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INTRODUCTION

Organcrmetallic compounds are probably the most important
group of compounds used in organiec aynthesis. They inalude
all compounds whioh contaln a direct unlon of carbon with a
netal. The two main olasses of organcmetallie eompounds are
commonly known as "simple® and *mixed®. A slmple organometallic
gompound l1s one which hss only R groups attached to the metal
- {RgMg) while s mixzed orgenometalllc compound has both R and
X groups attsched to the metal (WMgX). The X group is usu~
ally a halogen although 1t may be an aecld radiocal, hydrogen,
hydroxyl, anino or one of a variety of other groups depending
upon the reactivity of the selected organometallic eompound.
The R group is generally an alkyl or aryl rediecal and 1t may
sontaln a large varlety of subatituents, but the substituents
are obviously limited to those whieh will not react with the
chosen orgsnometalliec compound.

The simple organomefallic compoundsg may be Turther classifled
into aymm@ﬁrieal*zxﬁzﬁa);2§7 and unsymmetriéal Zfbﬁﬁs},Pb03357
groups, An additionsl clasgsification ig based upon the valence
¢f the metal in the organcumetallic oompound. The term "organo-
_metallic radical® is given to those organometallic compounds
which contain the netal in a lower valence state than 1s norw-
mal for the metal. Such sompounds are oharacterized by their
tendenoy to revert to compounds eontaining the metal In 1ts



normal valence gtate.

A knowledge of the relative reactivities of organometallic
compounds is not only of theoretical interest, but 1t slso alds
in the gelection of the proper organometallic compound for use
in a2 particular synthesis. Syntheses often involve the use of
selective reactions. The wide range of reactivities exhibited
by organometallic eompounds should make them excellent reagents
for effecting preferential reactlons with polyfunctional com-
pounds. Filrst, of course, experimental data on the relative
reaotivities of the individugl organometallle compounds must
be complled before the proper selections for preferential
reactions oan be made.

The present work with organoaluminum halides was under-
taken with the view of comparing thelr resctivity with slmple
organcaluminum eompounds and with organometslllic oompounds in
general. The pessibility of the intermediate formstion of
organcaluminum halides in the Friedel-Crafts reaction has also
been considered.

The studies on diwvalent organolead radlcals were under-
taken with the dual purpose of deviging lmproved methods for
thelr preparation and determining thelr reasctivity in compari-

son with trivalent and tetravalent organolesd compounds.
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A. ORGANOALUHMINUM HALIDES
HISTORICAL

The chemiatry of organcaluminum helides was inaugursted
in 1859 by Hallwachs and Schafarik (1) when they heated ethyl
iodide and aluminum in a sealed tube at 180° for two days, and
obtained & reaotivs organic liquid which contalned aluminum,
Although they did not lsolate or definitely identify their
products, they undoubtedly had prepared a mixture of ethyle
alumimun iodldes. The following year Cahours (3) rerorted
the‘aame reaction, in which the reactants were heated in a
gealed tube for twenty«four hours at 130°, A liquid was obw-
talned which fumed in the alr and to i{ was sssigned the
structure Al{CgHgz)3°Alls. The methyl analog was also prepared.
Both ecouwpounds were decomposed by water and burned In an atmog-
phere of oxygen or ehlorine. Treatment of the ethyl derivative
with an ethylzline compound gave zinc iodide and an inflammgble
liquid which was probably triethylsluminum.

Houneyrat (3) and later Fursteshoff (4) investigated the
reaction between aluminum and ethylene bromlde. A compound,
formulated as AlBry°Al(CaH Br),, was obtained which reacted

very violently with water and exerted a catalytic effect on the

(1; Hallwachs and Schafsrik, Ann., 109, 207 %1859;.

ia Cahours, Ann. ohim. 8., / 3/ 58, 30 (18€0).

3) Mouneyrat, Eﬁii, sog. chim., / 3 /7 19, 183 (1898).
(4) Firstenhoff, Bull. soc. chim. Belg., 17, 414 (1803).
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gynthesis of other organometallie halldes. It was capable of
starting the reaotion bestwsen aluminum and ethyl bromide to
glve a compound designated es AlgBrga{CpHgla. It was used also
as a catalyst in reactions between zinec and alkyl halides (5).

Spencer and ¥allaece (6) were the first to present the true
equation for the formation of mixed organocaluminum compounds
from the reactlon between sluminum and alkyl halides.

8A1 + 3RX —> RgALX + RALX,.

They carried out a number of reaotions between organioc halides
and aluminum, but they 41d not separate or conslusively identify
thelir producte. The resulting orude reactlon products were
hydrolyzed to give hydrocarbons which generally contained the
sane numbet of carbon atoms as in the orliginal halides. ZEvie
dence for the formation of hydrocarbons with twice the number
of sarbon atoms was found only in the case of the halogen sub-
stituted anilines. The hallides investigated were methyl lodide,
isoamyl chlorlde, isoamyl bromlde, lsoamyl lodlde, gec.-ootyl
lodide, lodobenzene, chlorobenzens, p-chloroaniline, p~bromo=-
aniline and g~-bromonaphthalene. The firgt two were heated in
gealed tubesg at 370° and only decompogition gases were obtained.
The others with the exception of chlorobenzene were heated in
flasks fitted with oondensers. Chlorobenzene was heated in a
sealed tube for nine hours at 270° to glve a charred product
which contained a few white orystals. Hydrolysis of the mixture

{5) Job and Releh, Bull. sco. chim, 4 7 33, 1424 (1923).
(8) Spencer and WelTace, J. Chem. 336‘.{: __§,"Ié3? (1908).
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gave a thirty-nine per cent yleld of benzaene. Halogen solds
wvere liberated in most of the reactlions.

Thomas (7) reported that methylene lodide reacted with
saluminum after a long period of standing to forsm a white corys-
talline product. Orosse (8) studled the reaction between
methylene bromide and aluminum and found the reactlion %o be
mach more rapld if 1t was activated with iocdine. There re-
gulted a2 white organoaluminum compound in addition to aluminum
bromids which was removed by high vacuum gublimation at 200°.
Hydrolyale of the remaining organocsluminum compound gave pure
methane. According to Faillebin (9) the course of the reaction
between methylene 1odide and aluminum in the presence of ether
proagesded in the following manner:

(1) 3CHgIp + 4AL — 3CH,=A1Y + AlI,.

(2) 6CHgI, + 441 — > 3CH, + 44114,
In the case of methylene bromide the second reaction took place
to a consliderably lesser extent. The additlon of 1odine to the
postulated methylenealuminum bromide apparently proceeded ac-
cording to the equation, CHg=AlBr + I, —> CHgI*AlBrl, sinoe
hydrolysis gave only methyl lodide and basie alumiﬁag bromo-
lodide.

In 1935 Grighard and Jenkins (10) made an outstanding
(7) Thomas, Compt. rend., 174, 484 (1922).

{8) Xrause dﬁ§"¥35"§§3§§e{”’§1e Chemie der metallorgonischen

Verbindungen®, Gebruder Borntraeger, Berlin (1937), ». 237.

(9) Faillebin, Compt. rend., 174, 113 (19223).
(10) Grignard and Jenkins, Bull, eoe. chim., / 4 7 37, 1376 (1925)




contribution to the ghemistry of organcsluminum halides. The
nixed ethylalumlinum i1odides were prepsred from sthyl iodide
and aluninum by employing a technique similar %o that used in
the preparation of Grignsrd reagents. No ether was used, how
ever. The resulting product was a mobile liquid which was
separated by fractionation into dlethylaluminum iodide (b.p.,
118-120°%/4~5 mn.) and ethylaluminum di-lodide (b.p., 158-160°/
4 mm.; ®B.P., 35=-37°). Molecular weight determinations ghowed
that the eompounds were blmolecular. They were soluble in
ether and formed stable mono-etherates which were not destroyed
by heating. Both were soluble in benzene snd dlethylaluminum
1odide was soluble in shloroform. The compounds were very senw
glitive to oxygen and were instantly inflammsble in the alr.
Water hydrolyzed them quite violently to ethane. No rasaction
was reported with earbon dloxide, but they brought abcut eon-
dengation of scetone toc mesityl oxide, and with benzaldehyde
unidentifiable complex condensation products resulted. MNere
curic chloride and mercurous chloride were partislly reduced
to metallic meroury.

The ethylaluminum bromldes were Drepared by initiating
the reaction between ethyl bromide and aluminum with & amall
crystal of iodine. The bromides could not be fraoticnated
satlafactorlily.

At about the same time Leone {lla) reported extensive

(11) (a) Leone, Gazz. chim, ital., 55, 294 (1935);
(v) Leone and Bralcovie, 1ibid., 55, 301 (1925).




studies on the reactlons between alkyl halides and aluminum,

in which small amounts of ether were usgsed to initiate the
reactions and additional ether was added to keep the reactions
going whenever they slowed down apprecisbly. The mixed organo=-
aluminum etherates were prepared in thig manner from ethyl
lodide, ethyl bromide, n-propyl lodlde, iscamyl lodide, n~
ocotyl bromide and lodobenzene. The crude producte were not
purified but were reacted directly with ketones, acid chlorides
and alkyl iodides {(11b). Ketones were ocondensed, acetone gilv-
ing mesityl oxlde and acetophenone glving triphenylbenzene.

The mizxed ethylaluminum 1odide etherates and benzoyl chloride
gave a small amount of propiophenone, a swmall amount of G,G~-
dlbenzoylethane, ethane, hydrogen chloride and a tarry residue.
Smsll yields of alkylated benzenes, together with larger amounte
of resinous materlial, were obtained from reactions between
alkyl iodides and the mixed phenylaluminum lodides.

These mixed organcsluminum compounds were found slso to
react with ammonia, aliprhatlic primary and segondary amineg and
aryl primary amines in the umasnner of the corresponding magne-
sium compounds (12). The H-alkylanilines did not react.

Esrly in 1937 Walker and Willson (13) showed that methyl
chlorife rescts with aluminum in the presence of a small amount

(12) Leone and Bralcovie, ibid., 55, 306 (1925).
(13) Walker and Willson, Refrig. Eng., 34, 89 (1937).
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of lodine or aluminum chloride to form an unldentified product
which 1s probably a mixture of dimethylaluminum ehlorlde and
methylaluminum dichloride. Later in the same year, Hall znd
Hagh (14) isclated the mixed ethylaluminum chlorides from the
products of the polymerization of ethylene by a mixture of
aluminum and aluminum chloride. Ethylaluminum dichloride
formed an ingoluble double salt with sodium chloride st 200°,
leaving the liquid dlethylaluminum chloride which was desanted
and distilled (b.p., 85-88.5°/9.5 mm.). Oxidatlon of the
nixed ethylaluminum ehlorides gave some ethyl alcohol and treat-
ment with acetyl chloride ylelded methyl ethyl ketone.
A better nmethod of preparing alkylsaluminum chlorides has
been desoribed by Hnizda and Kraus (15). The gaseous halide
is passed into an sluminum-copper alloy which has been getivated
by i1odine or aluminum chlorids, and an equimolecular nixture of
the mixed organocaluminum hslides results. The desoription ap-
pllied specificsally to methyl chloride, but 1t was stated that
ethyl echloride and methyl and ethyl bromides e¢ould also be used.
Orosse and Mavity (16) heve prepared aluminum compounds
of the types RgAlX, RAlX,, RpAlOR, RAL{OR),, ROALX, and
{R@),Alx (R = alkyl or aryl radleal, X = halegen). They were
found to ignite spontaneousgly in alr and to be decomposed
(14) Hall and Nash, J. Inest. Petrolsum Tech., 23, 679 {1937).

(15) Hnizda and Kraus, J. Am. Chem. 50C., &0, 2478 (1938).
(18) Grosse and Mavity, J. OTg. Chem,, 5, 106 (1940)}.




immediately by water or aloohol into the corresponding RH come
pounds. Some of the compounds were reported to dlsproportion-
ate easlly according to the following equations:

(1) 2RgAIX —— RA1X, + RjAl.
{2) 3RA1Xp; —> BgAlX + AlX,.

Alksll metal halides added to the orgencaluminum halides
to produce white orystalline solids.. For exanmple, dlethyl-
aluminum bromide added potassium bromide to give white prisms
(n.p., 55°) which were formulated as KAL(CyHg)zBrg. The
physical econstants of these alumimum gompounds are glven in
Table I.

The preparation of these aluminum compounds is dlscussed
by Grogse and Havity who state that organcaluminum halides are
most convenlently prepared through the resction of alkyl hale
ides and aryl iodides with aluminum. The reactlion, whioch
18 practically quantitative, has been successfully applied
using methyl and ethyl chlorides, bromides end lodldes, and
the n-propyl, phenyl, and p-tolyl iodides. The reactions
were carried out in pyrex flasks with mechanleal stirréra or,
in cases where the alkyl halides are gases, in rotating or
stirrer~-equipped autoclaves. It was usually necessary to
catalyze the feaeticn with 1odine, an aluminum halide, or a
previously prepared slkylaluminum halidg. The two compounds
produced were geparated sither by physical methods (fractional
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TABLE I
Phyaicsl Constants of Some Organseluminum Gﬁ@gg%ggg
ALUMINUM GMED, M.P.  B.P.(760 mm.) 44 (vao.)

1. (CHy)gAl01

3. (CHy)gAlByr -19.1 152.4 1.4101
3. {CHy)pAlX

4. (CaMg)pAlCL -83 214.5 0,9868
5. (OgHg)sALBr <74 %o =78 1.2703
6. CHaALCl, 73.7

7. CHailBrg 80 211.3

8. CaHgAlCl, 32 201.7

9. n-OsiyAll, 0~ 1.5

10. CgHgAlll, 93 = 95.5

11, CelgAlBry 73.5 = 87

13, CeHgAll, 106 - 111

13. p-CHg=CeHqAlly

14. (CHy)oAl0CH, 35.5

15. CHuAL{OCH;)a >375

16. (OaHs)aAlOCaHy 5 247.5 0.8666
17. CHa0A1C1, 84,3 - B4.5

18. CgHgOALC1, 55,5 = 35.7

19, (CgHg0)gAlBr 275 - 300
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RphlX + RALXg + 3Na —> RaAl + 3HeX + Al.

Organcaluminum hallides have also been prepared by treate
ing organclead compounds with aluminum chloride (17). The
essentlal reactions in petroleum ether (b.p., 90-115°) or
hexane appear %o be the following for phenyllead compounds!

I. {(CoHu)ePb + ALCL; — > (CgHg)aPhCl + C HaALCL,.

II. (CeHg)aPb + CgHghlCl,—> (CgHg)aPbll + (CaHg)zAL0L.

III. (Cglig)sPbCl 4+ ALCLly — > (CgHg)gFPb01l, + CoHgALCl,.
The reaction ig halted at the diphenyllead diohloride stage,
and thig eompound wag shown to be unaffected vhen treated
separately with alumiﬁum chloride. The orgarosluminum oome
pounds were qualitatively analyzed by the color test (18}, and
semi-~quantitatively determined both by measuring the benzo-
Phenone after treatment with benzoyl shloride, and by‘ferman
tion of benzens upon hydrolysis.

Evison and Kipping (19) obtalned similar reactions by
¢leaving phenylsillieon g¢ompounds with alumimum chlorids. The
presence of sluminum sompounds was lndleated by the formation
of bengzene upon hydrolysla, the 1aolat£on of ethylated benzenas
when ethyl bromide was pregent in the resction mlxture, and
the 1solation of acetophenone upon the addition of acetyl
chloride. The three reasstions were formilated as followsi
(L7) Gilman and Apperson, ibid., 4, 162 (1939).

(18) Gilman and Schulze, J. Am. Chem. Sos., 47, 2002 (1935).
(L9) Evigon and Kipping: J. Chem, S0C., =724 (1931).




I, (CeHglaBiCly + AICly —> CoHaAlCl, + CgHgS1C1,.
II. CgHgsiCly 4+ AlQlg ——>CgHgalll, + 84C1,4.
ITII. (CgHg)aBL + Alﬁl;-gggll—a 81Cle + (tarry residue).

Ethyllead compounds {17) were cleaved by aluminum chloride
t0 glve essentlally the same three reactions as reported for
the phenyl) derivatives. However, with ethyllesd cocupounds,
the dlethyllead dilchloride in equation (III) waz not isolatsa.
The aluminum compounds acoelerate its decomposltion to lead
chloride, ethyl chloride sand disproportionation products of
the ethyl radicals. The organcsluminum compounds forued were
phiefly diethylaluminum chloride and ethylaluminum dichloride,
together with oscaslional small quantities of triethylaluminum.
These ethylaluminum compounde appeared to form complexes with
the various ethyllezd conpounds, and the comnlexes were broken
up by hydrolysis, by distillatlion or by reaction with aeyl
halides. Incidental te the formation of sthyl chloride, it
was significant that sumsll guantities of hexaethylbenzene were
isolated when benzene was used as the resaction medium. OF
gourse, this Friedel-Crafts product may have come from the
disproportionstion of ethyl radicals to ethylene.

The ethylaluminum sompounds were lsolated Dy digtilla~
tion, and thelr physical constants ohecked those of ethyl-
aluninum gompounds prepared both from the reaction of ethyl
ohloride and aluminum turnings (using a crystal of lodine or
a few drops of ethyl iodide as a oatalyst) and from the addi-
tion of aluminum chloride to triethylaluminum. The mixed



ethylaluminum compounds could not be fractionated satisfactor-
i1ly. The boiling point of the mixed ethylalumirum ochlorides
was 83°/3 mnm.

Unidentified organcaluminum compounds were obtalned fron
the cleavage of triphenyl- and tri-o-tolyllead by aluminunm
chloride.

Simple Organcaluminum Compounds (RaAl}

The chemistry of simple organcaluminum compounds began in

1865 when Buokton and 0dling (20) prepared trialkylaluminum
compounds from the corresponding mercuriasls and aluminum,

3R Hy ¢+ 241l —— JHg + ZRAL.
The methyl and ethyl ecompounds were prepared and both were
liquids which were inflammable in the alr. They diastilled
undecompegsed in an atmogphere of hydrogen, the methyl compound
boiling at 130° and the ethyl compound at 184°. Triethyl
sluminum added lodine to give ethyl lodide and a nlxture probe
ably containing the mixed ethylaluminum lodides and aluminum
iodids. Vapor density meagurements Indicated that the com
pounds were bimolscular.

The normal propyl (b.p., 548-352%) and butyl derivatives
were prepared in 1873 by Cahours (21) who umed the procedure
of Buckton and Odlling.

Somewhat later, Roux and Louise (22) investigated the

{20) Buekton and Odling, Ann. ahim. §¥a., 47 &, 492 (1865),

{21) Cahoura, Jahresber.,
(333 Roux and Toulse, Bul 56, Dull. g0, ahim‘, {2) 50, 497 (1888).




- 28 -

molecular welghts of the methyl-, ethyl-, n-propyl- and iso-
amylaluminum compounds and found them to be best represented
a8 bimolecular compounds both in solution and in the vapor
phaae. Heating the substances above thelr boiling points
decreased thelr vapor densitlies and the compounds decomposed
more and more into the simple moleoules (33).

Grignard reasgents have alsc been used for the preparation
of trialkylaluminum compounds, but an etherate is always formed.
Krauge and Wendt (34) prepared the etherates of trimethyl-,.
triethyl- and tri-n-propylaluminum by adding aluminum chloride
to an ether solution of the corresponding Grignard reagent.

AlCly + 3RMgX — > Hj A1l + 3Mg(X)Cl.
The resulting product was dlstilled in the presence of addi-
tional Grignard reagent to ingure the complete removal of
halogens. The etherates were designated as containing four
molecules of aluminum compound and three molecules of ether.
However, in some later work, it was suggestsd that the compounds
probsbly formed mono-etherates (35). The etherates were very
stable thermally and 41d not lose thelr ether on distillation.
The bolling points of the etherates of trimethyl-, triethyl-
and tri-p-propylaluminum are 68°/15 mm., 113%/18 mm., and 135°/
18 mm., respectively. The etherates were prepared also from a
magnesium~-aluminum alloy and the corregponding alkyl bromides
(23) inneke,‘%;wggggﬁgéﬁggggg,‘g, 164 (1889).
(24) Krsuse and Wendt, Ber., 56, 466 (1923).
(25) Ref. 8, p. 321.
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in ether solution.

Tropsch and Schellenberg (26) have apparently prevared a
trialkylaluminum gompound by s unique method. Methyl alechol
was decomposed at 370° in the presence of gluminum. The re~
gsulting gas was condenged and found to ocontaln an aluminum
compound, probably trimethylsluminum.

The first simple arylaluminum compound was prepared by
Friedel and Crafte (37) in 1888 in oonnection with studies on
the mschanism of the reaction bearing their name. Diphenyl-
mercury was heated with aluminum foill at 135-130° to give tri-
phenylalwminum which reacted vigorougly wlth water to form
benzene, biphenyl and slumina. Oxldstion gave some phenol,
while resction in xylene solution with sulfur produced di-
phenylene disulflide, phenyl sulfide and probably some phenyl
mercaptan. A small amount of diphenylmethane was isolated
from the reaction with benzyl chloride. HNo reaotlion oceccurred
with chlorobenzene. Hilpert and Grittner (28) also prepared
triphenylaluminum from diphenylmeroury and found the melting
point to be 186-23006°. It formed an etherate of whlte needles
melting at 112-113°. HResctlon with chloroform gave a yellow
semi-orystallline product, but no triphenylmethane wss lsgolated.

No ecndensation resction was observed with carbon tetrachloride.

(38) Tropsch and Schellenberg, Abhdlge. z. Kenntnisg d. Kohle,

7, 13 {1935) [Zentr., I, 3 -
(27) Friedel and Crgfts, Ann. chim. 3.44"8 14, 480 {(1888).
(28) Hilpert and Gruttner, Der., 45, 1913).



Tri~p-tolyleluminum hasg been prepared from the correspond-
ing mercurdal by Krguse and Ditmar who deseribed an elaborate
method for the purification of triarylaluminum sompounds by
recrystalilization from benzene or ether in a three-bulb apparw
atus (29). Tri-p~tolylaluminum was found to be a white orys-
taliine powder whieh wag soluble in bengene., It added ether
to form g wono-stherate (m.p., 125°) as does triphenylaluminum,
Treatment of the etherates with ammonia gavé the sorresponding
ammonia addition compounds. Addltion of lcdlne to triphenyl-
aluminum gave aluminum lodlide and iodobensene.

