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PHE APPLICATION OF MECHANICAL AGYIVATION
PO ORGANIC REAGTIONS.

PREFACE

As INTRODUCTION

In studying the mechanisn ol action of cutting
flulds in the cutting of metals, M, C. Shaw (1) found
that an sppreciable smount of chemical reaction takes
place between the cubtiing fluld and the motal being cub,
This was first noted when aluminum was cut using cerbon
tatrachiloride as a ocutlting fluid at very low cutting
speeds, in which case & whiis vapor was given off atl
the point of contuct of tool and work, and the freshly-
cut alumlnum surfsce was coated with & white granular
deposit, identified &#s aluminum chloride. Similar
reactlons were noted in othor cases, and thew postulated
that the excellence of & cutting fluid depends upon

| its resction in somo degree with the metal belng cut.

A8 &n outgrowth of this work, Shaw recognized
the possibilities inherent in the applicaiion of the
general princliples of metal cutting to chemical synthesis,

end prepared phenylmagnesium bromide by cutting megnesium

le ¥« Co Bhaw, Doctorate Dissertation, University
of Cincimnatli, 19423 U. &. Patent No. 2,416,717 Murch 4,
1947; Britlsh Patent No. U71,508, August B9, 1Gdo,
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into an ether solution of bromobengene. e also
obtalined chemical reactions by cutting alﬁﬁinum into
chloroforn, carbon tetrachloride, mathyl chloreoforam,
tstrachloroethane, and pantuchlorosthane, und evidence
of somo reesotion whan aluminum wes cut into butyl
mercaptan,

Shaw's work was primarily concerned with the
action of chemical sgbstancea as outting flﬁida, and a
comparativaly small amount of work was done with chemical
synthesis. During ihe past six ysars, howsvor, rsesearch
on the action of metals cut into liguld reactants has
besn pursued activsly, and tcedey mschanical activstion
is an astablished Procsess.

Although carefui experiments huave proved, as
logie dlctetes, that freshly-cut chips of metal are
mora active chemlcally than chips which have baon
sxposed to the atmosphsrs, partlicularly in such reactions
as ths proparstlion of orgunomagnesium compounds, no
attompi at promoting reactlon by cutting the motal in
the presence of the liquid reactant has been reported,
though Kilpatrick and co~worksers (2} found that the
formation of ethylmagnesium bromide was induced by
rotuting a cylinder o:f magnesium sgalinst a pgluss sho®
in the presence of sn eihereazl solutilon of ethyl bremlide,

end ball milling is soccepted practica.

, 2., Kilpstrick e&nd Slrmona, J. Org. Chem., 2, 459
(1957); Gzemski snd Kilpatrick, ibid., 5, 264 (1940).
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It has been shown in previous experimenta (o)
that the actlon of mechuniocal activation 1s not always
purely, nor even primerily, due to the presence of tue
Iresh, uncontominated chlp surfece. Huther, as was
first mentioned by Shaw, it is belleved thul the udvan-
tagos of mechanical activatlon zare due ln gresat part to
tho machanics of cutting, with the etiendunt very bigh
localized bLomperatures and pressurss, limlted only by
the melting polint and the herdnsss of the mslul bolng

end to the ingrensg in freeg anergy due to Lhe

ot
gut wd 1y

2
plustic deformation of thwe crystal lattice of ths molal.
Thers has bosn, howsvsr, nc guantitutive evalusiion
of thie various contributions of metal cutting to the
facilitation of chemical resazctions; ulthough sucn
evaluation would unquastionably be of groeat value,
tzé mechanical difficultiss involved have tinus fsr
prevented the accurate meusurement of such elusive
sctors as the temperziure and pressure produced at the
tool faca during the cutilng of a metal in the presence
of a reactent, and of the differenceo in free snerzy of

unstreined metal Mrom thaot of & metel the ingtent 1t

toe
¥N
i

s cuk, In the present work, mecnanieal aciivation
used as & tool for facillitating chemical reactlons, und
no atiempt has been nade to detvrmine the influsencs of

the variopa mechanicsl varlables.

Se Be ¥o Cameron, Master's Theals, Unlversity
of Cinoinnatl, 19443 M. ©. Merchant, private communications.
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The present dilssertation is divided into two
distinct parts, which are entirsly unrelated except
for the use of mechanioal sclivation in euch of them.

The first section of this dissertaution is devoted
to & study of the products {ormed in the reactlion of
aluminum with csrbon tetrachloride, whils ths sscond
secticn is concerned with the prepareilon of organo-
magnesium halides in hydrocsrbon mediuma, in the
absance‘of any ethers, tertlary amines, or other sub-
stunces which might fucilitate The readiion by ins

formation of comploxes, or by other means.
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B, DESCRIPTION OF APPARATUS

A great deal of work has been done on the dasign,
sonstruction, and modificution of apparatus for use in
mechanical sotivetion. Two machines have been used in

the presont work, voth of which pressnt many advanteges

over Shaw!s originsl model, though the basic principle

SIrm mavaes
VAW WEAMAW @

*smalns
The first portiocn of this work, that dealing
with the reaction of sluminum with carbon teirachloride,
was carried out largely in the machlne illusiratasd
photographically in Figure l. Basicelly, the machine
consists of the following elements: A shaft is mounted
on saaled ball besrings, carrying on one end a cutter,
and being driven at the other end by an H~gear, allowe
ing continucus variation in ocuttlng spesds. The shafll
extends through a mechunlical sezl into the reaction
chambar, which is machined from a solid bleook of stalne-
less steel. The ohamber block has openings lesding to
a regervoir for the liguld reaclants, to a reflux con-
denser, and to & valve for removing the liquld alter
reaction. fThe front of the reaction chamber is closed
by & plats of Pyrsx glass, which allows observation of
the course of the reasction, and which is removebla to
allow access To vhe shaly uaund cuttar, anu LD Proviae
for the removel of chips and sclid products. 4 stualn-

lass steel elecirode is cemented through thils glass
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Plate to allow measursesment ol slaotrical conductivity
es the reaction pro resses.

The materisl to bs cut is fed into the top of
the reaction chamber in the form of a one=querter inch
diamater rod by mezas of a lead screw, whichh is driven,
through an approﬁriate gear reduction trein, by a
separate He-geer, zllowln: éontinuous variation in the
rate at which thes metal is fed into the cutter, inde-
pendent of the speed oi the cutting apindle.

The spindle ftecslf, and all fittings within
the reaction cheomber, are of stzinless stesly connectlons
1éading to the reservoir and condenser, énd the inner
tube of the condanger, sre of tinned coppar tubing, A1l
valvesa, with the exception of the stainless steel exit
vaelve, are tinned brass, while the intericr of the
ressrvolir 1is of tinned steel.

