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Organometallie compounds sre the most versatile types of
orgénie compounds known &t the present tims, Thelr relative
ra&ativitias range from the superlatively metive organoalkall
compounds down through en almost lmperceptible grudation of dew
creasing activity until we reech the types that ére very inert
and may be repressented by the organoplatinum compounds. The
utility of an arga&ic sompound for éyntha%ie purposes depends
upon its abllity te react with certain functional groups of
other molecules, aﬁa it may‘b@ sald that the most ective ore
genometallle cempounds react to some extent with all funetional
groups that may be found in organic compounds. .
| Organometallic compounds react at different rates with
various groups, and by a Judicious ohoiee of the argaﬁamﬁt&ll&a
to be used for any synthetice purpose it may be possible to ob-
tain selective reactions in which only certain groups of a poly-
funotional molsculs react to any marked extent., These selective
types of reactions have not been aﬁgliaé to arg&ﬁaﬁlkali SO~
pounds in genersl, but are found ﬁaxtiuﬁlarly in the chemistry
of argaad&agaaaium wamyaanﬁa {1) whigh have besn studied much
0 o, oo pat sy o (oo ) e,

o} Yordycs end JoLnaon, J. Am. G}a&. Sae.,_ﬁs,

3398 (1983); (&) Entemann end Johnson, iBld.,
(1@53); (e} Hihbart, J. Chem. Sog., 10}, 59
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more intensively, Of the greatest importance to the organie
ochemist, i the ability to predlet, with reasonable acouraey,
the course of resctlons of this type, and this depends largely

upen an acourste kmowledge of the relative reactivities of

have made several generalizations which make 1t possible to
prediot with ressonable acourascy, the relative reactivity of
an orgenometallic compound, This study alaa ¢1aawiy demone
strates the fact that an aecurate kuowledge of the relative
rsactivities of the orgenometallic compounds enebles one to
choose & type that hase properties whioh will greatly inerease
vields of the reection product. |

An aaazméaa amount of siperimental dste would be necsssary
to giaaa all of the organcalkali aﬂm@aﬁaaa in an ectivity
series, since the reactivity of an orgencmetallic sompound
' depends not only upom the metal, but upon the orgamic radical

in the molecule., An organclithium compound

may be prepared
iuzm compound by the

that iz more reactive than an organcsed
aﬁaige of appropriete and different organie radicals in each
compound, but, in general, it may be said that the organie
radicals that yleld 1&3& resotive oompounds with one metal,

yleld eorrespondingly active compounds with another and

(2) Gilmen snd Nelson, Reg. ir



Xice Yersta.

By the use of an appropriete organie radlesl combined
with at least any two adjacent alkall metala 1t is posslble
to study the rates of the reection of these organometallie

ﬁﬁﬂ@ﬁﬁﬁ@ﬁrwitﬁ"v&riﬁﬁﬁ funetionsl groups and by this method

thelir relstive roactlivities may be determined, To mek$ the
series more valuable and rellable, however, 1t is necessary

to gtuldy the relative reagtivities of a variety of orzanie
radicels in oombination with the metal, &s well &5 & miscsllany

of reactions of one organometallic compound.



Untll this time no systematle study of the reletive
reactivities of the organealkall compounds has been made,
end because of thelr extreme reectivity there has been a
tendency of workers in that field to plece them apart as a |
. group of very resctive compounds in whiech very little distlinoe
tion has been made betwsen thelr relative reactivitlies.

Gliman end Eirby (3) and Kirby (4) have shown thet
organolithivwe compounds are more resctive than the correspond-
ing orgsnomegnesium end boryllium compounds but mo other gquenw
titative studles have been mads im&@lviug the relative reac
tivity of an orgsnoalkeii compound. Some evidence may be
gethersd from the litersbture to Indiecete, in & genersl wBY,
the relative reactivitles of these organcelkalil eompounds,
but much more experimental work ls necessary to gein a
true picture of their relative reaction veloelties.

A series of gensralizations, compiled from the availsble
knowledge of the relatlive reactivities of organometallic
compounds has been published by Gilmen and Nelson (2)3; and |
the statement hes been made that the organometallie sompounds,
derived from the metals in the A famllles of the first three
groups of the pariaﬁia‘tabla, will increase in their

(3) Gilmen and Kirby, I. Am. Chema. So0., 88, 1265 (1933).
4) ?ggg&r*a thesis of ¥r. R. H. Kirby, Ilowa State College,
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reactivity with the inoreasling atomlce welight of the metal.
There is evidence in the literature that will support this
predlotion when 1t is applied to orgenocalkali compounds,
Conant and Wheland (5}, during their course of study of

very weak aecids {using hydroecarbons as the aecids), state that
d=-naphthyldiphenylmethyleocdiun reactseryastiocnlly with
triphenylmethane in periods of & few minutes to seversl months,
while the potessium analog reacts amna%hiy*&nﬁ,inatant&nuaumlyQ
e dlethyl ether {6,7), and
benzylacdiun deeomposes this ether in a very short peried of

Benzyle-lithiun does not decompos

time (8)., ZEthyl-litbium mey be prepared in a benzene solution
{8) in whieh it is steble for a long periocd of time (9), while
ethylsodium metalates benzene to yleld phenyiscdium (10) and
& small amount of o- and gy@haaylaaﬁéisﬁéiaﬁ {11}. In the
ﬁeta&aﬁi&a roaotions of divenzofuran, Gllmen end Young (13}
observed that methyl-lithinm metalates dibenzofuran slowly,

while orgenosodium and -potessium compounds react much more
rapldly. Dimetalation ﬂf dibenzofuran has never been
acoonmplished with organolithium compounds, but proceeds |
smoothly with some orgeanocsodium and ~potassium compounds (13).

‘;, 54, 1212 {mas}.

{
{
{
{
g
(
{
{
{1

5} Cuanent and whﬁlanﬁ, 3*,%§! h&m. 5

6 %%gg%?r, Crbssmann, ﬁi@ ner, and Sohafer, snn., 473, 1

v) Zlegler and Dersoh, Ber., 64, 448 {1931).

a} Sehlenk snd Holts, % 55" 269 {(1917).

3 ;3? :é%if agaems gin {1908)

& £5] k: 3 x *

11} Vork h¥'§§& B, *ﬁ. r%y in tﬁi& 1ahexatary* Sew Morton
end Hechenbleikner, J, *4ﬁgy Chem. fSivg., 58, 10284 (1936).

m} 6ilman and Young % @ Chem, S06., 56, 1415 {1934)

3) ibvid.. 57, 1121 (1
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During @ study of the resctlon of orgsnopotessium and
~lithium compounds with phenylated ethylenie hydroeerbons,
Ziegler spd co-~workers {6) nade several obssrvations concern-
ing the relative resactivity af organoalksall compounds.
Qrganopotasalivm compounds were found to add more repidly to
the ethylens bonds than the orgenolithiuwm compounds, Certein
that decompose diethyl
ether have lithium analogs that are steble in the ether, end
some simple organolithium

typea of organopotassium compounds

compounds were found to decompose

ether very alowly.

In view of the faot that the more reactive organomstallie
¢ompounds sre derived from the more active metals, & review
of the astudies of the sotion of the alkall metsls with
hydrocarbons yields some evidence of thelr relative remctivities
(14). Heapriot and Saint Plerre (185) ﬁr@y&r&é triphenylmathyl-
guﬁ&s&l&a.h? the éiréet sotion of potassium on triphenylmethene
at 200°, TFluorenylsodium and -potassium {18}, fluorenyldi-
potessium (17}, and indenylsodium (16, 18) have been preparsd
by fusion of the hydroearbon with sodium or potossium. The
lithlum analogs of these compounds that are known have only
{14} Por a susmary of %ha'ahﬁmiazry of organcalkall compoun

see {a) Wooster, ghes. 2 1 {1932); (D) J. sanmiei

"Organometallverhl: . IX, %&ﬁ@éﬂ&ﬁh&ftli&h@ ‘

Verlugsgesellsehalt m‘hg ﬁ@, 3&&%&@&?@, 1@3&,,9p 10~119.,
(15) Henriot and Saint Plerre, w*;h* 509 Sy Fe 774

B89) .
. A saint ?iarws* Bull l. B00. ﬁh&ﬁwg 37,, 292 (lﬁﬁl
{18) welssgerber, BE¥., 4%, 569 (1909).

3
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differentiasting sertain ethanes by thelr clsavage reactions
with the alloy or with various concentrations of sodium in an
amalgen, Thoese tests have been applied Turther to alliphatie
ané aromatie ethanes by Marvel and co-workers (26), and while
they were pfim&?ily designed to study the stebility of certain
carbon-carbon bonds, they Indlcate the greater rsactivity of

gsodium~-potassium alloy over sodium

amil g 8ms «

In 1914, Schlenk and co-workers obgerved & new type of
resction involving the addition of the slkall metals to
various types of phenylated hydrocarbons (27, 28}, The
reaction progeeds by &ddition of the metal to the ethylenie
bond, to form elther & normal 1,3-addition produet (I}, or it
may be accompenied with dimerization (I1). Exsmples of both
types of addition may be 1llustrated by the following reaction
of tetraphenylethylene and l1,l-~diphenylethylenss

( G ‘ﬁ‘ } 'C“G {Ggﬁg ) 2 * 2Fa e (ﬁ #ﬁl } tg'“"g ‘ Giﬁ-i ) 2 {I }
| He Na
{CeHyloC=CH, + 2Na ——> (C Hy) ﬁgwwﬁﬁigc}lfi,%{{ﬁ sl s (11)
23 jil:)

Similer reasetions heve been observed with potassium, sodium,
and lithium. OQccasicnslly lithium rescts more rapidly than
sodium, but in the large number of hydrosarbons investigeted
by Sehlenk and co-workers (28), lithium generally scted more
{26) ?ard; Thompson, and Marvel, ihi&*, 57, 261% (1eaB).

{z?; Gohlenk, Appenrodt, Michael, &nd THAL, Bera, 47, 475 (1914)
(28} Schlenk end B&rgm&nn, AlNe, %ﬁﬁ, 1 (1§385a
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slowly than sodium., Preparations of the orgenopotassium
compounds of this type were usually mede in petroleum ether
(gasoline) while the sodium and lithium compounds wers genere
ally prepared in diethyl sther, The use of peitroleun sther
for the organcpotassium compounds ls indleative of inoreased
activity, and emphasizes the precautlion that is necessary
in chooslng solvents for the more reactive types of organow
metalliec compounds, No difference in the kind of chemical
reactions of the alkall metals addition compounds has been
reported. |

That hydrocerbons reoast as very wesk aclds may be ine
forred from thelr rssotions with basic meterisls,., Certaln
hydrocarbons react smoothly with slkall metals to libverate
hydrogen and Torm true organomstallle compounds according
to the following equation

CBRE o+ 2M ——— ZRM + H,

This reection is limlted, however, to hydrecarbons that con- |
tain, relatively speaking, & very acidic or sctivs hydrogen.
Furthey evidencs for the scidlc nature of the hydrogen in
hydrocarbons is found in the fact that &@rﬁéiﬂ of these
hydrocerbons react with poteassium hydroxlde to form the organo= -
potassium Qgﬁycuna* Por example, fluorene rescts as

follows (29):

(2¢) VWelssgerber, Ber., 34, 1659 {1g0l).
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1 30H, + KOH ———— 1 30+ Ha0
ﬁ;i& GGEQ X

and in & ligquid ammonia solution of triphenylmethane, potassium
hydroxide imparts the distinct sharscteristie color of tri-
phenylmethylpotassium. Anslogous reactions in liguid ammonia,
with the alkseli metals and their corresponding bsses, the
amides, yield s large variety of organoalkall gompounds by
the following type of reaction (22):

RH + LNHy —% RM + Ni,

Considering the marked elasectropositive cheracter of the
alkali matalé and the weakly seidle nature of the hydrocarbons,
1t might be predicted that the union of these two would produce
substences that are polar in naeture, resembling the inorganioc
salts of wesk molds and strong bases, or the hydrides of
these metsls,

Confirmation of this vlew may be found in elzetrical
conductivity measurements, es well &s in ecerteln reactions
of the organoalkall ecompounds, Conduebivity meesurenants
ere &iffiauit for very few suitabls solvents are avasilable,
and only certaln of the corganclithium compounds may be liguifised

without deeomposition. Hein and oco-workers (30) have

(30) (a) Hein, 2. Llektrochem., 28, 269 (1922)3 (b) Hein,
Petuzehner, vagler, a.d cegi¥Z, 2. anorg. allgem. Chen.,
141, 161 {1924); (c) Hein and seg;r‘“‘fm, ,m““%a*, 8, 153 (1926).
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determined the conducteance of several of the simple organo-
1ithium, -sodium, and ~potessium compounds disselved in dimethyle,
disthyl=, and di-p-propylzinc; trimethyl~ and triethylaluminum;
and in dlethyloadmium,. These solvents, in thomselves, are pone
conductors of electricity., The triethylsluminmum solvates

of ethyl-lithium, «sodium, and ~potassium are bettsr conduetors
of electricity than those of dlethylzine, but the reverse

is true for solutions of pepropylsodium and -potessium in
di-pepropylzine. Dilute sclutions of alkylsodium compounds

in dimethylzine, and concentreted solutions of ethyl-lithium
and ~sodium in dlethylcoadmium are nonconduetors, The general
order of inereasing molar sonductances are parallel with the
increasing atomie welght of the sikell metal, The orgencelkell
sompounds Torm steble solvetes with these substances, and the
melting polnts inerease with the inereasing molecular welght

of the metel, or inecreasing polerity of the compound, Teble I
will serve to 1llustrate the ineressing molsr conductivities
and melting polints of some ﬁ&@th?lsina solvates of the organo-
alkell compounds (in the presence of diethylzine).
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TABLE I
MOL;R CONDUCTIVITIES AND MELTING POINTS OF SOMD
ALKYLALKALI SOLVATES OF DISTHYLZINC

Bthyle Zthyle Ethyle
dithium sodium potesaium
Conegentration ﬁeg? Ha &«é«ﬁ Ha. 5&%3 Ke
Yolar conductance 0,19 4,01 6447
{at 50%)
Helting point - 26-27° &B-T10

of solvate,

Thess observations confirm the expeectetion that the salte
like charscter 1s more pronocuneed in the organiec compounds of
the more elactropositive metals, 4 comparison of the fons
ductance values of these alkylalkali eompounds with inorgenie
salts of the alkaell metsls, serves to enphasize the similarity
of these compounds, In Table II (31) are listed the molar
conductivities of the alkall metal hydroxides, which may be

considered salts of the weak acid, water,

TABLE 1T
HOLAR COUNDUCTARCE VALURS OF A 0.1 NORMAL SOLUTION
OF THE ALKALI METAL HYDROZIDES AT l8¢ C,

LioH 74.5
KalH 1§§05

KOE 213.
RbOH 813.3
CelH -

(31) International Critieal Tablas, Vol ¥I, KoGraw-Hill Book
Cou,y Yew ?‘Qx’k, i8E¢, pp. 248-203.
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Tt is interosting to note that in Tables I and II, the
difference in the condustance values of lithium and sodium is
much grester than in any other members of the series.