Soddun added glowly to triphenylaluminum in ether, and
after nany hours of shaking a red-brown solutlon resulted.
Concentration of the golublion csused a brown powder to be
presipitated (30). |

(llman and Marple (31) have simplified the preparation of
trisrylalusinum compounds by refluxing xylene solutions of the
mercurials and gluminmum. Previously, all preparations involved
the use of gealed tubea. Refluxing in xylene solution isg
faster, there is no logs due to deocompogition, and the resulte
ing xylens solution of the organosluminum compound i1s sulisble
for lmmediste uss.

Xylene solutionsg of simple organcaluminum compounds were
found to give positive color tests (18) after five minutes of
{29) Krause and Pitmar, Ber., 63, 3401 (1930); See also Ref. 8,

P. 2322, and Marple, Doctoral Dissertation, Iowa State Col~

lege {1835), p. 30.
{%?3 ﬁgiusé anﬂ'ﬁogaak, Ber., 59, 1438 (1926).

Gilman and Marple, Heo. trav. chim., 55, 133 (1936).
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contact with Michler's ketone if the solution was one~tenth
molar with respect to the orgenoaluminum compounds (31).

P-~Toluanilide was obtalned in a yleld of geventy-one per
cent from the reaction between phenyl isccyanate and tri-p-
tolylaluminum in xylene solution. The ylelds of anilides from
tri-n-propyl~ and triethylaluminum were only eighteen and twenty-
geven per cent, respectively (31).

Carbonation of tri-p-tolyleluminum with solld carbon di-
oxlde gave no aeld. A thirty-two per cent yleld of p-tolule
acld was obtalned by refluxing sn ether solution of tri-p-
tolylaluminum under an atmosphere of ecarbon dioxide for seven
days. VWhen a boillng xylene solution of tri-p-tolylalumlinum
was treated for two hours with gaseous carbon dioxide, a
forty-four per cent yield of acid was obtained (31).

An ether solution of tri-p-tolylalumirum gave a trace of
diphenyl-p-tolyloarbinol after standing five days with benzo-
pheaéﬁa. Triphenylaluninum gave a twenty-threse per cent yleld
of triphenylearbinol after standing sixteen daye with benzephe~
none at room temperature. A forty~three per cent yleld of the
carbinol was cbtalned by refluxing a xylene solution of tri-
Pp~tolylaluminum and benzophenone for two hours. A ocold xylene
solution of tri~-p-tolylesluminum wae oxidlzed to give an elght
per cent yleld of p-oresol. A cold xylene solution of tri-p-
tolylaluminum reacted completely in one hour with benzaldehyde
to glve a twenty-seven per cent yleld of phenyl-p~tolylcarbinol.
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Benzonltrile reacted with a xylene solution of tri-p-tolyl-
aluminum after thirty ninutes of refluxing to glve a meventeen
per oent yleld of phenyl p-tolyl ketone. Ethyl and phenyl
benzoates gave only condensation products with tri-p-tolyl-
aluminum,

From & study of these results and results obtalned by
ginilar studies on other organometallic compounds, Gilman and
Marple (31) oconcluded that organcaluminum sompounds were more
reactive than organcboron or organozine compounds and lese re-
active than organomagnesium compounds.

Kirby (32) has reported that triphenylalumimun undergoes
1,4-additlon with chalcone as do Grignard reagents to give a
ninety-four per eent yleld of B,f-diphenylpropilophencne.

Triphenylaluminum and acetophencne produced dypnone in a
thirty-eix per cent yiseld (33). Yo methyldiphenyleoarbincl was
1solated, but unsymmetrical dirhenylethylene and resinous prod-
ucts were found,

Triethylaluninum caused condensation of benzaldehyde and
acetophenone %0 benzalacetophenons (34), Triethylaluminum
sxerts a reducing aoction alaso on aldehydes and ketones, MNeer-

wein {35) hae formulated the reaction as followst

Calloway end Green, ¢, Am. Ghem. Soc., 52, 809 (1937).
34) Gilmsn and Nelson, Hee. im,, 58, 537 (1938).
{35) Heerwsin, Hinz, Majfert and ‘Sinke, J, prakt. Chem., 147,
226 (19838).

{33; Kirby, Iowa State Coll. J. 8oi., 12, 137 (1937).
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0 1
c;,a»C*G\H + (aaﬁg)gﬁl—_é (gla*c*gﬁa)aﬂ(%sS%) + 363&‘.

Bromal rescted simlilarly to the sxtent of geventy-three and
one-half per cent. Chlorcacetone wag reduced by triethyl-
aluminum to glve a seventy per cent yield of chloroisopropyl
aloohol. Bimilarly, trichloroacetone and trichloroacetophenone
gave gixty~five and eighty per cent yields of the correspond-
ing reductlon products. Benzil was reduced to benzoln (40%
yield). Benzaldehyde and triethylaluminum in ether sclution
gave only twelve per cent of the reduction product, benzyle
aleohol, and sixty-two and one-~half per e¢ent of the normasl
reactlon product, phenylsthylearbinel. p-Chlorobenzaldehyde
gave twenty-five per cent of p-chlorobenzyl aleohol and fifty-
two per cent of the csrbinocl. Only five per cent of the re-
duetion product was legclated from p-methoxybenzaldehyde while
einnamic aldehyde gave only styrylethylearbinol (95% yield),
Grignsrd reagents slso add 1,3« %o oinnamic aldehyde.

Triethylaluminum is not affected by nleokel~black in the
presence of hydrogen (36).

A twenty per cent by volume solutlon of triethylaluminum
n-butyl etherate (b.p., 140~141°/15 mm.} in m-butyl ether re-
acted with aleochols, phenolsg, enols, oximes, oarboxyllic aoclds,
and thiocls, when heated at 100° for one hour (37). Likewilse,
(36) Mlller and Sauerwsld, %‘% 48, 737 (1927).

(37) Nelson, lows State Col 1., 18, 145 (1937); Bee
also Gilman and Nelson, J. Am, Chem. Socc., 59, 935 (1037).




the solution rescted with hydrogen attached to nitrogen in
amines, amlides and ketimldes. Reaction with sgome secondary
amines was very slow and there was practically no reaction
with scetylenes. Thus, triethylalumlnum n-butyl etherate may
be used to differentiate hydrogen attached to oxygen, sulfur
or nitrogen from that attached to the triple~bond sarbon in
the acetylenes. Sinmilar investigations showed that the order
of reaoctivity of organometallic compounds toward active hydro-
gen 1g Zn >Al >C4 >B >Pb >Hg >Bi > 3n >81.

Gllman and Nelson (38) obtalned allylie rearrangement
products by reaction of bengyl-metelllo compounds of zine,
cadmium, mercury and aluminum with formsldehyde, acetyl chlor~
ide and carbon dioxilde.

A new type of aluminum compound has been prepared by
Grosse and Mavity {(39) whish corresponds to the general formila
MY AR, where M is an alkall metal (14, Na, K) and R is an
alkyl group. These compounds have been ocalled *alumonides®.
They were probably prepared earller by Hein and'Pauling {40)
who studied the conductivity of quarternary ammonium galte in
triethyleluminum., The "alumonides* form the symmetrieal
counterpart of the left hand side of the perlodic gystem to
the so~called “onium compoands“.,[ﬁ(@,ﬁglg7* 1™, of the right

38) GAlmsn snd Nelgon, ibid., 61, 741 (1939).
539) Grosse and Mavity, Abstracts, American Chemlssl Soclety,

Hilwaukee meeting, 1938.
(40) Hein and Pauling, Z. physik. Chem., Al65, 338 (1932).
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hand side. The tetraethyl alumonides are white, orystalline, .
fusible, salt-~like subsatances which are very sengltive to
oxygen or water. They are insoluble in paraffin hydroearbons
but are easlly soluble in and erystalllzable from aromstlo
hydrocarbong. The fused salis are readlily electrolyzed, de-
pogiting aluminum st the cathode, and evolving gas at the
anode.

They are prepared by the direet addition of alkyl alkall
compounds to triethylaluminum, CoHgli + (O Hg)gal ——
L1/A1(C4Hg) 4/, or more conveniently by the reactlon of the
alkall metals with triethyleluminum, 3M + 4({C Hg)laAl ——
3M/AL(CgHg) e/ + AL,

The lithium compound melts a% 165-167° and the sodium
and potassium compounds at 90-96° and 80~83°, respectively.

Direst addition of sodium ethylate to triethylaluminum
produced Na/Al(CyHs)s(00,Hg)7 which melted at 79-83°.



EXPERIMENTAL

Preparation of Ethylaluminum Chlorides. The apparatus

conslsted of a 250 eo. three-neccked flagk equlipped with a
Hopking condenger, a mercury~sesled stirrer and a delivery
tube for introducing gaseous ethyl chloride. The reflux con-
denger outlet was connected to a U-~tube f£illed with meroury.
A pressurs head of 50 mm, wes waintained in order to keep the
ethyl ehloride in the reaction flask. The ethyl echloride was
purified by passing the gag first through soncentrated sulfurio
acid and then soda lime. A safety tube was inserted in the
gulfurlic acld wash bottle. The rate of flow of gas was regu-
léted by means of g gerew clamp and the depth of lmmersion of
the ethyl ehloride container in a cooling bath,

In a typieal run 7 g. (0.259 g. atom) of aluminum turnings
and a orystal of lodlne were placed in the three-necked flask
and the flagk was then gwept out with nitrogen. IEthyl ochloride
gas was allowed %o flow in slowly and at the seame time the
mixture was heated by means of a hot plate until the reactants
began to fume. Then a water bath wag subgtltuted for the hot
plate and the mixture was heated at a temperature Just below
the bolling point of water for about five hours. At the end
of that time the aluminum had ceaged taking up ethyl chloride,
and the ethyl ohloride bubbled ocut of the mercury escape-valve
quite rapidly. After belng aoooled, the 1liquid was filltered



through glass wool into a& Clalpen flask and then was dlstllled
in an atuogphere of nitrogen at reduced pressure. The boiling
point was 63%/3 mm. when the product was distilled through a
good column, The yield £rom a number of wuns ranged from 50%
to 80% with an average yield of 68%. The halogen analyses on
distillates from a number of different runs varied from 40,.4%
to 44.8%. An equimolecular mixture of ethylalumimum dichloride
and dlethyleluminum chloride requires a halogen value of 42,4%.
Addition of 4ry ether So the mixed ahlorides gave the etherates
which boiled st 95-105%/2 zu,

Preparation of the mixed ohlorides by the addition of
aluninum ohloride to triethylaluminum was szlao effected, but
it was not as s=tisfactory a method as the one glven. Hall
and M¥ash (14) have prepared the mixed chioridea through the
rezsotion of sluminum, aluminum chloride and ethylene. Kraus
and Hnizda (15) have prepared alkylaluminum ehlorides by a
procedure sinilar to the one described here for the prepara-
tion ef the nmixed ethylalumlnum chlorldes.

Preparation of Diethylaluminum Chloride. Hxcept for

minor changes the method uged wos essentially that of Hall

and Nash (14). The mixture of ethylaluminum ahloriées (33.4 2.,
0.13 mole) and 1£.6 g. {(0.88 mole) of godium chloride was
heated with stirring for forty minutes at a teuperature of
200°. The entire mixture golidified so 1t was dlstllled
directly from the reactlon flagk. (It 1s more convenlent to
run the reaction in a Clalgen flask.) The ethylaluminum di~



chloride remained in the residue ag a double salt with czodium
chloride whlle the dlethylaluminum ohloride dietilled out,
boiling at 5:85-/3 mm. (yleld, 14 g. or 43.3%). The purity of
the product was verified by halogen snalysis and by evolution
of a theoretleal quantity of ethane upon hydrolysis.

Grosse and Mavity {16) have reported that dialkylaluminum
halides may be prepared in yields up to 94% with a purity of
90 to 95% by rescting alkyl halldes with an aluminum~magnesium
alloy. Thig method of preparation was not investigated. Di-
ethylaluminum ohloride also was prepared by the addition of
the theoretical quantity of aluminum chloride to triethylalumi-
rmum, but this method required repeated frsotlonal dlstillations
and was not go satisfactory as the method of Hall and Rash.
Fractlonal dietillatlion of the mixed ethyleluminum chlorides
was not very satisfactory and gave only a orude separation of
the shlorides., Addition of ether to dlethylaluminum chloride
gave the mono-etherate (b.p., 100-103°/3 mm.).

Ansl., Caled. for (CaHg)aAlCl-(CgaHg)z0: C1, 18.235. Found:
¢1, 18.30, 18.32.

Preparation of Ethylaluminum Dichlorids. This product

was never obtained in a state of 100% purity. The purest
product waes obtalned by the additlon of a slight excess of
aluminum chloride to the mixture of ethylalumlnum chlorides,
The resulting liguid was subjscted to several fracticnal dige
tillationes giving a oompound of about 95 to 98% purity in a
yield of approximately 50%. The low yleld wss due chiefly
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to losses in the repeated distillations. The boliling point
was approximately €09/3 mm.

Attenptas to dletill ethylaluminum dlohlorlide from the
sodium ohloride double salt (p. 33) by sdding sluminum ohloride
and heating under a high vaouum were unsuccessful. Likewise,
fractlonal distlllstion ©f the mixed chlorides was unsatiafao-
tory glving a very poor aeparation.

Preparstion of Fthylaluminum lodides. The procedure of

Grignard and Jenkins (10) was followed very closely. In a
‘typileal run, 7 g. (0.359 g. atom) of aluminum was placed in a
three-necked flask Titted with a mercury-sealed stirrer, a
condenger and a dropping funnel. The reaction flask wes swept
out with nitrogen and sabout 5 to 10 co. of the 50 g. (0.33 mole)
of ethyl lodide was added, The flagk wag heated by means of

an oll beth to 75°. After about ten mimites of heating at this
teméerature, the resotlon started and 1% was necessary to re-
move the oil bath and cool the flask with a cold water bath to
control the vigorous resction. After the initlal reaction had
subsided, the remainder of the ethyl 1odlde was added dropwlse
with ocoaslonsl cooling. (In some experiments it is necessary
to heat the reaction during the addition of the remsining ethyl
fodlde because the resction stops and 1t muat be started before
too large an excems of ethyl lodide is added.) The oil bath
was returned after all the iocdide had been added and the tem-
perature of the bath was raleed slowly to 115° and malntalined

at that tesperature for one hour.



The contents were cooled and transferred to a Claisgen
flask by means of g girhon tube and nitrogen pressure. Some
glass wool was packed lnto the giphon tube to aot ag a filter.
‘ Distillation in an atmosphere of nitrogen gave a clear liguld
boiling over a range of 110-170%/4-5 mm. The yields from &
large number of runs ranged from 27 to 40 grams oOr an average
yield of 70%. The mixed ethylaluminum iodides can be fraetion-
ated but the mixture of ilodides was used 1n all the reaction
studles.

Preparation of Butylsluminum Iodides. n-Butyl iodide

(BS'g;; 0.135 mole)} and aluminum (3.8 g., 0.10 g. atom) were
heated Just below ths refluxing temperature of butyl lodlde.
After five minutes of heating, the reaction started and the
liquld becane yellow-green in color. The vigorous reactlon
was controlled by cooling the reaction flagk in an lee bath.
Thé vigorous reactlon goon stopped and the color faded to gray.
The flask was gradually warméé to the refluxing temperature of
butyl iodide. A hydrocarbon gas was evolved, but no hydrogen
lodide was liberated. A dark brown liquld remalned 1n the
reactiaﬁ flask and gave s color test with Hichler's ketone
(18). <Check runs were not as satlsfactory, so the procedure
was modified to produce the etherates.

About 10 cc. of n-butyl iodide (100 g., 0.544 mole) and |
2 cc. of dry ether were refluxed in the presence of aluminum

(9.5 g., 0.35 g. atom), and after about five minutes of heat-



ing, the resction started. The 1nltlal vigorous resction was
controlled by ocollng the reaction flask in an ice bath. The
remaining butyl lodide waz added dropwise. Ooccasionally, the
resotion stopped and 1t was necessary to add dry ether and
warn the reaction flask to atart 1t. After all the butyl
1odlde had been added, additional ether was added and the
solution was refiluxed for two hours. The graylsh~brown
liquid was flltered through glass wool into a Claisen flask
and then distilled in an gtmosphere of nltrogen giving a color-
lees distillate. The boiling range was 100-170%/ 5 mm. and
the yield was 45 g. or 34%,

Preparation of Mixed Butylaluwinum Clloride Etherates.

A modification of the method of preparing trislkylaluminum
etherates was used (24). Anhydrous aluminum ehlariée (75 g.,
0,58 gele} was added in small smounts by means of s hopper %o
an ether solution of butylmagnesium chloride (0.5 mele), The
reactlion flask was cooled in an ice~water bath during the
additiocn of aluminum shloride. The resctlon mixture 1is a
thick wvigeous paste and efficient stirring is required. Affer
all the aluninws chloride hsd been added, the reactlion mixture
wag allowed to stand at room temperature for two hours. The
excess ether was distilled away and the resgldue wasg dlstilled
direotly from the renetion flaek at reduced pressure (2 mm,)
in an atmosphere of nitrogen. A Claisen flask was used as the

receiving vessel and it was immersed in an ice bath. Lligquid
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began dlatilling over at a bath temperature of 80<100° and

the bath tamperature_was graduslly ineresased to 200%. The
di3tillation required abocut elght hours. The 1ight yellow
dilgtillate was redistilled bolling over a range of 100-170%/
25 mm. The major portion of product distilled at 163-5°/35 mm.
Practlonation studles indicated the presence of the stherataes
of tri-nebutylaluminum, di-n-butylaluminum chleride, p-butyl-
aluminum dichloride and sluminum chloride. Gllman and Appere
son (17) have ghown that the mono-etherate of sluminum chloride
can be distilled. The predominating produect was p-butylalumie
num dichloride. The yield of the mixture was 65 g. or 57%
based upon p~butylaluminum dichloride etherate.

Preparation of Fhenylaluminum Iodides. Leone (1lz) has

degeribed the preparation of the mlxed phenylaluminum lodldes
from the reaction between sluminum and ilodobenzene in the
presgsence of ethier. The presence of the etherates wag found
to be objectionable in later reactions, so the procedure was
modified slightly to produce the ether-free conmpounds. About
10 g. of iodobenzene was added to 7 g. (0.259 g. atom) of
aluminum contalned in a three-necked flasgk which had been gwept
out with dry nitrogen. The flask wag heated with a hot plate
and the resction started very soon gfter the lodobenzene come
menced to reflux. The remainder of the lodobenzsne (0.4 mole)
was added dropwlise at a sufficlent rate to keep the reaotlon
going. It is generally necessary tc continue the heating and

keep the 1odobenzene near itg reflux tempersture. At tinmes
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the reaction may become violent and the heat must be removed
and in rare ossead a cooling bath must be employed. After all
the lodobenzene had been sdded, the ressction mixture was heated
by & metal bath which wag maintained at a tezperature of 180~
200° for six hours. The resulting product was a dark brown
viscous paste whia& solidifled to & stlicky solld upon belng
gooled. It was soluble in benzens, toluene and xylene and
insoluble 1in petroleum ether. The mixture of phenylaluminum
iodides was not purified, but was used directly in rssetion
studies. In some experiments the aromatic hydroearbon golu-
tions of the mixed phenylaluminum lodlides were filtered
through glass wool before adding a reactant. The preparation
of ?henylaluﬁiﬁnm lodides is more oonvenient in smaller runs.
A 0,1 mole or 0.2 mole run is very satisfactory and only re-
guires 1-2 hours of heating after all the lodobenzene hss been
added.

Preparation of p-Tolylaluminum Dishloride. The procedure

is similar to the method which Grosse and Mavity (18) used in
the preparstion of phenylaluminum dlibromide and dlchloride.
Aluminum ehloride (6.7 g., 0.051 mole) was added slowly by
means of a hopper to a xylene solution of tri-p-tolylaluminum
(0.0254 mole) which had been prepared from di-p-tolylmercury
and aluminum (31). The aluminum chloride dissolved and gave
a dark brown colored solution. After the aluminum ohloride

had all heen added, the golution was warmed for thirty minutes.
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When solvents other than xylene were desired in later reactions,
the p~tolylaluminum dichloride was prepared in xylene solution,
and the xylene was removed by dlstillation at reduced pressure
in an atmosphere of nitrogen. The desired solvent wasg then

added,

Higoellaneous Attempted Preparations of Organoalumirum
Hallides. The reactions between aluminum and the following
halides were investigated: ethylene bromide, n-propyl chlor-
ide, n-butyl chloride, n~butyl bromide, chlorobenzene and
bromobenzene. The only enocoursging result was obtained with
bromobenzene. The resction started after the addition of an
lodine orystal, but 1t soon slowed Gown and gave an incomplete
resction. A weak color test was obtained. The other halides
with the exvep¥tion of ehlorobenzene evolved hydrogen halide
when they were refluxed in the presence of aluminum. Iodine,
gther, sluminum chloride and several organosluminum ccmpounds
were used as catalysts without success. Chlorebenzene 4ld& not
resot with sluminum at the refluxing texperature of chloros
benzene. Reaotlon occurred in a sesled tube at 250%, but
hydrogen chloride was evolved and only a tar was obtained.

.Raaatieas of Hlxed Organoaluminum Compounds

The standard apparstus consisted of s three-necked flask
equipred with a condenger, a mercury-sealed stirrer and elther
a dropping funnel or a hopper. All reactlions were carried out

in an atmosphere of dry nitrogen. A mole of the mixed organo-
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aluminun halldes signifles RyAlgXy and not the aversge moleow
ular welght of the two congtituents RyAlX and RAlX,.
Color Test with Miohler's Ketone. The procsdure of

Gllman and Harple (31) was followed which consisted of the
addltion of 3 3 co. sample of an organcaluminum halide to

3 co. of a 1% solution of Michler's ketone in benzene. The
tube waa stoppered and allowed to stand over a definite per-
ied of time and then hydrolyzed by the addition of 50% ethanol.
Several drops of a 0.3% solutien of lodine in glaolal acetic
aold were added and a greenish-blue color appeared if the test
was pvogitive. All of the organocaluminum halides gave s poale
tive color test if sllowed to stand in contsct with Miochler's
ketons for thirty mimates before hydrolysie. The alkylalumi-
num halldes gave a weak test sfter astanding five mimites be-
fore hydrolysis and a strong test after stending fifteen
mimites before hydrolysis, A 2 ce. sample of a 0.2 molar
xylene solution of the mixed ethyleluminum lodides gave s
faint test after standing five mimites, s better test after
ten minutes and a strong positive test after standing fifteen
mimites before hydrolysies. Xylene solutions of arylaluminum
halides required fifteen mimitesg of contazct for a wesk test
and thirty minutes of contset for g strong test. All of the
organcaluminum halides gave positive color tests when warmed
for five minutes with Michler's ketone before hydrolysis.