An lnert as, usuglly dry nltrogen, is intro-
duced between two seals around the spindle which carries
ths ecutter. The pressure behind the soszl 1s maintained
&t a value seversl pounds per square inch higher than
the pressure within the chamber by & pressure differential
switch placed at the top of the reflux condenser; this
swlitch in turn operates a solonold velve which rellesves
pressure [rom the chambdsar, so thual any leakage 1s of an
inert gus into the chamber. This decreamses the tendency

of the liquid to be forced out sround the shaft, and
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furnishes an inért atmosphere for the rssction, as
woll as allowiné control of preasure for carrying oub
reactions up to 100 pounds per square inch.

A thermocouple well extends into the chamber,
allowing remots reading of the tempsraiurs of the
reaction mixture., Aall switches and valves are slso
located on & remote control pansl, minimizing any
danger from explosion. fProvisions ars msde for heating
the reaction chamber with cartridge-type heaters, sﬁd
for coolin: by ciroculating water or othsr cooling mediuﬁ
through & jacket milled into the chamber blocke.

The sscond part of aﬁis worx, veing the portion
concernad with the prapsrcstion of organomagnssium com-
pounds in hydrocarbon mediums, as well as & small part
of the work on thse rsschlon of slumimus with cerbon
tetrachloride, utilized a mnew and vastly lmproved
mechanical sctivetion apparatus, designed and con-

. structed at the Cincinnati 4illing Xachine Company.
This apperatus ia shown in the photograph in Figure 2,
end 1ts essential elements are shown diagramsaticslly
in Flgure 4. In this second apparatus, ithe spindle
carrying the cutter is mounted vertically, and is
coupled directly to the shalt of & high speed one-half
horsepower Dumore motor, thus ovviating tihie necessity
foi a liquid secl arcund the shalt. The cutier is

multiple~toothed, huving luv cublting edges machined Irom
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& single plece of high-speed steel. DBelow the cutter
on the spindle are four knife-edgsad vanes which rotate
between stationsry baffles, serving to bresk up chips
of metal which have been cut, and to furnish vigorous
agitetion to the reaction mixture. The cutter spindle
is s8ilad above the surfscs of the resction mixture by
& fece~type mechanical seal, conalsting of & stationary
ring of carbon abttached to a bellows, which bears
ageinst & ring of carballoy attached to & shoulder on
ﬁha spindle,

The mstal deing cut, agein in the form of & one~
quarter ineh dlasmetsr rod, 1s fad into the cuttsr a2t
an angle of fifteen degrees from the vertical by a lead
screw, which in turn is driven by & small high-speed
motor operating through a geur reduction mechanism and
a pulley system which allows several feed rates at
cach motor speed. The emounl of rod to be cut ia con=~
trolled by two limit switches which cut off the feed
motor at the iwe extromes of travel, thus allowing
close reproducability of ths smount of melal present,
The speeds of both the spindle and fegd motors &g cone
trolled by mesns of variable transformers. |

The resction chamber 18 in the form of a wide=-
mouthed veasel attached from the bottom to the block
carrying the apindle &nd feed mechanism, thus zllowlng

the reaction products to ve removed in the chamber without
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the necessity of draining and exposing the materisl
unduly to the atmosphers. In the present work two
chambors wero uassd, one being of Pyrex glass with a
oapacity of 9500 sce, the other of stainless stesl with
a capacity of cne liter.

A rosserveir is connected to the chamber for
the addition of liguld rsactants, but 1t was not used
in the course of thsso experiments. Also connected
to the chambser ls s reflux condensger, open at the tLop
Lo Lthe simodphere through & relisf velve or & bubbling
tube, and an inlet for & ges, waich may be elther
nitrogzan for an inert atmosphers, or & reactant gasg.

A thormocouple well extends into ths chuamber
to allow messursment of thu temperature of ths reactlon
nixturs, and s&n clscirods, made from & minlature spark
plug, is fitted into the chambor to allow moasurement
of ths alectrical conductivity of the reactlion mixature.

The apperatus is constructed of stuinless steel
wharaver cetel may come into contact wlth the rezction
mixture, but other materials may contact the mixturs
as noted: The cubtter is of high speed steel, and the
baffle is held together by sllver solder. The spark
plug electrode contalns brass, porcelelin, and coated
steel, whiis the eceul mechanlom, which may st vtlucs
conme into contact with the rescianis, contains tungsten

carbide, carbon, ESauerelson cement, and Phosphor bronzo.
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None of these materials should in any way affect tue
reactions beling studied.

In addition to the mschanlical asctivation
apparatus, other piaeces of speciallsed equipmsnt were
usad in parforming these experimsnts. These will be
desorived at appropriats pisces In the experimental

seotion bhelow.s
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Te T INMORACTION OF ALUNINUR aHD CARBON TETARACHLONIDE

A. INTRODUCTIOH

A3 wos mentionsed in the preface, the intersotion
of a« motal with & cutiling fluld was first noticed by
Shaw when he was cubtting aluminum in the pressncs of
carbon setrachloride., Since the actlon of carben
tetrachiloride &s & cutting fluid for cutting aluminum
is sxtrsmaly .ood, Shaw reasonsd that the reacclon which
he noted might well be responsible for its excselisnce,
end bulli the first mechanical actlvatlon apparatus to
study the resction walelh tooX placad with larger quentities
of matarial,

Tha products which Shaw obtelned from tise
reacgtion of aluminum with carbon istrachlorids sxhibited
meny interssting properiies, apparantly snisring intO'dr
catelyzing o wide variety of resctions. It wen wlih the
1doa of idenilfying or charscterising ths rosciive gisnt
in the rsaction product thet the presscnt lnvesilgation

waes undertolkern.
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Be HISTORICAL BACHGROUND

Shaw (1) performed a large number of experiments
in which he cut eluminum into carbon tetrachlorides, as
well as & number in which be rsfluxed carbon tetra-
chloride with previously cut aluminum chips. In all cases
a vigorous rsaction was observed, accompanied by the
appearance of 8 red color which rapidly changed to brown
and black. The appesrance of the red color wes taken
gs an indication of the starl of réaction; when outting,
the time unitll tho appearancs of the cclor aversged about
2b seconds, while 8«9 minutes were raquired when refluxing.

S8hew noted that, In most cases, sluwninum chlps
remaining efter reaction were coated with & red substance.
then these cohips, f{reed of excess curbon tetrachlorids
under nitrogen, word Leabted under vacuum, aluminuw:
chloride and hexachlorcethone sublimed, leaving «
carvonacsous residue. The ratio of aluminum chloride
to hexachloroethene obtained varied considerably, but
there was usually a large excess of aluminum chloride,
exumples belng 51 to 1 snd 14 to 1.

