl-

[

lead to give {tristhyl~lsad)-magnesium bromide which slowly
decomposes because of its unsieble nature to give discthyle
lead and ethylmagnesium bramide.

3. bthyl bromide is Tormed and reccts with maognesium to

give ethylmagnesium bromlde.

(32) Couberg and Baehmann, J. .m. Chem. Soc., 48, 241 (1927;.



The fact that triethylelead cehleride and tristhyl-tin
chloride did not react with magnesium lends support te the
proposed role that the magnesious bromide plays in this
reaction since megnesium and negnesium chloride do not give

ooy d
- N

s,

magnssicus chnloride

in this connschiion tetraethyl-lead waas shown anot to
react with magnesium or wilhh the systenm mognesium, magnesium
bromide t¢ give ethylmegnsslum bromide.

sreparation of Triethyl-lead Browmids

This compound has been usually prepared by the method of
Grittner and Krause (33) ig which & sclution of tetraethyl-
lead at -75° is treated with bromine.

It nas been found that triethyl-lead bromide'may be pre-
pared in as high as 85% yizld by treating betrsethyl in petrol-
eunm ether solution with déry hydrogen bramide. When dry ether
is used as a golﬁent the yield is 68.60% but the sroduct is
purer. This method of preporing triethyl-lead bromide is
analogous to that of Gilman and Hobinson for prespariag tri-
ethrl~laad chlorids (34).

“he tetraethyl-lesad used in this preparuation was obilained
by shaking the camercial product with equal volumes of 50%

sulfuriec acid until the lest acid leyer is colorisss; the

N . - R, .
{33) Gruttnor and Krause, Ber., 49, 1415 (1916). o
(84) Gilnan =08 Robinson, J. . Chesz. Soc., 51, 8112 (1929
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temperaturse waes kert below 30°%, It was then washed with 1@%
sodium cerbonate solution znd finally with distilled water
and dried over cslcium chloride., The dried tetreethyleleand
was then distilled under reduced nressurs in sn stmosphera
of nitrogen.

The hydrogen bromide was generated by adding bromine
from a 30 ecc. dropning funnel into 2 500 e¢o. suctleon flosk
contzining e heavy vpasts of phosphorus, water ond zand. The
suction flask was equipped with a twoehole stopoer for the
dropping funnel and for 2 gless tube leading to the top of
the dropping funnel. The hydrogen bromids was nassed through
a porifyine and drving t:ain consisting of seversl glass
tubes (18" x 2") eontzining phosphorus, naphthalene, and
calcium chloride, respsetively. The tubes contazining phos-
phorus and naphthalene were mede porons by sifting the
reagent into tubes filled with glesg wool. HNumerous runs

were made with ether ag the solvent of which the fellowing

Hun 1. 4 solution of 24,25 g. {0.075 mole) of purified

tetrasthyl=-lead and 320 ecc. of anhydrous ether was added %o

a 500 ece. Hrlenmever flesk previously swept out with dry
nitroren and cooled in an ice~salt nixture. (The lov tempera-
ture is not necesgsary, but the yields are samewha’t better

then &t reoom tempersture.) Dry hydrogen bromide was bubbled

slowly through this solution for an hour. 4 small amount of
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there was no apparent reaction

or deposition of lend.



Two grans of & non-melting, ether insoluble product
containing lead was obtained from the reaction product
besides 2 g. (26.50%) of the originsl triethyl-lead bromide,
Ho product that might be an orgenolead ester was isolatbed.