Benzonitrile and Phenylsluminum Iodides. A xylene solu-

tion of 20.6 g. (0.2 mole) of benzonitrile was added dropwise
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to a xylene solution of the mixed phenylaluminum iodides which
had besn prepared from 40.8 g. (0.2 mole) of iodobenzens and
3.78 g. (0,14 g. atom) of alumimum (p. 36). The color test

was only alightly positive after thirty minutes of refluxing,
and 1t wae negative after one hour of refluxing. The mizture
wag refluxed for egn sdditional flve hours and then cooled to
room temperature. It was hydrolyzed by pouring into a mixture
of ice and hydrochlorie acid. The mixture was filtered and

the residue was boiled with dilute hydrochloris acid. The

acld solutlion wae flltered and the resldue was washed with
zylene whioh left only 1.6 g. of reginous material, All the
filtrates were combined, and the xylene layer waos separated

and washed with dilute sodium carbonate solutlion and water.

The xylene solution was dried over sodium sulfste and then
subjacted to distillation. Fifteen grems (73%) of unreacted
benzonitrile was recovered. Three grams of an olly residue

wag left which wns digtilled at 3 mm. pressure yielding 2 g.

of distillate which wag identified as birhenyl (mixed m.p.,
69°). The residue from the dlstillation was Treated with hydrox-
¥lamine hydrochloride, and after several reorystallizations,

0.8 g. of benzophenone oxime was obtained (mixed m.p., 139-40%).
Thig corregponds to a 2% yileld of benzophenone. There was no
indieation that a Friedel-Crafts reaction had cocurred since

no traces of phenyl xylyl ketoneg could be detected., A Priedel-

Crafts reaction sould involve xylene rather than any benzene



which night be formed from the cracking of xylene.

Benzonitrile and Bthylsluminum Jodides. A xylene solutilon
of benzonitrile (15.5 g., 0.15 ﬁule) and the mixed ethylalumi-~
num iodides {(26.1 g. 0.05 mole) was refluxed for six hours.

A 0% recovery of benzonltrile was obtalned together with a
gmgll amount of resinous material. Yo trace of propiophenone
could be detected.

Carbonation of Ethylaluminum Iodides. Dry oarbon dloxilde

gas wag bubbled into a bolling xylene solutlion of the nixed
ethylsiuminun Lodldes for 14 hours. The color test was positive
after ten hours of refluxing, but negative at the end of twelve
hoursg of refiuxing. HNo acid wes isolated, but zome resinous
material was formed. Likew&se, carbonation of the mixed butyle
aluminum iodide etherateas (p. 34) was unsuccessful in boiling
xylene. |

Carbonstion of Phenylaluminum Iodides. Dry carbon dloxlde

gas was bubbled into g refluxing benzene solution of the mixed
phenylsluninum iodides for twelve hours. The ccior tegt was
negative after ten hours of refluxing, but no scld was isolated.
Resinous materials with a strong rhenolie odor were cbizlned.
Ketones and Organcaluminum Halidea. Leone (1lb) haa re-
ported that organoalumimum hallides condense ketones very readlly.
This has been confirmed using acetone, propiophencne and benzoe
phenone witﬁ s mixture of ethylaluminum iodides. The mixed

phenylaluminum fodldes also condenged acetone and proplophencne,
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but a benzene solution of benzophenone and the mixed phenyl-
aluminum iodides 414 not resot at room temperature and an 88%
recovery of benzophenone was realligzed.

Benzophenone~-Aluminum Chloride Complex and Organcaluminum

Iodides. The benzophenone-aluminum ehlorlde complex was pre-
pared by adding small amounts of sluminum chloride (7.35 g.,
0.055 mole) to a cooled benzene solution (50 oo.) of 9.8 g.
{0.054 mole) of benzgophenone. A benzene solution of the mixed
ethylaluninum lodides (13.1 g., 0.035 mole) was added, and the
mixture was warmed just below reflux for one hour, Hydrolysis
wag effected by slowly pouring the reasection mixture into an
1ce~hydrochloric acid mixture. The benzene layer wasg aseparvated,
washed with sodium bigulfite solution to remove free iocdine
and then dried over caloium chloride. The benzene was dig-
tilled awey and the crude benzophenone was reorystallirzed from
petroleum ether (b.p., 80-68°) giving a 93% recovery. A mixed
melting point with an authentio sanple of benzophenone was not
depressed.,

Treatment of the benzophenone-aluminum chloride complex
{0.025 mole) with a slight excess of the mixed rhenylaluminum
lodides (prepared from 12.2 g. of iodobenzene and 1.08 g. of
aluminum) in bengene solution left a tarry residue after hy-
drolysis and evaporation of the benzene, so the benzophenone
was isolated by distillation of the tar at reduced pressure.
The fraction boiling at 165~175°/15 mm. was colleoted as
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benzophenone. Recrystallizstlon gave 4 g. of pure product or
a 80% recovery of benzophenone which was ldentified by a mixed
melting point.

Acetophenone-Aluminum Chloride Complex and Orgsnoaluminum
iodides. To the complex, prepared by the addition of aluminum
chloride {14.7 g., 0.1l mole) to a benzene solution of 12 g.

{0.10 mole) of acetophencne, was added slowly 36.1 g. (0.0B
mole) of the mixed ethylaluminum todides. The mixture was
heated to reflux, allowsed %o cool, and was then hydrolyzed by
pouring into an ice~hydrochloric acid mixture. The banzene
layer was separated and the aqueous layer was extrscted with
ether. The ether extracts were somblned with the benzene
layer, and the solutlon was waghed with dilute alksll, dilute
godium thiosulfate and water. It was dried over sodlum sulfate
and distilled. Hine grams or a 756% recovery of acetophencne
(b.p., 188~203°) was obtained. It was characterized by conver-
sion to the semloarbazone (mixed m.p., 198°%),

The aceﬁophenéne-alumlnum chloride complex was also pre-
pared from benzene, acetic anhydride (25.5 g., 0.25 mole) and
aluminum chloride (80 g., 0.6 mole) in a typlcal Friedel-
Crafts aoylation. To this complex was added an exoege of the
mixed ethylaluminum lodides, and the mixture was warmed Just
below reflux Ffor one hour. It was hydrolyzed and worked up in
' the customary manner, and a 53% yleld of acetophenone was

obtained.
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Treatment of the acetophenone-aluminum chloride complex
{0.05 mole) with an excess of the mlxed phenylaluminum lodlides
(prepared from 18.4 g. of lodobenzene and 1.6 g. of aluminum)
in benzene asluﬁion, using the same conditions as desoribed
for the mixed ethylaluminum iodldes, gave a 64% recovery of

acetophenone.

Agstophenone~Aluminum Chloride Complex and Ethylaluminum
Chlorides. An exocess of the mixed ethylaluminum chlorides
(7.4 g., 0.03 mole) (P, 30) was added to an acetophenone-alumi-
num ohloride somplex (0.05 mole) which had been prepared by
the addition of 8 g. (0.06 mole) of aluminum chleride to a
benzene solution of 8 g. (0.05 mole) of acetophenone. The re-
action was worked up by the mame procedure that was employed
in the preceding experiments. A 65% recovery of acetophenone
(b.p., 198-203°) was realized. It was identified by conversion
to the semicarbazone (mixed m.p., 198°). The same reaction was
run at 0° and an 80% recovery of acetophenone wés obtained.

Propiophenone~Aluminum Chloride Complex and Ethylelumlinum

Iodides. An excess of the mixed ethylaluminum lodides (15.7 g.,
0.03 mole) was added to a proplophenone-gluminum chloride comw
plex (0.05 mole) which had been prepared by the addition of

8 g. (0.06 mole) of aluminum chloride to a benzene solution of
8.7 g. (0.05 mole) of propiophencns. - It was refluxed for one
hour and then worked up in the usual manner. There resulted

a 70% recovery of propiophenone (b.p., 210-218°) which was
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charascterized by treatment with gemnlearbazide hydrochloride to
give the semicarbazone {mixed m.p., 173-4%).
Agetone-Aluminum Chloride Complex and Organcasluminum

Iodides. Treatment of an acetone-sluminum chloride complex
(0.034 mole) with an excess of the mixed ethyle or phenylalumi-
num iodldes produced chlefly tar, but a 10% recovery of scetone
was obtalned in both cases.

Bengoyl Chloride-Aluminum Chlordde Complex and Lthylglumi-

nun Iodldes. An equivalent amount of aluminum chloride was

added slowly by means of a hopper %o a cooled benzene solution
of 14 g. (0.1 mole) of benzoyl chloride. To this was added
dropwlse a slight excesge of the mixed ethylaluminum lodides
(28.7 g., 0.055 mole). The reaction 1s exothermic and it 1is
necessary to cool with a water bath if the organcaluninum com-
pound 1s added too rapidly. After all the reagent had been
added, the mixture was heated elowly until the benzene began
to reflux. Hydrolysis was effected by pouring into an lce-
hydrochloric sold mixture. The benzene layer was separated
and eombined with the ether extracts of the aqueous layer.
ATter washing with dilute alkali, sodium bisulfite and water,
the solution was dried over sodium sulfate, and then the ether
and bengene were distilled away leaving crude proplophenone
which was converted to the sewnlcarbazone. There was isolated
10 g. of propiophencne semicarbazone (mixed m.p., 173~4°)
scorresponding to a 56% yield of propilophenone.
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A 8light excess of the mixed ethylaluminum lodides (28.7
£., 0.055 mole) was added to a carbon disulfide solution of the
benzoyl ehloride-aluminum chloride complex (0.1 mole). The re~
action wag treated in the pame manner as 1n the preaeding
experiment except the propilophenone was dlstilled (b.p., 2310«
318°). The yleld amounted to 8,3 g. or 83%. It was character-
ized by converslion to the semlocarbezone (mixed m.p., 173-49).

Benzoyl Chloride-Aluninum Chloride Complex and Fhenyle
gluminun Iodides. A benzene solution of the benzoyl chloride~
aluminum chloride complex (0.05 mole) was added dropwlae to

an excess of the mixed pvhenylaluminum lodides {prepared from
18.4 g. of iodobenzens and 1.6 g. of aluminum) dissolved in
benzens. The reaction mixture was gbtirred at roouw Lewperaltulre
for an hour and then hydrolyzed in the usual manner. The ben~
zene layer wae combined with the ether extractsg of the aqueous
layer, and washed with dllute alkall and sodium bisulflte solu-
tion. After drying over calelum chloride, the asolvent was
removed and the resldue wag dlgtilled at reduced pressure. The
portion boliling from 130-409/8 mm. was collected asg benzophe-
none (identified by crvetallization and a mixed melting poing
with an suthentie sauple, m.p., 48%°). The yield was 6 g. or
70%.

Using carbon dlsulfide as the reasction medium, a 72%
yield of benzophenone was reallized from the benzoyl chloride=

aluminws chloride conmplex (0.0S‘mcle}.
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Benzoyl Chloride~Aluminum Chioride Complex and p-Tolyl-

aluminum Dichloride. A xylene solution of the benzoyl chloride~

aluminum chloride complex (0.05 mole) was added to a xylene
solution of a elight excess of p-tolylaluminum dichloride
which had been prepared from 4.44 g. (0.033 mole) of sluminum
ahloride and 0.017 mole of tri-p-tolylaluminum (p. 37). The
mixture was warmed gently for thirty mimutea by means of a
water bath. It waa hydrolyzed and washed in the ususl manner.
After removal of the golvent, the residual liquid was distilled
at reduced pressure. The distillste {b.p., 150-75°/10 mm.)
orystallized yielding 6.5 g. or a 71% yield of phenyl p-tolyl
ketone which was identified by a mixed melting point (52~4°)

with a knpwn gample.

Acetyl Chloride-Aluminum Chloride Complex and p~Tolyl-
aluminum Dichloride. A xylene golution of the acetyl chloride-

aluminum chloride conmplex, prepared by the additicn of an
equivalent quantity of sluminum chloride to a xylene solution
of 3.9 g. (0.05 mole) of acetyl ohloride, was added to a
xylene golution of a slight excess of p~tolylalumimum dichlor-
ide which had been prepared from 4.44 g. (0.033 mole) of
aluminum chloride and 0.017 mole of tri-p-tolylaluminum. The
reaction was performed in the game manner as the preceding
experiment. The dlatillate was oollected over a range of 80-
100°/10 mm., and it amounted to 5 g. or a 63% yleld of methyl

p-tolyl ketone. VIt was characterized by convergion to the
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semicarbagzone (m.p., 202-~4°).

Benzoyl Chloride and Sthyleluminum Todides. A mixture of

ethyisluminun iodldes (20.9 g., 0.04 mole) wag added drovwiae
to a stirred smlution of benzoyl chleride (7.95 g., 0.075 mole)
in benzene. The resction was qulte exatharmic, 80 a water bath
was used to ocool the reaction during the additlion of the organo-
meteallle compound. After zll the zluminum compound had heen
added, the solutlon wag refluxed Tor thirty minutes. The conw
tents, alfter being coocling, were poured into a mixture of ice
and hydrochloric acld. The Denzene layer was separsted gnd

the aqueoue layer extraoted wlth ether. The combined extraocis
Wwere washed with dilute sodlum bisulfite, dllute alkall and
water. After drylng over calcium chloride, the solvents wers
removed lesving a yellow oll which dlstilled from 200-230°,
Redlatillation gave 9@ g. of propiophenone (b.v., 214-219%;

or s 90% yleld. It wes cheracterized by conversion to the
senlaarbazone followed by a mixed nelting point with s known
gample (m.p., 173-4°).

Using carbon disulfide as the reaction medinum, an 85%
yield of »roviophenone wag obtalned from 13.5 g. (0.006 mole)
of benzoyl ohloride. The reaction mixture was hydrolyzed and
the product was lsolated by cryastallization instead of distile
lation. After the oarbon disulfiie had been removed, petroleum
sther (b.p., 90-115°) was added to the oil, and upon cooling
the proplophenone crystsllized. The orystals were sucked 4ry
of solvent by means of a filter stick leaving 8 g. of ketone.



The solvent was treanted with semicarbazide hydrcehloride and
an sdditional 2 g of propilophenone wae igolated as the gemi~
carbazone making a2 total yleld of 11 g. or 85%.

Using tetrachlorcethane as the reaction medium, and add~
ing benzoyl chloride (3.5 g., 0.025 mole) to a benzene solution
of the mixed ethylaluminum lodides (6.8 g., 0.013 mole), gave
a 54% yleld of propiophenone (isolated as the semisarbazone).

 When petroleum ether (b.p., 90~115°) wae used as the re-
action medium under the same conditions as in the previous
experiment, a 48% yield of propiophenone was isolated as the
pemicarbazone from 3.5 g. (0.025 mole) of benzoyl chloride.

Uging ether as the solvent under the same condltions as
in the preceding two experinments, gave no proplophencne, a
small amount of ethyl benzoate, 4 g. of benzole apid and zghbout
0.3 g. of &,g-dibenzoylethane (m.p., 84°) which was charaoter-
ized by conversion to 3,5~diphenyl-4-methylpyrazole (m.p., 233°)
with hydrazine hydrate.

Reactlons using nitrobenzene as the solvent were not ate
tenpted due %o the vigorous reactlon between nitrobenzene and
the organcaluminum lodides.

Benzoyl Chloride and Phenylaluminum Iodldes. To a xylene

golution of the mixed phenyleluminum iodides, whieh had been
prepared from 15 g. (0.074 mole) of ilodobenzene and 1.35 g.
(0.05 g. atom) of aluminum, wes sdded 5.3 g, (0.038 mole) of

benzoyl chloride. The solution was refluxed for one hour,
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allowed to cool, and was then hydrolyzed by pouring intoe an
lce-hydroohlorie asid mixture. The xylene layer was geparasted
and washed with dilute sodium carbonate, dllute scdium blsule
fite and water. The xylene was dried over sodium sulfate and
then distilled away leaving a yelloweblack 0il which was oon-
verted %o an oxlme by means of hydroxylamine hydrochloride.
The oxime did not depress the melting point of a known sample
of benzophenone oxime (m.p., 138-41°). The yield of oxime was
3.5 g. or 47.5%.

Benzoyl Chioride and Triphenylaluminum, Trivhenylaluminum

wag prepared in xylene soclutlion from aluminum and dirhenylmer-
cury asceording to the directlons of &ilman and Marple (31).
Twenty~one grams (0.15 mole) of benzoyl ohlorlide wasg added
dropwige to a xylene solution of triphenylaluminum (0.05 mole).
The solution was refluxed for one hour, allewed to cool and
then hydrolyrzed by pouring into an ice~hydrochloric acid nix-
ture. The xvlene layer was separated and washed with dilute
sodlum carbenate solution and water. The xylene was dried
over godium gulfate and then distilled away. The residual oll
finelly crystallized upon gtanding in the ice box for several
days. It was very lmpure, s¢ it wag sublested to steam dlgtil~-
lation. The oil) layer in the distillate was aseparated, dis-
gsolved in ether, dried over sodium gulfate and distilled. The
portion bolling at 155-165°/10 mm. orystallized and was identi-
fied as benzophenone by a mixed melting point (47+8%)., The
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yield was 10 g. or 36.5% based on benzoyl chloride. The resid-
ual solid from the steam distillation was recrystallized from
alochol and nmelted gt 181°, It showed no depression with a
known sample of triphenylearbinol. The yleld was 1.5 g. or
11.5%,

Benzoyl Chloride and Diethylsluminum Chloride. Fourteen

grans (0.10 mole) of benzoyl chloride was added dropwise to
6.13 g. (0.05 mole) of diethylaluminum chloride (p. 31) dig-
solved in 50 ce. of benzene. The solution was refluxed for
one hour, allowed to ¢ool, and then hydrolyzed by pouring into
an loce-hydrochloric acid nmixture. The benzens layer was separ-
ated and washed with dilute sodlum earbonate aclution and

water. It was dried over sodlium sulfate and dilstilled. The
| portion bolling at 310-318° was collected as propilophenone.
It was ldentified by conversion to the semloarbazone (mixed
m.D., 173%), The yield was 9 g., or 67% based on benzoyl
chloride which indicated both ethyl groups in diethylaluminum
chloride reacted to some extent. There was no evidence of the
formation of diethylphenyloarbinol.

Benzoyl Chiordde and Ethylaluminum Dichloride~-Sodium

Chloride Double 8z2l%t. To @& benzene susgpension of 9.5 g.
{0.05 mole) of the ethylaluminum dichloride~sodium chloride
double salt (p. 31) was added 7 g. (0.05 mole) of benzoyl

chloride. The mixture was refluxed for one hour, cooled and

then hydrolyzed in the usual manner. The benzene layer was
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worked up in exactly the same manner as in the previous exper-
iment. fhe amount of residusl oil was so small that 1% was
treated with semicarbazide hydrochloride and the propiophencne
was igolated &g the semicarbazone (mixed m.p., 173°). The
yield of semliearbazone was 1.9 g. which corresponds to a 20%
yield of proplophenone. The low yield is probably due to the
insolubility of the complex.

Benzoyl Chloride and p-Tolylsluminum Dichloride. Benzoyl

chloride (7 g., 0.05 mole) was added to a xylene solution of a
slight excess of p-tolylaluminum dichloride which had been
prepared from 4.44 g. (0.033 mole) of eluminum chloride and
0.017 mole of tri-p-tolylalumimum. The mixture was warmed
allightly and then allowed to stand at room temperature for
two hourg. After hydrolysis, the xylene layer was separated
and waghed with dilute sodium carbonate solution and water.
The xylene sclution was drlied over godium sulfate gnd dise-
tilled. The portion boiling from 160-80%/10-15 mm. amounted
to 8 g., and rediatillaticvn at 157-8°%/8 mm. gave 5.5 g. or a
60% yield of phenyl p-tolyl ketone which was identified by a
mixed melting point with an authentic epecinmen {m.p., S3~5°}.

Using the gsame procedure in petroleum ether (b.p., 90=-
115°) solution, s 30% yizld of phenyl p-tolyl ketone was
realized. There was considerable tar formed in thls reaso-
tion.

Benzoyl Iodide and Phenylaluminum Jodides. Benzoyl
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lodide (41) was preparsd by passing dry hydrogen lodide over
70 g. (0.5 mole) of benzyl chloride over a period of seven
hours, The produoct was distilled slowly at reduced pressure
(b.p., 94~8%/5 mm.). Iodine was removed from the product by
shaking wlth mercury and redistilling just before using. The
yvield was 105-110 g. or 90-95%.

To a2 slight excess of the mixed phenylaluminum lodldes
(prepavred from 18.4 g. of lodebenzene and 1.6 g. of aluminum)
in petroleunm ether (b.p., 90-115°) was added 11.8 g. (0.05 mole)
of benzeyl lodlide. The nixture was stirred for two hours at
room tempersture and then hydrolyzed by rourding into an 108«
hydrochloric goid mixture. The petroleum ether layer wag ool
bined with the ether extracts of the aqueous layer and then
wagshed with 4ilute godium scarbonate solution, dilute socdium
bisulfits solution anmd water. The sthey~petroleun ether layer
was stean dlgtilled lesving a regldual tar which was vacuunm
distilled., The dlstillate orystallized and dld not deprsss
the melting point of a known gample of benzophenone (mixed
B.D., 47-8°), The yield of benzophenone was 3 Z. or 33%. A
conalderable anount of tar was left in the diztilling flasgk.

Benzoyl chloride, under the identicel conditions smployed

in the previousg experinment with benzoyl lodide, gsve cnly &

{41) ¥r. J. ¥, Nelson kindly furnished the directions for the
preparation of benzoyl lodide. His procedure was essen~
tlally the same as Staudinger's. Staudinger and Anthes,
Ber., 46, 1423 {(1913).



139 yield of benzophenone.

Benmyl Iodide and Ethylaluminum Iodideg. T0 a slight
excess of the mixed ethylalumimum lodides (13 g., 0.025 mole)
diseolved in benzene was added dropwise 10 g. (0.043 mole) of

benzoyl lodide. The flask was cooled with a water bath Quring
the addition, and then 1t was allowed to stand at room tenpers~
ture for two hours before hydrolysis. The benzene layer was
separated and combined with the ether extracts of the aqueocus
layer. The comblned extracts were woshed with dilute sodium
carbonate, dilulte sodium bisulfite and water. The solvents
were removed by dlstillation and an sleochol-water mixture was
added to the residual 0il. Upon coolling, most of the proplow
phenone preciplitated. The mother lliquor was smuicked gway with
a fllter stick and treated with seulcarbezide hydrochloride %o
convert the remaining propiophenons to the gemicarbazone. The
total yield of proplophenone wag 95.4%.