In the conductance experiments wlith soclutions of
ethylsodiwn in dlethylzine, the gases liberated at the ancde
conslisted of about egual proportions of ethane and ethylene
from dlsproportionation of the sthyl radiesl, and small amounts
of butape, propane, and methans, The temperature cosfficient
of the aaa&uctanga was Tound to bs positive and the deposition
of zine (from the sction of the slementary sodlum on the
diethylzine) was found to be in quantitetive agreement with
Fareday's law, Several of the ecompounds show considerable
variation in their polar character, and the fusible lithium
alkyls resenmbls tga orgenometalllie eompounds of the polyvalent
metals in that they do not condust asn eleetric current., This
is in agreement with the lower reactivity of the organolithium
compounds.,

Soms of the eolored orgsnoalkall compounds have been |
found to conduet an electric current in ether solution {38, 3§,
34, B)e. Sohlenk and Harecus (32) proposed & gomplex lon
formetion for the conductance of triphenylmethylsodium, bee
cause the equivalent conductance of these soclutions deoreased
(53; Sehlenk and Marcus, Bsr., 47, 1664 {1914).

}5&: Sehlenk and Boltz, ibid., 49, 605 (1918).

34) Sehnlenk and Bergmenn, inn,, 463, 98 (1928).
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with dilution, but Xreus and Hosen (35) have found thet this
behavior i churscteristic of salte dissolved in solvents of
low ai@lachrig constant, and 15 not néaess&rily due to complex
fon formation. When the conductance values were determined

in solvents of higher dlelectriec constsnts, 1t was found thet
they bﬁk&?@}iﬂ the menner charsctaristic of highly polar come
pounds (33}, Ziegler and Wollscuitt (38} found that triphenyl-
methylsodium and ~potassium, snd trinltrotriphenylmethylsodium
beheve in a normal menner in pyridine (D = 12.85). 3Zquivelent
conductance measurements of these compounds showed triphenyle
methylpotessium to be more polar in nature than the sodium
analog, which is paralleled with the grsater reactivity of

the potasslium compounds,

A charscteristic reaction of salts is & metathetiocsl
reasction with aclds., Simllarily, orgenometallic sompounds
should yleld simlilar reasctions wlith hydrocarbons, 1f they aet
as salts and ecids, respectively. This has been found to 5@
the cuse, and the rsaction of Schorigin {(10) hes been applisd
by Conant and Whelend (5) to a study of hydroearbons with
orgenometallics, as very weak acids and salts, The resulis
demonstrated that the Tollowling resction tekes place when the
salt of & weaker acld (RY) reacts with & stronger scid {R'H).

248 « B —— R'HE + RH

{38) Kraus and ﬂaa@n, J+ sm. Chem, Soc., 47, 2739 (1925).
{38) Ziegler end ¥ Qlla@hitt Ann., 479, 1758 {1930).
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By using this resctlion, seversl phenylated hydrocarbons
were placed 1n & serles gf decremaling relastlive secidity. During
the courss of thls study the- observed = that (enaphthyldiphenyle
mﬁthyl@@%&ssiﬁm,raaotaé instentansously with triphenylmethane,
while the sodlum analog reactod erratically, requiring from a
fow minutes to several months.

Bingce the resctivity of the organometallic compound dee
pends UPOR both the organic radioal and the metal, & series
of ar@&ﬁém@t&llia compounds using the same organic radlcal
will have relative reactivities depending upon the charaster
of the metal bond., A4As this linkege beosomes more polsr, ithe
compounds becoms more salt-like in eharseter, and also become
more reactive, The reletive reactivity of s compound may then
be predieted by & study of the naturs of the carbon-metal bond,
end this in turn, may bs correlated with the eleotropositive
nature of the metal, The elesetromotive series of the metals
will then serve to classify the orgesnometslliic ocompounds in
& general way, The most clectropositive element will glve
the most poler and most reactlive organometallie compounde.
Iithiwe and ealelum are exceptions to this, however, and the
éﬁaﬁuxaﬁ reactivities do not parsllel this table, but it may
serve as & valuable guide in pr@aiéting the approximste
ralétiva resctivity of an organometallic compound.

The electromotive serles of the alkall metals with thelr
oxldation potentiels are found in Table ITI (37). It should

{37) Internationel Critieal Tebles, Vol, VI, MoGraw-Eill Book
Co,, Hew York, 1929, p. 332.
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be noted that this seriss ﬂﬂiﬁﬁ&? perallels the reletive
conductance valuas of the elkell metal hydroxides (Table II),
nor does 1t follow the reletive resctivity of the organoalkell
compoundas but it plsces the organocalkali compounds as the most
resctive group of organometallic compounds. Calelum is included
in this series bececuse of its relatively high oxidation
@0%&&%1&1, and r&&etivity, resenbling that of the er&ane&lxali‘

nm@ﬂumﬁa (38).

TABLE ITI
HLECTUOMOTIVE SERIES OF THD HOST
SIECTROPOEITIVE HETLLS

i 2,959
Ca -
Bb 2.985
K 2.824
ca 2,76
Ha 2714

Displecement resctions, so eommon in lnorgenic chemistry,
may be applisd to orgenometalllic compounds, end are used
extensively in the prepuration of the more resctive Organcw

metalliec types., Gllmen and Ctraley (3¢) state that

(38} Gilman, Eirby, lLichtenwalter and Young, Rec. trev. chim,,
55, 78 (1636).
(39) Gilman, and Strelsy, ibid., 58, (1938)
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organometallic compounds of greater resctlvity may be prepared
from the lesser reactive types by the reaction of the nore
reactive metal on the lesser reactive sompound. When applled
to the displecement resctions of the electromotive seriss in
inorgarie chemistry, an anslogy may be perceived readlily,

Hgll, + &¥a — — 2NaCl + Hg

Rellg + 88 ——— 2i3e + Hg

The inorganie reactlon procceds to the right and

esgentlally goes to completion., The organic reaction,
howsver, rapldly reachss un egquilibrium, and & lsrge excess of
sodium 1s required to obtain good yields of the orgenosodium
compound (40}, This dsmonstrates thaet there are factors other
thar the simple dlsplacement thet enter into this type of
reaction, and ﬂﬁly when &ll of the many feoctors thaet control &
reaction, in both veloelty and course, are slucidated, will we

be eble to scourately depict the éxact neture of the resmction,

(40) Zlegler, Ber., 84, 445 (1931}



During & course of study with dibenzofursn, Gllman and
Young {12) discoverad that dlbenzofuran reacted smoothly
with pebutyl-lithium, -sodium, or -potassium to yleld the
corresponding 4-dibenzofurylalkall compound by a metathstioal
reaction known a%;the\ﬁaherigiﬁ reaction (10), or more recently
tarmed metalation (12) since it-involves the dirsct replace~
ment of a hydrogen atom by & metel to yleld a true orgeno=-
metallic compound, This produced a new type of dibenzofuren
derivaetive since no other direct substitutlon reaction of this
molaoule will introduce groups into the 4-position, Further
study with orgsnoslkelil compounds showed thet the use of the
more reactive orgamoscdium and -potassium compounds would iﬁn
troduce two astoms of the metal into the dibsanzofuran moleoule
o form the corresponding 4, 6-dibenzofurylenedialkall compound
(13)y from which 2 number of new types of dibenzofursn deriv-
stives were prepared; and from which it wes hoped that come
pounds having enalgesie and hypﬁﬂtic action similer to thsat
of m@rphinﬁ might be prepared {41, 42). These

(41) Kirkpstriok end vurcor, J. An, chem, Sog., 57, 112 (1935)
(42) Dootordl tuesis of W.G, Byweter, Towa Gtats Collsge, 1954.
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divenzofurylelkall compounds, accordingly, were very veluable
for synthetie purposes, and to brosden ocur knowledge of thelr
relative reactivities and to increass their utility, & study
of their relative reactivities was begun,
Due to thelr inordinste setivity with a wide varisty

of ocompounds and elements it 1s necessary to use aztraﬁa sare
in preparing and handling the orgsnoalkall compounds. ?ﬁ%ﬁ
‘the time of the preparation of the rirst organometallie
. compound by Frankland (43) until the present time, the more
reactive orgenometiallic ecompounds have been prepered under.
conditions that will rigidly exclude oxygen snd moisture,
Because the organoalkall csompounds are the most reactive
types af‘arganmmaﬁﬁllia compounds known, great pregcaution has
baen used in preparing and hendling them. To faellitate
operations with these compounds numerous pleces of ingenliously
shaped gla&a&ara’h&va been devised, Probably, the most
a@mwnﬁ apparatus that has the gresatest a%iligy for work in
this fleld are the verious types of tubes devised by Sehlenk
{44) &end nemed after him., The purpose of this specisl glasse
ware is to eliminate all Jolnts, rubber stoppers, rubber
conneotions, etec., 80 that no rubber mey becoms involved in
resotions with the orgunocalkall compounds, and also to prevent

eny influx of oxygen or welter wvepor from the atmosphere,

(&3; Pranklend, inn,, 71, 213 {1B49].
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Ziegler and Colonius (45) woere the first to prepare
simple orgenolithium compounds by the reactlion of the organie
halide upon metsllic 1ithium in an ether or benzense solution,
elthough these compounds hud been prepared previously by
Sehlernk end Holtz (8) and others (48) by the reaction of
appropriate mercurials with metellic lithium., These proe-
sedures in goeneral involved the use of thls speclel glass
apparatus thet is d4iffioult to prepars and very inconvenient
to use, The Orignard reagent, however, is prepared with good
ylelds in simple appurstus that is convenlent to manlpulate,
snd, although thls orgeanometallic compound is very ssnsitlive
to oxygen and moisture, this type of appuratus showed no
delsterious effects, Gilmen, Zoellner and Selby (47),
accordingly prepared a2 series of simple orgarolithium compounds
with the technlque ordinarily used with the organomagnesium
eompounds, and were able to obtaln ylelds of the dasired
11thium compound equivelent to or in excoss of those reported
by Ziegler and Colonius (45), showlng that this much simpler
and more versatile type of apparatus lz equlvalent or supsr=
ior to the older and more complicated methods.

The 4~-divenzofurylaelkall compounds were first prepered
in Sehlenk tubes, in petrolewm ether sclution, over & period
{45 Zi@@lar and Colonius, ﬁnn., &?9 135 (1980).

(48 §ar and gﬁrﬁ&line‘ A & @. 48, 2889 (19386).

{47 Silman, Zoellner anﬁ N é@, Ghﬁ&* 39&., 54,
1957 {1%33}, (b} ib ;ég, ﬂg, 262 (1938)
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of one to two wesks, By using this method the work was slow,
the reaction products were 4ifficult to hendles, and this gene
eral technique did not lend itself reedily to rsactions thet
required freguent exsmination of the produsts, such as those
reguired in the study of relative resctlien vslooities.
Exparimanﬁatiﬁm lmmediately revesled that the simpler teche
nigue could esesily be applied to the &i%&ﬁﬁﬁ?&fﬁl%@ﬁiﬂﬁA&né
~potessium compounds,; and that ylelds of produet, using this
technigue, wers egual or superior to those ylelds obtalned by
using the older and less flexlble methods, Furthsr work has
revealed that & ﬁim&iﬁr technique. may be employed in the
grﬁp&r&t&an of prectieally all of the organcsodium and
~potassium compounds ﬁiﬁhﬁﬂt pareepiible deleterious sffects.
In the study of relative resction rates it 18 obviously
necassary to choose resgents that resct in & reasonabls and
mpasurable period of time. Hany resctions such as earbonation,
oxidation, and hydrolysis procsed slmost instentensously while
others may r@q&ir& weeks or monthe for ap inltisl reection.
Because of the wide range of reactivities of the organcalkall
compounds, 1t is elmost inmposslble to use one resctant for all
of these types, The resctlons may be carried oub in a stepw
wise menner in whieh only two or three of the arg&n@mﬁﬁéllias
m&y be compared wlth one reactant. The most active organo-
metallle of one particular group may then be used as the
least reactive member of & mors active group or vlce verss,
and by this method & ecomplete series of relative resctivities
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of the organometallic compounds may be obtained,

The most convenient typs of reaction that may be employed
in these mecsurements i1s one that progresses slowly and goes
to completion in & few hours or days. Elther an indicator
must be aveileble to follow the course of the reection, or the
products must be lsoleted and a comperison must be made of
their relative guentities. The more reactive compound will
yleld the grester guantity of product in & period of time that
is insufficient for complete resction. The verlous types of
reactions will be disoussed more complately under individual
headings. |

@hé arrors involved in the study of thesme relatlve re-
sction velocitise will vary considersbly with the type of
reaction employed, Color reactions, when they are appliocable,
are desirable because they are sensitive, may be conveniently
and ascurstely applied, and do not involve the isolation and
jdentifiecation of any reaction product, They may be mis-
iaaéiﬁg* however, because they glve no indication of the course
of the rﬁa&t&a& or its stete of progression. Thelr sensitivity
undoubtedly will differ with various resctants, but in this
event, the gquantities required for the color resction ere so
small when compared to the tessl amount of the reactant that
this faetor mﬂy’gﬁaarélly‘ha asglected, Color resctlons for
these purposes may bes two types. One involves the color due
to the orgenometallic compound, and ths other involves the

solor test generally used for the mors reactive orgenometallio
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compounds (48)}. The colored types of organoalkell compounds
are those for which we may write & quinoidel structure, such
&8 benzyl-, diphenylumethyle, triyﬁaﬁylmﬁthyifﬁ and others,
This type of structurs has never been proved, but it may
serve as & veluable method to clessify the compounds, A few
colored orgsncalkall compounds have bsen prepared in both the
aromatic end &l&pﬁaﬁia seriss for whieh it is Iimpossibls to
write & quinoidal strueture (28}, 4in illustrstion of this

. type ls trieﬁgggwm%utylathiﬁylp&gaﬁﬁ&um'pr@yarad by Salzberg
end Marvel (49). Only very asmell quantitiss of these sompounds
are required to glve s deeply colored, generselly red or blue,
solution, and the disappeaerance of this cheracteristioc color
m&é be used &s the end-polnt of the reaction, provided that
solorless or only 31&@&%1? colored produsts are formed in the
resction mixture. ‘?kia type of reaction, however, iz very
limited in it8s scope, and would confine the study to a small
clags of orgsnoslkall compounds that may or may not glve us

& true ploture of tQ&’rﬁlﬁtiva reachbivity of the organo-
elkall compounds in genersl.