Heaetion of Triethyl-lead Bromide, Lthyl Bromoacetate and

Sodium

In the first of the two runs which were carried out, one
gequivalent of sodium was used, but no coupling product was
isoloteds In the second run two equivalents of sodium vere
used and the results vers as follows:

A solution of 14.96 g. (0.04 mole) of triethyl~lead
bromide, 7,08 g. (0,04 mole)} of ethyl bromoacetzte and 1.84
g. (0.08 atom) of sodium was stirred intermittently for
seventy hours. Vorking up the ether solution yislded 6 g.
{40.00%) of tristhylelead bromide and 4 g. (56.50%) of im~
pure ethyl bromoacetate. This brown residue in the flask
was separated from unrescted sodium and hydrolyzed with
ammonium chloride solution., Two grams of muaterial, inscluble
in the agueous solution gave & good lesd test and proved to
be an inorganic lead salt. The ether extract of the water
solution yielded 1 g. of product melting at 110-35°. Recrys-
‘tallization did not give a sharper melting point.

Hesction of Triethyl-lead Bromide, Benzene and .sluminum

Chloride
4 suspension of 30 g. {(C.225 mole) of aluminum chloride

in 30 cc. of benzene was treated slowly with a soncentrated



solution of 14.96 g. (0.04 mole) of triethylelead bromide in
benzene. The solution was stirred for several hours but no
hydrocen ehloride was evolved. Hydrolysis with 1C0 cc. of
water caused the evolution of hydrogen chloride howsver.
Working up the reaciion nixture yielded & nixture of inorg-
anic lead and sluminum salts but no product which night have
been triethyl-phenyl-lead. None of the original t$riethyle
lead bromide wes recovered.

Resction of Triethyl-lead Bromide with lMegnesium. Formation

of Ethylmagmnesium Bromide and Triethyl-lead

Freliminary sexperiments showed that triethyl-lesd bromide
reacted readily with magnesium causing rg?luxing in mueh thse
same manner that the formation of a Grignard reagent does.
This reaction was accompanied by the deposition of lead and
the solution became green in color. On standing for several
days the reaciion nixiture gave a Grignard eolor test and this
was shown to be caused by ethylmagnesium bromide which was
identified as its propionenilide derivative. The solution
was also found to contain considerable tetraethyl-lead.

§g§~g. Identification of Tetraethyl-lead: A suspension
of 22,0 gz. (0.059 moles] of triethyl-lead bromide, 250 ge. of
ether was trested with 4.25 g. (0.177 mole) of magnesium and
reaction and refluxing began at once. The reaction was
stirred Tor twenty hours in a niirogen atmosphere and the

solution was a transparent green color and the magnesium had
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become very black, dus to deposlited lesd.

The solution was filtered from megnesium end lead and
the cleagy filtrate socon becunme cloudy and deposited a large
amount of magnesium bromide. The filtrate stood for seversl
weeks and deposited more lead and magnesium bromide., 7The
gther solution was decanted from these products and distilled
off yielding a reddish ligquid whieh was distilled af reduced
pressure. In this way there was obtained 5.5 . (0.017 mole)
of tetrasthylelosd, b. D. 88-95° at 18«21 mi. This is a
40,00f yield assuming the following %rensformation of tri-
ethyl~-lsad to tetrasthyl-lsad cither before or duriag dis-

tillation:
4(Caﬁg)gPM 5‘03&&}4??) L 4 P * s 5 0w » VIII

A petroleun ether solution of 5 g. (0.0155 mole) of this
tstrasthyl~lead was treated with dry hydrogen bromide for ten
minutes. The insoluble triethyl-lezd bromide was filtered
of? and the filirate again treated with hydrogen bromide for
ten minutes. The‘eambined portions of triethyl-lead bromide,
m. pe 104-6°, weighed 4 g. which was a 56.80% yield.

§5§;§. Identification of Sthylmagnesium Bromides A
solution of 16.2 g. {0.0433 mole) of triethyl-lead bronide
in 485 ce. of sther wes treated with 4.32 g« (0,177 atom)

of fine maznesium~copper alley (35). Reaction began at once

(35) Gilmen, Pcterson and Schulze, Rec. trav. chim., 47, 19
(1o28].



and 1t wes stirred at room tempersturs for thres hours in a

nitrosaen atmosphers, There was no CGrignard color test so the

e

reaction was allowed to stand for elght davs when = color
test was positivei it wss slsoc positive after five darys. A
small smount of blaek residue and sme white erystals sspsra-
ted out on the walls of the flask at the surface of the ether.