Reaction in ether solution, using the same procedure, pPro=-
duced congiderable ether oleavage with the formation of ethyl
benzoate. Some unreacted benzoyl icdlde was recovered as bene
zoie acid {2.6 g. from 0.043 mole or 49.5%) and a small amount
of u,%~dibenzoylethane was formed which wag identifled by a
mixed melting peint {m.p., 84%).

Agetyl Chloride snd p-Tolylasluminum Dichloride. To a

xylene goiution of a slight excess of p-tolylaluminum dichlorw
ide which had been prepared from 4.44 g. {(0.033 mole) of slumi-
num chloride and 0.017 mole of tri~-p~ftolylaluminum was added



- 55 m

3.93 g. (0.05 mole) of acetyl chloride. The mixture was allowed
to stend at room temperature for two hours and was then hydroe
lyzed by pouring into an lece-hydrochloric acid nixture. The.
xylene was dlstllled away and the residusl oil was vacuum dip~
tilled. The portion bolling from 80-100%/10 mp. was collected
as methyl p-tolyl ketone. It was charzoterized by conversion
to the senicarbazone (m.p., 202-4°). The yield was 75%.

Acetic Anhydride and Ethylajuminum Chlorides. Acetic

anhydride (10.2 g., 0.1 mole) was added slowly to a large ex-
gess of the nixed sthylaluminum chlorides (27.3 g., 0.1l mole)
in benzene solution. The mixture was heated until the benzene
commenced to reflux. It was then cooled and hydrolyzed in the
cugtomary manner. The benzene layer was ssparated, dried over
godium sulfate and distilled from a Glinsky column. The various
fractliong were treated with senloarbazide hydrochloride, and
the ketone was converted to the semicarbazone. The aqueous
layer was neutralized and alsoc distilled from z Glinsky column.
The fraetiong were treated with semlearbazide reagent, and the
total yleld of the semicarbazone was 5.1 g. which corresponded
to a 39.5% yield of methyl ethyl ketone. There was no depres-
gion of the melting point with a known sample of the semlcarbaw
zone of methyl ethyl ketone {(m.p., 135%).

Benzole Anhydride and BEthylsluminum Jodides. A benzene
solution of benzie anhydride (11.3 g., 0.05 mole) was added

dropwise to & benzene solution of the mixed ethylalunminum
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iodides (3%.1 g., 0.075 mole). The mixture was heated until
the Denzene began Yo reflux, and then it was allowed to ocool.
It waa hydrolyzed in the usual manner. The benzene layer was
separated and combined with the ether extracts of the aqueous
layer. The combined extraots were washed with dllute sodiunm
bisulfite, dillute sodium carbonate and water. Acidificstion
of the sodlum carbonate washings gave 6 g. of benzole acid.
The solventz were removed from thie bengzene~ether extracts
and the reaidual oll was distilled. The distillate, boiling
at 210-218%, amounted to € g. or a 45% yleld of propiophenone
based on both oarbonyl groups of benzoic anhydride. It was
characterized by canver:aionv to the senmlearbazone (m.p., 173~
4°),

Benzenegulfonyl Chloride and Ethylaluminum Todides. Fif-

teen grams (0.085 mole) of benzenesulfonyl ohloride was added
dropwise to a benzene solution of the mixed ethylaluminum
iodides (15.8 g., 0.03 mole), The reaction was exothermioc and
& oooling bath was used during the addition. The red«black
oolored solution was stirred overnight and then hydrolyzed in
the usual manner. The benzene layer was separated and washed
with dilute élkali and water. The golution was dried over
sediur sulfate, and the benzene was distllled away leaving an
o1l which orystellized on prolonged standing. The erystals
were very impure as the melting point was 35-~40°,., Repesated
erystallizations from a benzene-petroleun ether mixture gave

2 g. of a sulfur compound which melted at 61° and 4id not
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depress the melting point of a known sample of dirhenyl disule
fide. The expected gsulfone (m.p., 423%) could not be lgolated.
The mixed ethylaluminum lodides and p-toluenesulfonyl

chloride, under the sam¢ conditions, gave an oil which srystal-
lized on etanding. The nelting point ranged from 46-50%, Heow
peated orystallizations from a benzene-petroleum ether (b.p.,
80-68°) mixture gave 1 g. of a sulfur compound which melted at
69-71°, and 1g az yet unidentified. The expected sulfone nelts
at 56°. It is very likely that a shorter reaction pericd wounld

favor the formation of sulfones in both reactions.

Carbon Tetyachloride and Benzene in the Presonce of Ethyle

aluminum Chlorides. To a mixture of 20 g. {(0.25 mole) of dry

benzene and 7.7 g. (0.05 mols) of carbon tetrachloride, con-
tained in & 800 cc. round bottom flask provided with a reflux
condenser, was added 6.2 g. (0.035 mole) of the mixed ethyl-
aluminum chlorides through the condenser from a dropping
funnel, The reflux condenser outlet contalned a two-holed
stopper which held the dropping funnel and s calcium chloride
tube. The flask was Xept in zn ice~water bath during the drope
wige addition of the organometallic compound, and the bath
wag not resoved aftsr the sddition was complete but was ale
lowed to gradually warm up during a period of twenty~four
hours. At the end of this tinme, 10 co., of dry cther was
added and the nmixture was allowed to stand for an additlonal

twenty~four hours. It was then hydrolyzed by pouring into
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an lece-hydrochloric ascid mixture whiloh contalned 5 ce. of acid
and 50 g. of ice. Seventy cuble centineters of benzene was
added and the golution was refluxed for ten nminmutes, It was
allowed to cool to 50%, and the bengzene layer was geparated
and washed with warm water which contained a small amount of
hydrochloric acid. The benzene was evaprorsted and the residusl
80118 was reorystallized from alcohol, The melting point of a
known sanple of trichenylmethane wae not depressed (mixed m.p.,
92°). The yleld was 35%.

The same reaction uging the mixed phenylaluminum lodides
gave no triphenylmethane. Likewige, no trirhenylmethane was

obtalined using triethylaluminum as'the condenging agent.



DISCUSSION OF REBULTS

Orgsnoaluninuse halldes are most convenlently prepared by

the lnteraction of sluminum and organic halides. The

2A1 + 37— Rpal¥ + RAlX,.
reaction goes well with most orgonie lodides, although n-butyl
iodide hasg a tendency %o aplit ocut hydrogen lodide and form
sluninum lodide which then rescts with n-butyl lodide to give
hydrocarbon gases, liquids and a tarry residue. Orosse (16)
likewise noted a secondary reasctlon in the preparation of the
nixed p-propylaluminum lodldes. 2Proper cooling and couplets
covering of wetalllce gluminum with liquid diminished the
gecondary ragetien and gave the mixed n-propylaluninum lodides.
Addition of ether alde in the preventlion of hydrogen iodide
liberation, but the etherate is formed and the ether cannot be
reusoved to yleld the ether-freec compound.

The uge of organic bromldes and chlorides is very limited
at the present time. Only the nethyl and ethyl bromlides and
chlorides have yielded organcaluminum compounds and gpedial
teschniques are required. An autoclave may be used, or the
pageous alkyl halide may De passed intoc a heated flagk contalne
ing aluminum and a catalyst. The catalyst may be iodine, alkyl
icdildes, aluminum chloride or alkylaluninum compounds. An eXe
cege of alkyl hallide ig avoided by passing the goseous hallde
into the reaction flask. The faet that eealed tube reactlons
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give only secondary reasoction products indlcates that an excess
of alkyl halide should be avolded. Refluxing alkyl chlorides
in the presence of aluminum ylelds only secondary reasction prod-
ucts.

The tendency to split out hydrogen chloride is shown least
by methyl chloride and increases with chain length until finally
Bb~butyl chloride splits out hydrogen chloride with pruotically
ne heating. However, the tendency %o pull out hydrogen bromide
from alkyl bromides in the presence of aluminum 18 not so great,
and alkyl 1odides split out hydrogen lodide to an even lesser
extent.

Ethyl bromide behaves normally with aluminum, but reflux-
ing n-butyl bromide or ethylene bromlide in the presence of
aluminum ylelds hydrogen bromide and hydrocarbon gases. It 1sg
very likely that the organcaluminum halldes could be prepared
by passing the gageous alkyl bromides over heated aluminum,
There 18 some evidenoe for the formation of the mixed phenyl-
aluminum bromides when bromobenzene lg refluxed in the presence
of aluminum which has been catalyzed with iodine. The incom-
pleteness of the reaction appears to be due to the low order
or reactivity of bromobenzene and not to a secondary reaction
of splitting out hydrogen bromide, |

The mixed organoaluminum hslides may also be prepared by
the addition of alumimim halides to sgsimple organcaluminum cone
pounds. A gerious disadvantage of this method is the lsolatlon

of the products since it 1s neocessary to separate an equilibrium
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mixture. For thls reagon the reactlion has little utility in
the preparation of alkylaluninum halides. However, 1t is of
value in preparing arylaluminum halides because the equilibrium
can be eontrolled to a oertain extent since the arylaluminum
halides are sclids and ean be precipitated by the proper cholce
of solvent. Thls reaction is the best method avallable for
the preparation of phenyl- and p-tolylaluminum dichlorides.
Organcalumlinum hsllde etherates are prepared by reaoting
aluminum chloride with Grignard reagents in ether solution, by
direct resction of orgenie halides and aluminum in ether solu-
tion or by adding ether to the ether~free compounds, .ﬂancu
etherates are formed and the ether ig held so tenaclously that
1t cannot be removed o yield the ether-free compounds without
total decomposition of the carbon-aluminum linkages.
Alkylaluminum halides are colorless 1liquids which ecan be
distilled in an atmosphere of nitrogen without decomposition.
The mixture of alkylaluminum hallides which 1s obtained from
the resctlion of sluminum and alkyl halldes can generslly be
geparated by frsctional distillation or crystallization.
However, the mixed ethylaluminum bromides and chlorides cannot
be fractionated satisfactorily, and chemleal means are employed
to effect a separation. Diaslkylaluminum halides can be separ-
ated from alkylaluminum dihalides by adding sodium chloride
and then distilling. The alkylaluminum dihalide~double galt

doeg not distill while the dlalkylalunminum halide is distillable
and can be obtained in a high state of purity in this manner.
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Grosse (16) adds RgAl compounds to the mixture of organoalumi~
num halides (RyAlX, RA1X,) which converts the dihalide to the
mono-halide (RA1X; #1341 ——> 3R AIX) and then fractionates
the resulting liquid. A purer dialkylaluminum hallide ig Obe
tained by the sodium chloride double galt method.

Alkylaluminum dihalides cannot be regenerated from thelir
sodium chloride double salts. The only method avallable for
the separation of alkylaluminum dihalides from the nixture of
alkylaluminum hslides is the conversion of the dlalkylaluminum
halide to the alkylaluminum dlhslide by means of aluaminum
hallde and fracotionation of the resulting liquid., This does
not give an entirely pure product, but Grosse (18) has found
that fractional distillatlon followed by fractional ecrystallliza-
tion will yield a pure product.

All the mixed alkylaluminum compounds reaet violently with
water and aleohol, fume in the alr and often ignite spontan~
eously. They are solubls in most organic solvents with which
they do not react. The aslkylaluminum dihalides are less soluble
than the dlalkylaluminum halldes, but the difference ls not
very well marked.

Arylaluminum halides are solid compounds which cannot be
easily digtilled. The mixed phenylaluminum lodides cannot be
distilled, but phenylaluminum dlchloride and dibromlde are dlge
tillable at very low pressures. The arylalumlinum hslldes are
goluble in benzene, toluene, xylene and ether, but are almost

ingoluble in petroleum ether. They fume in air and reasct with
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water and sloohol but not quite as violently as do the alkyl-~
aluminum halides.

It gpprears that organoaluminum halldes are endowed with
the same general order of reactivity as the simple organocalumle-
nunm compounds. The relative reactivity of simple organogluminum
compounds has been determined by Gilman and Marple (31) who
found that they are less reactive than organomagnesium and
-beryllium compounds and more reactive than organcoboron and
~zine gompounds. It would be helpful if there were a general
rule concerning the relative rescilvitlies of simple and mixed
organcuetallic compounds, but a brief review of the literature
indicates that the order of reactivity depends to a great ex-
tent upon the cholcee of reagent.

According to Gilman and Schulze (42) alkylberyllium halides
are generally less reactlive than dlalkylberyllium compounds.
However, in the case of organomegnesium compounds, the relztive
resctivities of RpMg and BMgX conmpounds vary sccording to the
reagent chosen. Schlenk and Schlenk (43) and also Bartlett and
Berry (44) consider Rplg and RMgX compounds %o be equally effec~-
tive in carbonyl addlition reactlons. RMgX compounds have been
found %o be more reactive than RgMg ocompounds in reactions with

valeronitrile (45), dimethyl sulfate (46) and dlethyl sulfate (47).

(42) Gilman and Schulze, J. Chem., Soeo., 2663 (1927).

(43) sehlenk and Schlenk, Ber., 62, 920 (1929).

(44) Bartlett and Berry, J, Am. Chem. So¢., 56, 2683 (1934),

(45) Gilman and Brown, ibld., B2, 11 307.

(46) Cope, ibld., 56, 1578 (1934); Buter and Gerhart, ibid., 57
107 (1935).

(47) R. H. Kirby, HMaster's Thesis, Iowa State College (1935),
p. 30.
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Dimethyluagnesium ig reported to be nmore reactive than methyl-
magnegiun 1odide with benzonitrile (47). Triphenylmethylmag-
neslum bromlide is earbonated more readily than ditriphenylumethyl-
magnesium {48). The reaction of dimethylmagnesium with enolize
able ketones lndloates that this aubstance is less remctive
toward the carbonyl linkage than ig methylmagnesium lodide (49).

Rg0d and RO4X compounds are rerorted to be essentlially
equal in effectiveness in the synthesls of Xetones from acld
chlorides (34). Phenylmercuric chloride reacts with ketene to
give a twenty per cent yield of acetophenone, but there is none
of this product isolated with dirhenylmercury (50). He&ctian
with diphenylumercury wae reported in this paper, but later
work showed that the reaction was due to the presence of mperw
curic c¢hloride a8 an impurdty.

Sinple organoboron compounds undergo addition reactions
to carbonyl groups, but only two of the R groups are involved
under usual eonditions (51l). Triphenylgalllum and benzoyl chlor-
ide give a geventy-nine per cent yleld of benzophonone which
indlcates that all three phenyl groups react to a cerfaln ex=
tent (52). The alkyl groups of trialkylgallium compounde can
be removed stepwlse by cleavage with water and zecldlie reagents
(53). The cleavage of trimethylindium with water and alechol

- (48} Bachmann, J. Am. Chem., Soc., 53, 4413 (1930).
(49} wright, 1bId., 6I, 1153 (1939).
5503 Gilman, Woocley and Wright, ibid., 55, 3609 (1933).
Gilman and Marple, Ree. trav. chim., 55, 76 (1938).
(53) Gilman and Jones, J. Am. Chem. Soe., &2, 980 (1940).
(53) Dennis and Patnode, ibid., o4, 182 (1532).
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cleaves only two methyl groups, and dllute acid is required

%o expel the third methyl group (54). The yileld of benzohydrol
from benzaldehyde and triphenylindium is eighty-three per cent.
Diphenylindium lodide and phenylindium di-iodide give benzohy-
drel in yields of sixty-six and nineteen per cent, respectively
(55). Simple organothallium compounds react with carbonyl come
pounds, but only one R group ig involved and an RyTlX compound
is a product of the yeaction (56). Therefore, simple organo-
thallium compounds are decidedly more reactive than mixed
organothallium oompoundg. Llkewlse, simple organocindium come-
pounds appear to be more reactive than the mixed compounds, but
here the difference in reactivity is not so well marked ag in
the case of the thallium compounds. The same applies to the

- organometallic compounds of gallium and boron, and in general
the simple organometallic ocompoundes of group IIX metals appear
0 be more reactive than ths nixed organometalllc compounds.
However, it is not unlikély that the resctivity might be
reversed for some partloular reagente.

An investigation of organoaluminum compounds reveals that
the relative reactivity between simple and mixed compounds is
not very pronounced and that a varliation is obgerved according
to the cholice of resgent. The color test with Hichler's ketone
indicates that the simple compounds are slightly more reactive.

(54) Dennis, Work, Rochow and Chamot, ibid., 58, 1047 (1834).

{55) Unpublished studies in these laboratories by Hr, R. G.
Jones-

(56) Gilmgn and Jones, J. Am, Chem. Soc., 61, 1513 (1939).
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Alkylaluminum halides give a weak test after standing five
mimtes before hydrolysis and a strong test after standing
fifteen minutea'priar t o hydrolysis. Xylene solutions of
arylaluminum halides require fifteen minutes of econtact with
Hichler's ketone for a week test and thirty minutes of contact
for a strong test. A two cublc centlmeter sample of & two-
tenth molar xylene solution of the mixed ethylaluminum lodides
glves a faint test after five minutes of contact with Michler's
ketone snd a strong test after fifteen mimutes of contact.
Xylene molutions of the simple organoaluminum compounds give

& pogitive color teat after five minmutes of contaet with
Miohler's ketone if the solution is at least one~tenth molar
with respect to the organcaluminum compounds (31).

Refluxing a xylene solution of benzonitrile and tri=p-
tolylaluminum for two hourse gives a seventeen per cent yleld
of phenyl p~tolyl ketone (31), while only a two per cent yleld
of benzophenone le obtained when the mixed phenylaluminum
iodides are treated with benzonitrile for six hours in boiling
xylene, This gmall yleld does not result from a Frisdele
Crafts reaction because a reaotion of that type would involve
the golvent xylene rether than any benzene which might be
formed from the cleavage of xylene, HNo evidence of phenyl
xylyl ketones was detescted. No proplophenone can be isolated
from the reasction between benzonitirile and the mixed ethyl-
aluminum lodidesg; a ninety per oent recovery of benzonitrile

i1 reslized. The rather slow reaction with benzonitrile in-
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dlcates a falrly high order of reactivity for orgesnosluminum
halides since 1t has been ghown that benzonitrile, in compari-
son with some other functional groups, possegsses a low order
of reactivity toward Grignard reagents (57).

Carbonatlion of tri-pe-tolylaluminum with sollid carbon
dloxide gives no acld, whlle refluxing an ether solution of
tri-p-tolylaluminum in an atmoephere of carbon dloxide for
seven days gives a thirty-two per cent yleld of p-tolulec seid.
A forty-four per cent yield of p-toluio sold ig obtained when
a boiling xylene solution of tri-p-tolylaluminum 1s treated
for two hours with gageous carbon dioxlde (31). The color
test is atlll poslitive after bubbling dry carbon diloxide gas
inte a boiling xylene solutlion of the mixed ethylaluminum
lodides for ten hours. The color test is negative at the
end of twelve hours, but no acld can be isolated. Likewige,
carbonation of the mixed prhenylaluminum iodides in boiling
benzene solution for ten hours gives no aecid; only resinous
products with a strong phenollc odor are obtained. The re-
actlons of organcaluminum halides are belng investigated fure
ther by Hr. A. H. Haubein of these laboratories, and he has
found that the mixed phenylaluminum iodides glve benzole acld
upon carbomation. Dry iloe and the mixed phenylaluminum jodldes in
toluene solution give & five per cent yleld of benzoleo acid.

Bubbling gaseous carbon dloxide into a bolling benzene solution

(57) Entemann and Johnson, ibid., 55, 2900 (1933).
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of the mixed phenylalumimam iodides for twe hours gives a thirty-
five and six-tenths per cent yleld of benzoie meld. The yields
of benzole acld using toluene and xylene as the solvent are
forty-five and six-tenths and forty per centg, reséectively.

These results indicate that the mixed compounds are as reac—

tive toward carbon dloxide as the slmple compounds and even

more reactlve on the basls of dry lee carbonation. It slso
appears that the aclds are destroyed upon refluxing for too

long a perlod of time.

Acld chlorides react very readily with orgasnoaluminum
halides to gilve good ylelds of ketones. The umixed ethylalumi-
num lodides and benzoyl chloride gilve a ninety per cent yleld
of propilophenone in benzene solution and an elghty-five per
cent yleld in carbon disulfide solution. This yield 13 based
on the per cent converalon of benzoyl ehloride using an excess
of the organcaluminum compound. Refluxing a xylene solution
of triphenylaluminuz and benzoyl chloride for one hour produces
8 thirty-six and one-half per cent yield of benzophenone (based
on all threes phenyl groups reacting). Under the same conditions,
benzoyl chloride and the mixed phenylaluminum iodides give a
forty-seven and one-half per cent yleld of benzophenone. This
does not meen that the mixed oonpounds are more reactive sinoce
an eleven and one-half per cent yield of triphenylearbinol is
aleo obtained in the resction with trirhenylaluminum. No
carbinol is isolated in the reaction with the mixed phenyl-

aluminum iodides. Perhaps benzophenone 18 tiled up in a complex



which does not react with the mixed phenylaluminum lodides

but does resct with triphenylaluminum. It is known that ketone-
aluminum chloride complexes are quite unresctive Soward organoc-
sluminum hal 1des. Reaction with benzophenone 1s to be expected
since organcalumlinum halides react with benzonitrile and, there-
fore, should react even more readlly with ketones. It 1s true
that ketones condense in the presence of organcsluminum helides,
but there should be no condensation reaction with benzophenone
gince there 1s no alpha hydrogen available for enolization.
Furthermore, there should be no ccndensatibna with the expected
product, triphenylearbinol, since 1% has no alpha hydrogen
stoms. Except where dl-aryl ketones and arylsluminum halides
are uged, 1t 1as pogeldle that ketones, in addition tu sondensge
ing with themgelves, resct normally with organogluminum halides
to glve oarbinolsg which dehydrate to produce olefina whiech in
turn polymerize to complex reginous products.