The eolor reactions involving the use of llehler's
ketone snd an active organometallie scompound was developed by
Gllman and Schulze (48) and hes & much wider applisation in
fﬁli&ﬁiﬁg the eourse of this type of resction. £11 of the

{48) Gilmen end Schulze, J. Am. Chem. Soo., 47, 8002 {(1925)
(49) Salzberg and ﬁaryai,,g;fEQ, Cliom., ﬁag:,f§§, 1?5?'{1938?.
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organcalkall cempounds that heve been tested, with the excepw
tion of triphenylmethylsodium end -potessium (80), vield the
solor resction by this proecsdure, This then serves s a vale
uable tool in any reactlon in which the end point is merked
by the depletion of orgenometallic compound., It hes been
sucoessfully employed by Gilman and Kirby (3), Kirby (4],
Gilmen snd Marple (51), end Gilmen end Nelson (£}, and others
{52}, to determine the relative rsactivity of the moderatsly
active organometallie compounds, and nesds no further introe
ductionas |

Rates of resction may also involve the messurement of
some produect in the resotion mixture. This may introduce
an arrartgiuaa it is qulte difficult to guantitetively lsolate
and separate meny of the products of reaetion, asaspecielly those
that contein no setive functionel group. In_r@aatiaﬁﬁ of this
type it may be feaslible or posaible to messure only the
prineipel product or products of reaction, and these may be
dependent upon bhe veloeity and extent of the $i&a reactions,
as well &8 the speed of the prinelipel reaction. This may be
illustrated by the reactlon of sn organolithium and -sodium
compound with an aliphatic nitrile, when the yleld of ketone
12 taken a2 a criterion of reaction velooclity. The yield of
{50) gggaigéi%ﬁuaaian of this ra&aticn,‘aaa page 48 of this
%gég'?§%§§§1§§§.§§§§%§é3§§§i ?%%%%gﬁgiﬁgi‘§§§Ff53vf*§§§é’{xg%a;;

{b) Gllmen, Heck and 8%. Jolin, RS, LTev, ohium., 48, 212
(1930); (o} Cilman and St. Jobnm, Lbid., 49, 222 (1950).
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comparative reactions, snd produce errors of various megnitude,
The reaction may be exothermle and the heat may abnormally sceel-
srate the resetion. 4An insocluble Qraﬁuetimﬁy be formed durling
the ﬁaursa of the resetion, in which the resctants may be
occluded, or if they ere inscluble, they mey be coated. If

the reaction involves a heterogensous systepyfhe size of the
particles in the various comparative resections may differ,

and by these varlations of reestion surfsce, the velocity may be
inoreased or deersased proportionstely. ﬁalnbility effects

mey play sn importent réle, Organolithium eompounds are

notably more soluble than the corresponding members of this
series, and it is gensrally true that the solubllity of an
organcalkall compound decreases as the stomle welight of the
metal inoresses. Some of the organoscodium and -potessium
compounds are unateble, and decompose slowly at room temperature
(54). After initial decomposition, evidensced by gas evolution
during preparation, they appear %o be much more steble and

may be used in the resction without introdueing any serlous
error {58).

These errors influence the reaction veloeltiss, but should
not be considered as any determining factor in the measure of
r@l&tive reaction retes, The rates are oomparstive, and
arrors introdueced in the reaction of one organoslkall compound
{54) 2 Carothers and Gsffm&ﬁéé » fm. Chem, So00., 51, 588

1620)5 (b} ivid,., 52, 1254 (1980)¢
{85) Eee pag& 83 of &) his thesis,



ars undoubtedly carried over to & certain extent in the ansl-
ogoue resctions, and elther cancel or remelin negligible, 4is
much a8 paasihlaa@anﬁitioﬁé are controlled to minimlze these
errors, Reaction products are lsolsted where it is fsasible

to establish the course of the resection. Rapid stirring snd
dilute solutlons may be used to prevent or minimize the soating
of the reactunts, Hesctlon medla are chosen sc that the
organcmetallic compounds would be slther oompletely soluble or,
as nesrly as possible, inscolubls, so that comparable condltions
would exist for the various reactions. By employing & large
varlety of orgsnoelkall compounds in & variety of different
reactions, many of the errvors present in one reaction are
absent in anotber, and by correlating the data from the verious
types of resactions, we are sble to preparye & reasonably
accurate geries of the relative resctlivities of organocalkali

conmpounds .



The reaction velocitiess of 4-dibenzofurylpotessium and
~godium with fluorebenzens, chlorcbenzene, and o-tolunitrile
were studled, The procedure, generally used during the course
of these experiuents, invelved the addition of the reactant
to a standardlze’ dlsthyl ether solution of the 4~dibenzofuryle
alkeall compound, and subsequently measuring the time regulred
for the reasction to reach completion, The ende-point of the
reacgtion was determined by the color test method (48), commonly
suployed wlih organomagnesium and -lithium compounds, and
is evidenced by & negetive resction when all of the organo-
alkall compound has disappsared,

The sompounds used in these sxperiments were purified
by the fsllwwing procodures, The dibenzofuran was distilled
under reduced pressure (b,p. 135°/4mm.), end was recrystellized
from ethanol. The produet melted ab 85°., The phenyl halides
were the c.p. variety, obteilned from Zastman Xodak Co., and
they were dried over aphydrous calcium chloride, and distilled
at atmospbseric pressure. '?ha o~tolunitrile was the same
varlety, and was dried with anhydrous sodlum sulfate, and
distilled at atmospheric pressure, The sther was dried over
sodlum wire. The nitrogen was purlfisd by bubbling through
two Milligsn gas wash bottles contalning strongly alkaline
pyrogellol solutions, and then through two gzas towers containlng

eoncentrated sulfurie ascld, and finally by passing it over



phosphorous pentoxide,. The purification of the nitrogen is
guite im@ﬁrtﬁaﬁ, and 1t was found that bubbling the nitrogen
through ordinery gég towers, containing an alkaline solution
of pyrogellol, did not remove the last traces of oxygen, &nd
thet the organoalkall ea$§aaaﬁ$, consequently, were slowly
oxidized in this atmosphers,

These compounds are convenlently prepared in a J-neocked

balloon flask, equipped with a lieblg condenser, mereury~
senled stirrer, and with fecilities for working in an atnos
phere of purifisd nitrogen. To & solution of 12.6 g. {0,075
nole) afiynrifi@é dlbenzofuran, dissolved in 400 ¢.e. of
anhydrous dlethyl ether, iz added 7.85 g. (0.025 mole) of
di-p~butyl-mercury and 0,1 atom of the alkall metel, Heat may
be applied to start the reametion, bul, following this, it should
be allowed to proceed of its ﬁ%ﬁA&eﬁGrﬁ until reaction subsides,
It is then refluxed for thres or four hours and allowed to

ﬁﬁir for twelve hours with the sa&inm compound, or twenty hours
with the potassiwum anelog. 4 large portion or the 4-dibenzo-
furylalkall compound :ﬁm&iﬂa.inaeluhla and mixed with the

alkall metal smelpgam. This should not be discarded when
derivatives of %h@_g§ﬁ§buné are desired.

Preparation of 4-Dibsnzofuryl-iithium, This compound

ig more readily yf&gawﬁd from an ether solution of n~-butyle

or phenyl-lithium and dibenzofuran., The orgenolithium
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compound 1s prepured according to the method described by
Gillman, Zoellner, and Telby (47), and the excessive amount of
1ithium is removed from the solution. To thils solution is
added & 10% excess of dibenzofuran, end allowed to stir with
refluxing over a period of 12 hours or more, The 4-dibenzo=-
furyl«lit&ium is soluble and stebles In the Jdiethyl ether

solution,

Standardization of the 4~Dibenzofur

£t filrst, the ether solutions of the orgencalksll compounds
were standardized by the acid titration method devsloped by
Gilmen and co-workers (56), and later spplied to orgenolithium
compounds by Gllman and Zoellmer and Selby (47). These values
were clhiecked by the “n-butyl bromide method", developed by
Ziegler and co~workers (8), for the organocslksli compounds,
and 1t WESD found thsat the sal&ﬁiansywara eaﬂsiﬁerﬁbly ﬁér& A
dilute than had been indleated by the first method. A olear,
saturated dlethyl ether solution of dibvenzofurylpotassiunm

was found te be 0.010 normal by the eeild titration method,

but 1t wes only 0,001 normal by the pebutyl bromide method.
Ziegler and co-workers have shown thaet values obtained from
this latter method are reliable for ether solutions of sective
organosalkell compounds, Simllerily, ether solutions of
L-3ibonzofurylsodium were found 1o be 0,041 normal by the
former method, and 0,001 normsl by the latter method, The

(56) Gllman, Wilkinson, Fishel and leyers, J. Am. Chem, Soc.,
45, 150 (1e23).
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ether solutions of this concentration (0.001H.) were used in

the followlng sxperiments.

Reuctions of 4-Dibenzofurylalikali Compounds with Phenyl
Helides end o-Tolunitrile, A 250 c.c. J-necked belloon flask

equipped with reflux econdenser, mercury-sealed stlirrer, end
facilities for worklng in an aitmosphere of purified nitrogen,
was conveniently used in these experiments., A clear solution
of the orgenoalkall compound weas obtalped by allowlng the
rezction mixture to settle for a period of six to eight hours,
The ether solution was transferred to the resction flask by
using & pipette of appropriate size, During this pipetting
procedurs, precsution must be teken to prevent alr from eoming
in contact with the solutien., To aveld this, and to prevent
the inhaletion of ether vapor, & rubber tubs of about four or
.flvafreﬁt in length was jJjoined to the pipette, and a rapid
strean of nitrogen was passed through this to expel the alr,
The pipette was lmmedletely filled with the ether solution by
applying suetion at the end of the rubber tube, and the
transfer of the solution wes nmade as rapldly &s possibls. This
method provided an scourate and slmple way Tor transferring
ether solutions of organcalkell compounds without the use of
any intricste spparatus, This procedure has been applied
convenisently to graduated pipettes,

To & clear solution of the 4-didbenzofurylalkalil compound
wes added the appropriste raag%nﬁ, and the mixture wus allowed

to stir at the reflux tempersture, At convenlent intervals



of time, usually every flvs or ten minutes, the refluxing was
stopped and a small portion of the solution was removed snd
color-tested by the ordinary procedure., Semples, that were to
be used for color testing, were removed by the use of smsll
dropping tubes made from ordinary 6 mﬁﬁrglaﬁs tubing. They
were filled to & helght of about 10«12 mm, by ins&rting then
this depth into the solution and elosing the top of ths tubse
with the forefinger, The resctlon wes discontinued when two
dropping tubes filled with the solution failed to glve & color
test with the Mlchler's ketone. Esch reaction was checked at
least one time, and several of them were repeated three and
four times. |

The following procedure and proportion of reactants
was used in each axparim&nt*‘ To 50 cl.e. of & 0,001 normal
solution of the %ﬁﬁivanzafuryiﬁlkali compound was added
0.001 mole of the phenyl halide or g~tolunitrile, Color tests
ware pade at intervals of five or ten minutes, snd the suluﬁicn
was allowed to reflux durlng the course of the reaction.
Constant and rapld stirring wes used, The results of the
experiments with 4-dibenzofurylsodium and ~potassium r%éeting
with fluorobenzens, chlorobenzene, end g-tolunitrile are glven
in Table IV. The numbers, with the exception of zere, indicate
time in minutes. Zero lundiocates an almost instentansous

reaction.
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with the work of Entemenn and Johnson {1d) which indicated that
some aold fluorides react more yapldly with phenylmegnesium

bromide then do the corresponding aecld chlorides, ZEntenma
and Johnson attributed this apperent anomaly to & more repid
addition of the Grignard reagent to the esrbonyl group in
the meld fluorlides, This bit of avidenoce, tﬁ§ more rapld
reaction of phenyl fluoride, may indicete that the halide actually
is the reactive atom in the sction ol orgenometallic compounds
with aeid halldes,

Thie work demonsatrated that aeid titration methods are
not relleble for standardizing ether sclutions of the very

reective argﬁn&m&t&llie compounds,



LHTRODUCTION

The preparation of the first triphenylmethylslkell
compound maey be aceredited to Hanriot and Saint Plerre {14)
who heated iriphenylmethene with potassium in an inert atmose
phere to 220°, and observed the formation af & red body whioh
they rightly supposed to be triphenylmethylpotsssium, The
next analog of this series, triphenylmethylsodium, wes pre-
pared by Sehlenk and Mercus (32) by the resetion of triphenyle
chloromethans with sodlum smelgem. 4 slaller method was used
by von Grosse {(57) to prepare the three remeining members of
the s@sries, triphenylmethylelithium, -rubidium, snd -cesiun,
These compounds form the only representative serles of the
" organoalkells reported in the literature that comprise all
Pive of the metals, The carbides of this series were prepared
by loisssn and others (58), but they are not typical exemples
of orgenoalkeall compounds; and ethylrubidium and -cesiwm, which
would complets the series of the ethylalkall compounds, are
known only in the form of & dlethylzine complex or solution (57).
The preoparation of the triphenylmethylalkeli compounds
has been confined to & limited npumber of resctions. The

iﬁ?g von Grosse, Ber,, B9, 2546 (1926),
58) Moisssn, Compt. rend., 136, 1217 (1903).
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procedure mosl gsnerally osployed wes devsloped by Schlenk

and eowworkers {58, 58) end invelwsd ¢he resction of trinhenylw
aﬁl&rq%ﬁt?@r@ with the alkellemetal esalpar in en enhydious
@ﬁ&@r solutlon, ¥reus and Hsssenre (80} prepared triphenyle
mothyleodiun by the sotlon of endlivs on 4riphenylnothaney,
and triphenylshlopromwsthane in 1iquid sooonis. Sodlum iz
gwlthout setion on these eompounds i orgenle solvenis. Horton
and “tevens {81) have preparsd the orgarosotius cozpound Ly
the aotion of sodlum on triphenylohloromsibans in diethyl sther
solution, by using ths "wetel Lalyls”, or in other words, by
using sither bromobanzene, chlorobenzese, pebutyl enlorids,
wonzophanore, Or tetrephenyletiiylene as & netal carrisr or
sotivator, Hore recently they hove bosn projured 1b s
labovitory by & resotion siniler to this latter one, Put by
asing triphenylmethane lnstesd of the trityl helide (62)3 end
by the setion of sore alhylaliell coppounds on triphenyloethensd,
The trisbeonyizethylisedlun snd -potagsivwe eompounds have
voeen extensively studlied, snd they show ths chereotaristiec

resetions af the srmapnoaibeil, and orpencnsgnesiun oong

i By
with only & Tew sxespilors {88}, Thoy are steble I llgulé
emmonie, 0% ere ezaonolysed b room tenpersture WY gaseocus
amronles, They reseot wilh snollzeble aldelydss end oborss Lo
faﬁ%>%ri$ﬁﬁﬁ§%mﬁﬁﬁaﬁ@ and the petel spoluite. Foresepollsgsable
| rous end favemt "‘“‘?* "&"”’, @f}“ %ﬁ'&ﬁ 2986 (1923},