Shaw found that these rede-soutoed chipé wWere
xtremely ective, 4slthough the prasence of nslther
anhydrous aluminum chloride nor hexechlorosthane seomed
te have any effect on the time required for ihe rsaction

betweson carbon tetrachlorids and alumlnum to start, the
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introduoction of & fow of the red-coated chips caussd the
mixture to turn red instantly, and reactlon to proceed
repldlys. These chips also rescted with a number of
other substances, with resulis as summeriszed below:

Hecction with benzone; Two layers were obtained,

the lowsr one being red, turnlng teo black, the uppsr
layer being yellow. In ons experimsnt the upper layer
gave & good yleld of chloroform, but this could not be
repeated. The lower layer reacted with water to give

a light brown prescipitate, the black color disasppearing.
Pert of the precipltate was soluble in alcohol to glve
a deep yellow solution.

Heaction with toluene: Similar to that with benzene.

Distillation of the top layer gmve only tolusne; the bottom
layer reccted with water to give a brown solution.

fteaction with scetones A white, powdery precipi-

tate was obtalned, with & yellow solution.

Reaction with diethyl ether: Swme as with acetons,

thirough the precipitate had & different appsarance.

Reaction with alcohol: Chips dissolvsd com=

pletoely, resction contimulng for three or four hours,
with the evolution of & ges, thought Lo be hydrogon.
The so0lid remeining after evaporastion of Lhe alceohol
had the odor of apples, waes very slightly soluble in
ether, and very soluble in alcohol. Attempts to recrys-

tellize the solid were unsuccassful.
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Reaction with ethyl scetate: Heactlion gave

& brownlsh-yellow solution.

Reaction with weter: A violent resction took

place, with ths emlssgion of a white amoke and the
production of & strong odor of phosgene and hydrogen
ehleoride, Hexschlorgethane wasg formed when carbon
teirachloride was present.

isactlon with pyriding: Two laysrs were formed,

the bottom one being brown, ths top one purple.

Ths only materlal with which Show reported no
vasction on the addition of a portion of tho red-conted
chips was cnloroform.

These sxpariments lead Shew to suspect the
existonce of an active material other than the anhydrous
aluminuwa chloride formed 1n the resction; this sctive
ingredient hie postulsted to be the red chip materisl,
and 1t was with the ldsa of identifying snd evaluating
any such actlive agent that the prosent investigation
waes undertaken.

Although the formation of organosluminum halldes
from the reaction of metellic siuminum with orgenic raono-
halides 1s well known, tue only instance of the formation
of an organceluminum compound {rom poly-halogsneted

hydrocarbons was reported by Faillebin {(4) and Thomus (5},

4o Faillebin, Compt. rend. 174, 1ll2=4 (1922)
5e V. Phomss, ibid., 174, 484=5 (1922)
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who obtained reection between aluminum and methylene
jodids and bromide in dlethyl sther solutlion. He
formulated kis rsactlon as followss
3 CHgXe + 4 ALl = 3 CHa=AlX + AlK;.
A3 & side reccticon in ether solution, and as’the primeyry
resction in the sbssenca of sther, PFalllebln obltualned
othylene, by the mechanlam:
0 CHgXa + & Al = O CuHy, + 4 AlXg.

with methylene bromide, even in ether solution, the
second reuction predomlnuted.

The reaction of alumimmm with carbon tetrachloride
10 produce hexeschlorosthane was first reported by
Hoffmsn and Ceiler (6) in 1905, By hesating 100 grams
of carbon totrachloride with an undiscleosed amount of
sluminum at 70°, thay obtalnsd 42 groms of hexachloroe-
athane, racovering o5 grams of "starting materiul,”
presunably curbon tetrechloride. Apparently the yleld
of 6Y percent hexachloroathansa shlch thay roport was
baged on aluminum, wlth carbon tetrachloride in excess.

Although the reaction of osrbon tetrachloride
has reportedly been used for tho commercial production
of nexachloroethane, ths 1litoraturs racords only one
other instsnce of the use or uhe reacssion for thie
purposs. In srudying ivhe uses to wnich powdered

aluminum might be put in syubtlhielic organlic chemlistry,

§. Hoffman and Seller, Ber. 98, <068 (1805)
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Ruy &nd Dull {7) formed hsxsachlorocethane by refluxing
carbon tetrachloride sith reduced aluminum. From 1o
grans of csrbon totrachiloride and seven greme of slumlnum
8 large excess, they obtained 9,9 grums of hexachloro-
othane ufter extraction with ether wnd recrystallizz-
tion I{rom bonzene. It 1s Iinterestiing to note that this
represents a yleld of 83 per cent, basod on carvon
tetrachloride wislel fe almost identicual with the yleld
which Hoffmun end Seller (G) obtained, besed on carbon
1de lesd the auount recovered. ey and il
noted iha appearance of dense whlite fumes, wi:ich condensed
to colerless orystels In the neck of the reactlon fiask,
during the course of thae reacltion.

Other workers have reported tho fobmation ol
eluminum chloride and hexechlorosthane from thse reactidn
of aluminum and cuarbon tetrachlorids. Zappil (&), in on
attonpt to study the carbon produced by ths gsneral
reaction

CCl, + ® = MCl, + C,
reported thet ordlnery eluminum does not react with
carbon tetrschlorlide in the ocold, even after four months.
By changlng to sectivated sluwalinum, he obtuined a slow

but wvisibls resctlon in the cold, producing & resinous

Te Lo Co R&y ond S ﬁull, Je Inde Cheme. Z0Ce
&, 107 {ls2s)

B. H. Zappi, snales soc. gulim. Argontine 2,
21l7=-28 (1914)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



«l7=
suvstance wiich formed a brown, cotton-like precipliate.
With aluminua powder, which had besn extracted with ether
to remove graase, Jsppl obtained no reaction, even on
heating to 280°. By using aluminum wire with & diameter
of ons millimetsr, in proportion with carbon tetrachloride
corrgaponding to the squation

S CClg + 4 hl = ¢ AlCly + 3 G,

in sealed tubes ueated to 1U0~120% for six hours,
Zappl obtained & black liguld, thoe walls of the tube
belng covered with & black substance, in which wers
noted brilliant white crystals. A large smount of the
aluminum present did not resct. From the reaction
product the only compound identified was hexachloro=
sthane; Zeppl sssumed the resinous products to be
higher chlorides of carbon. 4 small smount of grayishe
black solia, which analysis proved to be carbon, was
isolated from the solid.