Organcaluminum halideg are much better condenslig agents
than simple organceluninum compounds. Agetophenone is con~-
densed by triphenylaluminum to give dypnone (33), but only
further condensation products are obtained with the mixed or-
genoaluminum oompounds. Benzaldehyde and simple organcalumle
nuz compounds glve good ylelds of carbinols while umixed organo-
aluminum halides yleld only complex condensation products.
Carbon tetrachloride and benzene glve triphenﬁlmeth&ne in the
presence of the mixed ethyleluminum chlorides. Triethylalumi-

mam or the mixed phenylaluminum lodides do not catalyze this
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condensatlon reaction.

Hixed organoaluminum ocompounds d¢ not resect with Nealkyle
anilines (12) while simple organcaluminum compounds resch
quite readily (37).

On the basglis of the evidence presented it appears that the
mixed organosluninum compounds possess an order of reactivity
comparable to the simple organosluminum compounds, but perhaps
are a 1ittle less reactive ae evidenced by the color test,
reaction with benzonitrile and reaction with Healkylanilines.
It should be mentioned that there isg the added complication
that one may be measuring the reactivity of an equilibrium
mixture in the case ¢f the mixed compounds rather than the
reactivity of =2 single compound.

Apparently there 1s not much difference in reschtivity
between Rpa1X compounds and RALX; compounds. Both R groups of
dlsthylaluminun ohloride react wlth benzoyl chloride to glve a
gixty-seven per aent yleld of propiophenone. Under the same
gconditions, a sodium chloride~ethylaluminunm dichloride double
salt gives a twenty per cent yield of propiovhenone. The low
vield 1s due, undoubtedly, %o the lnsolubility of the complex
and not to a lower reactivity of the ethylalumimum dlchlorids.
¥o earbinol wasg lsolated in elther reaction.

fio definite conclusions van be made concerning the relative
reactivities of alkyl- and aryleluminum halides. Alkylalumlinmum
hallides give better yields of ketones with acld chlorldes than

do srylaluminum halides. However, this may be due to the fasct
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that the alkylaluminunm compounds are in a higher state of
purlty since they are purified by distillation. The color
teat 1g slightly quicker with alkylaluminum halldes, but this
agaln nay be due to a higher atate of purity. Bengzonitrile
reacted with the nmixed phenylaluminum lodides but not with
the mixed ethylaluminum 1odides. Likewlse, the mixed phenyle
aluminum iodldes are carbonated to glve benzolc acid, but no
acid 1s isolated upon carbonstion of the mixed ethylaluminum
lodldes.

The proper choloe of solvent has cunslderable effect on
the yield of product in orgsnogluminum halide reactionsg. This
is shown very well in renctiong between benzoyl chloride and
the mixed ethylaluminum iodides. The ylelds of propiophenone
are ninsty, elghity~five, fifty~-four and forty-elght per cent
in Denzene, carbon dlsulfide, tetrachloroethane anrd petroleum ether
(b.p., 90-115°), respectively. Arvomatic hydrocarbonsg are the
best solvents. In addition to benzene, toluene and xylene
have been employed with pood results., There appears to be no
ragction with carbon disulfide undser the mild conditions
amployed in s=old chloride resotions. The yields in petroleum
gther are generally poor and a ocnsiderable amount of tar ls
always formed. The petroleun ether wes zlways washed wlih
fuming sulfuric acld, dried, and then distilled before using.

The yield of proplophenone 1s practically negligible when
dlethyl ether is used as the reaction medlum in the reacilon

between benzoyl chloride and the nmixed ethylaluminum lodldes.
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The mein product is probably a condensation product of ethyl
benzoate. Some @,0-dibenzoylethane is aleo formed. Leone (11b)
has given the following Anterpretation for the preparation of
thils compound. Proplophenons is formed in the normal way and
i1t then reacts with benzoyl chloride under the influence of

aluminum salts to give g,a-dibenzoylethane. A small amount
q 0 gHq
c.a,&-.gwcs, + a,n.c/(cl (AL salts), c,a,,c—g.c-a.s, + HOL
: CH,

of ethane 1s formed in the resction, supposedly due to the
cleavage of the organosluminum compound by hydrogen chloride.

It is not surprising that ethyl benzoate 1ls formed in re-
aotions with benzoyl chloride in ether solution because alumi-
num chloride catalyzes this type of reactlon, snd organocslumie
num halides are expected to act in a like manner (58). Benzoyl
iodide and ether will give ethyl benzoate without a catalyst
(59). It ig surprising that the ether oleavage reaction pro-
ceeds more rapidly than the acid chloride reaction., Ether
unquestionably dlminishes the reactivity of organcaluminum
halldes.

Benzoyl iodide apprears to be more reactive than benzoyl
chloride with organocasluminum lodides. Benzoyl lodide and the
mixed phenylaluminum lodides give a thirty-three per cent
yield of benzophencne in petroleum ether solution, and benzoyl
chloride under the same oonditions gives only & twelve per

gent yield. Benzoyl iodide and the mixed ethylalumlnum

58) Meerwein, J. praxt. Chem., 134, 51 (1832).
§59) Kishﬁer,’d.‘ﬁuss. Phy 8. Chei éoc., 41, 651 (1908) [C. A.,
5, 883 (1911)/
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lodides give a ninety~five per ocent yileld of propiophenocne in
benzene solution. The yield of propiophenone using benzoyl
ohloride is ninety per sent. In general, benzoyl lodide is
more reactlive than benzoyl chloride with organometallic ocone
pounds. Gilman and Nelson (60) have found that the relative
reactivities of benzoyl halides in thelr reactions with Ql=p~-
tolylmercury are benzoyl 1odide > benzoyl bromide > benzoyl
chloride > benzoyl fluoride. This same order of reactivity
i1s found with phenylzinc chloride (61). The reverss order

1s found with Grignard reagents (57). It has been suggested
that the mechaniem of the reaction between scld chlorides and
Grignard reagents involves carbonyl addition while the mechan-
ism of the resotion between acid chlorides and the less re-

sctive organometallic compounds involves metathesis.

Organoaluminum Compounde and the Friedel-Crafts Reaction
The Friedel-Crafts resction has been extended so widely

gince 1ts discovory that it is very likely that no one mechan-
ism will be able to account for all the reactions that can be
induced by aluminum chloride. In order to find s mechaniam
or mechanisma, 1t 18 loglcal to first study the fundamental
Friedel~Urafts resotions, namely, the hydroecarbon and ketone
syntheseg and then investigate the variations as they may

possibly reduce b the fundamental reactions.

{€0) Gilman and Nelson, J. Am, Chem. Sog., 61, 743 (1939).
(61) Gilman, "Organic Chemistry’, John Wiley and Sone, New
York (1938) Vol. I, p. 418. ‘ :
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One of the several mechanisme which has been proposed
involvee the 1ntermediate formation of organcaluminum csompounds.
This theory was introduced by Friedel and Crafts (37) and re-
qulires the formation of an organoaluminum compound according
to the following equation:

BEH + AlClg —> RALC1, + HCL.

At the present tilme no organcaluminum compounrd has been pre-
pared ln this manner. However, 1% is possible, under drastic
conditions, %o effect the following reasetlion between boron tri-
chloride and benzene (62):

Cgllg + BCly ——CgHgBCl, + HCL.
Leone (63) suggested that the reaction between benzene and
aluminum ohloride is an equilibrium reaction in which the
equllibrium le greatly displaced to the left and that the
organoaluminum compound is formed little by little as it re-
aota with alkyl halides.

Even 1f 1% 18 granted that organcaluminum compounds can
be prepared in a Frledel-Crafts reactlon, it is still necessary
to conslder the reactivities of the mixed orgsncaluminum come
poundg. There were no mixed arylsluminum compounds available
at the time Friedel snd Crafte announced the theory of inter-
mediate organcaluminum formation. Therefore, they conducted
gome gtudlies wlth triphenylaluminum snd found that some dle
(63) fﬁg& Attl sccad. Lincel, 10, 193 (1929) /T.A., 34, 1360

(63) Lenne Attl II Congresso naz. chim. pura applicata, 1333
(1926} /Them, Zentr. I, 2174 (1928)7.
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phenylmethane was formed from reaction with benzyl chloride

but no Friedel-Crafts reaction ccourred with chloroform (27).
Hilpert and Grittner (38) reported no condensation of triphenyl-
aluminum with chloroform or carbon tetrachloride.

Leone (11) prepared several mixed organcaluminum compounds
(etheratea) and investigated their reactivity toward alkyl
iodides, benzoyl shlorlde and ketones. Phenylaluminum lodldes
were found to react with alkyl iodides to give small quanti-
ties of benzene homologs. However, the reaction did not pro-
ceed wilth the smoothness or effectiveness of typical Friedel-
Crafts alkylations. The reactivity of organcaluminum compounds
is of a relatively low order and alkylations of the Wurtz type
are restricted to the more reactive organometallio compounds.
Therefore, 1f hydroearbon gynthesis involves intermedlate or-
ganoaluminum gompounds, then the mixed organcaluminum compounds
and alkyl hallides should give the same order of ylelds which
result from the reastion of aromatic hyﬁrecaﬁbens and alkyl
halldes in the presence of aluminum chlorlide. Since Leone
reported no definite ylelds of alkylated benzenes, 1%t ie
worth while to investigate hydroocarbon syntheses further be-
fore ruling out organceluminum formation ag a mechanism. This
work 1s now belng investigated by Mr. A. H. Haubeln of these
laboratories.

With benzoyl chloride and ethylaluminum halides in ether
solution, Leone (11lb) found only small amounts of proplophenone

and a,a~dlbenzoylethane together with larger amounts of a tarry
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residus. Only rapld condensatlion reactlions occurred with
ketones. Thus, acetons produced mesityl oxide with ethyle
alunimum lodides and acetorhenone ylelded triphenylbenzene with
phenylaluminum lodldes. From these reactlones Leone concluded
that 1% was impeossible to interpret ketone synthesis by means
of intermediste organoaluminum compounds.

However, An ketone synthesls, there always results &
complex between the ketone and aluminum ohloride and it is
necegsary to hydrolyze this complex to obtalin the free ketone.
It has nov been found that these ketone-aluminum chloride com-
tlexes 4o not glve condensation products when treated with
organoaluninum helldes under the moderate conditlone existing
in Friedel-Crafts ketone syntheses and that the ketonss ocan
be recovered upon hydrolysis. These reszctions are summariged
in Table’II. In the case of acetophsnone, the oomplex in
reaction (5) was preparsd as 1t 1s actually formed in a
Friedel-CUrafts asynthesla. That is, acetle anhydride wag re-
acted with benzene in the presence of alumlinum chloride. The
mixed ethylaluminum lodides were added to the reaoction mnixture,
and a Tifty-two per cent yleld of acetophenone was cbiained
upon hydrolysis.

3ince acid chlorides alse form ecomplexes with aluminum
chloride, it wae of interest to see if these complexes would
react with organogluminum halides under mild Friledel-Crafis

sonditiona to produce ketonea. The expeoted reactions take
place very readily and give good ylelds of ketones. A summary

of the results is given in Table III,
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TABLE 11

Ketone~AlUl, Complexes snd Organcaluminum Halldea

« Per cent recov-
Ketone~A10lz Complex Orgsnoaluminum Halide ery of ketone.

1. Benzophenone ﬁgﬁ,AlI. + (CgHg) gA11/ 82
2. Benzophenone [CeHgALI, + (CeHg) 4117 80
3. Propiophenone [CaHgAlIy + (CgHg) ALY/ 70
4. Acetophenone [CaHgALT, + (CaHg)pALL/ 75
5. Acetophencne [CaHsAlly + (CaHg) a1/ 52
6. Acetophenone [CeHeALIy + (CgHg) 4117 64
7. Acetophenone [CaHgAlOly + (CaHg)pAlCY/ 65
8. Acetone [CaHgAlIy + (CgHg)gAll/ 10

8. Acetone [CaHaALLy + (CgHg)aArl/ 10
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Reactions of Acid Chloride~AlCl, Complexes and Organoasluminum Halldes

TABLE III

Complex
Benzoyl Chloride
Bengzoyl Chloride
Benzoyl Chloride
Benzoyl Chloride
Benzoyl Chloride

Acetyl Chloride

Organoaluminus Haslide

[CaBghlY, + (CoHg) 4117
[BaHaAlIy + (CyuHg)aALY7
[CeHaALI, + (CgHg)aArI/
[CeHaAlIy + (CoHg)aall/
P-CHyCgHgALC

P-CHaCgH A1C1,

Solvent
benzense
aarbon
Aimilfide
benzene
sarbon
disulflde

xylene

xylene

Product
propiochenone
proplophenone
benzophenone
benzophenone
phenyl p-tolyl

ketone

methyl p-tolyl
ketone

Per cent

Yield

56

63

70

73

62
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Acld ehlorides react slone with organcaluminum halldes to
givé good ylelds of ketones as 1lg shown in Table IV. In fact,
organosluminum halides may be reagents of cholee in the prepar-
ation of ketones. No large run synthesis has been tried with
organosluminum halides, but it is to be expected that even
better ylelds of ketones will be obtalned than 18 now realized
with small scale experiments.

Acid anhydrides are used very frequently in preparing
ketones by means of a Frisdel-Craftas aynthesis. They react
quite readily wlth organoaluminum halides to give ketones, but
only one carbonyl group is involved in the reaction. Acetis
anhydride reacts with the mixed ethylaluminum chlorides in
benzene gsolutlon to give a forty per cent yield of methyl
ethyl ketone. Benzolc anhydride and the mixed ethylsluminum
iodides glve a forty-five per cent yileld of propiophenone in
benzens golution. A forty-five per cent yileld of benzole ascid
is alsc obtalned. Mr. A. H. Haubeln of these lsboratories ls
continuing these studlies on =s6ld anhydrides and a resume of
his present progress is given in Table V,

The effect of solvents on the ylelds of produets in organo-
sluminum halide resctions has already been discussed (p. 71).
It was stated that aromatic hydrocarbon solvents were the best
solvents, and 1t is interesting to note that aromatiec hydro-
carbons are often used ag solvents in Friedel-Crafts reactions.

Generslly an excess of the reacting arometic hydroearbon 1s

uged as the solvent al though 1t is possible to prepare



TABLE IV

Reactions of Acid Chlorides and Organosluminum Hallides

Aeld Chloride

Benzoyl chloride
Benzoyl chloride
chloride
chloride
chloride

Benzoyl
Benzoyl
Benzoyl
Benzoyl chloride
Benzoyl chloride
Bengoyl chloride
Bengoyl chloride

Benzoyl lodide

Benzoyl iodide

Acetyl ehloride

Organcaluminum Halide

/CBaHgAlTy
[TeHga I,
LCaHgAlI,
[CaHghAlI,
[BeligAll,
[CeHgALT,

+ (CgHg)aMr Y/
+ (UgHg)aAr Y/
+ (CgHg)aAlY/
+ (CaHy) 4117
+ (CgHg)oAlY/
+ (CeHg)ga1l/

P CHyCeHAlC1 5
p-CHsCaH ALCL,

LTeHgALI,

+ (GgHg)gAlL/

[CalighlIy + (CaHg)gAll/
p- CH4C ¢H¢,A1G13

Solvent

benzene

earbon
disulfide

tetrachloro-

ethane
petroleunm
ether
petroleum
ether
xylene

xylene
peirocleun

ether
benzene

petroleum
ether
benzenea

Xylene

Product

proplophenone
propliophencne
propiophenone
propiophenone
benzophenone

benzophenone

rhenyl p-tolyl

ketone
phenyl p-tolyl

ketone
propiophenone
benzophenone
propiophencne

methyl p-tolyl
ketone

Per cent

Yield

85

48
1z
47,5

30
87
33
95.4
78
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TABLE V

Reactions of Aoid Anhydrides and Organoaluminum Halides

Acid Anhydride Organocaluminum Hallde

Acetic anhydride — [TGHaAlI, + (CgHg)gAlL/
Acetlc anhydride P~CHyaCgH4ALCL 5

Acetic anhydride = /T HgaAlX, + (Caly)aAll/
Benzoic anhydride [/TgHgAlI, + (Cglg)aAll7
Suceinle anhydride /[CgHeAlI, + (CgHg)aA1Y/

Phthallc anhydride /[TeHgAlly + (CgHy)aall/

Solvent

toluene

toluene

toluene

toluene

toluene

toluene

Product

acetophenone
methyl p-tolyl

methyl ethyl
ketone
benzophenone
B-benzoyl-
proplonic acld

o~benzoyl-
benzole aeld

Per cent

Yield

41



g-naphthoylbenzoic acid in benzene solution sinée phthalle
anhydride reascts more readilly with naphthalene than benzene.
Other common golvents which are used quite extensively in |
Friedel~Crafts reactions are earbon disulfide, tetrachloro-
ethane and nltrobenzene. A glance at the various summarized
tables reveals that carbon disulfide and tetrachloroethane

can be used satiasfactorily as solvents in ketons asyntheses
usging orgaﬁoaluminnm haliées. Ho nmenticn of nitrobenzene as

a solvent has been made because organcaluminum halides and
nitrobenzene react quite violently. For this reason no experiw-
ments of this type were attempted. However, in later studles
by Mr. A. H. Haubein (84), a competitive reaction was run
between a mixture of benzoyl chloride and nitrobenzene and

the mixed phenylaluminum iodides in petroleum ether solution.
Benzoyl chloride (0.2 mole) and nitrobsnzene (6.3 mole) were
dissolved in two hundred cuble centimeters of petroleum ether
and cooled to zero degrees. To this mixture wae sdded the
mixed phenylaluminum iocdides (0.1 mole). A rather mild reso-
tion took plase in comparison to the reaction of organcalumlnum
hallides and nitrobenzene alon§3 The products 1solated were
benzophenone (34.8%) and benzoio acid (53%). A seventy per
cent recovery of nitrobenzene was reslized. Therefore, organc-
aluminum halides react with aold halides before they react

with nitrobenzene, and the fact that there is a violent reso-

tion between organcaluminum halides and nitrobenzene does not

(84) Unpublished studies in these laboratorles by Mr. A.H. Haubein.



signify that organoaluminum halides cannot be intermediates in
ketone syntheses when nitrobenzene is used as a solvent.

In conclusion, 1t can no longer be gald that ketone syne
thesis of the Friedel-Craftes type cannot involve intermediate
organoaluninum compounds becsause of the known marked condensaw
tions between organocaluminum halides and ketones. It is true
that this condensing sction exlsts, but it is also true that
ketone-aluminunm chloride complexes 4o not react asppreelably
with organcsluminum halides under the mild eonditions of
Friedel-Crafts acylatlions. Furthermore, ketones are always
tied up in aluminum ohloride ocomplexes in Friedel-Crafts
acylations and the free ketone is never obtalned till after
hydfalysis of the reaction mixture. In addition, organocalumi-
num halides react with acld halides and anhydrides under the
mgderate conditions employed in Friedel-Crafte reactions to
glve good ylelds of ketones. B8Solvents whieh are generally
used in Friedel-Crafts reaoctions alsQ may be used with equal
success in resctions involving organosluminum halldes. Therew
fore, on the basis of the relative reactivity of organcaluminum
halldes, there is no question but what they may exist aes inter-
mediates 1n Friedel-Crafts acylatlion reactions. However, 1t is
5till a matter of speculatlion whether intermediate organcalumi-
nun eompound formatlon is the true mechaniam, since 1t has
never been demonstrated that organocaluminum halides ocan be

prepared from an aromatic hydrocarbon and aluminum chloride.
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Nevertheleas, until it can be decisively proved that organo~
aluminum compounds cannot be syntheslzed in a Friedel-Crafts
ketone gynthesls, there is no reason to exclude intermediate
organocaluminum compounds as a mechanliem in Friedel-Crafts

agylations.
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SUMMARY

The literature of organcaluminum compounds hag been re-
viewed.

The preparation of organcaluminum halides has been in-
vestigated.

Organoaluminum hallides give a positive osolor test with
Michler'a ketone if they are warmed for Tive minutes prior to
hydrolysis.

Reactlons between organcaluminum halldes and the following
reagents have been studied! benzonltrile, e¢arbon dloxide, ke~
tones, aocld chlorides and acid anhydrides.

The relative resctivities between slmple and mixed organo-
metalllic compounds has been dlsoussed.

Crganoaluminum halidesg are of the same order of reactivity
88 the simple organcaluminum compounds but are perhaps slightly
legs reactive as shown by reactions with Hichler's ketone,
benzonitrile and Heglkylanllines.

RgAlX and RALX, compounds possess approximately the same
order of reactivity.

Benzoyl iodide is more resetive than benzoyl chloride
toward orgshoalymninum hallides.

The poasiblility of the intermediste formation of organo-
aluminum hslldeg as a mechanism for the Frledel-Crafts reac-

tion has been investigated.



B. DIVALENT ORGANOLEAD RADICALS
HISTORICAL

Divalent organometalllc radicals of germanium, tin and
lead have been prepared. In the case of lead, the ylelds are
very unsatisfactory, and, moreover, 1t ig apparently impossible
to obtain the compounde consistently. Consequently, other
methods of preparing divalent organoclead radicals are desir-
able, and this gtudy was directed toward that goal.

An excellent review of organometallic radicals has been
presented by Bailie (1), and for that resson this discussion
has been limlited to the chemistry of the dlvalent organometal-
lic radicsls of germanium, tin and lead.

Diphenylgermanium dichloride is smmonolyzed in liquigd
ammonia but ie stable in ethyl amine., Kraus and Brown (2)
attempted the preparation of dlphenylgermanium by reducing
diphenylgermanium dichloride with lithium in ethyl amine solu-
tion. A resinous compound was obtained which contained from
twenty~nine and two-tenths to thirty-one and two-tenthg per
cent germanium. The germanium content of diphenylgermanium
iz thirty-two per cent. It 1s evident that the product con-
gisted largely of diphenylgermanium. Eatough (3) has shown

(1) Bailie, Doctoral Dissertation, Iowa State College (1938);

see also Gilman and Baills, J. Am. Chem. Soc., 61, 731 (1939).
{2) Kraus and Brown, ibid., 53, 400. 307.
{3) Eatough, Thesis, Brown University (1929).
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that %triphenylsliliecon forms an addition compound with ethyl
anine. Ethyl amine is very llkely retained by diphenylgerman~
lum in this same manner. Reductlion of diphenylgermanium di~
chloride in boiling xylene solution by sodium gave a yellow
resinous product which was apparently an impure paiymer of di=
phenylgersaniunm. Cooling the xylene solution precipitated a
ten to twenty per cent yleld of diprhenylgermanium. Holecular
welght determinastions indicated the oompound was a polymer
which contained four molecules of diphenylgermanium, It was
only glightly soluble in cold benzene, toluene or éblcrcform.
Itas golublility in hot solvents was very limlted, and 1t was
ingoluble in petroleum ether. Blow crystalllization from
benzene gave whlte orystals which melted at 394-~205° and were
stable in air. Addition of sodium to diphenylgermsnium in
ligquid smmonia solution produced disodium diphenylgermanium.
Treatment of the disodium compound with ammonium bromide gave
hydrogen and complex germanium compounds. It ig possible that
diphenylgermanium dihydride was formed initially and then de~
composed.