)} Horton and Stevanc, It
See papsgy of this Thes &;




- 48

sldehydes react normelly, but dleryl ketornes sre converted to
‘the corresponding metel ketyl and the trisrylmethyl is Tormed,
One molecule of triphenylmethylsodium reacts with only one
moleculs of methyl benzoste yielding the earr&ﬁpenﬁing ketone,
or with one molecule of ethyl chloroformats to give ethyl
triphenylnethyleacetate (58). Oxidation ylelds triarylmethyl
peroxide (32). They react with somes oxides of nitrogen to give
well defined compounds of questloneble strueture (28), and with
nany aliphatic halides (32) to yleld by a eoupling r&aﬂtisn

the hydrocerbon whieh is formed by the elimination of the alkall
halide,

The resetions of triphenylmethylelithium, -rubldium, and
~cosium have not been extensively studied., von Grosse (57)
reports only hydrolysis resctions, and no others sare recorded
in the literature, In contrast to triphenylmethylsodium and
~potassium whieh yields no solor test with Michler's ketone,
triphenylmethylelithium produces a very good test, indleasting
the addltion of the alkall metal compound to the dleryl ketone
'{63}w

Because the triphenylmethylalkell aomyéunﬁs havs baen
prepared with all of the alkeli nmetals, and have besn reported
as ether soluble, some of these compounds were used in a study
of their relative resction velosities. To meke the method of

preparation of these compounds nore oconvenient, and comparable

{63) See page 48 of this thesis.
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to the method employed with the 4-dibenzofurylalkall sompounds,
these tritylalkellis were prepared by a metalatlion resction
similar to that used with dibenzofuran,

(Cellg)aCH + M _RaHE | {0.Hy)sCH + Hgel

This method of preparstion of these compounds, using
aliphatie mercurials and the alkall metals (which form
elkylalkell ecompounds), has not been reported im the literaturs,
and gives very good results.

The study involved the resctions of triphenylmethyl-
1ithium end -sodium with bromobenzene, echlorsbenzene, and
o=tolunitrile. The reaction veloelity was measured by the
time required for the organcalkall compound to rsaet with
a definite excessive anount of one of the reasgents, The
end of the reaction wes determined by the disappearance

of thse charscteristiec color of the organocalkell ocompound.
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DXPERIMENTELL PART

The general teahnigna employed in these experiments
was the same as that used in the study of the reaction vee
locities of the 4-dibenzofurylelkall compounds, The di-ne
butylmeroury, used in these experiments, was prepared from
n-butylmsgnesium bromide or ehloride sand merouric ehloride,
by the improved method of Gilmen and Brown {(64). Very little
difference in yields could be noted when n-~butylmegnesium
chloride was substituted for the bromide, but the resetion
is definitely less cumbersome $o work up when the bromide
is enmployed, because there is less csklng of the magnesiunm
helide. Xxcellent ylelds were obtained, when runs of twice
the reported size were mede, The triphenylmethane was the
¢.D. Variety obtained from Zastman Kodak Co., and mslted at
93°. Crystallizetion from pstroleum ether 4id not raise the

melting point or improve the reaction.

Zreperetion of Triphenylmetbylsodium, A 1 liter J-necked

balloon flask was equipped with a reflux condenser, mergury~

sealed stirrer, and facilitiea for working in an atmosphere of

purified nltrogen. The eir in the flask was dispelled by

nitrogen snd 550 o.c., of anhydrous ether was added, togethar

with 17 g. (ﬁw@?’mﬁla) @f.ﬁriﬁh@n§lmmth&ﬁa, and 8.3 g. (0.1

(64) (a) Gilman and Brown, . Anm. Qr%@%' Sec., 51, 928 (1829).,
and Bo

{(b) Gilmen, Zoellmer, Lelby atner, Rec. trav. chim.,
54, 584 (1935),
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atom) of sodium cut into small pleces, Vhen the triphenylmethane
dissolved, 9.42 g. (0.03 mols} of éiagpbuﬁylmareury was sdded

and the resction was ellowed to stir for 30 hours. At the end
of this time the solution wes golored red, end was allowed to
settle for 6 hours. Trom this thers may be obtained a slear
solution of ﬁriph@nylwﬁﬁhylaaéiﬁm; ‘Qarbanatian of an aliquot
guantity of this solution ylelded triphenylecetic scld,

reparation of Triphenylmethylpotassium, The preparation

was made in & slmilar menner to that deseribed for triphenyle
methylsodium. The same molecular proportions of materials
were used, but the resction was allowed to stir for 45 hours,
The solution was less intensely colored than that of the

sodiun enalog, and a large amount of red precipltate was
formed, Carbonation of a portion of clear red solution yielded
only treces of triphenylescetic aclid; but ceardonstlon of an
ether suay&ns;aﬁ of the red solid, ylelded eomparstively large
gquantitiss of the corresponding aeid,

iphenylmethyvl-lithium., This compound

was prepared by two methods., '

1, ZFrom n-Butyl-lithium, n-Butyl-lithdum was prepered

by the method deseribed by Gllman and so-workers (47} from
an adequate amount of n-butyl bromide and lithium in an

sther solution. %When the reaction was complets, the excess
of 1lithium was removed, and the solution wes diluted to the
desired volume., A 10% excess of triphenylmethane was added
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and the solution was sllowed to reflux over a water bath for
20 hours, After this the mizture wes allowed to settle for
six hours, and carbonation of & portion of the clear, red

solution yielded triphenylacetle scid.

made in asccordences with the direetions glven for the preparation
of triphenylmethylsodium, The resction was allowed to proceed
for a perlod of five days instesd of the 30 hours thet wes
required for the preperetion of triyh@nylmaﬁﬁyiaeﬁiuag
Carbonation of & portion of the clsar, red solution with solid
carbon ﬁioxiéa ¥ielded triphenylacetic =zeld,

Standardlizetion of the Triphenylmethylsodium and ~1ithium
Solutions, The clsar ether sclutions were standardized by the

acid titration method (47,56), and checked by carbonation and
subsequent isolation of the triphenylacetic acid, Twenty five
c.c. of the solutlions were used for the standardizations by
titration, snd 150 e.c. were used for the carbonation experiments,
Carbonatlion, with solld carbon dioxide, of the solutions
stenderdized by the titration method, yielded 90% of the
theoretical amgunt‘gf triphenylacetie acid, for the organosodium
gompound, and 828% of the theory for the orgenclithium compound,
Solutions of these organometallie compounds were diluted to &
concentration of 0,04 normal fof use in the study of their
relative reaction velooities. Triphenylmethylpotassium ylelded
& solution of such low concentration that it could not be used

in these exg&rimantﬁ,



ﬁ@r?nﬁ

Resction of Triphenylmethylsodium end -ilthium with
Phenyl Helldes and o-Tolunitrile, The reasctions were carried
out in & 280 ¢.c. 3-necked balloon flask, sguipped with &

reflux condenser, mercury-scaled stirrer, and facilities for
working in an atmosphere of purified nitrogen, To 100 c.o.
of a 0.04 normal ether solution of the mrgaasalkﬂli gompounds
was added 0.008 mole of the helide or nitrile. The reectiona
were sllowed to procseed at the refluxing ifempereature, and
were terminated when the characteristic red color of the
orgenoalkell compound dlseppeared, The ether solutions of
the organo alkall compounds were treansferrsd by means of
plpeties, as desoribed for the 4-dlibenzofurylalkeli ocompounds,
The phenyl halides or nitrile were conveniently measured by
using one or two c.c. callbrated pipettes.

The resulis of the experiments are glven in Teble V.
The numbers indicate the resetion tize in hours of the run
and the cheek, A plus sign after the number indlcetes that

the reaction was not complete in the given length of tiue,
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TABLE ¥V
REACTIONS OF TIOPHINVIAITEYLALIALT COMPOUNDS WITH
PHENYL HALIDES AND o~TCLUNITRILE

Triphenylmethyl.  Triphenylwethyl-

lithiun, sodium,
Chlorobenzéne 14, 18, 17 40+, 40+,
Bromobenzene 10, 8, 12 40+, 40+,
o-Tolunitrile 0.04, 0.04 0.08, 0,03,

«godivm,

Color Tests with Triphenylmethyl-1ithium and
The color tests were made in the usual manner with these two
compounds, Triphenylmethyl-llthium reascted in the normal way
and ylelded a strong positive conlor. The sodium snslog, however,
would yleld no color reaction after standing with the smi&tﬁan
of Michler's ketone for fifteen minutes, with subsequent
hydrolysis, and acidificetion with an lodines-acetic aeld

solution.
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DISCUSSION OF RESULTS

The results of the experiments indlcate that triphenyle
methyl-lithium was more reactive towsrd phenyl halides than
the triphenylmethylsodium, The results with p~tolunitrile
weres Just reversed,

Reactions of triphenylumethyl«lithium with various reasgents
have not been studied, so that 1t is 4ifficult to compare 1%
with the sodium analog, However, we do know thet triphenyle
methylsodium exhiblits meny anomalles {65}, and its uncommonly
slow resctlon with phenyl hslides may be one more of these,
One differesnce between these two compounds is ﬁviﬁenaaa in
the remetion with Michler's ketone {63), Kraus and Kawamura
(60) heve studied the reaction of triphenylmethylsodium with
phenyl halldes in liquid smmonis solutlon, and they have found
this te be an excellent method Yo prepare tetraphenylmethense,
The course of the resction in ether solution, however, may
be different, and we have no evidence concerning the nature
of the resctlion,

The resctlions of the triphenyimethylelkell compounds
were not studled further, because the insolubllity of
triphenylmethylpotessium in ether precluded its incorporation
in this series, and because the anomalies in the chemiocal
reactions of the triphenylmethylalkeall compounds might easily

lead to error if generslizations were mads from these results,

(65) See puge 4pgof this thesis,



IETHODUCTION

The preparation of the first elkylalksll compound may be
attributed to Wenklyn (66) who treated dlethylzine with sodium
and obtsined ethylsodium,; This method of preparation of
alkylalkall anmyennﬁﬁ'hag been extended so that a ganﬁrgl method,
almost ezolusively a%@inyad for theliyr preperation, involves the
reaction of & lesser raﬁétiva organometalllic compound with the
alkell metal. The reaction of alkylmercurials with alkell
metals is generally used {8,14), but alkyllead (&7}, ~aluminum
{30}, ~cadmium {30), and ~maga@$ium.{&$i compounds have also
been smployed., Alkyl-lithium compounds, with the exception of
athyl-lithiua, are now more commonly prepared by the action of
lithium on the alkyl hallde (47). Alkylsodiwm compounds ere
probably formed as intermediate products in the Wurtz, and ree
lated r@&etiéna, when sodlum reacts with orgenic¢ halides (69).
Ethylrublidium a@ﬁ -cesium have been prepared, only, by the
resction of the metal with dlethylzine (57), and were never
isclated in pure form. The general reactions for preparation
given above, however, are in all probabllity, eppliecable to
(o8] (o) usaictym gt 100 32 ong)s () fodd., dom, e
(67) Buckton, Ann., Li2, 252 (1858).

(68) See Pranz Runge, "Orgsnometsllverbindungen”, Vol. I, 4

Wissenseheftlichs Verlagsgesellschaft, m.b.H., Stuttgart,

1832, p. 879.
{869} Gilman and Wright, J. im. Chem. Soec., 55, 2893 (1933).
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thess most sctive orgencalkeli compounds. The general physical
progerties of these alkylalkell compounds are recorded by
Sehlenk and ioltz (B), snd, with the exception of ethyl~iithium
whieh is & solld melting st 70¢ end n-propyl-lithium whieh is
reported as a distillaeble liquld, they esre thermolablle (54),
infusible solids, that are very resctive eﬁam&a&lly. They are
insoluble in all common organlc solvents, but dlssolve in some
of the liguld orgenometallle compounds ér the gecond and third
group in the perlodic table; dlalkylzine, -sadmium, and
tfialkyl&lumiﬁam compounds are exceptionally good solvents (30).
The ohemloal properties of these alkylelkell compounds
regemble those of the Grignard reagent, although, because of
thelr enhanced resctivity, they show & greater veriety, as
wall es csrtaln varlations of the same kinds of resctions,
The apparent differences between the resoctions of the alkyle
alkell compounds and the laaaar'raaatgya types may be only
one of degree, but certaln resctions, discussed later, have
never bsen observed with orgenomagnesium and lesser reasstive
types. @rganﬁealaiam conpounds are more reactive than organcs
magnesivm compounds, and show reactions similer to those of
the organcelkalls {38), however, they have not besn extensively
atudied.,
The slkylelkall compounds react with enolizable aldow
hydes and ketones to form the metael enclate, but resct similar

to the organcomegnesium compounds with nonm-enollizeble cerbonyl
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groups (70,10); they cleave ethers with the resulting formation
of alkoxides and hydrocarbons (71); reactions with organioc
hulides are raplid, produeing coupling and disproportionation
products (10), and they reset with hydrocarbons, and hetero-
oycles, ylelding either addition, polymsrization, or metalation
products, depending upon the hydroearbon snd the orgenoslkall
compound employed (78).