Althouzh he did not explicitly state the nature
of the reasction betwsen sluminum and carbon tetrachloride,
Berger (9), in descridbing his work with smokes during
the first World War, for which he was awarded the Grand
Prizae of the Havy by the French Acadsmy In 1918, said
that zinc rescts with carbon tetrochloride (and, presumitbly,
carbon), although 1 the reaction were carried ocut in a

coniined space, hexachilorocethane cculd be detectoed &s a

9. E. Berger, Compt. rend. 171, 29-52 (1920) (70152)
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product from the incomplets reaction with zinc. In
spaaking of the swokss produced by these ginc-ocarbon
“tetrachloride mixturea, Derger saild, "... aluminus could
heve been used, the smoke produced bsing of the seme
order of volume; for reasona of convsniencs zince was :
praefarred.”

The remainder of the work on tha reactlon of
alumlnum with carbon tetrachloride is confined to studies
ol the corrosion of metals, including aluminum, by
carbon tetrachloride undsr varlous conditions. Dubrisay
{10), who thought the corrosive action of curbon tetra-
chloride on mstals to be dus to ths scids Iormed by ths
hydrolysis of the carbon tetrachloride in the presence
of matals,

CCly + Hgl = C08lg + 2 HOL

CCly + & Ha0 = 00p + 4 HCL,
found sluminum to be practiczlly unaltersd by carbon
tatrachloride in the prssonce of molsture, though
goppar, zine, iron, znd magnesium were acted on to
varying degresosd. In this respect, Dubrisay égrsed with
both Crudes (11) and Sastry (12), who found thal carbon.

totraciiloride in the presence of molsture had almost no

10. H. Dubrissy, Compt. rend. 204, 1568=-70 (1957)

1l. P. ¢rudes, Ind. quim. 19, 260-6 (1916);
Chem. Abs. 11, b44 (1l917) _

12, 5. Ge Sastry, Je. Soce Chom. Ind. S0 (1916)
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effect on fluminum. Rhodes, however, in the oourse
of more accurate work on the corroslon of metals by
carbon tetrachloride (15), found that aluminum loses
welght alowly in cold, moist carbon tetrachloride, while
this loss in welght is much more pronocunced at the boiling
point of the weter-carben tetrachleride mixture which

- hie used. In tho prossncs of the vapors of refluxing

© pure osrben tetrschloride, Rhodes found that an aluminum
sheet soon became coated with a grey powder, consisting
of sluminum chloride, hexachloroethane, and small amounts
of some resinous substance and some black substance,
while the refluxing liguid contalned some hexachloro=-
athane, indicating the principal raaction to be

2 Al + 6 C0l, = 2 ARCly + Cscie.
Asids from the equation cited by Zappl above, and found
by him to be in errcr, Rhodes alona wrote an eguation for
the reaction betwesn aluminum and carbon tetrachloride.
In other teats of the ocorrosion of aluminum by

carbon tetrachloride, Formanke (l4) found negligible
action on aluminum immersed in carbon tsetrachloride for
eight months, while Popov (15) found no action on aluminum
in carbon tetrachloride vapor at a relative humidity of

50-60 per cent.,

13, ¥ He Rhodes and J. ¥, Carty, Ind. and Eng.
Chem. 17, 909-11 (19285)

i4. Je. Formanek, Chem. Obzor §, §7-9 (1930);
Chem. Abs. 24, 4492 (1930)

15.”P. V. Popov and M. I. Lebedeva, Trans. Sci.
Inst. Fertillzers imsectofungicides (U.S.S.R.), No. 135,
102-4 (1939); Chem. asbs. 34, 6210 (1940)
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Aslde from the studles of the actlon of molst
carbon tetrachloride clted sbove Ray and Dull (7) alone
investipgatoed the reaction of sluminum and carbon tetra-
chloride in the presonce of a third reagent. Ten minutes
aftsr starting to reflux 30 grams of carbon tetrachloride
and 100 grams of bonzone with seven grams of sreducsd
aluminum, they noted & vigorous reaction, with copious
evolution of hydrogon chloride, and the formation of a
dark brown mass. By hydrolyslis of the reaction products
with cold dilutvs hydrochloric acld, followed by extraction
and distillstion, they obtalned 4.7 grams of diphenyl
methane and 11.2 grams ol triphenyl methane, the only

products belng reported.
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Co. DIBCUSSION OF RISULIS

1. Description of Heaction

When metallic aluminum is cut into carbon tetra=-
chloride, & vigorous exothermic reaction tukes place,
beginning usually within & few sceconds after cutting
starto, although 1f the reaction chamber is not clean
and dry at the start of tho reaction, thers may be &
sonsidercble induction period.

The stert of the reaction betweon aluminum and
carbon tetrachloride is usually marked by the appearancs
of a red color, which rapidly despena to black. 4s the
resction proceeds, the temperature rapldly rises, reaching
the boiling poiat of carbon Lstrachlorlds 1f the cutiling
process 1s continued long enough. At a feed rate of
sbout Q.1 inch per mimite, aluminum eppears to rsact
as rapldly as it i8 cut. Heactlion seema to be complete
almost as soon &s &ll of the asluminum has besen cutb,

In most cases whers measuremsnts wers made, Lt
was noted that, soon after tho start of reactlion, the
rescting mixture exhibitsd & swmall electrical oconduc=
tivity, which rose to & maximum when £11 of the aluminum
nad bsen cut into the mixture, and then tell fairiy
repidly to avalue just above zaro.

Products of the reaction consist of a deep red,

almost black solution in cerbon tstrachlorldes, and a
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black, finely divided solid. Both the liquid and solid
fu¥ld in air, giving off a dense white smoke, the evolu-.
tion of whlcp ia made more intense by the addition of
water to the reasction mixture. ihe liquld and =0lild
phases may be separated by vacuum flltratlon into a
biuck liquld and a black solid, the surface of the latﬁer
raplidly becoidNE white on exposure to the atmosphere.
The durk carbon tetrachlorida solution is
apparently decoloriged by & smell amount of any substance
having an sctive hydrosen; such as water, alceochol; ucetone,
or damp ether. With acetone a white unidentified precii~-
tots 1s producsd, which when ignited, leaves x whits ash,
and whieh, on bolling with concentrated nitric acld,
yields a solution whichh containsg both aluminum and
halozen. 7The black ligquid product, when added to elther
sliphatic or uromatic hydrocsrbons (heptsne or benzens)
produces a bright red color. iexachlorcsthane may be
crystallized from the carvon teitrachloride solution uy
cooling to within a lfew degrecs o tue [reszlng point
of carvon tetrachiloride. Treatmant of tue durk solution
with activutad charcosl gives & closy awber solullon.
Tho black liguid givses a woeuk Lest for Lhe pregsence of
an ovgenomstsallic compound by the Gllman {16) solor

test with Migilar's ketona.