This transparent green solution (340 ec.) was itreated
with 2.68 g. (0.0225 mole) of phenyl isocyznate. .ddition
caused vigorous reasctlion and the resction mixturs was stirred
for a short time and decanted from magnesium. It was hydrol-
yzed with water and a great deal of hest was evolved. Ths
ethar layer was washed and dried and yielded a crude solid,
m. p. 93-5° on distillation of the solvent. The product
affter digestion with pebdroleum sther weighed 2.6 g, and gave
no lead best. It meltsd at 104-8°. After crystallization
from other it melted at 105-6°, 4 mixed melting point with
authentie propionanilide (m. p. 104-5°) melted at 104=5°,
ghowing ths nroduct to be prepionanilids.

The propionenilide must have been producad by the reac~
tion of phenyl isocyanate with ethylmagnesium bromidse present
in the reaction mixture.

The 2.6 g. of nropionenilide obtained represents an
gpurozimatsly 17.00% visld of ethylmagnesiun bromide buased on
the total number of moles (0.1299) of ethyl groups present

in the original tfiethyl~leaed bromide used.



In another run of nmognesiun with tristhyl-lezd branide
the products thus obtaoined were trented with benzophenone
but the results were inconclusivs. Benzophenone wes Tecov-
ered in 82,427 yield and = very small amount of product
melting with decomposition at 130-47° that could not be
purified was obdained. Wo pure benzopinacol was igoloted
althourh this product should result from the reaction of

b

o

nzophenone with the system magnesium, magnesium bromide.

[ ]

{(This system should be pressnt in the reaction nixturs unless
it ie tied up es a coplex or as {C.H; ) Pb=ligBr .

When tetroethyle-lesnd was irested with magnesium aund also
with magnesiun ané magnesium bronide these rsactions gave 1o
color test for a CGrignard reagent. This shows that the forme
ation of ethylmagnesium 1s not occasioned by the tetraethyle
lead whieh ig =2lso a product of the reaction of magnesium on
tricthyl=lzsad bromide.

Tristhyl-tin Chloride snd Mammosium

4 solution of triethyl-tin chloride and 200 ce., of ether
was treated with 3.6 2. (0.1 atom) of magnesiwz., The reac-
tion nmixture was stirred and refluxed intermittently for a
total of sightsen hours and sitood without stirringz for
sixty-six hours. Frequent eolor tests for Grignard reagent
ware made but none was found present.

The magnesium did not spnear to have reacted but the
solution w¥hich was colorless in the veginning became faintly

green in color.



This result lends further support to the idez that, in
the =znelogous reaction with triethylelead bromide, it is the
HgBr group which rescts with triphenyl-lead to give ethyl-
magnesium bromide since the «igll group does not form in
ether solution because of the insolublility of megnesium

chloride in this solvent (32).

Heaction of Triphenyl=lead Chloride with Meenosium snd Jthyl

Bronoacetate

in ether-benzene suspension of 150 ee. of solvent and
23.7 £. (0.05 mole) of triphenyl-lead chloride (36) and 8.5
g. (0.05 mole) of ethyl bromoacetate was heated and stirred
with 2.4 g. (0.1 stom)of magnesium turnings for six and one-
half hours when & reaction began. The reacition proceeded by
itself for thirty minutes and then it was again hested and
stirred for three more hours. The solution became green and
the nagnesium black during reaction but d4id not give a
Grignard color test.

The reaction nroducts on working up ylelded 3.5 g. or
15.60% of pure tetrephenyl-lead (mixed melting point), 9 e.
of inorganic salts and sbout 10 g. of product softening at
150° znd melting from lvenaee.g Thig proved to be a mixturs
of triphenyl=lead bromide and chloride. No other product

was obtsined and apparently all the ethyl bromoacetate had

(36) Gilmen and Robinsom, J. Au. Chem. Soc., 51, 3112 (1929).



been descompossad.