The reactlons of the organcalkall sompounds with hydro-
carbong have been axt@nﬁivaly investigated (8,14}, and are of
particular interest besecsuse they were employed in this study
of relative resction veloeitiss of the elkylalkall compounds,

The courss of the reasctlon of hydroearbons with organo-
alkall compounds depsnds uron the nature of the hydrocarbon,
and the orgenocalkall compound. Schorigin (1¢) first observed
that alkylsodium comppounds reacted with benzene, homologs of
banzens, and thiayhaﬁe. The reaction followzd the general
socheme,

e + R'M —> R'™Wa + BRH II1
A8 an sxmmple of this, benzene (R'H) reaots with ethylsodium
{Rifa) to yield phenylsodium (R'Nea) snd ethane (RH), These
reactions have wide application in the preparation of
organvalkall compounds (l4). Conant and Yheland {8) have
demonstrated that erg&naalk&li compounds derived from &

{70} Sehlubeck, Ber., 52, 1910 {1918},
(71} Scwerigin, Ber., 43, 1831 (1910).

A———

(72) Ziegler and bBanhr, Der., 61, 263 (1928),
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hydrocarbon, centaining e lesser acldioc hyéragaa, will reset
‘with & hydrocsrbon containing & more aclidic hydrogen to form
a new organoalkeli eompound, and liberete the hydrooarbon
contalining the lesser seidlie hydrogen. This type of resction
hes been nemed "metalation" (12) and "solvent exchange" (11).

The term "metalsation®™ 1s generel, and includes any
substance that will react with & hydrocarbon to yleld an
orgenometallic compound, Hebtulating egents, other than
organomatsllle compounds, are common; but & somparison of the
degree of reactivity, as evidenced by the rate and type of
reaction, of the various metalating agents, will show that
organoalkell compounds are the most reactive types, “

The alkell metals rsact directly with hydrocarbons cone
taining *highly seidio” hydrogens to form the orgenomstallic
compound and liberate hydrogen. With the exception of lithiums
phenylacetylene will react wlith the alkell metals at room
temperature with the formation of the phenylacetenylelkall
compounds (78). Triphenylmethane, fluorene, and indens react
gimilarly at elevated temperaturs (73}. By substituting
organcalkall compounds for the alkall metal, it is possible to
csrry out these reaotions at room tempersture, end inm additlon,
many hydroearbons mey be metalated that ere, otherwise,
upaffected by the alkall metel., ILiquld ammonia solutions of
the alkell metals are more vigorous metsleting agents than

{73) Ses page 10 of this thesis.
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suspensions of the metsls in organic solvents, as evidenced by
the metalations of di- and triphenylmethane, whieh are unaffectesd
in orgenic solvents. Liqulid ammonia solutions of the alkall
metal amides are stronger meteleting sgents than the alkall
metals, and react more Tepidly with these hydrocurbons (74).
Many orgenoalkali compounds ere ammonolyzed by lliquld asmonla,
and cnly those thet contein the diphenylmethyl and nore highly
phenylated groups Joined to thé alkall metal, are stable in
1iquid emmoric (74). /

Sodium-potessiun alloy rescts more vigorously than elther
of ite constituents. It reacts rapldly with dlbenzofuran to
form 4-Adlbenzofurylpotassium and other produsts (12}, but
either of the metals is wilthout rapid sction. Iithlum, insteed
of metalatlion, cleaves the ather linkage of dibenzofuran, with
the formation of o-hydroxybiphenyl (75).

¥o report of metalation resoctions by use of alkall metal
amelgams has been found in the literature., By drawing an analogy
between the cleavaege reasctlons of ethanes, that were extenslvely
studied by Conant and CGarvey (25), and. Marvel and co-workers {28),
amalgeams may be pradicted to be less reactivs than the alloys
of the alkslil metals.

Metalation by means of salts of the alkall metals is
upknown., Mereury salts are extensively used to prepare the

74) viooster snd Kitehell, J. Am, Chem. Soc., 52, 688 {1930}.
t?ﬁ) Studies 1n this laboretory oy Lr, G. w.’zzaéxey.
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arylmsroury compounds, &nﬁ in many instances react much more
readily than the corresponding organoalkell compound in
metaletion (78).

4 series thet, in general, indloates the relative
deoreasing effectiveness of metalating agents in the alkell
metal group will be found in Table VI. . and X' indicate
different alkall metals,

TABLE VI
DBCREASING ORDER OF REACTIVITY OF METALATING AGENTS
IN THE ALEALI EETAL GROUP

R
% { in liq&id N,

% at elevated tam@aratureﬁl
y&&’ in orgenic solvents )
M { in orgenic solvents )
Bt
X

It shouvléd be wmeted that meny organoalkall compounds ere
smmonolyzed in 1iquid amuonis, snd therefors ean not be pre-
pared in this medium (74).

In eddltion to the metalation raaétianﬁ of hydrocarbons
 with orgenoalkall compounds, Zisgler snd Bahr (72} observed
thet anthracene will react with phenyl-~iso~propylpotassium
to yield sn addition yraﬁﬁet (IV).

R = C Hg(CHy)oO0m~

(76) Gilmaen end Xirby, J. Org. Qhem., 1,July (1636).
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H X
LCH - ¥ |
G'H‘\é&i/c‘ﬁ‘ * BK e o C‘E‘\ P G'H.. (:{V}
R

and with phenanthrene and butadienss to yleld a éimﬁriﬁaa and
polymerized product, reapectively (V), (VI).
R = O Hg(CHg)aC

Celle C Hy Colly CyHy CHy Cully L
2 | \ 4+ SRl —» | { ! ' * T=E {v)
CH = CH E=CH — CH — CH — CH=K
CHy  R~CH, R~CH, - CH,
BK +* GH """"""9 GEK *———-, f}ﬁ m AR bENETEDI SN (ﬁ)
CH CH CH CH
Gy CHy CH, CHg

These reactions illn&traﬁe the variety of courses that
may follow from the action of an organometallie compound with
& hydrocarbon. Hany times, the course of the regetion can not
be predicted, MNetalstion may oceur when only simple sromatie
nuelel are involved, such as benzene and its homologs, and
heterocyeles such as thiophens (10}, furan (77) didenzofuren
{12,13), and others (14}, but condensed benzene nuclel may react
with elther polymerization, aﬁﬁitien, or metalation,
Phenanthrene will polymerize, anthracens will sllow addition
(72) end naphthalene will mstalate (78).

(77) Gilman and Breuwer, J. im. Chem. Sos., 58, 1183 (1934).
§78} Work in progress ia tnfe leborateory by ¥r. R. L. Bebb,
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Polymerization reactions of the hydroecsrbons are not
unigue, Befors the resctions of the hydrocarbons with
organoalkall compounds were known, Herries (79) and later
Sehlenk and co-workers (27) demonstrated thet unsaturated
hydrocarbons such as butadienes, phenylbutadienes, styrene |
snd others were polymerized by the action of the alkall metals.

The addition resctions of the arganeaik&li sonpounds
depend upon the nature of the hydroocarbon, and the metallie
compound {6). Aiddition hes been observed only to unsaburated
carbon etoms directly linked Qriﬁmnjugataﬁ with a benzene
ring or other unsaturated system. The presence of three or
more aromatiec rings in an ethylene may hinder the reaction, or
substitution (metalation) mey take place with some types.
Phenyl-iso-propylpotassium [0 ,He{CHs) 20K/ will add to 1,1~
diphenylethylene [{CH,)sC = CHu/, but it will not reast with
triphenylethylene [{C.H,)sC = CH(C,Hq)/, however, diphenyl-
methylethylene [{C,Hg)sC = CCH.(C,Hgl7, will metalete in the
%@thyl grour wder similar conditions.: Zlegler end co-workers
{8) have observed that sddition occurs more rapldly with |
arggaepat&saiumvthan with organolithium compounds, but no
comparative reaction with organcsodium compounds hes been
reported,

To. compars the reactivities of the ethylalkaell compounds,
the rate of metalatioh of dibenzofuran with ethyl-lithium,
«godium, and mpat&ssiu& wag studled. Dibenzofuran metalates
r&&ﬁily,wﬁtﬁ.mﬁa&ur&bla velocity, to form the

(7¢) Harries, Ann., 383, 213 (18ll).
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4-8ibenzofuryl and 4, &-dibenzofurylenedialikall compound which
upon carbonation, give good yields of the corresponding molds
(12,13}« In these reactions, comparsble conditions were
employed with each of the ethylalkell compounds, and the

results were gretifying.



In the following experiments, squael nmoler quantities of
the ath&l&lkali compounds were ellowsd to resct with s standard
exosssive emount of dibenzofuran in & petroleum ether sclution.
The reuctions were terminated after & dsfinlte interval of tiue,
usually two and one-half hours, by carbonating the resetion
mixture with solid carbon diozlde, The extent of the reaction
was determined by 1901&%1&@ the resulting products, which
were 4-didbenzofurancarboxylic acld and 4,6-dibenzofurandl-
cerboxylic asid. 4All of the ethylalkell compounds were proe-
pared from dlethylmereury and the alkall metal in petroleum
&th&rt{b;y. 77-115°),

Standard quantitics of the ethylelkell compounds sare
difficult to obtaln if the proeedurs involves the preliminary
isoletion of the compound. Xowever, 1f the compounds are
prepared by using & standard quaﬁﬁity &f &iatﬁylmﬁr@ury, and
g definlte exoess of the alkall wetal, the standerd msy be
besed upon the guantlty of merecurial employed., Thls latter
proeedure involves two assumptions. Flrst, the reaction |
batwesn mﬁragriﬂlﬁ and alkall metals elther goes to completlon,
or, if aquilihrium,ia established, it is the same for esach
alkall metal enployed, Sesond, any decomposition of the _
organometallic compounds is essentially the same for ssch one,
Ziegler (40) has demonstrated that the reaction of merourials

with alkell metels is reversible, but by using an excessive
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amount of the metal, the rsaction essentislly goes to
completion., With this in mind, & large end definite excessive
amount of the alkall metal was used in each reaction,

" Carothers and Coffmen (54) have shown that ethylsodium,
and methylsodium and -potassium are thermally labils, and that
some &asamgo&i%ian takes plece at room temperature, (bservations
under conditions of these experiments indicate that decomposition
of ethylsodium and »ﬁétassinm {evidenced by gas evolution) does
teke place to some extent during preparation of the compounds,
but that they are stesble after this inltial decomposition. To
minimize this effect, the sthylalkall compounds were prepared
without the spplication of heat, and any rise in temperature
of the reaction mixture was checked by rapld cooling with &
water bath,

In these experiments, the weight of diethylmercury was
used &8 the basis for caloulating the quantities of the
ethyl&lk&li ﬁ&ﬁ?ﬁﬁﬁ&a present. To check these values, ethyle
lithium, ~sodium, and -potessium, preparsd from a &sfinita
guantity of dlethylmercury and elkall metals, were allowed to
react wlth dibenzofuran until the reactions had reached
completion {15 days}, Carbonation and a@iéifiaation of the
dibenzofurylalkall compounds prepared in this period of tine,
vielded almost ildentieal quantities of 8olid ascidie materials
as evidsnced by simller titration valuss with 0.1 normsl
sodium hydroxide.

During the pourse of these reactlons of the sthylelkall



compounds with &ib@nzafuraﬁ,’it was observed that ethyl-lithium
exaluaivaiy‘mgnamatalate& dibenzofuran; ethylsodiunm produced
smell amounts of dimetalated product mlizxed with the monow
mnetelated compound; and ethylpotessium produced relatively large
quantities of the dimetalated product mixed with the mono-
metalated compound., To acourately determine the amount of
metelation that had teken pluce, sines a ulxture of 4-dibenzo-
Turencarboxylic scid and 4,6~dibenzofurandlcarboxylic seid
was formed, the solld dibvenzofuran scid mixztures wers thoroughly
washed, and titrated, The amounts of metalation, evidenced as
dibenzofuran acids, were compared as tltration values of 0.1
normal sodium hydroxide. |

The dlethylmercury used in thege axperiments was;yr@para&
by the method of Gilmen and Brown (64). The patrmle&é¢eth@r
was dried with sodium wire, and the other reagents were purified

by methods previously described (80).

=sodium, and -potessium,

The resctlons were carried out in & 250 c.e. J~necked balloon
flask, equipped with & reflux condenser, mercury-ssealed
stirrer, and facllities for working in an atmosphere of
purified nitrogen. To & solution of 2,59 g. (0.01 mole} of
dlethylmercury in 25 c.c. of petroleum sther (b.p. 68-77°)

was added 0.04 atom of the alkell metal, out into smell pleces.
If the resction mlxture became warm after the addition of the

alxall metal, it was cooled with a water bath, The mlixture

(80) See pege 32 of this thesis.
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was ellowed to stlr repidly for 4 days with lithiwe, 1 1/2

days wiﬁ% sodlum, or 2 days with potassiun. &% the end of

this time, the resetlon mixburs wes used to moaswsure the

rolative resotion veloeltlss of the ethyleliell eompound, The
tire smpleyed in the preparstion of the athylalksll compounds,
1w the approximete time of completlon eof the resction, &8
avidencad by o gespotion of gas svolubtion during the prepsration
of sthylsodium and -potessium. Fo offort wes nede to determine
the amount or rate of svolution of ges from the preparstion

of ethyl-lithium, TFour deys was arbitrarily chossn as

sufflclent ssount of time Tor 4hs reeetion o reseh completion.