16, H. Gilman and Schulze, J. am. Chems S00.
47, 3002 (1929)
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‘ractionation of the liguid product under vacuum
yields carbon tstrachloride, hasxachloroethans, and
eluninum cnlorids, aiti some 1lndications of the prssence
of phosgene, A tlack reslidue, only & small portion of
which 18 carbon, rexmslna slfter Iractionation.

Tha black solid rsactlion product rsacts vipgorously
wlth watsr. ‘Uke hydrolysis L1s very cxothermlc, and
produces a felrly steble white smoke, as well aas a
strong odor like tuat ol phosgene. Hexaculoroethans
may be orystullized from tnesther sxtrast ol the hydro-
lyzed solid in vary sm&ll smounts, though thers 1s no
Gafinite indicstion toav btls hexachlorosthans was
produced by thwe hydrolyslse. Hust of the black solid
recction product is resdily soluble in dry dietnuyl ether
without reaction, giving & black soluition which dle-
plays many of the provertles of the s0lid (vigorous
roscblon with water to glve white swoke, red color with

bonrsne). The sther gulution glves & very strongly

gl

g

oaliive ¢olor test for ihe prassence of an organometallic

compound with klchlerts ketone.

2« Evidence for and against the Presence

of Orgsnometallic Compounds

As was previously mentioned, the present investle
gatlon was undertaksen with the idea of identifying or

confirming the prescnce of any orgenometzllic compounds
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which might be formed by the actlon of carbon tetra=
chloride on alumimm. The reamctions which the product

undergoss do not necessarily indicate the presence of
an organometallic compound, but neither are they typical
of the reactiona brought aboul by ordinary anhydrous
alumimmm chloride, On the other hand, sincs aluminum
chlorido is present at all timos, it was found almost
impossible to obtaln conclu | |
The first real evidence presented for the presence
of an organometallic compound lies in the color test

with Michler's ketone. An other solution of commercial
anhydrous aluminum chloride gives a very weak color

test with ¥ichlert!s ketons, and one which is typical

of the tests obtained with the reaction products hers

in question &xcept that it is less intense, The test
obtained with the carbon tetirachloride solution of

raaction products is only slightly more intense than

that given by the ether solution of aluminum chloride,

but that given by an eother solution of solid reaction

products ls spectacular. The addition of & small amount
of this ether solution to & solubtion of Michler's ketone
in benzene produces a bright orangee-red precipltate,

which turns to a bluishegray oii the addition of water,
thoush the hydrolysis does not produce a particularly

vigorous reaction, while the addltlion of the lodlne

solution in glaciel acetic ecid gives a bright green
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ether laysr, with a deep green precipltete. This
evidoncs, however, cannct be considered to prove the
presence of un organometalllic compound, since it is
entirely possible thut alwnlnum chiloride, which ia
undoubtedly prasent in & very high state of activity,
migsht lead to a similar resction with Michler's ketone.

Nore ovidsnco for the existence of an orgenc=-
metallic compound i3 precented by ths behevior ol the
alsctrical conductivity during the course of the reacticn,
though this behavicor also indlcutes thut whatever causes
the existence of ths olecirical conductivity 1s not
stuble, and is consumsd 1an the courss of the readilon:
ihis will be discussed in more detall later.

The most conelusive evidsnce for ths formation
of an orgsnometallic compound is offered by the red
coloring matter produced, to whkich Shaw altributed
the primary activity of the resctlon product. This
red masterial is neglizibly scluble in carbon tstra-
chloricda, as shown by the fact that the darkly colored
ocervon tsirachlorids sclution rormed in the reaction
ig imedlutely decolorized by the actlon of vater or
other ueterial contalning an active hydrogen. On the
other hend, an ether solution of the solid reaction
productes, which is derk red, retains all of its color
on hydrolysiz. When, however, the sntlire recctlion product,

containing both solid and liguid phases, is hydrolyzed,
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the carbon totrachloride solution remsins derkly colored.
after removal of hexachloroethane frowm the colored csrbon
 tetrachlorids solution so produced, distillation of
remuining carben tetrachlorlds yields & dark red resin,
whioh 18 nobt steam dlstilleble, and which oontains
chlorine, but no aluminum,
The beuavior of the red coloring matier out=

lined sbovs is difficult of explenetion unless it is

assumed thet an organoaluminum compound of sorts, probably

consisting of & polymer contsining slumipum; is formed
during the resction. 7his compound is not toluble in
carbon tetrachloride, but is readlly soluble in sther,
as might be expected of such u substance, Hydrolysis of
the orgencaluninum complex then removes &ll elumlnum,
lesving a polymer which probebly contalns cerbon, chlorine,
oxygen, anc hydrogen, which ia readlly soluble in carbdon
tetrachlorids, and only very sparingly soluble in petro-
leum sther. Although the product of hydrolyslis is certainly
- polymeric, the organcsluminum compound itself may or may
not be, and il 1t ia, no evidence hss been found o Indl-
cats whether the polymeric bonds ars cuarbon-curbon or
cerbon aluminum. A possible mechanlsm for the reactlion
will be discussed in wmore detall dbelow.
It is to be noted that the extent of formation
of any such orgenoaluminum compound as discussed before

is very emall, elmost negligible. Any large scale formation
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of rn orgsnometallic compounds would‘be expected to take
ong or more of the following forms:;

AlCl,001, ALCL(CCl, ) g : AL(CCly ).
The nydrolysis of any of these conpounds would almosb
corsainly produce chloroform as the princlpel product,
vot distillation of products of hydrolysis yilelded
no chloroform or other materisl bhoiling st a lower
temperature than carbon tetrachloride. 4lso, reaction
of the products with carbon dioxlide, either after renoval
from the resction chamber, or during the course of the
rasction, gave no indication of the presence of tri-
shlorcacstic aclid.

9. Electricel Conductivity

The eleactrical conductivity of pure carbon
totrachloride is unmeasurabls with apperatus ussd in the
course of thesa expsrimsnta. Whlle the conductivity
of & solution of aluminum chlorids in carbon tetrachloride
is not definitely known, praliuinary experlimonts showed
1t to bo indlstinuishable from that of carbon telrachloride
zlona.