The tetraphenyl-lead was probsbly formed by the decone
position of triphenyl~lesd formed in the reaction and tri-
phenyl-lead bromide would result from the reaction of
nagnesium bromide on triphenyl-lead chloride.

Regaction sf‘Tri@heﬁyl~ieaé Chloride, ﬁthyl Chloroacetate and

Magnesium
The reaction of 23.7 g. (0.05 mole) of tripheayl-lead

chloride and 8.4 g, (0.07 mole) of ethyl chlorocaceiate in a
toluene=sther mixture with 3.65 g. (0,15 atom) of megnesiun
turnings for twenty hours with stirring and heating gave no
indicaticn of the formation of an organclesd ester. The
solution beecamne green and lead was deposited after heating
for thirteen hoursi until then no apparent reaction took place.
The only products isolated from the resction were un-~
changed tﬁiphenyl~lea& ehloride and & toluene inscluble
product containing inorganie lesd. INo chloroacetete was
recovered.

Heaction of Triphenvl-lead Chlorids, Chlorobenzene and Sodiun.

Preparation of Tetraphenyl~-lesd

A solution of 14.22 g. (0.03 mole) of triphenyl=lead
chloride, 3.39 g. (0.03 mole) of ehlorobenzene and 100 ecec.
of benzene was treated with 1.35 g. (0.086 atom) of sodiun.
The reactants stood together for five weeks with occasionsl
sheking. The reaction mixture was treated with 100 cec. of

alcohol to destroy excess scdium snd the solvents were
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removed from a water bath.

“he residue weighing 17 g., softening at 195° and decom-
posing at 2289, was erystallized from 400 cc. of aleohol. 4
residue, lnsoluble in the alcohol, was crystallized from
benzene, yielding 3.5 g. (22.58%) of tstraphemyl-lead. Two
and slz-tentus grams of sodiunm c¢hloride lunscluble in benzene
were also obtained,

The aleochol solution yielded 10 g. of erude triphenyl-
lsad chloride which melted with decamposition at 200°,
Further recrystallization did not increase the purity of the
triphenyl-lead chloride.

There was no apparent deposition of lead eithser before
or during the woriting up of the reaction, so 1% nust be
asaumed thet a coupling reactlon took place rather than a
econversion of triphenrl-lead to tetraphenyl-lead, Furthere
more, if the latier was the case, thers should have been
svidence of tfi§henylulsad {decomposes 155°} since triphenyl-
lead does not ordinarily go over fto tetraphenyl-lead under

these conditions (31).

Preparation of Triphenyl-lecad érnmggg

‘Trivhenyl-lead bromide was prepared in 58-60% yield by
treating>tetraphaﬁylwlaad with dry hydrogen bromide in
chlorofornm solubion. The 7ield could be considerably improved
by treating with hydrogen bromide until more diphenyl-lead

dibronide formsed. This is analogous to the method deseribed



by Gilmen and Robinson (36) for triphenyl-lesd chloride.

& solution of 51l.5 ge (0.1 mele)] of tetraphenyl=lead
and 750 e¢c. of dry chloroform heated almost to bolling was
treated for Torty~five minutes with dry hydrogen bromide.
(The hydrogen bromide was »repared as in the prepsration of
triethyl-lead bromide abovel. The sclution was filtered
from a trace of silky preeipitate of diphenyl-lead dibromide
and the ehloroform distilled from a water bath. The rssidue
of triphenyl-lesad bromide and unreacted btetrephenyl-lead was
extrected with two 500 ¢c. portions of hot alcohol. “he in-
soluble residue, tetraphenyl-lesd, weighed 14 g. (27.20%
recovery) and melted at 227°. The azleohol solution yielded
on cooling and partially distilling, 30 g. (58%) of tri-
phenylelcad bromide, m. p. 1566=8°,

inother one mole Tun yielded 60% of triphenyl~lead
bromide.