Stendeprdizetion of the thylelksell Compounds

To & petrolews ether suspsnsion of the sthylelkell compeund
prepared in the menber described sbove, was wdded 4.20 ge
{0088 mols) of dlbennofuran dissolved ln 20 o.o. of petroleun
ether, The rssotion was allowed to proseed for 1S days at
roon temparature, wilh a&%&%&ﬁ% %tixriﬁgg At the snd of this
tiwme, the &ﬁaﬂﬁimn‘%as poured upon 20 %o 20 £e of so0lid carbon
‘ﬁiaxiéﬁ, then this sixtere hed wearmed to room terperature, 1%
wes Plltered with suetlon, eng the solid residue wes slowly
added to 70 o.0. of cold water and sutssguently heated to
bollisg. The hot &ml@ﬁi@m was flltersd, and the residue wes
extrscted with 50 Ca0e 0f hot water, filtered, &ﬁﬁ this
filtered sxtract wes sddsd to the originel solution, The

combined fllitrates were ihen cooled Lo room temperature, and
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wmwmwﬁwww with 108 hydrochloris seid, The insolubls
%wwg%m&wﬁwwm aelds wers insedletely preclpltated, Tiltsrsd
with suction, and washed thoroughly with oold weter. The
Golds that were obitalined from this procedurs by the resetlion
of ethylelithlum, «sodius and ~potassium with didvenzeluran
weye then sompared by titrating thenm with 0.1360 ¥ sodius
hydrozxide. The tltrstions wers cearried out by dissolving

the selds {n B0 c.0. of & 50% watere-sgetons solution that

had been previously nsutrellzed with the baps. Phenolphthalein
was used us ap indlestor. The results of the experiment will
be found in Teble VII. The wveluss given, urs in ouble
contimsters of standard sodium hydroxide. Ho attenpt wes mede

to sheok thess valuossg,

.w;i;&xw i .WQM

s R 2 FHW o S SRRy g Ty -
M'mw:rm‘m« MMFW&% M.WM A w%m Wm”mw% 1! N1

URAL ACTIDE WITH

1@»5 aﬂ?ﬁrw Mw sy

SLERINT R B R
ZTANDERD POTIVE BEYDRGIIDE

SZthylelithiun 2.8
Bthyleodiva 29,7
Bbhyipotassive 30,9

These veluss reprezent shout 207 of the thoorstioel emount

of seid that shounld be oblained from the dletbhylmeroury.

Reactions of Tthylelkell Compounds with Dibenzof)

The athylalkslil conpounds wers preparsd as ww@ﬁwamwww dasoribad
and the resctlions were ecarried out irn 5 manner ldertlesl to

those for the stenderdization of the ethylelksll eompounds,
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with e exespilon tiat esel reveilon wes slloved o provesdd
for 2 1/2 bours, and ther 1t wes serboneted by pourlng anto
sollé curbon dloxlde. Ths Slbensofursn solds vers $liredsd
with 0.1380 ¥, sedlum Rydroxids, "he reaulte of thoese
sxperinents will be Pound in Table VIII, The guentitlies of
orpunie eolds sre glven in euble sertlsowiers of stendsrd

sodlus hydroxide. 7The seversl vaines ipdieete cheok runé.

Pt Bl v LS DI ETh s i R e T SR
1 .}?;Ej Wty TRE LA

2 a4
PR N2 KN Db R DO

Zuhyli~lithlun Sl y Dl -
Sthylecdive bady L 440y
Lihylpoteasiuve 14,1, 18,48, 18.0
Duprivg the courss of theos sxperiments 1% wes noted thet
mateletion wlth ofhyledilitilum yielded only 4=~Glbenzofuren~

gurboryiie sold, etalstlon with sihylsediun puve, largely,

jetibercolurensertoiylic seld, with acse 4,0-dibenzofureaniie
suzboEyile seld, and notelstlon wlth sthylpotessivn ylelded
relatively lerge quuantlities of the dlbusle woid, as well s,

the wosobhesioe wold, o abtbtenpt wes uede o deteraine the

guertities of mono- and dibssle wnld present.

sagomposition of .trylsodlug snd ~potessiun, Durlng the
prapapstion of sihylisodlun or ~potassive, by the zetlhod
dosoryibed above, g Is Ilbersted. The avolution of pus s%arts

slnost lnsediately after the addiition of the alkell satel to

e



TOPIovel SY4% JO HWOTINUTIWRY  *eRpTRold udalwds pyToes uodn paanod
puw *pouedo feangyvwym Sulzesti)y w UT PETO0S Swm aqnd oyl Yeury
gTUY JO pue SUg 3Y  *sxess SYRTe Jo polded u Jeao fupnwmusm
JURGINCO Wita Y4omad 09 DoMOTYS SuA eInjETR 4L mﬁx *nayues oA
eqny eyl “Arnozewtiyjelp Jo (eTow 220°0) *9 OT puw WmTuIYL JO
{mo3w g*n} *9 g%*C poppe ous ﬁﬁ@ww,awmw 0y peulsjuce *susrueq
JOo *0%e og o *usfoiyiu pelriand Lg peowtdaip sus Jiw ol

HoTUA uT Yeqnd wmeTdos w Ul SN0 pYLIIes ewa Juewiiedye SulL

3T U3 16 GUOUeT 40 U001 I0N peIaueq sy

*peipstTdup 9q 01 PIROO Puw *4ungmUso

30U alos woyloewss Juliny wmimswiod J0 mniposTiuse JO uciynIcss
gnd Jo seswl a4j *HINaXTE &% 0% pephy oua Ysuenrusg on YO
Spunodiror v ueys B g0 volimiedll Joulang oYL ULTE Pejoned
Lould *poaATOAD oun gul Ou UM oIqewas afg 0% pelesddn gpunodund
TresTeTie ogy ‘uoysntoas el Jo pofred TeT3INy oWy Loy

s fanolen ISAO DRIDETION sas ovpd ey puwn ‘Jouse mmetoaied eug JO
sxnegesd Jodwa ong J0J oY sen UOTLORIL0L O reinmeesd puw
ernjoreduol pIvPURLs v UBADY oJv eEIMTOA oul puw “Twien 1TONTS
BT IO wogw BOY0 U3Ta Jupgever Lxuncaeuyiuselp o erow 10°C

WOII POUTRIQO ades gl JO SPURTOA esell *svd JO 00 00

pUe *0*0 & pepToIl mnywewiodifuie iR sgusmiioedre Xey WIS
*peATeA® eXex ®ed JO *0%s 08 pUs *0*0 go ‘mmypesTiyie Jo
notanandexd eyg ¥y sauenlledre omg 97 *mmlerviodriuie J07 eanoy
8% ©% §0 wodg puy fmmipostTimdes J03 InOY 90 o4 Of JO potled w

$03 apgeccxd pue *LanoseontiHileln JO CoIsnTes Juyje unertossed sus

ig#



- 85 =

products revealed large quantities of propionle seid, but no

:traee of benzoie aeid could be found,



- BE -

DISCUSSION OF RUSULTS

oA —

The results of thess experiments, with ethyl-lithium,
-sodiwae, and ~potassium and dibenzofuren, indicate that
athyiyataaaiu& reaots more rapidly than ethylsodium,; whieh
reacts more rapldly than ethylelithium. This order of
decressing relative reactivities is in agreement with the
predictions of Gilman and Nelson (2), and followgthe most
reasoneble order of decorsasing relative rates. It 18 of interest
to note thet sthylpotassium yields relstively large quantities
of dimetalated divenzofuran, and it may be that polymetalation
i8 & criterion of reactivity. Polymetalutlon of benwene, with
good ylelds, has also been sccomplished with ethylpotessium,
whils ethylsodium yields very smell guantities of dimetalated
produot (81}, &nd ethyl-iithium will not metalate banzens.

IT polymetalation of & compound is & stepwlse procedure,
in whieh dimetalation is preceeded by monometalstion, then
polymetelation of an organopotassium coumpound may be dus to
an enhanced labilizing effect of the potassium atom, that
Tacilitates fkrth&r.m&t&iation in the monometalated nusleusy
and it may not be due to greater r&&etiﬁiﬁy of the organoe
potassium compound,

¥orton and Hecheunbleilkner (11) have recently shown that

some elkylsodium compounds sxlst as the dimstallo compound;

{81) vWork by Y¥r. K. H. Eirby in thls laboratory.
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for exemple, amylasodium, prepsrsd from smylmeroury and aoéiuﬁ,
actually conteins some amylldenedisodium, and produces bublyle
malonic seld upon cerbonation and melidifiecstion with mineral
acids, Dimstelation of hydrocsarbons and heterocyocles mey be
the result of the action of a dimetallo compound, and not
upon the greater rssotivity of the organopotasaium compound.
Further experimentation will be nscessary to elucidate and
evaluete the dimetelstion resetions, but at present it lis
reagonable to suppose that dimetalation is a criterion of

inereased resctivity.
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PHERYLUTHTIRYLATIS
QIPOUNDS
INTRODUCTION

ﬁar;mm OF

Phenylethinylsodium 13 the only member of thls series
of arg&naalkali compounds that is reported In the literature.
It was prepared by Glaser (B2), by the reaction of sodium
and phenylacetylena in disthyl ether, and by Conant and
wWheland (5) by mstelation of phenylacetylene with indenylsodium.
These methods of preparation illustrste the strongly secldie
nature of the acetylenic hydrogen in this compound, resembling
acetylene, and emphasize the acldie naturs of hydrocarbons,
The compound iIs a white erystelline powder that 1s spontanaously
inflammeble in alr, In its method of prepsration, it resembles
veetylenes, bub in syntheslis it exhibits resctions charasciere
istle of orgenomsgnesium compounds.

The ehemlcal resotions of ph@nyl&thinyl&édium have been
studlied by Nef (20}, Heyer end Sohuster (83}, lioureu and
Desmota (84), &nd others (14). It reacts readily with ketones
to yleld tertisry eleohols; with eldehydes ¥e yleld sesondary
aloohols; with carbon diloxide it forms phenylproplolic secid.
With aeid helides, preferably the bromides, it yields ketones
(85), and 1t reacts with isothiocyanates to form thio-amides (886),

{82} Glmaar, .» 154, 181 (1870).
{eﬁg Yeyer and Schuster, Ber., 55, 818 (1982},

{84) Houreu &nﬂ Desmots, Bu 11, soc. chim., /B/, 27, 360, 366
{1g02). -
(85) Andre, . r@nﬁi*, 3.53., 75 (1910).

(86) %arr&ll da Alie iam, oe,, 38, 897 (1617).
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In 1%8 reactions, 1t many times behaves more llke the Grigperd
reagent thar llke the organocalkell compounds, It rsacts with
anolizable aldehydes and ketones to Torm the carbonyl addition
product, and the reaction with acld halides mey be stopped at
the ketone stage, Reaction with ethyl shloroformate ylelds the
corresponding ethyl phenylpropielate (20}. Conant and Whelend
(5} found that phenylscetylene contains & very acldie hydrogen,
and may be metalsted by organometallic compounds such a8
indenylsodium,

During the course of this investigation with phenyle
ethinylalkeli compounds, it was Pfound that all of ths alkall
metals, with the exception of lithium resct with phenylaceliylene
to yleld the same types of organcalkall compounds, as evidenoced
by their carbonation to phenylpropolic scld. Phenylethinyle
1ithium may be prepared by metaletling phenylacetylene with
phenyl=-lithium, p-butyl-lithium, and in all probabllity, by
using any organclithium compound derived from a hyéraaarhaﬁ
oonteining & lesser secldic hydrogen then phenylecetylene,

The phenylethinylelkell compounds are ideally sulted
to the study of relative rssction veloclties because they
exhibit & leseer reactlvity than most of the organoalkell
compounds, and they may be prepared in good and consistent
yields,

The lesser reactivity allows & dirsot aampariﬁog of
sach of the organoalkall compounds with ons resectant, and

one method of preparation is applicable to four of the flve
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members of the series, only lithium is excepted.

Benzonitrile was enployed as the resactant with thesa
compounds beesuse nitriles were known to react with moderately
reasctive organometalllc compounds at & messurable velooity (3),
and the noneenolizable types, suech as benzonitrile may be
depended upon to follow the same genrsral course of reaction.
In addition teo this, benzonitrile was found to react with the
phenylethinylalkall compounds in & period of tlme that was
suitable for this type of study.
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and with concentrations comparable to those of phenylethinyl=
cesium and -rubidium.

The reactions of phenylethinyleesiun, ~-rublidivm, and
potassium were carried out in & speclal 1850 c.e. 3-necked bal-
loon flask, that contained & mercury-sealed stirrer, reflux
condenser and stopper jolned to it by ground glass Joints. By
use of this flask, the ether vapors could not come in contact
with rubber stoppers, and by gressing only the upper portion
of the ground glass joints, the lubricant {(vessline) was not
contacted by the ether wvapor. Reastions carried out in this
flask might be comparable to those carried out in sealed tubes,
Cheek runs were mede in the standard 3-necked flasks, and the
results will be discussed lster,. The phenylacebylene was
obtained from the Eastmen Kodsk Co., ard was dried over
snhydrous calcium cehloride, and distillsd at atmospheric pressure.
The benzonitrile was obtalned from the sawme compsny, and was
dried over anhydrous sodium sulfate and distilled &t atmospheric
pressure. The ather usaed in these experiments, was dried over
sodium wire, and then further purified by distilliing it under
nitrogen from & mixturs of sodium-potassium alloy ana
benzophsnone, This procsdure has been employed by Ziegler und
co-workers (8), and ylelds very pure sther,

The solid slkall metals used in these experiments were cut
into small plsces under anhydrous patrﬁlaumv@th@r and transe
ferred rapidly to the reaction flask. ?&a‘lignid metals were

transferred by means of gradusted plpettes, which served as a
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convenient and rapid method to measure them. Care nust he
axereised in hendling rubldium and cesium, They are
spontaneously inflammeble in air, and when they are handled
in plpettes, it is advissble to have & small layer of high
bolling petroleum ether covering the top of the metal, as well
as a thin layer and&rthe botton of the metel contained in the
ripette, The petroleum ether (b.p. 115m;58@) used to protect
the metel from the atmosphere was dried over sodiumepotassium

alloy Tor several days.