In 1852 Ldwig (4) prepared diethyltin by the action of
ethyl lodide on a sodium-tin alloy and obeerved that 1% added
oxygen and halogens. Later, Frankland (5) obtained dlethyltin
from the reduction of diethyltin dichloride by metallle zine,

(4) Lowig, Ann., 84, 320 (1853).
(5) Frankland, Ann., 85, 329, 338 (1852).
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and reported its spontaneous decomposition to tetraethyltin
and tin. Attempts to prepare dlethyltin from the reczction
between dlethylzine and stannous chloride were unsuccesgful,
but the reaction apparently involved the intermediate forma-
tion of dlethyltin (8).

Pfelffer (7) found that dlethyltin eould be prepared
elther by the reduction of diethyltin dichloride with sodium
amalgam or from the reactlon between ethylmagnesglum bromide
and stannous chloride. Dlethylitin was decomposed upon dls-
tillation into tetraethyltin and metalllie tin., It was a yellow
0il which readily oxidized in air to form dlethyltin oxide and
added halogens %o give the corresponding diethyltin dihalides.
Addition of ethyl lodlide gave triethyltin iodlde. Treatment
of dlethyltin with merourio chloride formed dlethyltin dichlor-
ide and mercury. In a like manner, dlphenylmercury was con-
verted to meroury and diethyldiphenyltin (8).

Deeply colored products, probably polymers of dilalkyltin
eompounds, were reported to be formed in reactionsg between
alkylmagnesium halides and stannous chloride (9). Krause and
Weinberg (10) found that tertiary alkyl Grignard reagents and
(6) Frankland, J. Chem. Soe., 35, 130 (1879).

é?g Pfeiffer, Ber., 44, 1360 (1911).
8) Nesmeyanov, Rocheshkov and Puzyreva, J. Gen, Chem. (U.8.8.R.),

'?, 118 (1937) /C.A., 31, 4390 (1937
(9) Xrause und von rosse, "Die Chemie der metallorganischen

Verbindungen®, Gebrider Borntraeger, Berlin (1937), p. 354.
(10) Krause and Weinberg, Ber., 83, 382 (1930).




stannle chloride dld not form tetra-allyltin compounds as did
the normal alkyl compounds. Instead, deeply colored products
were obtained which added bromine to gilve the corresponding.
di-tert.~alkyltin dibromides. Stannic chleoride and triphenyl-
methylsodium gave colored products which could not be identi-
fied.

Kraus and Greer (11) prepared polymers of dimethyltin
from the reductlion of dimethyltin dibromide by means of sodiunm
in liquid ammonls. Addition of two atoms of sodium to the
solid yellow polymeric dimethyltin in liquid ammonia solution
gave disgodium tetramethylditin as evidenced by its resction
with methyl lodlde to glve hexamethylditin. Addition of two
atomz of sodium to dlsodium tetramethylditin in liquid smmonie
Yielded disodium dimethyltlin, verified by its econversion to
tetramethyltin by resction with methyl lodide. Treatment of
disodiun dimethyltin in liguid smmonla with dimethyltin di-
bromide formed a polymer of dimethyltin which was more sensi-
tive toward oxygen than the polymer prepared by the direot
reduction of dimethyltin dibromide with two atoms of sodiunm.
However, the two polymers were alike in appearance, and both
gave dimethyltin oxide on oxidation and dimethyltin dibromlde
on bromination.

Diaryltin radicals are more stable than the dialkyltin

eompounds, and they can be prepared from the reactlion of

(11) Kraus and Greer, J. Am, Chem. Soc., 47, 2568 (1935).
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stannous chloride with arylmagnesium halides (12). Addition
of stannous chloride to an ether asolution of phenylmasgnesium
bromide at 0° produced a deep red-brown solution whioh was
gtirred for one hour at room temperature and then hydrolyzed
by adding small pleces of Ace. Benzene was added and a gold
colored solutlion resulted. The benzene layer was separated
and the yellow diphenyltin precipitated upon the addition of
absolute aleochol. The yleld was sixty-four per cent. Freshly
Prepared samples of diphenyltin were monomoleculsr, but poly-
marizaelen‘tock place upon standing. Diphenyltin melted in a
oapillary tube at 130° to give a dark red liquid which decom=
posed into metallle tin at 305°.

In a like manner, dil=-p~tolyl-, dl-p-xylyl- and dil-g-
naphthyltin were Irepared, and they were 2ll very simllar to
diphenyltin. Treatment with bromine gave the corresponding
dlaryltin dibromides and oxidation gave the corresponding dle-
aryltin oxides. The stabllity toward oxygen increased in the
order phenyl, p-tolyl, p~xylyl, g-naphthyl. They all reduced
alcohollice gilver nitrate instantly. Diphenyltin was converted
to triphenyltin when heated at 100° in the presence of exceas
phenylumagnesium bromide. The other diaryltin ocompounds 4id
not undergo thls transformstion. -

Dicyelohexyltin (13) has been prepsred from the resction

(13) Krause and Beoker, Ber., B3, 173 (1920).
{13) Krause and Pohlan&,'ﬁar:[fgi, 532 (1924).



between stannous chloride and oyolohexylmagnesiwm bromide. I%
wasg fbnné to be unusually stable and very simllar in its prop-
erties and reactiong to the diaryltin compounds. A unique
reaction oseurred with excess cyclohexyl bromide to give di-
cyolohexyltin dibromide and an oll which was probably 4i-
eyclohexyl.

Chambers and Scherer (14) investigated the reduction of
diphenyltin dishloride by two atoms of godium in 1iquid ammonle
solution und found that an insoluble yellow powder was ob-
tained. It decomposed without melting at 306°, added bromine
to give diphenyltin dibromlide and oxidized slowly in air to
yield diphenyltin oxlde. These properties suggested that 1t
vas prabably.a.pelymer of diphenyltin.

The addition of four atoms of sodium to diphenyltin di-
ghloride in llquld ammonia gave digodium diphenyltin., Treat-
" ment of the disodium compound with ammonium bromlde gave diphenyl-
tin dihydride which decomposed above the temperature of liquid
ammonia into hydrogen and diphenyltin. The general appearance
of this sample of diphenyltin was very slmilar %o the diphenyl-
tin which had been prepared by the addltion of two satoms of
sodium to diphenyltin diehlorlde. However, 1# was pmuch more
soluble and sensitive toward alr. I% was monomolecular in
benzene solution, but was not as reactive toward oxygen as the

monomoleocular diphenyltin which Krause and Becker (13) prepared

(14) Chambers and Scherer, J. Am. Chem. Sos., 48, 1054 (1928).




from phenylmegnesium bromide.

DPivalent organolead radicals have bsen found to be very
unsgtable, and only diphenyl- and di-p-tolyllead have been 1g6~
lated. However, the electrolytic reduction of a sulfuric aold
solution of acetone ueing a lead ocathode gave a dark red oil
which probably contained an appreciable amount of dl-isopropyl-
lead (15). The oll was very sensitive toward oxygen, and treat-
ment with bromine gave both tri-igopropyllesd bromide and di=-
iasopropyllead dlbromlde.

The deep red~brown oolor which ig developed at the begin-
ning of reactions beté;én lead shloride and alkyl Grignard
resgents has been attributed to the formation of Adlalkyllead
eompounds (18). However, Calingaert (17) was not able to
isolate any dislkyllead compounds from such reactions. Like-
wige, Calingmert was unsucoessful in attempts to prepare
diethyllead by the reduction of diethyllead dlehloride in
liquid smmonla aclution.

Krause and Relgeaus (18) have reported the isolation of
diphenyl~ and di-p=-tolyllead from the reaction of lead chloride
and the corresponding Grignard reagents. The dlaryllead com-
pounds were found to be dark red, amorphous powders which dils-
solved readily in ether and bengzene to produce blood-red colored
solutions. Addition of alcohol preeipitated the original di-
aryllead radicel unohanged. The molecular welght, determined
by the freezing roint lowering of a benzene solutlon, indicated
g:}g! g?ég}éﬁe%& ﬁ%&uggf’ _é,é_,?i% )Im, 1415 (1916).

17) Calingaert, Chem, Rev, T3 (1925).
18 Krgugg and"eIssaua, Eéf%:,§§, ges8 (1922).
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gimple molecules. Oxidation gave an unidentified four valence
lead oompound. JTodine added instantly in the cold, and silver
nitrate was reduced at once to metallie silver, The dlaryllead
sompounds retained their red ocolor for weske when protected
from light and oxygen. They decomposed upon heating, but the
exact manner of decompogition was not ascertained. DIiphenyl-
lead 1ost 1ta color at about 100° when heated in s melting
point tube. The decompoglition products developed a yellow
color at 130° and melted sbove 200°. There was no appearance
of black metallic lead at teuperatures as high as 260°, Warm-
ing diphenyllead in the presence of excess phenylmagnesium
bromide produced triphenyllead snd metalllie lead. For this
reagson 1t was necessary o control the reaction conditions
rigorously in order to prepare diphenyllead. 1In gpite of such
precautions, the yield was only two graums or three and one~half
per cent. The uge 0f a benzene~ether reasction medium increased
the yield to three grams. The reverse additlon of the Grignard
reagent to lead chloride gave a yellow soclution and triphenyl-
lesad was the only product isoclated.

Krause and Relesaus (18) etated that the yield of product
varied with different sauples of lead ohloride, and that only
cryatalline Kahlbaum lead chloride gave a good yield of product.
It was suggested that Kahlbaum lead chloride may ocontaln ocer=
tain igotopes of lead which are responsible for the formatien

of diphenyllead.
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EXPERIMENTAL

Phenylmagnesium Bromide and Lead Chloride. The procedure

of Krause and Reissaus (18) was followed exaotly. Phenylmag-
nesgium bromide was prepared in 100 co. of dry ether from 50 g.
{0.318 mole) of bromobenzene and 8 g. (0.329 g. atom)} of mag~
neglum. The ether golutlion was filtered through glass wool
into & two liter three-necked flask. The mixture was stirred
vigorously throughout the reactlion, and a pressure head of
nitrogen gas wag maintalned go that nitrogen passed through
the flagk quite rapidly whenever a stopper was removed. An
ice~salt coolling bath was regulated so that the temperature
inside the resction flask was malntained at 3°. Forty-four
grams (0.158 mole) of dry powdered lead chloride was added in
0.3 g. portions over & period of three-quarters of an hour.
The reactlon mixture developed a deep golden color which
gradually darkensd, and finally becaume dark brown after the
addltion of lead ohloride was complete. A dark red-brown
color was developed at this stage of the reaction in the
experiment conducted by Krause and Relssaus. It was then
stirred vigorously for two hours at 0° during which time a
small amount of lsad precipitated. The mixture was ooocled

to -10° and hydrolyzed by adding small pleces of ice. The
entire reaction mass wag then transferred into a large nitre-
gen filled separatory funnel. DBenzene was added and the mix-

ture was shaken thoroughly. The benzene-ether layer wag
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separated, and the solution waes concentrated at reduced pressure
under an atmosvhere of nitrogen tc 50 eo. The resulting orange
solution (blood-red in experiments by Krause and Reissaus) was
allowed to stand for thirty minutes and was then forced through
a sintered filter by meansg of nltrogen pressurse into 50 ce. of
absolute aloohol which decolorized the droplets and preocipltated
a yellow powder. The yellow powder was redissolved in benzene,
filtered and then preciplitated by adding aleohol. A white
oerystslline compound wag obtained which was dried in a vscuum
desiccator and analyzed for lead. Theamlysis indlcated it

wag triphenyllead with benzene of orystalllization.

Angl. Caled. for (CgHg)aPb-CgHg! Pb, 40.1. Found: Fb,
40.0.

Thie was confirmed by allowing 1t to stand in alr whereupon it
lost 1ts benzene and changed to s powder which was identified
as triphenyllead (darkens at 180° and melts at 335°).

The reaction wag repeated using benzene as the solvent,
and the same results were obtalned. Running the reasctlion at
-2% instead of +3° gave the same results with no indlcaltion
whateoever for the formation of diphenyllead.

An experiment was run at -10° and worked up in the usual
manner. There was practically no precipritation of lead, but
a light yellow solution was obteined which yielded only traces
of trishenyllend. Reaction at ~5° gave the same results.

The seaue resction at 0° developed a reddish-brown color

which ohanged to orange~red upon hydrolysis. Addlition of



aloohol to the concentrated orange-~red solution precipitated
an orange colored powder. The yleld was about 0.5 g. It was
dried and gave a lead value of 42.3%, Triphenyllead with ben-
zene of orvstalllzation contains 40.1% lead and dipvhenyllead
with two molecules of benzene of crystallization containsg ap-
proximately the same percentasge. The orange powder was redis-
solved in benzene and filtered. Alcohol was added and a light
yellow powder precivitated. The same process was revested anhd
a white orystalline compound was obtalned which was presuned
to be triphenyllead with benzene of crystallization. It is
very likely that the small amount of color was due to the
presence of a minute amount of diphenyllead.

P~Tolylmagnesium Bromide and Lead Chloride. Seventy granms

(0.235 mole) of lead chloride was added in small portions over
a pericd of one hour to an ether solutlon of p-tolylmagnesium
bromide which had been prepared from 85.5 g. (0.50 mole) of
p-bromotoluene and 13 g. (0.535 g. atom) of magnesium. The
reaction mixture was mainteined at -2 to 0° throughout the
addltion of lead chloride and was stirred for an additlonal
hour at this temperature. After being cooled to -10°, it was
hydrolyzed by the addition of small pleces of ice. The entire
mixture was transferred to a nitrogen filled separatory funnel
and shaken with additional ether. The ether layer was sevarated
and goncentrated at reduced pressure to 50 ce. which left a
dark red solution. After standing for thirty mlinutes, about

0.5 g. of an orange powder precipitated. The elear red solutlion
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was filtered awsy and added dropwise to 50 ce. of sbsolute
slcohol., A small amount of an orange powder was precipitated.
This was dissolved in 35 cc. of benzene giving a red solution
which wss allowed to stand for fifteen minutes. It was flltered,
and the filtrate was added dropwise to 35 co. of aleohol. The
precipitated orange powder was flltered off and dried in a nitro-
gen filled vscuum desiceator over phogphorus pentoxide., Lead
analysis showed that 1t was tri-p-tolyllead.

Anal, Caled. for (CHaCgl,)aPb: Pb, 43.3. Found, Fb,
44.0, 43.8.

The reaction was repeated and a dark red~brown sclution
resultesd after the lead chloride was added. After hydrclysia,_
the red ether layer was separated and concentrated at reduced
pressure to 50 cc. The resulting blood-red solution was al-
lJowed to stand for fifteen minmutes during which time sbout s
gram of orange colored tri-p-tolyllead settled out. The red
solution was filtered, and the filtrate was evaporagted to dry-
ness at reduced pressure. The red sclld wes dlssolved 1n 35
ge. of dry ether. The red solution was flltered and the fil-
trate was evaporated to drynese at reduced pressure. The red
powder was dried in s nitrogen filled vacuum desiocator over
phosphorus pentoxide. The drled sompound (0.2 g.) was pink
and its lead content was 44.7%. Tri-p~tolyllead contains
43.3% lead, and di-p~tolyllead contains 53.3% lead.

Several identlcal experiments were run and in each case

£ red solution resulted, but no di-p-tolyllead could be iso-
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lated. It was concluded that the amount of dl-petolyllead
formed was too small to allow 1ts separation from tri-p-tolyl-
lead.

Cyslohexyluagnesium Chloride and Lesd Chloride. Seventy
grans {0.35 mole) of lead chloride was added in small portions

to a 400 cc. ether éalutian of cyclohexylmagnesium chloride
(0.5 mole, titration value). The reaction was maintained at

a temperature of -3 to 0° during the additlon of lead chloride.
It was then stirred vigorously for two hours at 0°. After
being cooled to -10%, the sclution was hydrolyzed by adding
small pleces of lce. The entire mixture was transferred to a
nitrogen filled separatory funnel and shaken wilth ether. The
red ether layer was separated and concentrated st reduced
pressure to 50 ce. The color of the concentrated ether scluw-
tion was dark red. The oolor was dlscharged when the solution
wags added dropwise to 100 gc. of absolute aleohol, and a red-
dish~brown preciprltate settled upon gtanding. The liquid was
filtered away, and the reddish-brown sclid was dlssolved in
benzene giving a red solutlon which was sllowed to stand for
fifteen ninutes and was then filtered through a sintered plate
into alechol. Thig process waes repestced and 1 g. of a rose
golored compound was obtained. It lost 1ts color very rapldly
in air and reduced alcoholic silver nitrate instantly. The
rose color changed to yellow at about 80-80° when the compound
wag heated in a ecsplllary tube. The yellow compound decomposed
at 126° which 1s the decomposlition temperature of trloyelohexyl-
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lead. Lead analysis of the rose ¢olored sompound indicated
that 1t was a mixture of dloyclohexyllead and itrieyclohexyl-
lead.

Anal. Caled. for (CgH;,)3Pb: Pb, 55.8. Foundt Fb,
0.6, 51,0,
Trioyclohexyllead contains 45.4% lead. Attempts to separate
the two compounds resulted in the isolation of 0.3 g. of tri-
oyclohexyllead and decomposition of the dioyolohexyllead.
Check experimentes were not as satisfactory slthough red solu-
tions were obtalned in every experiment. The use of benzene
a8 the reaction medium gave 3 g. of s pink compound which was
apparently trioyolohexyllead with one molscule of benzene of
erystallization. It waas unupually soluble due to the benzene
of orystallization. It decomposed at 126°, the decomposition
point of tricyclohexyllead.

Anal. Caled. for (CgH,,)sFb*CeHg: Pb, 38.7; C, 53.8;
H, 7.3. PFound: Pb, 39,0, 39.2; G, 53.0, 53.3; H, 8.0, 8.5.
Caled. for (CgHy,)aPb*3CgHe: Pb, 39.2; G, 54.4; H, 6.4.
The wmpound dld not reduce alcoholic silver nitrate sclution
immediately, and 1t was not very sensitive toward alr although
1% changed to yellow trioyslohexyllead when exposed for several

hours to alr.

Reactiona in Liquid Ammonlia Between RaPbXg

Compounde and Two Equivalents of Metal

Dicyelohexyllead Dibromide gnd Sodium. Dicyclohexyllead

dlbromlde wss prepared by adding a chloroform solutlon of
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bromine to a ehloroform sugpension of trioyclohexyllead which
had been prepared from lead ohloride and eyslohexylmagnesium
bromide (19). Two equivalenta (0.46 g., 0.02 g. atom) of
sodiun wers added in smgll pleces to a ligquid ammonis suspen-
sion of 5.33 g. (0.0l mole) of dicyclohexyllead dibromide.
The first addition of sodium produced a black color which
remained throughout the addition of metal. After one-haslf

of the liquid ammonisa had evaporated, dry ether wss sdded
which produced a yellowligh-green colored solution, The reac-
tlon flask was swept out with nitrogen while the remsinder of
the ammonis evaporated. The resulting mixture was filtered
under nitrogen. The ether insoluble materisl was extracted
with warm benzene, but no product was obtained upon evapora-
tion of the benzeune. The benzene ingoluble portion was washed
with water and then treated with warm ammonium acetate solu-
tlon which almost completely dissolved 1t. Treatment of the
ammonium acetate solution with potessium dichromate solution
gave 3 g. of lead chromate or a 62% conversion of lead in di-
¢yclohexyllead dibromlide %o lead in lead chromate.

A 59% yleld of inorganic lead compounds was obtained using
dioyclohexyllead dichloride (19) and two equivalents of sodiun
under the same conditions as desoribed in the experiment with
diocyclohexyllead dlbronide.

Diphenyllead Difluoride and Lithium. Diphenyllead difluor-

{(19) Krause, Ber., 54, 23060 (1827).
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lde was prepared by the additlion of an aquecus solution of
potassium fluoride to an alcoholle solution of diphenyllead
§i-iodide (20). Fourteen~hundredths of a gram (0.03 g. atom)
of llthium was added %o a liquid ammonia suaspension of 4 g.
(0.01 mols} of diphenyllead difluoride. The solution beceme
red and almost lmmedletely turned black. Ether was added, and
the ammonla was allowed to evaporate while a stream of nitro-
gen wes passed through the reactlion flagk. The resulting
mixture was flltered under nitrogen. Upon evaporation of the
ether, the filtrate left a2 trace of triphenyllead. The ether
insoluble portion was extracted with chloroform and filtered.
The filtrate gave 0.61 g. or 14% of triphenylleand upon evaporas
tion of the chloroform. The chloroform insoluble material
wag waghed with water and then dlssolved in ammonlum acebtate
golution. Addlition of potassium dlchromate solution ylelded
1.8 g. of lead chromste or a 56% yield of inorganiec lead
compounds. There was no indlestion of metsllio lead.

Diphenyllead Dighlorids and Lithium, Diphenyllead di-

chloride was preparsed by passing dry hydrogen chloride gaa
into a benzene solution of tetraphenyllead (21). The addition
of 0.14 g. (0.02 g. atom) of 1lithium to a liquid ammonla sus-
pension of 4.33 g. (0.02 mole) of diphenyllead dichlorlde

(20) Setzer, Leeper and Gilman, J. Am. Chem. Soc., 61, 1809 (1939).
(21) Gilman and Robingon, ibid., 51, 8118 (1929).
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produced a black ocolor immediately. The reaction was worked

up in the same manner as the prreceding experiment, and the

regults were eagentlally the same. The ylelds of triphenyl-

lead and inorganic lead compounds were 16 and 50%, respectively.
Diphenyllead Dibromide and Lithium. Diphenyllead dibromide

was prepared by adding s water solution of scdium bromide to a
hot water solutlon of diphenyllead dinitrate which had been
prepared by adding tetraphenyllead to bolling concentrated
nitric acid (380). The addition of twe equivalente of lithium
{(0.14 g., 0.02 g. aton) to s liquid ammonis suaspension of 5.2
g. {(0.01 mole) of diphenyllead dibromide proceeded similarly
to the difluoride znd dichloride. The products were 2 g.
(45.5%) of triphenyllead and about 0.65 g. of lead chromate,
or a 20% yield of inorganic lead compounds.