Rezetion of Triphenyl~lead Bromide, iithyl Bromoscetate and

Magnesium

A solution of 25.9 g. {0.05 mole) of %riphenyl-lecad
vronide and 8.5 g. (0,05 mole) of ethyl bromcacetate was
heated for a short time with 2.4 g. (0.1 stom) of nagnssiunm
turnings. deaction began in a few minutes and continued for
thirty ninutess 1t was then refluxed for three hours. The
only products isolated from this run wers unused vrinx:onl-

lead bromide, tetraphenyl-lead and inorganic salis.
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The Preparation of Some Symmetrical snd Unsymmetrieal

Orgsanolead Compounds

Jiscussion
The mechanism involved in the fomaation of symmebriesl

tetravalent orgenclead compounds presants en intereasting and

b B

(Z"i'

at the same time psrplexing problem.

Ao omeiderotion of this mechanism involves meny factors,
to aention only a few of the nore imgortaﬁt the following
will bs deslt with,

l. The relstivs negaetive or posgitive nature of the four
lezd velences in their organic linkages.

2« The relative negetivity of the organice groups alttached
to the leed atom.

3. The tendency of divalent snd trivalent compcounds to
assume a higher, more stable valence configurstion.

4, 7The influence of the relative strength of lead-lesd
and lezd~carbon linkages and the effect of steric hindrance,

5. The elfect thet different isciopes of lesd may have
on the formation of organclead compounds.

The zmphoterie nature of the lead atom is well illustrated
in the type of compounds it forms. With electronegative
glements such as chlorine it formms & typically inorganie,
stable dichloride and a less stable tetrachloride. When

metallic l=2ad is trested in liquid symonia with the elsctro-

positive element, sodium, it forms the campound Na,Pbg which



is & true sslt or electrolyte (37); in the first case lezd

Considering the usual wmethods of preparing compounds in
whieh lead 1s attachad to organiec groups 1t night be assumed
that it functions as & negative rather than a posit
element in these compounds, |

The first msthod used in preparing symmetrical organolead
compounds involved the resction of an organic halide with
godium-lezd alloy (38]). £ it is assumed that lead functions
negatively in such an alloy, =nd that the rezciion proceseds
by a coupling of the positive sodium with the negative
helogen, then the resulting linkage of the organic radicals
to the lead atom should not changs its negative stacte. lven
though the formation of organcsodium compounds (39) is

rostulated in this resction, there is no reason fTor believing

A

hat the now relatively negetive organle radical should

acid

nfluence greatly the slresdy negotive lead atonm.

-

The reaction of sodium~lesd slloy on orgenic halildes

in the preporation of syrmetrical leasd compounds ngy be writiens

éﬁg}; ? ;;5.,44,’.9 w“"a .E%-gxg‘;;b + ﬁgaf& E L] » - * - - * £ » & @ * [ 2 * Is;-

23?) Krucs, C.A., Trans. am. Slectrochem. Soc., 45, 175 (1924).

38) L®wig, J. prskt. chem., §C, 304 (1853).

{39) The reasction of an organoscdium compound on metsllie lead
or & sodium~lead slloy hes not been studied but it should
settle the guestion as to vhether the preparntion of
orgznolead compounds by this mnethod involves the forme-
tion of zsn orgenoscdium compound. 0

\&
A\
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Further evidence that this resction involves lead in the
electronegutive state is the apparent necessity of having
‘a compound prosent with the organic halide and sodium~lesd
alloy thuat will furnish hydrogen (40, 41). Yore convineing
étill is the preparation of organclead campounds by electrol-
_?sis g% & lead czthode; here the lead is asscéiatﬁﬁ with
the negutive charge and combines with cositive groups (42).
The more common method of prepering symmetrical organo-
lead compounds by the reaction of thé Grignard reagent on
nlumbous halides would indicate that the lead stom 1s perhaps
positive (43). The final results of this reaction are

usually written as follows,

although the resction probably proceeds in two or more steps

aé follows:

DRigh + Phhg > RaPD + 2Ughs o o o o 2 o o o s o o o &L
3HgiD =) RgPb=FPDRAs * PD 4 & o » o o o o o ¢ « = » o &LI
BRgED ~me> ByPD * PD 4 6 6 o 0 o o o o s » o o o s o «&LII
BRgPD=FDRy ~——d BRED * P o ¢ o ¢ o o o o s o o » o o alV

{40) ¥»olis, Ber,, 20, 716 3331 (1887); 21, 3425 (1888);
Ghira, Gazz. chim. ital., 24, I, 42 (1894).

(41) Gen. iotors Research Corp., Brit. pat., 216,083,

(42) Tafel, Ber., 39, 3626 (1907); 44, 325, 337 (1911).

(43) Pfeiffer and Truskier, Ber., 37, 1125 (1904).
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If Reaction XI is assumed t0o be correct, the divalent
lead atom in an R,7b compound should be positive since it
is furnished by a salt in which lead is positive. Then in
Heaction «II one of the three lead stoms is reduced from a
positive valence of two to zero valence as it loses its two
orgenic radicals while the lead atoms in the other two 2,;Pb
molesules are oxidized to o higher vslence as they combine
with the radicesls coming from the first lead aton.

Regardless of whether the lead atom is positive or
negative in divalent compounds thelr tendency to go to
compounds of higher valence by inter-molecular oxidsiion and
reduction is spontaneous and rapid.

In unsymmetrical lesd compounds such as HpPbu, and
Rgfba it is cuite likely that all of the valencles are not
exsctly the same; clessvege and other resctions indicate this
difference, Jones and verner have also shown that the four
valencies of lead in tetra-ethyl- and tetramethyl-lead azre
not alike becsuse heating with zcetic seid gives ethane and
alecohol or ester (44).

The influence of different groups on symmeirical orguno-
lead compounds is pronounced., Tetraphenyl-lecd 1s a rela-
tively stable compound distilling unchanged under reduced

pressure at 240° {45). Tetraethyl lead is nore sensitive to

44) Jones and Werner, J. 4m., Chen, Soe., 40, 1257 (1918).
45) 4

{
(45 schmeister and Csaby, ber., 60, 1617 (1927].



heat and wnile 1% can be distilled in vacuuo thers is con-
sidersble tendency to decompose. Tetrabenzyl-lead {46) and
tetranaphthyl=-lead have never been prepared in the pure state,.

Kruuse and covorkers have prepared numercus ftriaryl-lead
compounds and in very small yields some deep red disryl-lead
compounds {31, 47, 48). The irizryl-lead compounds were
ghown to be converted inte tetraaryl-lesd compounds by heatb-
ing alone or in solvents. Heating diphsnyl-lead caused
heterogenecus deconposition but warnming with phenylragnesium
bronide geve trivhenyl-lead almost quantitatively according
to Resetion L1I.

When triaryl-lead compounds were treated with bromine
in pyridine et low temperature the corresponding triasryl-lead
bromide was obtained except in the case of tri-p-tolyl=lead
{31}, In this case di=-p-tolyl-lezd dibromide, which decan-
poged readily, and tetra-p-tolyl-lead were obtained indicat-

ing the following equibrium:
2(CH3CeHs ) gPb —> (CH3CeH,) aPb + (CHgCeHe)aPb o o o o &V
——

This tondency of di=- and trivalent lesd campounds fo ¢o
to @ higher valence seems to be gensral except in cases where
steric hindrancs may exert an influence., Thus tri-o-tolyl-

lead is not converted by heating into tetra-o-tolyl-lead as

(48) Krause and SchlBttig, Ber., 63, 1381 (1830).
(47) Krause, Ber., 54, 2060 119317”
{48) Xrause and uchmitz, Ber., 52, 2165 (1919).