The phenyl-lithium snd phenylmegnesium bromide, used in these
axperiments, was gx@%&r@d in the ususl menner, and the excess
metel was removed. The reactions wers cerried out in a2

250 c.c. Je-necked balloon flask, equipped with & mercury-sealed
stirrer, reflux gondenser, and facilitles for working in an
atmosphere of purified nitrogen. To 30 c.c. of & clear dlethyl
ether solution conteining 0.02 mole of phenylelithiua or
~magnﬁaiﬁm bromide was added 3,06 g. (0.03 mole) of phenyle
aeatylene, ?he\r@actiaﬁ was cllowed to proceed for about slght
hours at raam temparature with constant stirring and no shorter
;%imﬁ was am&layaé* At the end of this time the resction had
reasched completion, =8 svidsneed by carbornation of the reaction
slxture, with the subsequent isclation of phenylproplelie acid,
BaPe 1332, and ro benzolo sold., Preliminery tests showed that

very small emounts of benzolo acid appreciably lowered the
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melting point of phenylpropiclie aecld, when they were admlxed
with it.

preperstion of yﬁenylatﬁiaylsaﬁium end ~poteasslum,
The reections wers carried out in & 850 o.0. 3J~necked balloon

flasgk, equipped with & reflux condenser, mercury-sealed stirrer,
and faellities for working in an atmosphere of purified
nitrogen. To a solution of 3.086 g. {&Qés mole) of phenyle
acoatylene in 30 c.c. of sbsoluts ether wes added 0,02 atom

of the alkall metal, cut into small pileces,., The reaction was
allowed to proceed at room tenmperature with constant stirring
until ell of the alkell metal had reected with the phenyl-
aa@ﬁ&i&n&, as a?iaenaaé by the absence of gas formation
(ny&raggn}, from & few drops of the suspsnsion in about an
equal volume of water, The reaction with &a&i&m i8 eomplete in
about 8 kourg, but ﬁoﬁﬁﬁﬁiﬁﬁfr®gﬁiﬁﬁﬁ about 48 hours. The
reactions were checked four to five times. Under simdlar
conditions, 1lithium end megresium do not reeet with phenyle
agetylene in & pesriod of thres days, to form the orgenometallie
compound , &1%&&&@& the metal beoame alightly coeted, T&e color
test of the solution with iiehler's ketone wes negative,
?ﬁé@yla%hiﬁylyat&s&iﬁm is light tan in solor, but the -sodlum,

~1ithium snd -magpesium snelogs are colorless.

Zreperstion of Phenylethinylpotassium, -rubidiuvm, snd
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~cesium, The reactions were cerrled oult in & 150 ¢.c. Z~nscked
ballaan‘rlaak, equipped with & reflux condemser and stirrer
attached to it by meens of ground glass Jolntas, and with
facllities for working under an atmosphere of purified nitrogen,
To & ﬁ@lutiaﬂ of 25 c.c. of absélﬁta diethyl ether containing
2,04 g+ (0,02 mole} of phenylacetylene was edded 0.01 atom of
the alkell metal, The reaction was allowed to procesd at room
temperature, with constant stirring until the alkall metel

hed completely rsacted., Potassium required about 40 hours,
rubidium aboutl® hours, and cesium &bout 25 hours. At the end
of this time ths phenylethinylalkell compound was present &8 a
suspended solld, and ylelded & color ﬁe&t with Hiohler's ketonse;
upon carbonation at roem temparature and subsequent acldification
with 10% hydroehloric acld, it yislded phenylpropiolie aecid,
The colors of these phenylethinylalkall compounds varied
progressively from a dark ten for -~cesium and ~rubidium, light
tan fox potassium to colorless for the ~sodium and ~lithium

compound .

Phenylethinylalkell Compounds., OStenderdization of the ether

suspensions of these organoulkell compounds was wccomplished by
carbonating the compounds, In eech preparstion thaet was
carried out, an squivalent aﬁeun% of the alkall metel was
employed, end this should, in cach case, yield an equivelent
amount of the organoalkali compound. The guantities of |
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phenylpropiolic geid, obtalned by carbonating and aseldifying
the ether suspensions of the phenylethinylelkell ecompounds,
were used to oheek the smount of orpencalkall compound present.
The velues recorded are percentuges of the total amount of
organocalkxell compound present, bassd upon the guantity of
alkell metal employed in the preparation, The results are

given in Teble IX, The values were not checked.

TLBLE IX
PERCENT YIZLD OF PHENYLPROPIOLIC ACID FRON
THE PHENYLETHINYLALKALT COMPOUNDS

Alkall

compound % yleld
Phenylethinyl-lithium 68
Phenylethinylsodium 74
Phanylethlnylpotassiunm 7L
Phenylethinylrublidium 74
Prenylethinylessiun 78

Phenylethinylmagnesiun i

The carbonation of the organoalkall compounds wag ocarried
out &t room tempersture, with the exception of the litnium
eompound., This was carbonated by use of éelié carbon dioxide
{87)

Reactions of the Phenylethinylalkell Compounds with

{87) Dee page gl.cf this thesis,
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Benzonltrile. The resctlons were carrled out dirsctly in the
flasks employed in the preparation of the phenylethinylalkeli
compounds, and the amounts represented by their msthod of -
preparation were used in these experiments. The reactions of
phenylethinylmegnesiue bromide, ?heﬁylathinyimlithinm, ~80odium,
~potassium were carried out with 4.12 g. {(0.04 mole} of
benzonitrile thet was dissolved in 10 c.c, of &bsolute ether.
The ether solution of the nitrile was added to the ether suse
pension of 0.02 mole of the organometallie compound, snd the
reaction was allowed to proceed et room tempersture with rapld
stirring until & smell portiom of the ether suspension felled
to give & color test with klohler’s ketone.

4 similer ﬁtﬁ@ﬂdurelwaa enployed for ecomparing the relative
resotion velocities of ghegyl@thinylaasi&m, «~prubidium, and
-potassium. To the 25 ¢,.c. ether suspension of .01 mole the
organcalkeli compound was added 8,06 g. {0.02 mole) of
benzonitrile from a gradueted pipette, The resctibn wes then
ellowed to procesd at room temperature, until the color testing
procedure indicated the absenes of érgﬁnaalkaii compound.

Teble X summerizes the time requlired for the resction of
- pheénylethinylalkall compounds with benzonitrile to reach
cémplatiun‘ The various waluss for one reaection indleate check
runs. Two different sets of vclues for phenylethinylpotassium
are glven. The first valuss glven are those that were ebtaiha&
under conditions comparable to the organometalllie compounds

above them., The second velues are thosse that were obtalned
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under conditions simllar to those of the conpounds glven below
them. The wvalues Iindicate time in hours required for the

reaction to rsach ocomplstion.
TABLE X

REACTION OF PHERYLETHINYLALEALYL COMPOUNDS
WITH DUNZONITHILE

 Phenylethinylmegnesium bromide 87, 85

Phenylethinyl-~iithium 57, 63‘

Phenylethinylsodium | 6.5, 7.0
Phenylethinylpotassiom 4,3? 4;5
Phenylethinylpotessium 5.3, 8.l
Phenylethinylrublidium 4.8 5.2
Phenylethinyleesium 3.7 3.8

The underscored valuss Iindicate oheek Mmums nade in
standerd 3-necked balloon flasks with rubber stopper cone-

nections,



The results indlcate that the order of decreasing relative
reactivity of the phenylethinylalkell compounds is ~cesium,
~rubldium, -potessium, -sodium, and -lithium, ~Magresium was
included in the series, and was found to be 1@&3 reactive than
the organolithium compound, The resulis substentiate the pre-
dlction made by Gilman and Nelson (2), thet the organomstallie
compounds derived from the metels in the 4 famllies of the
first three groups of the perlodic table, will inorssse in
relaetive reactivity with increasing stomde wesight of the metal.

The results with the orgencpotessium, ~rubldium, and
~pesium compounds, found in Table X , indicate thet these very
reactive orgenocelkall compounds csn be prﬂp&r@é under conditions
similar to those used for the Grignard reagent and organo-
lithium compounds; and that many of the special precautions
and technigue previously employed are not necesssry. Lxtreme
caution, howevser, must be employed in handling these compounds,
and the use of more convenient apparatus, should not be confused
with carelessness,

The phenylethinylalkall compounds, with the exeeption of
-lithium, ere inscluble in dlethyl ether; and ths athar; wl phoud
suspendsd compounds, will fall to give a ecolor test with Michler's
ketone, Phenylethinyl-lithium is moderately soluble in ether,
and a elear sther splution of this compound will yleld & color
test with Michler's ketone.
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gﬂ;&ﬁ 7OUS EXPTRIKENTS

T.

Sedlum-potassium 2lloy 18 appliceble in the synthesis of
many organopotassium eampeanﬁﬁi First reports of the use of
liguia &aﬁium»pﬂt&asiuﬁ elloy were made by lecher (88), slthough
he states that it had previously been used by Schlenk in
unyabliahaé work., Lecher @mglﬂy@&,%hia alloy to clsave die
sulfides, &lthangh this does not lead to the formation of
organocalikall compounds, the greatsry r@&ctivity of the slloy
was evidenced by its aﬁility’ta cleave diphenyl &1$ulfid@
under condltlons that were uneffective by elther of the metels.

Zisgler and Thielman {23) were the first to employ
sodlumpotessium aliay in the preparetion of orgenoalkeall
compounds., Thelr reaction involved the cleavage of scme mixed
ath&rﬁ and sthenes by this alloy, and they reported good yields
of the orgenopotessiam aam@anaﬁs,' These resections are illustrat-

ed by Zguation 4 and B,

Be0~R' _Na-K , EeK + R'0-K, (4}
ReR NoeK . 2R-K o (B)

The orgénic radicals repressnbted by "R" in Hgquations (A)
and (B) are generally phenylated methyl greups, and "R'™ in
equation {A) is usuelly a simple aliphstic radicsl, such as

ethyl~ or methyl-. The ether cleavage 18 not unique with

(88) Lecher, Ber., 48, 527 (1s15).
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sodium-potassium slloy. Sehorigin (89) wes able to cleave athers
wlith sodium metsl at higher temperatures, before the introduction
of thes alloy~elsavage method by Yliegler and Thislmen, Sehlenk
and Bergmesnn {90) have also demonstrated that powdered sodlum or
potassium may, meny times, be substituted for this alloy with
good results.

The cleavage of phenylated ethanss by use of the alksll
metels was discovered by Schlenk and Larcus (32) who were
able to cleave hexaphenylethane with & 1% sodium emmlgesn,
and they obtained tripﬁaﬁylmathylscﬁia&, Sehlenk and Marcus
were unable to sleave tetraphenylethsne; but by the use of
sodium~potassium alloy, Ziegler and Thielman were able to
aceonmplish this and obtalnsd benzohydrylpotassium, With
these facts in mind, Conent and Garvey (25) determined the
relative stabllity of the carbonecarbon bond in & number of
phenylated ethunmes. Their generel teohnique involved treatment
of the hydroearbon with sodlumw-potassium alloy, 40% socdium
amalgem, and 1% sodium emelgam, in ether and benzeme solutions,
The most stable bond in thelr series was that of dibenzyl
which resisted the wetion of saéi&mwpmﬁaasiﬁm'alley in benzens,
and the most leblle bond wes found wlith hezaphenylethane which
was cleaved by 1% sodium amelgem in ether.

Cther reaoctions of and references to sodlum~potessium
alloy mey be found in the reviews by Wooster, end Schmidt {14).

- (89) Scherigin, Ber., 56, 176 (1923).
- {90} Sohlenk and Bergmann, inn., 464, 35 (1928).
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The extensive uses of sodium-potassium alloy have made it
an important tool in the chemistry of organoalkall compoundsj
but despite its wide application, the nature of the reaoting
metal has never been investigated. The general trend has been
to write the compounds as derivatives of potassium, but no -~ -
direct evidence has been found in the literature to prove the
nature of the metel in these compounds, |

Zrom predictions made by Gilmen and Nelson (2), the argahsa
alkall compounds prepared with sodium~potassium alloy should
exlst as the organcpotassium compound, since potassium sghould
be more reactive than sodium, and Gllman and Straley (39) have
predicted that a more resctive metal (in this case, potassium)
will r&acﬁ with an organometallic compound &ariveﬁ from &
lesser réﬁative metal (in this ecase sodlum), to form the
organamstalllc compound of the more reactive metel. TFrom this
1t may be seen that 1f an organcsodium compound were formed
by the reaction of sodium-potassium alloy, it would immedistely
be replaced by potassium to yleld the organopotassium compound.

To test thie hypothesis, and to slucidate the exaot
nature of the metal in the compounds prepared from sodium-
potessiun alloy, & series of reactions was run involving sodiume-
potassium slloy, and some common reagent. The reagents chosen
for thesa experiments wers such, that they could y¥ield elither
sodium or potassium compounds, thet are soluble and steble in
anhydrous disthyl ether,

The experiments were all earried out with absolute disthyl

ether as the solvent, and in 250 c¢.e. 3~-necked balloon fleasks,
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sgulipped with reflux condsncer, mereury-ssalsd stirrer, end
with feellities Tor working in en etmosphars of puriflied
nitrogen, The soflup~potsssiun slloy was proparsd from a
mlxture of 1 part of sodium end B parts of potassium by weight
(6. The sixture may bs heeted ir enhydrous xylens, or in
nigh bollling (b.p. 115«150°) petreleun ether, until the sodium
and potassius heve pslted. The molten mestals should then §%
garsfully aixed bogether with ¢ glass rod, and cers should be
taken to keep ths metsl in one large globule bo fuollitute ‘
hendling. When ocooled to room toumperature, the slloy will
r&%ﬁin liguid, sand may be easlily transferred by msuns of clsan,
dry pipstbtes, Care should be exercissd in handiing this alloy,
and it must be kﬁ§ﬁ under & sultable hydrosarbon all of the

tine,. It i spontsnsously inflesmable in the alr,

The mixed @tﬁ@é was prapared by the method deseribsd by Ziagler
and co~workers (8}, and %ﬁﬁ eloavepe resctlon wese carried out asg
follows {all resotions under nitrogen): To 150 o.c. of

shgoluts dlethyl ather wes added £ gz, {0,017 molel of Zephenylw
iso-~propyl wethyl sther, &ﬁé 2 c.t. of liguld sodlunepotassium
allicy. The fﬁ&#%i&ﬁ’ﬁ@&rﬁﬂﬁ immadietely, #nd the solution
beoune i@t&ﬁ%&ly‘?ﬁﬁg Lfter 30 hours of stirring, the reectlon
wos sllowed to setitls and & elesar, rod solution of the orgundw

alkall compound wes obtsined. TFifty e.c. of this slear, red
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soclution wes hydrolyrzed by plpstiing 1t into sbout 25 o.e, of
diotilled water. The sther was evaporated, and the solution
was neutralized with 109 hydroehlorie seld, Ordinsry tests
employed in qualitstive snslysis, wers then neds on the resulting
agusous solution, The taest for the sodiw: lon was mads with @
soncentrated aqueous solutlion of urenylmine seetuate, and the
teet for potassiun was mede with an aguecus solution of sedlium
éaé&i@i&it@i%a*‘ The solutlon geve & posiiive tsst for the
?ﬁtﬁﬁﬁiﬁm ion, and & negative test for the sodium fon. Purther
sxperimenting with the [leaaw test indlested a nepgetlive test

for sodium and & positive test for potsssium. Oerbonstion of
& portion of the slesr, red ether solution with solid eerbon

| dloxids yisldad dlsmsthylphenylacetlic scid. The resciion was

eheokod with slzlilar rosults,

Besstion

rriphenyluethyl Bihyd Bther with Sodiume
The elesvage rosctlon of the triphenylmethyl

Potassium A11

athyl other with sodlun~potessius elloy wis esrried out In &

manner ldentieal with that deseribed sbowve. To 180 o.o,

of snhydrous dlethyl other was added 2.8 o, iegﬂx mole} of
triphenylhasthylethyl ethor, and £ ¢.6. of llgquid sodlume
'§ﬁ%%ﬁ$i§%.&liﬁgg The meaction Lumedlisntely colorved end wes
alia@%ﬁ 4o proceed for 24 hours. The sther sclublon wes then
sllowsd to setils and 10U c.ee of the clesyr, red ether sclutlon
was hydrolyswed and aspslyzed hg/ﬁhﬁ Froesdure deseyrlbed above,

Both of the tests desoribed abdve were positive for potassium
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&nd negative for sodlum, Carbonstion ¢f & portion of the
elear, red ether solutlion with solid carbon dloxide ylelded
triphenylecetic acld {mixed m.p.)s 4 cheok run was made of
this reszetion with the same results.

aylmethyl IBthyl Fther with Sodiume

Potassium /. The reaction was carried out in & manner

fdenticel with thet described for triphenylmethyl ethyl ether.