In wmost cas?a 4in which the slesctrical conductlivity
was measured during the rsaction of aluminum with carbon
tatrachloride, & slight conductivity has been noted soon
after visible reaction started, which conductivity rises
to a maximum just before sll of the aluminum has been

cut, and then falls rapidly to zero or siightly above
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Zzero. There appears to be little uniformity asbout the
magnitude of the conductivity noted; thres differant
curves for the varlation of conductivity with fraction
of the time required to cut all of the aluminum ere
presented as Figure 4. The same weight of aluminum wes
cut in all ceses, 8Since in most instances the reslstance
of the solutionz was sbove 2 x 10° ohms, the largest
value for which conductivity meters could bs callbrated
with equipment on hand, conductivity is plotted as microe
amperss of current peseing st o potentisl of 45 voltbsa.
Ths curve with the highest meximum wss obtalned in an

- experiment in whiolh reaction 4id not start until about
sleven minutes after cutting wes started. When resction
did start, it wag with almost explosive vliclence, leadling
to the large riese in conductivity depioted, It should
be noted ihat the pesk of this curve would be relatively
meny timea higher if conductiviiy were plotted as
reciprocal ohns.

The lowest curve of Flgure 4 is one of‘the curvss
shown in Mlgure 5, which were obtained from thres runs
made undsr identical conditions, showing that, under
such conditlons, the varistion in conductivity with the
fraction of aluminum cut 1s a falrly definite funciion.

In the light of present knowledge, thers is no
définita explanation for the existence of slectrical

conductivity, nor for lis peculisr variation, during
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the resction of alwminum with carbon tetrachioride,
If ihe roaction betweon aluminum and carbdon tetrachlotida
be assumed to bs a fres radlesl remctlion, free radlcals
exlating would be axpected Lo bo trichloromatuyl radiceals,
CliyC*+. Such radicals would probsbly have & very short
half=1l1fs, und, zleone, would be unlikely to show any
conductivity in solution. II the conductivity ware due
to the temporary comblnation of such radlcals with some
electron-donor or =acceaptor, with the coﬁcurrent formation
of & neogative or posliivs Lfon; the conductivily curvs
.might be expectod to Likve a form simllar to that of the
curves shown, The most lopgical choice for an elsctron
donor would bLis an aluminum sali, the zotion of which
might be formulsted es follows:
Al + & CClg = AlCly + & CliC
AlCly + ClyCe = A1CY,* + 3:CCLz™.
Or the free radlcal mechanism might be fommulated as
involving the formetlon of an sluminum subchloride,
which would itself act as en slectron denor, such a
mechanlsm belng tantswount to the formsation emd lonle
zation of an organcaluminum compound:
AL + 2 CCly = ALClg + 2 Ci,0-
41Clg + ClgCe = AlCl,(CCly)
ALClg{CCly) = AlClg* + :0C1,".
There ars other poeslble, but less likely,

explanstiong for the behavior of the electricsal
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conductivity. It is concelveble thet the rise in tempera-
ture which sccompaniss the rise in conductivity during
the course of the reection batween sluninum and carbon
tetrachloride might have some effect, but heating the
reaction mixture efter the completion of reuction, when
conductivity had returnsed to & low valus, falled to
causs onother riss. Another, even less likely, possi-
bility is that the rise and f4ll in &onductivity wmisht
be dus to the change in the ratlio of aluminum chloride
to hsxechlorosthune Iin solution in the reasction mixiure.
Since aluminum chloride is only sparingly solubls in
ssrvon tebtrachleride, itz concentration should become
constent soon after the start of the reactlon, but the
concentr&tion.or Lthe very soluble hexachloroethane would
incresze throughout the resction. This would be® expected
to have little or no effect on the electrical conductivity,
end an experiment, in which hexachloroethane was added
in warying emounts to & saturated carbon tstrachiloride
solution of comuercisl anhydrous aluminum chloride showed
the conduetivity to remein substantlally zero st all
concentrations.

4, Machenigm of the Resctlion

Shaw (1) postulated the mechanlsm of the racction
batween alunminum and carbdon tetrechloride ss follows:
S5 0Clg = & 01l (radical} + (1zC-

% Gl + AL = AlCly

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



£101, + ClaCe = ALCYy+CCLs
2 Al01,°CCly = &1C1, + CGCL,0CCLs,
which is equivalent to the simplor equatlon presentod
by Rhodes (13},
2 £ + §& CTlg = @ AlCly + O Cgllye

There appsars to bs little doﬁbt thut the lattsr 1s the
ovarall eguation of the principle reactlon, though
the present experiments, snd those of Hoffmen and Sellsr
(8), indlcate that only about €5 per cent of the alumlnum
208s to the production of hexachlorosthane, presenting
the quastion of the fate of the remeinlag aluminum.

There sxists another posslbllity whizh would
gaoount for &1l of the aluminum cut, and st the same
time explain the unusuel actlvity which has desn attri-
buted to the anhydrous aluminum chloride, If; lastaand
of sluminu= chloride, sluminum subchlorlde wore formed
in the reaction between aluminum and carbon tstrachlorida,

2 G0l + Al = GaCl; + AlClg,

the yilslds of hsxunchlorosthens, rsported as being in the
nelgzhborhood of 65 psr cent, bassed on the mechaniem by
which aluminum chloride is formesd, would be incrsased
to about 97 per cent, asceounting for all of the aluminum
except for ths minute umount which apparently goes into
the formation of & polymeric organoaluminum. compound,

In addition, alupinum subchkloride would be expected to
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exhibit activity of the order of that of the rsactlion
products here encountersed.
In one experimant; during the hydrolysis of

the mixed liquid and solid reactlon products, gasass
evolved ignited and burned with & quiet blue flume.

In this case & small amount of unrescted aluminum remsined
in the resction product, and it ls probable tLhat the
flame was due to the i;nition of hydrogen produced by
the hydrolysis of this sluminum. If aluminum subchloride
were formed, howevsr, 1t would undoubtudly reast witih
wetor with the formation of hydrogen:

4101y + HuO = ALCLLOH + 1/2 Hg.
In later experiments, howsver, no gases were found to
be evolved durin; the slow hydrolysis of mixed rezction
products which contalned no aluminum metal, indicating
the formation of no sluminum subchiloride in these ceses.
Friedsl and Roux (1l7) reported the formation of

aluminum subchloride when aluminum chloride was heated
with eluminw: in & sealed tube, but later attempts at
pepesting the experiment (18) were unsuccessiul, and
definitely indicuted thet such formation did not take
place. %he formation of eluminum subchloride was later

reported Irom the sction of metalllic alumlinum on agueous

17. Friedel and Roux, Compt. rend. 100, 1187 (1E85)
18. Nilson and Pettersson, Trans. Chem. 30c. 93,

61l4-26 (1888)
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eluminum chloride (18), with the evolutlon of hydrogen,
& case analogous to thul mentioned above, in which a
Tleme was noted during thie hydrolysis of & resction
product,.