are other trisryl-lsad compounds, prsswaably because of the

ence of methyl gcroups close to the lesd stom.
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The only method of »reparing tetra-o=tolyl-lead is %o convert
tri-o=tolyleliend to the bromide and to treat this compound
with o~tolylmagnesium bromide

It has been sugpgested that the erratie yields of di-
phenyl=lead nay be due to diflsrent lsotopes of lLead present
in samples of lead chloride from different sourcas |

sttempts have been made to separete the isotopes of
lsad by tresating lesd chloride with phenylmsgnesium bromide
and recovering the lead from the teiraphenyl-lesd so formed
{49}, The basis of this method is the greater rezctivity of
lead chiloride containing cerbtain isotopes. The resultbs,
however, have not been particulsrly significant.

Tetrephenyl=~lead prepared by means of the Grigaard
reacent on lead chloride has given sbout a SG% vield cal-
gulated on the bosis that one~hall of the lead chloride goes
to form tetraphenyl-lesd (B0), Since fairly lsrge cuantities
of tetraphenyl-lead were needed in these studies, each run
was worked up with sxtreme care in order to determine whatb
veeame of the other 507 of aroduct theoretically possible.

It was Tound that the concentroted benzene-ather mother

liquor remeining after all the tetraphenyl-lend had been

8}

t
reroved contained a relatively large amount of a very scluble

9) Hofmenn snd ¥BLf1l, Ber., 4C, 2425 (1907).
&y 7R

{49, . .
(50} Gilmen and Robinson, J. im. Chen. Soe., 49, 2315 {(1927).



mizture of dinhenyl, triphenyl-lesd bromide and teiraphenyl-
lsad, vhether the triphesnyle-lead brouwide was originslly
present as such or whestisr tripheuyl-lecd, preseant in these
rasidues, is couverltasd by megnesium bromide or some other
producy to triphenyl-lecd bromide is not known. It is
belleved, howsver, thel triphenyl-lead bromnlde was originelly
present since several runs in which wore, leald chloride wes

wsed gave larger yields of triphenyle-leud bramide.

ey

nrause ond GehlBitig have worksed up sinilar residues

by treating with alkall and then with hydrochloric acid

EN

e

obtain triphenyl-lead chloride but they do not give the

vields of tetraphenyl-lead or itripheayl-lead chloride (5l).
By recovering «l1l the products of this reactiion the

yield of tetraphenylelesd has been increased $o 61.75% and

Py

5.947 of triphenyl-lesd bromide together with 8.0C,0 of di-

phenyl was obtained. This is a total of &7 7695 of phenyl-

lead productis.

=8 high as 8Jﬂ of phenyl-lead products heve since been

ontainea b" others (52).

Preparation of Tetroshenyl-lead {50}

Two identical 1.5 mole runs of phenylmagnesium bromide

vere node in 500 cc. of ether and to each was adced LEGE cce.

of ary benzeune and 181 g. (0.68 mole] of finely pulverized

{51) Krause and uchlBtiig, ber., 58, 487 (1925).
{(52) Gilman and Setrzer, Unpublished work.
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dry lead chloride. The lesd chloride was added in several
portions quite rapidly. The reaction mixture was refluxed
guite vigorously Tor eight hours.

Hydrolysis was effected by pouring each resction mixture
when cold into a solution of 500 ece. of water, 500 g. of ice

and 130 cec. of concentrated hydrochloric acid. after stand-

iy

ing some time the hydrolyzed product was filtered by suction.
The residue consisted of tetraphenyl-lead and lead and when
dry the combined residues from both runs were extracted with
several portions of hot benzene. The hot benzene solutions
yialdea on cooling 193 g. of tetraphenyl-lead, m. p. 227°,
This amount together with 14 g. obtained from the mother
liguors below represents a 61.75% yield.

The original benzene-ether lsyer and the benzene used
to erystallize the tetraphenyl-lead wsre evaporated to dryness
and the solid p»roduct was digested with 400 cc. of alcohol.
The insnluble portion (17 £.) gave 14 g. of tsetraphenyl when
erystallized from benrzene,

The alcohol solution was evaporazted to dryness ylelding
67 g. of product which melted at 100-30°. This product was
steam distilled snd the distillate yielded 18 g. or 8.U0%
of pure diphenyl.