Diphenyllead Di-iodide and Lithium. Diphenyllead di-

iodide wasg prepared by adding a water solution of sodium iodide
to a hot water solutlon of diphenyllead dinitrate (30). The
addition of 0.14 g. (0.03 g. atom) of lithium to a liquid
pmmonia suspension of 6.15 g. (0.0l mole) of diphenyllead di-
iodide gave the same results a8 the previous reactions. The
¥ields of triphenyllead end inorganiec lead compounds were 40
and 30%, respectively.

Diphenyllead Dibromide and Lithium in Ether-liquid Am-

monia. Two equivalents of lithium (0.14 g., 0.02 g. atom)
were added to one equivalent (5.3 g., 0.0l mole) of diphenyl-
lead dibromide suspended in a mixture of 100 ce. of ligquld



ammonia and 30 co. of dry ether. The solution wae cooled to -B80°
before the addition of 1lithium. The blue color, formed by the
addltion of lithium, was slow in disappearing but as 1t disap-
peared a red oolor was produced which almost‘immeéiately tuarned
black. The produsts 1solated were triphenyllead (23%) and in-
organic lead compounds (15%).

The reverse addition was tried in which one equivalent
of diphenyllead dibromide was added to a -80% cooled etherw
liquid ammonias solution of two equivalents of lithium. A red
solution resulted which stayed red until almost sll thé liguid
ammonia had evaporated, There was lsolated, using the customary
procedure, a 37% yileld of triphenyllead and = 45% yield of in-
organic lead compounds. A check run using 13 g. (0.035 mole)
of diphenylleed dibromide and 0.35 g. (0.05 g. atom) of lithium
gave 5 g, of triphenyllead (45.5%), 40% inorganic lead compounds
and 1 g. of an insoluble organolead compound which was probably
impure diphenyllead oxide (10.6%).

Anal, Calod. for (CgHg)pPbO: Pb, 55.0. Found: Pb, 53.2,
53.8.

Treatment of the impure diphenyllead oxide with dilute hydrogen
bromide gave lead bromlde and an organolead halide which gave
tetraphenyllead upon treatment with phenylmagnesium bromide.

The same reaction wae tried at the temperature of liguid
ammonia. The solution became red as the one equlvalent of di-
phenyllesd didbronide was sdded to the ether-liguid ammonis
golution of two equi#alents of 1lithium, but s black golor
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developed before gll the dlbromide wss added. The products
isolated wers triphenyllead (40%), inorganic lead compounds
and a trace of a compound which was probably diphenyllead oxlds.

Addition of 6.5 g. (0.01235 mole) of dlphenyllead dibromide
to 0,175 g. (0.025 g. ator) of lithium, dissolved in an ether-
liguid ammonia solution which had been cooled to -80°, turned
the blue sclution red and finglly black before the addition waa
completed. An excesgg of ethyl bromlde wag added and the smmonla
wag allowed to evaprorate while a stream of nitrogen passed
through the resction flask, The resction mixture was not
worked up in an atmosphere of nitrogen but was filtered in
alr. The ether filtrate gave 3 g. of a eompound which was
arparently triphenyllead with ethyl bromide of erystallizstion.

Anal., Caled. for (CgHg)aPb*CgHgBr: Pb, 37.9. Found:

Pb, 38.3, 38.5.

The ocompound was qulite soluble and contained bromine. Tri-
phenyllead powder will not add ethyl bremide. Likewlge, pow-
dered trivhenyllead will not pdd benzene, but triphenyllead
with benzene of orystsllization le formed when triphenyllead
is prepared in benzene solution.

The addition of 5.2 g. (0.0l mole) of diphenyllesd @i
bromide to 0.14 g. (0.02 g. atom) of lithium, dlssolved in an
ether-1iquid ammonia solution which had been cooled to -80°,
gave the usual black color. Addition of an excess of benzyl
chloride to the black colored solution ylelded a amall amount
of triphenylbenzylleed (mixed m.p., 92°) and an unidentified
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colored organolead compound which might posslbly have been
triphenyllead with benzyl ohloride of crystallization.

Hesctions in lLiquld Ammonia Between RaPbX,

Gompounds and Four Equivalents of Hetal

Diphenyllead Dibromide and Lithium. The addlitlon of four

equivalents (0.28 g., 0.04 g. atom) of 1ithium to a liquid
amnonia suspension of 5.3 g. (0.0l mole) of diphenyllead di-
bromlde gave a black colored solution with a slight touch of
red coleor. Dry ether was added and the liquid ammonla was
allowed to evaporate while a stream of nitrogen was passed
through the reaction flask. The ether solution was filtered
under nitrogen. The filtrate ylelded a small amount of tri-
phenyllead upon evaporation. The ether insoluble material was
extracted with shloroform and filtered. Evaporation of the
chloroform filtrate left 1.5 g. (34%) of triphenyllead. The
ghloroform insoluble portion was washed with water and then
dlssolved in warn smmonium ascetate solution. Addltlon of
potassium dichromate solution precipltated sbout 1 g. of lead
chromate or 8 31% yleld of inorganic lead compounds. There
was no evidence for the formation of metallie lead.

The addition of four equivalente (0.28 g., 0.04 g. atom)
of lithium to & liquld ammonla suspension of one equivalent
(6.2 g., 0.01 mole) of diphenyllead dibromide gave a black
golution with a trace of red color. The solutlion was stlirred

for thirty minutes and an excess of ethyl bromide was added.
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Dry ether was added and the mixture was stirred for an addi-
tional hour. After the liquld ammonla had evaporated, the
mixture was flltered and washed with ether. The filtrate was
evaporated leaving a seml-solld mags which was dlisgolved in
methanol. A trace of oll and 2 g. (43.5%) of triphenylethyl-
lead (mixed nm.v., 428°) were obtained upon cooling the methanol
solution. ’

The reverse addition of one equivalent (5.3 g., 0.01 mole)
of diphenyllead dibrouide to an ether-liquid ammonla solution
of four equivalents (0.28 g., 0.01 g. atom) of 1ithium produced
& reddish-blazek solution. To this golution was added an exoess
of ethyl broumlde. After the liquld ammonia had evaporated,
the mixture was flltered. The ether filtrate upon evaporation
left an 01l which was distilled at 8 mm, The first few drops
of oil were diphenyldiethyllead.

Ansl. Caled. for (Gelg)aPb(CyHglg: Fb, 49.4. Found:
Pb, 49.3.

The rempinder of the distillate orystallized and proved to be
triphenylethyllead (mixed m.p., 42°). Only & trace of inorganic
material was isolated from the rsaction.

The addition of 5.2 g. (0.01 mole) of diphenyllead di-
bromide to a liquid ammonia solution of 0.28 g. (0.04 g. atom)
of lithium produced a red colored solution which was gtirred
for five mlinutes, and then an excess of ethyl bromide was added

to 1t. The red ocolor was discharged and the sgolution was
gstirred for fifteen minutea. Dry ether was added and the solu-
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tion was stirred for an hour. As soon as the liquid smmonia
had evaporated, the mixture was filtered and washed with
ether. The ether filtrate left 3 g. of an oil upon evaporsa-
tion of the ether. Only a trace of triphenylethyllead eould
be detected in the oil, The main product was diphenyldiethyl~
lead (4,8%).' The boiling point wae 160-165°/3 mm., and the
index of refraction was 1.6200 at 20°. Moller and Preiffer
(33) gave a value of 1.5939 for the index of refraction of &i-
phenyldiethyllesd at 18° and a value of 1.6435 for the density
at 20°, Diphenyldiethyllead was prepared according to the
directions of M8ller and Pfeiffer and was found to give an
index of refraction value of 1.6138 at 18®, The boiiing point
wag 160-183°/3 mm. and the density was 1.8410 at 30°. It was
digsolved in ether and oleaved with hydrogen ehloride gas to

- glve dlethyllead dlechloride which gave tetraethyllesd when
treasted with exceas ethylmagnesium bromide.

The red solution, obtalned from the addltion of one equiv-
alent of diphenyllead dibromide to four equivalents of lithium
dissolved in liquid ammoniz, was stlirred for fifteen minutes
and then an excess of ethyl bromlde was added to it. The reac-
tion was worked up in the customary manner and 3.5 g. of an
01l was obtalned Cngoa = 1.6208). This would correspond to g
59.7% yield of diphenyldiethyllead. A trace of triprhenylethyl-

(33) Mbller and Pfeiffer, Ber., 49, 2443 (1916).
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lead was isolated by fractional erystallization from methanol.

The same reactlon, in which the red solution was stirred
for thirty minutes before the addition of ethyl bromide, gave
3 g. of oil {n%o° = 1.6230) or a 71.5% yield of diphenyldi-
ethyllead. Check experiments gove 2.5 g. and 2.6 g. of di-
 phenyldiethyllead (n§°° = 1.8210).

A yield of 2.5 g. or 59.7% of diphenyldlethyllead was
obtalned when the red golution was stirred for forty-five min-
utes before the addition of ethyl bromide. The yield'waa only
2.3 g. or 55% when the red solution was stirred for one houpr
before the addition of ethyl bromide.

Diphenyllead Dlbromide and Sodium. The addition of one

equivalent (5.2 g., 0.01 mole) of dirhenyllead dibromide to a
iiquia ammonis golution of four equivslente (0.92 g., C.04 g.
atom) of sodium produced a red-purple colored solution which
was stirred for thirty minutes, and then an excesgs of ethyl
bromide was added to 1t., Stirring was continued for fifteen
mimites and then dry ether was added. The sélution was
stirred for an addltional haur,'and 1t was filtersd as soon as
the 1limid ammonla had evaporated. The ether filtrate left
2.4 g. of an oll upon evaroration of the ether. Thisg would be
2 57.3% yleld of diphenyldiethyllead. The oil gave an index
of refractlon value of 1.6206 at 20°. Cleavage in ether solu~
tion by hydrogen chloride gas gave a white solld which gave
only tetrasthyllead upon treatment with excesge ethylmagnesium

bromlde.
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Diphenyllead Dibromlde and Potassium. The addition of 5.2

g. (0.0l mole) of diphenyllead dibromide to a liqulid ammonis
solution of 1.56 g. (0.04 g. atom) of potassium gave a purple
colored solution. The purple golution wag stirred for thirty
rinutes and then an excess of ethyl bromide was added. After
stlrring for fifteen minutes, dry ether was sdded and the stir-
ring was then gontinued for an additional hour. The reaction
wag worked up in the customary manner snd only 1 g. of an oil
was obtained (n3’ = 1.6110). This would be a 30% yield of
aiphenyldiethyllead (n20° = 1.6128).

Diphenyllead Dibromide and Celeium. A brown colored solu-

tion was obtained by the addition of 5.2 g. (0.01 mole) of
diphenyllead dibromlde to & liquid ammonis solution of 0.8 g.
(0.02 g. ator) of caleium. The solution was stirred for thirty
minutes and an excess of athyl‘bromide was sdded. Ether was
added and the reactlion was worked up in the usual manner., The
ell amounted to 2.2 g. and gave an index of refractlon value
of 1.62340 at 20°., A small amount of triphenylethyllead was
isoclated. Cleavage of the oll by hydrogen chloride in ether
solution ylelded a white solid whioch gave a mixture of phenyl-
triethyllead (n3’" = 1.5762) and diphenyldlethyllead (n20° =
1.6140) upon treatment with excess ethylmagnesium bromide.
There was ho evidence of tetraethyllead, so the oll apparently
eontained no appreciable amount of dirhenyldliethyllead, but
wag chlefly triphenylethyllead which would not cerystallize.

A lnown sample of trivhenylethyllead gave a mixture of phenyl-
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triethyllead and diphenyldlethyllead upon ecleavage with hydro-
gen chloride and subsgequent treatment with excess ethylmagnesium
bromide.

Diphenyllead Dibromide end Strontium. The addition of

5.3 g. (0.01 mole) of diphenyllead dibromide to a liquid ammonilg
golution of 1.75 g. (0.02 g. atom) of etrontium produced a
brown solution. It was stirred for thirty mimites, treated
with ethyl bromide, and then worked up in the same manner as
the preceding caloium experiment. The resulting 2.2 g. of
01l gave an index of refraction value of 1.6370 at 30°., Hydro-
gen ehloride cleavage and gubsequent treatment with excess
ethylmagnesium bronide gave a nixture of vhenyltriethyllead
and diphenyldlethyllead indieating the oil was chlefly tri-
rhenylethyllead.

Diphenyllead Dibromide and Barium. A black eolored solu-
tion was formed by the addition of 5.3 g. (0.0l mole) of di-

leed dibromide to a liquid ammonis solution of 2.74 g. (0.02

g. atom} of barium. Treatment of the black solution with ethyl
bromide in the customary manner gave 1 g. of oll which had an
index of refraction vaiue of 1.6380 at 20°. Cooling a meth-
anol solution of the oil precipltated 0.2 g. of triphenylethyl~
lead (mixed m.p., 42°), but the remainder would not crystallize.
Hydrogen chloride cleavage and subsequent treatment wlth excees
ethylmagnesiun bromide did not give enough liquid to separate
the producta. The first few drops of dlstillate were phenyl-
triethyllead (n§P° = 1.5770).
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Diphenyllead Di-lodide and Lithium., The addition of 12.3

g. (0.02 mole) of diphenyllead di~iodide slowly discharged the
blue color of a ~80° gooled ether~liquid ammonia solution of
0.55 g. (0.08 g. atom) of lithium and formed a red colored
gelution. After stirring the solution for thirty minutes, an
excess of ethyl bromlde was added. The ether solution wag
filtered after the liguid smmonis had evaporated. Zvaporation
of the ether filtrate left 4.2 g. of o0ll which gave an index
of refrsction value of 1.6310 at 20°.

Anal. Caled. for (CgHg)gPb(CgHglgt Pb, 49.4. Found:
Pb, 49.23.

The o1l dlstilled at 170~-175%/5 mm., and the distillate gave
an index of refraotion value of 1.6332 at 20° and a density of
1.6400 at 30°. The lead percentages were now 48,0 and 48.9.

A check r™an using 5.3 g. of diphenyllead dl-iodide gave
2.4 g. of oll whieh had an index of refraotion value of 1.6333
at 20°, Cooling a methanol golution of the oll induced 0.3 g.
of triphenylethyllesd to ecrystallize. The remainder of the oil
was probably diphenyldiethyllead.

The reverse addition of four equivalents (O.gs.g., 0.04 g.
atom) of lithlum to a liquld ammonla suspension of one equiv-
alent (6.2 g., 0.01 mole) of diphenyllesd di-iodide produced
a blaek cclored solution. Addition of an excees of benzyl
ehloride yielded 3.7 g. (25%) of triphenylbenzyllead (mixed
m.p., 93°}.
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Diphenyllead Difluoride and Lithium. Addltion of 4 g.

{0.01 mole) of diprhenyllersd difluoride to a liquid ammonia

golution of 0.238 g. (0.04 g. atom) of lithium and subssquent

treatnent with ethyl bromlde in the usual manner gave 2 g. of

an oil which had an index of refraction velue of 1.6195 at 20°,

This would be & 48% yleld of diphenyldiethyllead (nl° = 1.6138).
Diphenyllead Dichloride and Lithium, Treatment of the

red solution, formed from the addition of 4.32 g. (0.0l mole)
of diphenyllead dichloride to a liquid ammonia solution of 0.238
g. (0.04 g. atom) of lithium, with excess ethyl bromide in the
customary manner gave 2.3 g. of an 0il which had an index of
refraction value of 1.6198 at 20°, This would be a 55% yield
of aiphenyldiethyllead (nl®'= 1.6128).

Since the index of refrsetion values dld not check those
of known ganplesg of dlphenyldlethyllead very well, a large
gcale experiment wag run to ascertaln the exact nature of the
o1l whioch was obtained from reactions between diphenyllesd
* dihalides and four equivalents of metal.

Cne equivalent (13 g., 0.03 mole) of diphenyllead dichlor-
ide was added over a period of fifteen minutes to 300 ce. of a
liquid ammonia solution of four equivalents (0.84 g., 0.12 g.
atom) of lithium, The red solution was stirred for fifteen
minutes and an excegs of ethyl bromide was added. Dry ether
was then added and stirring was continued for an additional
hour. After the liguld ammonla had svaporated, the mixture

waa filtered. The flltrate was evaporated and the 6 g. of



o1l was combined with the oll from five gimilar rune making a
total of about 35 g. of 0ll. The oll was fractionated at 3 mm.
from a good column lnto seven fractions. The boiling point
ranged from 50-175%/3 mm., and the index of refraction values
at 20° lncressed from 1.5200 to 1.6420, The seven fractions
were dlvided into three fractions acecording to theif refraoctive
index values. The first group contalned sll fractions which
had an index of refraotion below 1.6000, and the second group
contained those fractions which had an index of refraction
value above 1.6200. The fractions possessing 1ntermediate
values comprised the third group and contalned the largest
amount of ligquid. PFractionatlion of thig group was effected
over a range of 108-178°/3-3 mm. with the najority of liquid
distilling at 160-170%/2-3 mm, Refractionstion of this portion
gave 15 g. (20% yield) of dirhenyldiethyllead, b.p., 158-161°/
2 mm.

Anal. Calod. for (CeHg)aPb(CgHg)at Pb, 49.4; nil =
1.6128; a®° = 1.6410. Founa: Pb, 49.3, 49.3; n2°° -
1.6150; a®°° = 1.e401.
The found value for the refractive lndex is probably nmore
vaaeurate than those previously reported since other samples
of diphenyldiethylleasd were not fraotionated ss well as this
particular sample.

Refractionation of the second group, the triphenylethyl-
lesd fraction, gave a small amount of diphenyldlethyllead and
6 g. of triphenylethyllead (mixed m.p., 42°). This would
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account for a 7.3% conversion of lead in diphenyllesd dichlor-
1de Yo lead in triphenylethyllesd.

Refractionation of the first group gave 1 g. (1.7%) of
tetrasthyllesd which bolled at 680°/4 mm. and had an index of
refraction of 1.5300 at 20° (n§0° = 1.5198) and 2 g. (3.0%)

- of phenyltriethyllead which boiled at 115~116“/3‘mm‘

Angl. Caled. for CeHgPb(CoHgla: Pb, 55.8; ngg‘,z 1.5763.
Found: Pb, 56.0, 56.2; na’ = 1.5730.

The ether ingoluble material from the combined runs was
waghed with water and dried. The dried powder was washed with
shloroform and then trested with warm snuonium acetats sclution.
Twe gramg of a brown-gray powder dld not dissolve. Heating
the powder gave lead oxlde and lesd. The powder was probably
s mixture of inscluble organolead compounds and metallle lead
which ocould not be geparated. Treatment of the smmonium acetate
solution with potaasium dichromate solution preeipitated 15 g.
of lead chromate which corresponded to a 26% yleld of inorganio
lead compounds.

Bunmarizing, one equivalent of diphenyllead dibromide and
four equivalents of lithlum upoan treatment with ethyl bromide
gave 35 g. of an oll (46.5%, basad on diphenyldiethyllead) and
a 26% yleld of inorganic lead eompounds. The oll was separated
1nts.1 g. of tetraethyllead, 3 g. of phenyltriethyllead, € g.
of triphenylethyllead and 15 g. of diphenyldlethyllead. This
would indicate that & 20% yleld of Gilithium diphenyllead had

been prepared.
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A crude yleld of 32 g. of oll was obtalned from the addi-
tion of ethyl bromide to the red solution which had been pre-
pared from one equivelent of dirhenyllead dichlorlde and six
equlvalents of lithium. The experiment was performed in ex-
actly the same manner as the previous one with four equivalents
of lithium. Fractionation of the oll gave 5.5 g. (9.5%) of
tetrasthyllead, 2 g. (3.0%) of phenyltriethyllead, 6.5 g. (7.7%)
of triphenylethyllead and 9 g. (13%) of diphenyldiethyllead.

Triphenyllead and Three Equivalents of Sodlum. One equive

alent (4.38 g., 0.01 mole) of triphenyllead (23) was added to
a liquld ammonis solutlon of three equivalents (0.69 g., 0.03
g. atom) of sodium. The blue solution was stirred for one
hour and then treated with excese ethyl bromide. Dry ethasr
was added and the reaction was worked up in the customary
manner %o give 3.2 g. of an oll which orystalllzed from a
methanol solution. Three grams (64.5%) of pure triphenyl=-
ethyllead was isolated (mixed m.p., 43°).

Dilithium Diphenyllead and Ammonium Bromide. Dilithium
diprhenyllead wae prepared by adding 10.4 g. (0.03 mole) of
diphenyllead dibroulde to a l1iquid smmonis solution of 0.56 g.
(0.08 g. atom) of l1ithium. The reddlsh-black solution was
stirred for thirty minutes and 3.84 g. (0.04 mole) of ammonium
bromide was added in small amounts. A deep red color developed

during the early setages of the additlion, but the solution

(23) Gilman and Ballle, J. Am. Chem. Soc., 61, 731 (1939).
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turned black befors all the amuonium bromide was added. The
reasction flagk was connected to a gas burette and 59 co. of
gas wae collected. The gas consisted of 0.5 oc. of unsstur-
ates and 58.5 cec. of hydrogen (13%). The presence of hydro-
gen could not be found in numerous check runs 8o it was
probably formed in thie reaction from free lithlium and
ammonium bromide. Ether was added to the black solution and
the liquld ammonis was allowed to evaporate whlle a stresm
of nitrogen was passed through the flagk. The mixture was
filtered under nitrogen. The residue was extractsd with
chloroform and the extracts were combined with the ether
filtrate. Removal of the solvent left 1.3 g. (15%) of tri-
phenyllead. There was no indication of the formation of me-
tallic lead, ut & considerable amount of inorgenic lead
compounds was formed. '
| The addition of 1.92 g. (0.03 mols) of ammonium bromide
t0 a8 reddish=blsok eolored liguid smmonia solution of di-
lithium divhenyllead (0.02 mole) produced a deep red colored
solution which atayed red for about fifteen minutes after
the anmonium bromide had been added and then turned black.
No hydrogen wag found. The only products were triphenyllead
and inorganic lead compounds.

The addition of 0.48 g. (0.005 mole) of ammonium bromide
tc a reddish-black liguid ammonla solution of dilithium di-
phenyllead (0.0l mole) produced a deep red colored solution
which was filtered through a sintered plate. The red golor
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changed to black before all the ammonia had evaporated. The
only products were triphenyllead and inorganiec lead compounds.
Rumerous check runs gave the same results. Reactlonsg cooled
at -B0° gave espsentlally the same results. ¥No hydrogen was
evolved at any time during the reaction.