In the sbassnce of mors conclusive evidencs, 1t
does not seeém liksely thut, under ordinary condltlons,
aluminum subchloride is formed, the more logiczl con-
clusion belng that the primary reaction is the one
formulated sbove:

2 AL + 8B Gclﬁvz 2 alCly + & CaClg.

A logicel mechuanism Tor the forwetion of the
epparently polymeric orgenosluminum compound is much
more difficult to formulztie, and can be, at best,
merely conjacture. One such mechanism would be,

Al + CCl, = ALSIOCL,
AL + GCl, + AL01COL, = ALCL(GCLg)AC
A + CCLlg + ALCL(CCLL)ALCYL = AICL(COCL,)ALCl{CCly)Aalcod
etc.

The hydrolysis of such & complex would be expscted
toc lead to the formetion of methylene chloride, or, if
polymerizastion were teo continue, vo msthyl chloride or
methane, and ncne of these were detected. Also, the

polymeric product of hydrolysis, soluble in csrbon

19. C. Pormentli and M. G. iev, Boll. Chim. Farm.
40, 589 (180l), reported in Xellor, A Comprshensive
Tradtiaa on Inorgenlc and Theoreticul Chemistry,
London, 1924; V, 511
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tetrachlorice, would not bs explalned. Indesd, to
ececount for the exiatences of tie rsed resin after
hydrclysis, it i1s sgaln nscessary to resort to & free
radical wechsnlism involving the formation of long carbon
chuins conitsinling chlorine and chloro-sluminum sroups.
Though the extended formulstion of such & wmechuniam
«ould be meunlugless, he L[irst steps would probably
invclve some such reuctions as those below:
2 A » 2 €0y = 2 AZCL,{(Clgle)

2 AICL {0150} = LLICLRLCL5001541005.
If the polymerlzstion ULook sucli & form it would be
expacted thet lower members of the seriss woula alpo
be expectasd Lo bs preseni, and that the Lydrolysls of
theas would produce identifliable compounds, such as
acotylane totraschloride, which would be expected fronm
the hydrolysis oi th:z complex shown above. It is
entirely possible thsat suc: compounds were prsasent in

minute smounis.

. Catalytlc Activity of Heaction Preduct

The subject of the catelytic activity of the
products of the reaction of aluminum with carbon tetrae-
chiloride huasg bsen too seantily investizated to sllow
any definite conclusions to be drawn.

In the only reaction investigabted, being that of

& nixture of carbon tetrachlorids, benzene, and aluminum,
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the product wes lergely resinous, inscluble in any common
 solvents. Only o minute amount of & white, crystalline
solid, whiéh was'probably nexaphenyl ethesne, was gteam
distillabls from the ~ummy blaock mass resulting from
the rasction. Thére wes no evidence of thas formetion
| of di- or tri-phenyl methane, es reported by Hay end
Dull {7) in & similer resction.

The irisdel-Crafts resction botween carbon
tetrachloride and bonzens in the Q-ﬁaenne of enhydrous
eluninum chlorids has boen rather extensivsely qtudied’
The usuel products of the recciion sre dicklorodiphenyle-

" methane (20) snd triphsnylchloromethans (21), thes two
compounds 5iving, on steam distillcilon, bensophenone
(22) acd triphenylearbinol {21). Ths rseotlon may &180
be used to form triphenylmethans by decompesing: with
ather the eluminum chloride complex formed by reacting 5
moles of benzasne with 1 mols of carbon tetrachloride (23):

S5 UgHg + GCLl, + AlCLs = (CgHg)sCClialCls + 3 HCL

(Csﬂb)accl;ﬁlcla + Bta0 = (Cgly)sCB + CH4CEC + EtCl + AlClp.

20, . Oomberg and H.L. Jickling, J. &m. Chem. SocC.,
57, 2oT5-2591 (1915)

21. M. Comberg, Dor. 33, 5144=314¢ (1900); J. im.
Chisiie ©OC 22 HR=TOT ( 1900) .

22,°C T. ©. Barvol and %. HN. Sperry, "Orgeanic Syn-
thesss,” Vol, VILI, pps 2629 (1928)

25. Jo Fe Norris, "Orgunlie Syntheses," Vol. IV,
pp B8l-83 (1925)
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Hexachloroethane, however, with benzene and
aluminum chloride, yields only a little chlorobenzone
end anthracens, end unchangsd hexachlorcethane end

. benzene (24).

It appesrs, therefore, that the catalytice
sectivity of the product of reaction of aluminum and
carbon tetrachloride is very much greater than that

~of ordinary aluminum ohloride, for the reaction between

carbon tetrachloride snd benzena, et least.

24. A Mouneyrat, Bull, soc. chim. (&), 18, 587~
559 (1698).
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Do BXPERIMENTAL

le Reacvtion of sluminum with Carbon Tetruchloride

Except for onv run, all experimenta wers per=
formed using the mechanical activation apparatus fllus-
trated in ¥igure l. In these runs, ons-quarter inch rods
of 2=8 aluminum were cut,.using & helical cutter having a
pltoh of 0.200 inch, and a rake angle of =15° experiw
mentsl procedure was essentlislly az follows:

The chamber of the mechanical ectivetion appara-
tus was cleansd, and then dried by exposurs to an infra-=
red lamp for a period of sbout 30 minutss. The sight
glass was ﬁhen secured to the chamber black, and the entire
gsystom flushsd with oll-pumped niiroren. Curbon revru-
chloride was then cearerfully measured in a gradusted
oylinder and poured lnto the reservoir of the appuratus,
SLrom wulch L1t was forced by nitrogen pressure into the
chamber. Conductivity and tempserature meassurements
were recorded at one-minute intervals throughout the
course of the run.

when reacilon was complete, the contents of the
chamber weres foresd out through the valve st the bottom
of the chember into a Tlask, which was quickly stoppered
to aveld undug éxposure te the stmosphara,

All of thess runs wers mads with 2.7 grams,

0.1 gram-atom, of ecluminum belng cut intoe 14d grams,

0.95 moles of carbon tetrachloride. Feed rates for tue
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sluminum being ocut were usually in the neighborhood of
0«1l inch per minute, varylng between the extromes of
0,089 inches per wminute to 0.209 inches per minute.