The same molecular proportions were ussd, end similar results
were obtained only the potassium fon c¢ould be found, and
earbonation of & portion of the clear light red ether solution
with 80lild carbon dloxide ylelded diphenylscetic wm»w {mixed
MeD»}« The diphenylmethylpotassiun is only slightly soluble in
sther and gave a weaker, but definitely positive test for

potassium, and no sodium ions could be found.

The Reaction of Tetruphenylethane with Sodiume

mwwww. The reactlion was carrisd out in a menner ldentiecal

with that mwmamwwwa for the eclsavage resction of the ethers,

To 150 c.c. of @& dlethyl ether solution contalning 1.67z.
(0.005 ﬁawww of tetraphenylethane was added 2 c.c. of sodiume~
potassium alloy. The resction was slow, and was allowed to
proecead for 56 hours, The clear, llght red ether mcwgﬁ»awm of
benzohydrylalkeli compound were hydrolyzed, nsutralized and
tested as previously desceribed. Only wwwm%m»ma,wamw could be
found in the solution. amuwammﬁwcﬁ of the wwwwaww&ﬁwwwawmwm»na

at room tempersiure, ylelded the corrssponding diphenylacetic
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eold {ulxsd mepe)s

Hezeetion of T

L Ehive with Tedlumelotassiusm

The wmwww&%wwyﬁww%wiwwawwﬁﬁ Wig wwwmﬁw@m s proviously
dosoribed {(8l}e To 800 c.os OF @ red ather solution mﬁ%ﬁwmwwwm
about 0,08 nole of triphenyluethylellthlum, was sdded 2 c.o.
of liguld m@ﬁ%@@t%@@wmwwmﬁ,@wwﬁwu angé the mixtures was allowed
to stlr for 40 hours. 4t the end of this tiss the solution wus
& deeper shade of red, and & red precipltate hed formed. The
solution wez allowed to setile for 6 hours, and wes then tested
by the @%@mﬁmw previously deseribved for sodlum and potassium,
and an &dditional teat wes pade Tor lithiun. The sgusous
solutlon wes evaporeted on the weter bath and in & pletinum
erueidle with & snall amount of hydrofluorie seld, The

realdue wae tysated with & ww@mw@ d1llute coponiue hydroxide

and ocomplefely Glesolved, Undar thuase conditions, 4if 1ithiun
is present, 1% +111 precipltste ce e whlte pelatinous mess of
ithium Tluoride. Potassims 15 the only wwm that eould be
found in the solutions, Carbonation of 2 esliguot w&mww@w,aw
the cloer other solutlon with solld carbom diozide yielded &
swiall snount of triphenylecsitle seld mﬁﬁwwﬁmwwaﬁgﬁﬁ by & smixed

molting point). Mo cheok run wes made,

of mnmw T mm*mmm mole) of wmam&wz&m%ygwwwwwma was added

Ua08 ge (0004 mole) of sodlum cut in wery fine pleces.
(91) See pugedS of this thesle,



The resction started promptly, and the resotlon pave o very
deep red solution of the disodlium eddltion product, Hydrolysis
of this product ylelded tetraphenylethane, [mized m.p.}, and
carbopetion at room tempersture ylelded 587 of the theorstioal
amount of tetraphenylsuceinie seld.

then lithiun or potessium wes substlituted for sodium
the resction would not procesed, and the metals repuined une
ohanged after & pericd of 46 hours of constsant stirring. No
reporis of the lithlum or potassium addition product of
tetraphonylethylene were found in the literature,

The reeotion with sodiuvmepotesaivn slloy {1.0 0.¢.)
proceaded slowly, end ylelded, instesd of & deep red sther
solution, 8 red preciplitate, Ho dlrset analysls of the
sroclipltate oould be made for sodlum end potessius becsuse
it was conteaminated with the slloy. Carbonation of the red
pracipltate et room tamperature yislded 50F of the theoretiosl
smount of tetraphenylsucelnie eeld, The tebtraphonylethylensdie
sodius hes besn found o be soluble in ethar, and ths red
pracipitate, which ylelds the same product upon carbonetion is
insoluble, so it is reusonables to assume that the red solld
obteinsd Trom the setion of sedlumepotsssium alloy on

tetraphenylethylene, ls tetraphenylsathylensdipotessivm.

detaletion of Triphenslmethane, To & solution of 2.44 g
{0401 mols) of trishenylmethane diassolvsd in 1285 e.c. of
absolute sther was added 1 o.0. of sodlumepotassium wlloy. Ho



- B -

reaotion eould be evidenced In 30 hours. ¥hen one ¢.0. of
ehlovobenzens wee sdded to the solution, a red coloretion
eppeared lmmsdletely, and & red preclipltsts formsd in about
thrse hours. After 24 hours of stirring, the solution wee
sllowed to settle and anslyslis of the slesr red ether solution
showed only the presence of the potessium ion. Carbonation of
& poriion of the clesr, red solutlon with solld sarbon dlozide

yisldsd triphenyliesstle seld.
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DISCUSSION OF RESULTS

The results of these experiments indicate thet the aotien
of sodium-potassium alloy in the synthesis of orgenocalkall
compounds leads to the formetion of the organopotsssium come
pound, and no trace of the organosodium compound could be found
with the compounds studied,

The course of the resction i8 not definitely known., The
alloy may be more reactive due to its nature {liguid}, and
not to any speeific chemical property of the mixture of the
metals., On the other hand, the sodlum mey pley an important
part in some of the reactions, and an organosodium compound
may be formed momentarily, and then it may be replaced by
the lesser reactive potassium compounds, TFrom observations
in the leborstory, it may be sald thet organopotassium compounds
are generally much less soluble in diethyl ether than thelr

correspondlag sodium analogs.
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; _OF_ORGANOSODIUL COMPOUNDE
INTRODUCTION AND FXPERIMENTA

The resction of organcalkall compounds with carbon dioxlde
is well known, and is & valusble method that 1s employed to ‘
obtain carboxyllc eeids. The yleld of acid may vary snormously,
from only very small to almost guantitative yields., During an
investigation of the reactions of organclithium compounds with
carbon dioxide, Gllmen and Ven Ess (92) were able to increase
the yields of bhenzolic ucid, obtained by the carbonation of
phenyl-lithium, from 5% reported by Ziegler and Oolonius (45),
to 60% by the use of solid carbon dloxide, This reagent is one
of cholce for the carbonation of organomagnesium and -lithium
gompounds,

~ The low ylelds of aclds obtained in carbonating orgeno-
metallic compounds, is generslly due to 8ide reactions that
yield ketones and tertiary aloobols (92). Solubllity effeots
mey influence these secondary reactions, and if an lnsoluble
orgenoalkall compound is allowed to react with carbon dioxide
to form an inscluble metalllic selt of the mcid; the insolu-
bility of both the organcalkall compound and salt of the aeid
might §r$veat fuxthar setion, and the resction may stop at the
acid without any apprecisble smount of ketone and earbinol
feréﬂtian. Soluble organcalkall compounds might also be pree-
dicted to glve good ylelds of aeid if the metsllioc salt of
Ihe acléd is inscluble to the extent that 1t does not react

© (92) Gilman and Vsn Sss, J, Am. Chem. Soe., 55, 1258 (1933).
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with the organoalkell compound. CGilman and Petsrson {(93)

have demonstrated that the sther insoluble salt, sodium
blearbonate, contalning &« ecarbonyl and an active hydrogen group
will not react with the Grignard resgent. Carbonation of
organosodium compounds 1s ceommonly reported in the literature,
but very littls data is given regarding the conditions of the
reaction, Aeeordingly, several organosodium sompounds were
prapared end carboneted at room tempsrature, with gaseous
carbon dioxide, and in each case excellent yields of the

corresponding acld were obbained.

Cerbonetion of Phenylethinylsodium, -potussium, -rubidium,

and -ceslum, Preparation of phenylethinylsodium, -potassium,
~rubldium, and -cesiwn 1s desoribed elsewhere in this tlssis
{9&)‘ The solutions of these compounds wers standardized by
carbonation ét;raeﬁ.t@mg@ratmra, snd the resulis wsre yrﬁviously
described (95). Carbonation of phenylethinylmegnesium bromide,
and wiit&ium was pot carried out at room temperature, besause

of the tendency of these organoslkall compounds to yield ketones
and tertlary carblinols (¢2). Carbonation of phenylethinylsodium
and -potassium with solid carbon dloxide, gave 60 and 57%

yields respectively, of the phenylproplolile acid, which was

(93) Gllmen and Peterson, Rec, trav, chim., 48, 247 (192%).

(84) See page 74 of thls thesis.
{95) See puge 76 of this thesis.
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whoub 18¢ lower then thel freps room tempersture carbonsilon,
Tory little heet wes llbsrated durlng the resotlon of the

phenylettenylelkell compounds with gesaous csrben dioxide,

ation of 4e-Dlbepzofurylsedium, 4-Dibenzofurylsodium

was prepared as previously deseribed (98}, The mixture was
garbopated by passing in gescous carbon dloxlde &t room tenpe

- greture, and ylelded 847 of the theorstical anount of the
gorrespending seld, The reastion wes pot oheoked, Carbopstion
with 20114 sarbon dloxlde gives yiolds verying Trom 8l-6870 of
the theoretical samount, 4 small ampunt of hest wes libersted
during room tempersture curbonation, and the athsr solution

refluzed zently.

Preoparation snd Cerbonsetion of Phanylsodium, The reaction

was carried out in & 250 e.0. Jenecked bulloon flask equipped
with reflux condenser, mervoury-ssalsd stirrer, and feceillilass
for working undey sn atmosphers of purified nitrogen. To

35 set. of anhydrous benzene wes edded l.4 g. {0,008 stom] of
sodivm &nd 4.71 g. (04015 mole) of 4l-p-butylmeroury., The
rosotion wus allowsd to stlr for 18 hours &bt room tenperature,
and wes then earbonated by pussins ln gsseous carbon dlozide,
The mizturs beocame warm, end ths benzens gently refluzed,

Yhen the resction had subsided, it wus found to conteln 2.8 g

of benzole aecld, which was @%ﬁféi the bLheoretlioel waount.

{08) Zes ware 83 ~»” M5 thesis.
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Ho conparison wes nede »ith low tenporeturs cerbonation

axperizents,

Carbopetion of Tatrsphernslethyise The

tatraghenylethyleonedisodivn wan propared by the msthod proe-
viously deseribed (97}, The slear, rad sther sclution was
eorbonated by gessous sarbon dloxide at room tempsrature,
Yery 11ttls heat was 1iberated durling this recetion, and

5685 of the theoretical amount of tetraphenylsuccinie seid was
foreed, The yleld of tetrephenylsucelnlio aeld was not ohecked

with low tempersturs carbonation,

{97} Bes pass B8 of this thesls.
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DISCUSSION OF RESULTS

The results indicate that cerbonation of some orgsnosodium
compounds mey be carried out at room amﬁ%@wmﬂsuw without
materially affecting the yield of scids. This simplifies
the carbonation procedures for these compownds, and shows the
marked dlifference beiween organosodium end -lithium compounds,
Orgenclithium ecompounds osn only be effectively carbonated to
produce acids st very low temperatures, preferadbly with solid
earbon dloxide (92). The difference in the behevior of
orgenogodivwn and ~lithium compounds may be due to solubility
effects, elther of the originel organcsodlum and ~lithium
compound, or the ressulting salt of the aeld thet is foimed from
the cerbon dloxide, or boths Ofoluble organosodium compounds
may yield sodium salts of zelds thst are almost entirely
insoluble in the resction medla, while the soluble organolithium
compounds may produce llthium selts of aclds thet are appreeiably
soluble in the medle, The incressed solubllity of lithium salts
of scids may then meke them avallabls for further reaction,
with the subsequent formation of ketones snd carbinols, while
‘the sodlum sslts will be unaffected. IT the organonmetallie
compound i3 insoluble in the reaction medlse, it will only be
aveilable for reaction with the cerbon dioxide, and simllerly
only the sodiuvm salt of the aeid will be formed., Turther ‘
experimentation wlll be necessary to confirm this mmaﬁﬁ@wmmﬁ;

i
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the order of thelr relatlve decreasing resctivity was phenyl~
ethinylessium, =rubldium, <potessium, -sodium, -lithium, aﬁﬁ
-negnesivm. ZExperimentation with various types of apparatus
indicated that the squipment and teschnigue ordinarily used with
organomégnesiun and ~1llthium compounds ecould be applled to
many ar@&néalkali compounds with good results,

Resctions of sodlum-potessium elloy, that lead to the
formation of organcalkall compounds, producsed only the
orgenopotassium compounds wlth the resgents studied, snd no
traee could be found of organocoscdium compounds,

Carbonation of saﬁe organcalkall compounds, ~1llthium
compounds excepted, can be affected at room temperaturs, with
the formstion of high vields of the corresponding acids.

The results were useribed to solublllty effects of the organo-

alkall compounds, and the alksli metal sslts of the acids.
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