Attenpted Igolation of Dilithium Diphenyllead. Filtra-

tion of the reddlsh~black solutions of dilithium diphenyllead,
prepared by the addition of one eguivaslent of diphenyllead di-
bromide to & liquid ammonla soclutlon of four equivalsnts of
11thium, gave a clear red solution which turned black after
moagt of the liquid smmonis had evaporated. Addition of

ether, benzene or tri~-n-~butyl amine did not stabllize the

red color. Treatment of the filtered red solution with ethyl
bromide gave an oil which conglisted largely of dlphenyldi-
ethyllead although s small amount of triphenylethyllead

was isolated. The black precipitate oonsisted mainly of in-
organic lead compounds and a small amount of triphenyllead.

Dilithium Diphenyllead and Diphenyllead Dibromide. Di-

lithium diphenyllead wags nprepared by the addition of 5.2 g.
{0.01 mole) of dirhenyllead dibromide to a l1iguid smmonia
solution of 0.28 g. (0.04 g. atom) of lithium. The reddish-
black golution was stirred for thirty nminutes and cooled %o
-80°, The addition of 5.2 g. (0.0l mole) of diphenyllead
dibromide produced a black color and gave 4 g. (45.5%) of
triphenyllead and a considerable amount of inorganie lead

gompounds.
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Reduection of Diphenyllesd Dihallides by Hydrogen. A

petroleum ether suspension of the diphenyllead dlhalides
(0.0025 mole) was shaken for one hour with 2 g. of palladium
catalyst in the presence of hydrogen at atwmoapheric pressure.
Only diphenyllead di~lodlde gave any evidence of reaction.
Triphenyllead wse reduced completely to benzene and inorganle
lead compounds. The catalyet was prepared by adding 1 g.

of palladium chloride to a water suspension of 50 g. of
freshly preclpitated calcium carbonste. Warming the sgolu-
tion precipitated palladium in g finely divided state. The
sugpension was filtered, washed free of ochlorides, drled and
powdered (24).

Treatment of a petroleum ether suspenalon of the diphenyl=
lead dihalides (0.0035 mole) with 2 g. of catalyst in the
presence of hydrogen at 30 lbs. pressure for one hour gave
benzene and probably lesd hglldes. Diphenyllead di-iodide
formed biphenyl instead of the expected beuzene, probably
due to the decomposition of this unsiable organolead halide.
The extent of the resctlion was measured by the amount of lead
chromate 1golated after adding potesssium dlohromate solution
t0 an ammonium acetate solutlion of the residue from the reac-
tion. Diphenyllead di-lodlde gave a quantitative yleld of
lead chronmate, dinhenyllead dibromide wag reduced approximate-
1y 50% and daiphenyllead dichloride and difluoride reacted
almost as well as the dibromide. The values d1d not check

(34) Busch and Stdve, Ber., 49, 1063 (1916).
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very conslistently for the bromides, chlorides and fluorides.
A larger scale experiment was run in order to identify ben-
zene. A petrolsum ether (b.p., 90-115°) suspension of 10.4
g. (0.02 mole) of dlphenyllesd dibromide was shaken for
twenty~-four hours with 10 g. of catalyst in the presence of
hydrogen at 30 lbe. pressure. The resction mixture was file
tered, and washed with petroleum ether. The flltrate wag ni-
trated and approximetely 1 g. of m~dinitrobenzene (mixed
m.p., 90°) wae obtalned. The residue from the resction was
treated with warn ammonlum scetate solution and flltered.
Addition of potassium dichromate solution to the filtrate
precipitated 3 g. of lead chromate (47%).

There wasg no eviderice for the formation of diphenyllead
which might be forﬁed from the decomposition of diphenyllead
dihydride. The solutions were never colored red.

Shaking the diphenyllead dihalides (0.0025 mole) for
twenty-~four hours with 3 g. of palladium catalyst in the
preagence of hydrcgen at 30 1lbs. pressure allowed complete
reduction. Raney nickel (35) also gave complete reduction
under these conditions. The use of Raney nickel asg the
catalyst produced inoconsistent resulte when the reaction
was run for one hour only.

Triphenyllead halides behaved simlilarly and were com-

pletely reduced after one hour of shaking at 30 1lbs. pressure.

(25) Covert and Adkins, J. Am, Cheun., Soec., 54, 4116 (1933).
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Diphenyllead Dichloride and Aluminum. A mixture of 8.6

g. (0.02 mole) of dirhenyllead dichloride, 50 ec¢. of two nore
mal sodium hydroxide and 23 g. of 200 mesh sctivated sluminum
was heated by means of s water bath for two hours. The di-
Phenyllead dlchloride was recovered unchanged. Activsted
lead and zino were also used without sucoess. The aluminunm
was actlvated by heatin; 1n alkall, the lead by heating
in dilute nitric acld and the zine by treating with hydro-
chloric acid.

Diethyllead dichloride and triphenyllead chloride did
not react, but triethyllead chloride gove a red-yellow oil
which was probably triethyllead since Hein and Klein (26)
have prevared triethyllead in this manner.

Diphenyllesd Dichloride and Hydrazine Hydrate. An ether

sugpension of 8.6 g. (0.02 mole) of divhenyllead dichloride,
3 g. {0.04 mole) of hydrazine hydrate and 2.5 g. of scdium
earbonate was refluxed for two hours but no appreciable
reaction occurred. Under the same oonditicns, 9.4 g. (0.02
mole) of trivhenyllead chloride gave 0.1 g. (9.7%) of tetra-
phenyllead (mixed m.p., 225°). There was no indiestion of
the formation of triphenyllead. The same reaction at 0° gave
only a trace of tetraphenyllead. Resction at room temperae
ture wiﬁhoﬁt sodium carbonate produced abcut 0.1 g. of tetra-
'phanyllead but no triphenyllead.
Lead Hercaptide and Phenyllithium. Lead mercaptide (27)

(28) Hein and Klein, Ber., 71, 2381 (1938).
(27) %ergs§rom, Ellis and Reid, J. Am. Chem. Soe., 51, 3649
1929).




wes prepared by adding an sleoholic golution of ethyl mer~
ceptide to a warm 50% alooholic solution of 1/4 molar lead
acetate. The solution was heated to boiling and the lead mer-
captide orystallized upon being cooled. The crystals were
filtered and reerystallized from chloroform. To an ether
solution of phenyllithium (0.05 mole), cooled in an ice-salt
bath, was added 8.3 g. (0.025 mole) of lesd mercaptide.
After thirty minutes of stirring, the reactlion mixture began
to darken, and it was black at the end of six hours. The
reaction was hydrolyzed and filtered under nitrogen. The
vyellow ether flltrate left 2 g, of a yellow oil and 0.1 g.
of a white s0lid upon removal of the ether. The white solid
wag extracted with a small amount of hot aloohol. The al-
eohol was evaporated snd 0.06 g. of sollid was left which
darkened at 1680° and melted at 2300-235°. It was apparently
a mixture of triphenyllead and tetraphenyllead. Pure tetra~
phenyllead (mixed m.p., 225°) was obtalned from the mixture
after severasl reorystallizatlions from alecohol.

The yellow liguid turned black upon dlstillation due to
diseolved quantities of trinhenyllead since traces of tetrae-
phenyllead and metallic lead were found in the residue. The
distillate amountsd to 1.1 g. of an almost colorless oll
which bolled at 148-152° and gave arn index of refraction
value of 1.5076 at 30°. Diethyl dleulflide boils at 153°
and has an index of refraction value of 1.5083 at 20°.

It probably is formed by the oxidation of ethyl mercsptan
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or lithium mercaptide.

The residue which was obtalned from the filtration of
the origlinal reaction mixture was chiefly unresoted lead
mercaptide, but small amounts of tetraphenyllead and 0.3 g.
(11.5%) of metallic lead were isolated.
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DIBCUSSION OF RESULTS

All attenmpts to prepare diphenyllead from lead chloride
and phenylmagnesium bromide, uging the exact directions of
Krause and Relssaus (18) were unsuccessful. A red colored
solution was not obtained when the reaction was run at the
speoified 2°, The best temperature for obtalning a red
colored solution was found to lie between -2 and 0°, The
solors exhibited, both in the solutions and in the sollds,
were Probably due to emall amounts of divalent organclead
radiocals, but the ylelds were go small that a satisfactory
sevaration from trivalent organolesd compounds could not be
effected.

The unusual stabllity of triecyclohexyllead (13) suggested
the possibllity that dieyclohexyllead might be stable enough
to permit 1golation. Cyclohexylmagnesium chloride and lead
shloride gave a mixture of tricyolohexyllead and dieyclohexyl-
lead which could not be separated.

At the present time there is no account where anyone has
checked the preparation of dirhenyllead. Another worker in
these laboratories obtalned a red solutlon and a small amount
of red solid which was no% analyzed. However, in a repeat
run, he was unsble to obtain a red colored solution. It is
quite likely that Krause and Relssaug did prepare diphenyllead.
However, they were unable to consigtently obtain good results

and stated that 1t was necessary to use Kahlbsum crystalline
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lead chloride. No experiments were tried using Kahlbsunm lead
chloride 1in these laboratories. The use of bengzene as the re-
actlon medium always gave compounds which appeared to have
benzene of orystellization., It is odd that Krause and Relgsaus
did not obtaln diphenyllead with benzene of erystallizsgtion
when benzene was used gs the reaction solvent, Triphenyllead
ls isolated wilth benzene of crystallization under such condi-
tiong (18), and it is to be expeoted that diphenyllead would
exhiblt this tendency to even a greater extent.

It 18 certain that the reactlon between lead chloride
and pvhenylmagneslum bromide ig of no value as e preparation
for large amounts of diphenyllead for reaction studles. It
might be that the use of a highly electronegative radliezl or
the use of g large molecule would allow isgolatlion of the di-
valent organolead radlcals from the reaction between lead
¢hloride and Grignard reagentas.

The sueccess of liquld ammonlis reacticng in the prepara-
tion of dlvalent organotin radicals and the faet that organo~-
lead halides are not smmonolyzed in liquld smmonia led to the
invesgtigation of the reductlon of diphenyllead dihslides in
1iquid ammonis as a means of preparing diphenyllead. The ex-
peoted reaction, (CyHg)oPbXy + 28M — (CgHg),Pb + 2MX, either
did not take place or more likely occurred, and the dirhenyl~

lead reacted further. It is possidble that diphenyllead 1s
degomposed in liguld ammonia. Decomposition of diphenyllead

to triphenyllead and metallle lead dld not ocecur unless the
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metallie lead reacted with some of the substances to give in~
organlc lead compounds, becauss no metallic lead was igolated
in the reactions,

Addition of two equivalents of alkall metals to one equive
slent of diphenyllead dlhalides in liquid smmonlia produced a
black colored solution which yielded triphenyllead and inorganie
lead compounds upon evaporation of the liquid ammonia. There
wag some indle¢ation for the formmation of very small amounts of
diphenyllead oxide in s few experiments, supposgedly due to
oxidation of dirhenyllead., Addlfion of ethyl bromide to the
black colored liquid ammonla solutions gave a sompound which
appeared to be triphenyllead with ethyl bromide of crystallliza-
tlon. |

The addition of four equivalents of lithium to diphenyl-
lead éihalides in liquid ammoniz ylelded blsok colored solutions
which gave triphenyllead and inorganic lead compounds upon
evaporation of the liquld asmonlia. Treatment of the Dlaek ¢ol-
ored liquid ammonia solutions with etbyl bromide and benzyl
chloride prodused triphenylethyllead and triphenylbenzyllead,
respectively. These reactions are characteristic of lithium
trivhenyllead (28).

The reverse addition of one eqiivalent of diphenyllead
dihalides to four equivalents of lithium dissolved 1n 1liquid
ammonia ylelded red solutions which gave chlefly inorganle

{28) Unpublished studies by Mr. R. W. Leeper of these labora-
tories.
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lead compounds and a small amount of triphenyllead upon evapor-
atlon of the liquid ammonias. Treatment of the red colored
1iquid ammonia solutions with ethyl bromide gave inorganic lead
compounds and an oll which was about sixty Der cent dirhenyl-
diethyllead., The oll also contained twenty~five per cent trie
phenylethyllead, eight per ceent phenyltriethyllead and four
per cent tetraethyllsad. It 1ls assumed thet the chief reaction
was the formation of dilithium diphenyllead whieh rescted with
ethyl browmide to glve diphenyldiethyllead. The results of

these reactlions are summarized in Table I. The dirhenyllead

TABLE I
Reactions of Diphenyllead Dihalides, Lithium and Ethyl Bromlde

Q
Diphenyllead dihallde Yield of oil n%o
Divhenyllead dl-lodide 2.4 g. 1.62332
Diphenyllead dibromide 2.5 g. 1.6210
Diphenyllesd dichloride 2.3 g. 1.6198
Diphenyllesd difluoride 2.0 g. 1.6185

dihalides (0.0l mole) were added to four equivanlents of lithium
(0,04 mole) dlseolved in 1liquild ammonia, and the resulting red
golutions were stirred for thirty minutes and then an excess

of ethyl bromlide was added t0o it. The resulting olls wers
chiefly diphenyldiethyllead which has an index of refrzotion
of 1.6128 at 18%, It is epparent that diphenyllead dibromlde
and diphenyllead dlchloride are the best halldes to use ln the
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preparation of dilithium dirhenyllead based on both yield and
purity of product. Lithium and sgsodlum are the best metals to
uge in the preparation of RyPbM; compounds. This is sghown in

Table II which gives the results of the addition of diphenyl=~

TABLE II
Reactions of Diphenyllead Dibromide, Metslg and Ethyl Bromide

Hetal " Color of Solution  Yield of 01l ng0®

Lithium red 3.5 g. 1.6310
Sodium red-purple 3.4 g. 1.6206
Potassium purple 1.0 g. - 1.6110
Caleium brown 2.3 Es 1.6240
Strontium brown B3 g 1.8270
Barium bleok 1.0 g. 1.6380

lead dibromide (0.0l mole) to liquid smmonlis solutions of var-
lous metals. The resm:lting solutions were stlirred for thirty
minutes and then an excess of ethyl broumide wee added. The
0il from lithium, sodium and potasgsium wag chlefly dirhenyl-
dlethyllead. The o0il from calolum, barium and strontium was
mainly triphenylethyllesd.

The mechanism of the reaction between diphenyllead di-
halldes and four equivalents of 1lthium 1s not understood.
The addition of lithium to the dlhalides must have formed
1ithium triphenyllead since treatment with ethyl bromide gave
triphenylethyllead. Diphenyllead may be formed and then de-
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compoges to triphenyllead since the addition of lithium devel-
ops a red color whlch almost immediately turns blsok. There
is always an exoess of dihalide and apparently the initially
formed dirhenyllead decomposed before enough lithium could be
added to glve the dilithium addition compound. The lithium
at the end of the reaction added to triphenyllead to give
lithium triphenyllead. The manner of decomposition of di-
phenyllead 1g not known. It 1s apparently changed to triphenyl-
lead and complex inorganic lead compounds in liquid‘ammonia. |
The reverge addition of one equivalent of the diphenyllead
dihalldes to four equivalents of l1ithium proceeds in a different
manner, There la always a large excess of lithium and the ini-
tlally formed diphenyllead adde lithium to give dilithium di-
pvhenyllead. This 1g the chilef reaction since treatment of the
red solution with ethyl bromide gives an oll which is sixty
per cent diphenyldiethylleasd (30% yileld). 8ide reactions
ocour since the oil also containg triphenylethyllead (7.3%
yield), phenyltriethyllead (3.0%) and tetraethyllead (1.7%).
Random interchange (29) dces not seem likely since no catalyst
was present to effect such an equilibrium reaction, and the
Yields of product were not present in the amounte required by
an interchange reaction. Furthermore, no tetraphenyllead could
be 1solated.
A popeible explanation is the partlal dieproportisnatiaﬁ

(29) CGslingaert and Beatty, J. Am. Chem. Soc., 61, 3748 (1939).




of dilithium diphenyllead to give lithium triphenyllead and
trilithium phenyllead. Treatment of these compounds with ethyl
bromlde should give the same per cent ylelds of triphenylethyl~
lead end phenyltriethyllead. Actually, the yield of triphenyl-
ethyllead 1s more than twice the yield of phenyltristhyllesd.
The high yleld of triphenylethyllend could be due to decomposi-
tion of the initially formed diphenyllead (p.127), and the low
¥ield of phenyltriethyllead eould be due to disproportionation
of trilithium phenyllead into dilithium diphenyllead and tetra-
1ithlum lead which would accourt for the formation of tetra-
ethyllead upon treatment with etlyl bromide. Cleavage of trie
1;thium'phenyllead by lithium to give tetralithlium lead and
phényllithium would alesoc acocount for the formation of tetra-
ethyllead. Fhenyllithium would react with the liquid ammonism
to give benzene and lithium amide.

Cleavage reasctions could account for other produects of
the reaction. For example, the main reaction could be the
formation of lithium triphenyllead (p.137) followed by succes=
slve cleavages to glve the various lithium-~lead compounds
which would resot with ethyl bromide to yileld the phenylethyl-
lead compounds. It is very unlikely that lithium triphenyl-
lead is cleaved by lithium to yleld dilithium diphenyllead,
because sodium triphenyllead 1s not cleaved by sodium in
liquid apmonia.

If dilithium divhenyllead is cleaved by llthium then the
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use of six equivalents of lithium instead of four equivalente
of lithium ghould lower the yield of dilithium diphenyllead
and lnerease the ylelds of trilithium phenyllead and tetra~
lithium lead. Treatment of the lithium-phenyl compounds, pre-
pared from the addition of one equivalent of diphenylleadydi»
chloride to six equivalenta of lithium in ligquid ammonia, with
excess ethyl bromide gives triphenylethyllead (7.7%), diphenyl-
dlethyllead (12%), phenyltriethyllead (3.0%) and tetraethyllead
(9.5%). The yield of diphenyldiethyllead was reduced eight
per cent and the combined ylelds of phenyltriethyllead and
tetraethyllead were increased geven and eight~tenths per cent
which would indicate that cleavage of dilithium diphenyllead
may have occurred.

Diphenyltin dihydride 1s unatable and decomposges into
diphenyltin and hydrogen (14). The corresponding reaction
wag tried with lead compounds but no hydrogen was svolved at
any time during the preparation of dilithium diphenyllead,
during the addition of gmmonium bromlide or during the evaporaw
tlon of liquid ammonia. Hydrogen wag evolved in one reaction,
but this wes apparently due to a bad preparation of dilithlum
diphenyllead in which some excess lithlum reascted with the
ammonium bromide to liberate hydrogen. The addition of gmall
amounts of amumonium bromide to dilithium diphenyllead produced
a blocd~red colored solution, but only trirhenyllead and ine
organic lead compounds could be lsolated. Thls reaction lsg

very similer %o the addltion of ammonium bromide to sodium
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triphenyllead (23). It is still a matter of speculation whether
the highly unstable organolead hydrides can be formed, even asg
intermediates.

The additlon of Rp8nX; compounds to R;S8nNa, compounds
yielded RgSn compounds (14), but the addition of diphenyllead
dlbronide to dllithlium diphenyllead gave only triprhenyllead
and inorganie lesd eompounds.

Attenpts to prepare diphenyllead dihydride, or its decon-
rosition product diphenyllead, by the reduction of diphenyllead
dihslldes with hydrogen and catalyst were unsguceessful, Benzene
and inorganic lead compounds were the usual products of the
reaction, perhaps due to cleavage of the organclead compounds
by the hydrogen halide formed in the reaction. The catalyst
was suspended on oalcium carbonate, and it was hoped that the
hydrogen halide would react first with the calcium sarbonate.

Hein and Klein (26) have prepared triethyllead by the
reductlion of triethyllead dhlorlae with sluminum, lead or zine.
Attempts to prepare divalent organolead compounds by the reduc~
tilon of organclead dlhalldes with aluminum, lead or zine d4id
not work because the dihalides would not react.

Treatment of diphenyllead dlchlorlde with hydrazine hydrate
in boiling alcohol gives tetraphenyllead (30). The possibility
of the intermedlate formstion of diphenyllead led to an lnves-
tigation of the reaotién.at lower temperatures. Ko appreclable

reaotion occurred between dipvhenyllead dichloride and hydrazine

(30) Gilman and Barnett, Ree. trav, chim., 55, 563 (1936).
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hydrate in refluxing ether solution. There was no evidence for
the intermediate formation of trirhenyllead in reactions between
triphenyllead chloride and hydrazine hydrate in ether solution
at 0° or at the refluxing temperature of ether. Only small
yields o% tetraphenyllead were lsolated.

The ethoxide groups of ethyl borate ocan be repisoced by
R groups of organometallle compounds to produce organoboron
compounds (31). The cloge simllarity of mlfur to oxygen sug-
gested the poseibility of replacing the mercaptide radleals
in lead mercaptlide by R groups to form RePb compounds. Lead
mereaptide was chosen instead of lead ethoxlde because 1t is
sta&le and easlly prepared. Lead nmercapiide wasz added %0 an
ethar soiuticn/of phenyllithium, cooled in an ice~galt bath,
The expected reactlion, Pb(SCyHglg + 23CgHali ——— (CgHg)Pb
+ 2L18C,Hg, took place but dld not stop at the dlphenyllead
stage. Diphenyllead was decomposed to triphenyllead, tetra-
phenyllead and metallic lead. |

(31) Frankland and Duppa, Ann., 115, 319 (186€0).
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SUMMARY

The literature of divalent organcmetallie radicals of
germanium, tin and lead has been reviewed.

Attenpte to prepare dilvalent organolead radicals by re-
actions of Grignard reagents with lead chloride were unsucoeas-
ful.

Reactlong of the diphenyllead dihalides with metals in
liquid ammonia solutlion were investigated. The addition of
one equivalent of diphenyllead dibromlde to a liquld ammonia
golution of four equivalents of lithlum ylelded dilithium
diphenyllead which gave diphenyldlethyllead upon treatment
with ethyl bromide.

Miscellaneous attenpted preparatione of dirhenyllead
included reduction of diphenyllead dihalides by catalytice
hydrogenation, hydrazine hydrate and alumlnum metal.

Regetion of lead merocaptlide wlth phenyllithlum probably
involved the intermediate formation of diphenyllead, but only
trivhenyllead, tetraphenyllead and metalllc lead were isolated.
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