The residue not steam distilling was dried and extracted
with ether yielding 20 g. of triphenyl-lead bromide, m. p.

162-5°, soft 159°. This is a 5.94% yield of triphenyl-lead



. - 3 3 g gy 3 o B e Pen % - e . s

oromide.  Orysiallization from ether-benzensg guve 7.5 g. of
(53
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PTOUUCT, Te 2o L74=57. 4 mized nmelting neiat with authentic
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vriphenyi-lesd bromide m. p. L6860 § melted alt 168-9° showing
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motier liguors yielded 12 g. of teiphenyl-lea: e
0
P. 162-
.
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e total yileld of phenyl-lead compounds wes 87,065,

sﬂ

riphenyl-p=-anisyl-lead

i - 3 " s P, o n g e £y N PP ERE T O
sPiphenylepeanisyl-lead was made Irom p-~anisyllithiun

sn ether-henzene solution of C.008 mols  of p-unisyle
lithium (53} wos added from a dropping funnel to an ether
suspension of 18.95 z. (0.04 mwole; of triphenyl-lead chloride.
luxing occurred and the solubion was stirred and refluxed
thirty minutes alter resction ceased. There was excsass

lithium compound ot the end.

Hydrolysis of the reaction nixture with iced smmuonium
chloride yielded 10.4 g. {fs.éo%) of insocluble, crude
triphenyl=~p-anisylelead, m. D. 148—500. Hecrystallization

from sleohol gave a constant melbing osroduet, m. p. 153°
with sore decomposition.
ARecrystallization of the product above gave 1 g. of

tetrapnenyl-lead and the ether-benzene solution yislded 3.5 g.

o

(83) Gilman, -oellnsr sad Selby, J. wa. Chem. Joc., 54, 1957
{1 ”°§ {The reagent used in this run was made by L. £,

soellner).
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of very crude iriphenyl-p-znisylelead, me. p. 1LO0=50Y, He=-

crystallization 41d net completely purily this sroduct.
Trivhenyl-p-aaisyl~lead melts with some dsconposition a

T8 and crystellizes well from alceohol.
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& solutica of 24.25 g. (v.U75 mole) of tetrecthylelead
in 309 co. of owdinary cether was warued under rsflux as 4ry
hydrogen brogide was passed into vhe solution for one-nall

hour, UYhe soluticn wes Liltered by sucticn ©
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cduct and in a Tow aminutes the filirate suddeniy
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mass of yellow crystals, \VWhen dry they weighe
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{84) Griittner sud Zrause, .9, 1415 (1916).
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Scveral attempts to introduce water soluble functional
groups into organolead compounds for the purpose of preparing
compounds adaptable to cancer therapy have shown little
suecess.

wome new complex sclts of benzenediazonium chloride and
p-tolyldiazonium chloride with lesd chloride have been pre-
pared, but trestment of these complexes with copper-bronze did
not form the expected organolead compounds. HNeither did the
complex salt of lead tetrechloride with benzenediazonium
chloride form an oreganolead cormound when treated with coposr-
bronze.

Numerous coupling reactions of organolead halides vith
alpha~haloren esters using sodium and magnesium ss coupling
agents have been corried out. In no case was an organolead
ester obtained but sodium caused the coupling of triphenyl-
lead chloride und cllorobenzene to form tetraphenyl-lead,.

The reaction of marnesium on triethyl-lead bromide in
which ethylmugnesium bromide and t etraethyl-lead are Tormed

as been czrried outb,

Improved yislds of tetraphenyl-lsesad have been obtained
in the resction of lezd chloride with phenylmagnesium bronide
and the :echaenism of this reaction is discussed. The pre-

parction of #riphenyl-p-anisyl-lead is described.
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