In all runs the cutter spindle rotated at 920 revolutions
per minute, representing s surface cutting speed of 12.3
‘feetAper minute, Pressure within the chemver varled
between four and five pounds per sguare inch, gsuge,
whille ths temperature in most cases rose from rocm
temperature to $0-00 dogrees durling the coursa‘of the
reggotion, From thase sxperiments there was no evidencs
that fesd rate, pressure, or temperzture lnfluenced the
gourss of the roaciion in any waye.

Reactlon times, messured from the start of culiting
to the draining of the chamber, wers uéually in the
neighborhood of 30 minutes, though in most cases there
appearsd to be little reaction aftsr fifteen minutes.

In the one run in which the mechanlceal sctivation
apparatus illustrated in Figure 2 was used, the procedure
followed was varied somewhat, though there appeared to
be no differenge in the rssction products. In this
experiment smounts of reactants were increased ten-
fold, 27 grems, 1.0 gram-atom of aluminum being cut iato
1,450 grems, 9.9 moles of carbon tetrachloride. %he
carbon tetrachloride wus pluced in the stainless-stael
‘chzmber, which was then ettached to the apparatus.

Splndle speed was 8000 revolutions por minute, and during
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most of the run of the tsmpsrature was st the bolling
point of carbon tetrachlorlde. As an exemple, the
treatment of the products of this run is descrived in
detail balow. |

During reasction approximuaiely 300 co. of gas
worse collected, whils nothing wes colloctsd in two dry
1ce traps except for a small amount of solid which melted,
but did not vaporize, &t room temperaturs, and appearsd
to be carbton.tctrachloride. |

when resction was completad, the resction mixture
was btransforred to a three litor, three-necked flask, which
was fitted with dropping funnel, stlrrer, and reflux
condenser. A.tubs from the top of the condenser l1sd
into seme gus collection system previcusly ussd, sxcept
that ons dry-ice trep was removed from the sysiem.
The flask was cooled by meaﬁa of an lce bath.

200 cc. of distilled weter were added slowly
to reaction product in flusk, hydrolysls taklng place
smoothly, with the evolution of no gas, and with no
refluxing, oxcept at one point at which water was added
too rapidly. after water had been addad, S0 ce. of
concentrated nitric acid were sdded to thes mixture by
means of the dropping funnel, end stirring was continued
until most of solid formed durlng hydrolyslis had returned
to solution. Ice water in cooling bath was then replaced
wlith warm water, and stirring continued, with no evidence

ol gaus evolution.
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Hixture from abowa wad tranafarred to 8 separa=
tory funnel, but = stablb amulaion formad preventing
separation. Mixture waa then rilteroﬁ usin» suction
(sach filtretion and transxerrpr 11quid was followed by
weshing with CClg, the wash sdlution Qe qa F“added to
nixture), to remove sollid whiah Was qp*arencly causing
emulsification. Because of t%rry natp:a of solid, it
was necessarr to add 18.9 gra%s of ﬁﬁ?per-Cel“ flltexr
ald. Piltrate wes then sepax}éate&, giving a deej reddish-
brown carbon tatrachloride sblgtion and a clsar gresnish
water solution. Carbon tetrachloride solution was placed
ovar Drierits tc dry after being was zed with several
smell portions of distillsd water, bhe washings baling
added to water solution. | | |

Super~Gel used in filiratlion of mixture sbove
wes extracted with ether snd acetons, successively,
extract evaporated, and found to contain approximately
Q.1 gram of blgck ter and roed learlets.

Water solution from above was dlluted to 2000 ml.
in & volumetric flask &t 20°. 4Ywo 2 ml. aliquot portions
of this solution were dlluted and titrated for chlorine
wlth standard silvsr nitrate solution, followed Ly back-
titration with potsssium thiocyanate solution to a ferric
ermonium sulfate end point. 21l.00 and 21.76 mle of
0.1000 normal silver nltirate solution wers required for
the twe saemples, Indicatling the presemcs of 2,166 equiva=-

lents of chlorine in the two liters of solution.
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Three 10 ml. aliquots from tho above sclution
were trested with 8-hydroxy quinoline rorlthe precipi-
tation of aluminum, 2s recommendsd by Kolthoff and
candell, (25). Precipitates weighing 1.8338, 1.8530,
end l.8288 grams after drying at 130°C, average welght
of precipitate 1.83521 grams. I thes precipltate be
considerod as 1ll,1l psr cent aluminum oxide, this welight
repressnts 38.74 grams of aluminum in the original
solustion. If the precipitete be considered to be pure
sluminum oxinate, the welzht represents 21,50 grams of
elurinum in the original solution.

Thres 5 ml. aligquois of the above sclution were
treated with B-hydroxy quinoline by the method recommended

by HMellan (26). Irecipitstes, after drying at 150°C.,
welghed 0.5437, 0.5404, 0.5403 grums, average 0.5418,
representing a weight of 21.18 grams of aluminum in the
origzinal solution, the precipltute belng consldored as
purs aluminum oxinute.

Three 10 ml. aliquots of the above solution
wore treated in the manner outlinad by Xeolthoff and
sandell (27) for the determination of aluminum as

aluminum oxide, ¥Precipitates wore dried to constant

25, I. H. Kolthoff and E. B. Sandell, "Textbook
of Quentitative Inorgenic Analysis," lew York, 19453 p. 327
26. Mellan, "Organic Reageats in Inorganic 4nalysis,”
Philedelphia, 1941, p. 259
27. Kolthoff and Sendell, op. git., p. 524
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weight at 1000°C. Trrecipltates of 0.2122, 0.2157,
0.2117 grems, average 0.21285 grams, were obtalned.
This represents & welght of aluminum of 22,48 grams in
the original solution.

Carbon tetrachloride solution from above, which
had been dried over Lrierite, was transferred to flaslk
for diestillation. Including saxount used in thils trensfler,
a total of 1000 co. of carbon tetrachloride had been
added to original solution in washing vessels and
filters. Total walight of mialure at uhls poimt, 2,403 g.
Sclution Lractionated through helices-packed still;
carbon tetrachloride begen coming off lrmedintely,

After 1,879 g. of carbon tetrachloride had bsen removed,
fractionation wag interrupted, and the 388.5 grams of.
still-pot residue wore filtered. Crystalline solid,
pressed as I'roe as possible of liguld, and air dried
for a short time, weighed 186.8 grams.

Black filtrate from above, which welghed 168.5
grams, was chilled to »20°C., and 6.4 grams of additional
crystals filtered off. 1Total welght of crude crystals,
presumed to be hexachloroethane, removed to this polint,
225.2 grums., iixed crystels frox the two filliratlion
wore dissolved in hot petroleum sther, glving orange-
red soluticn. Hot potroleum ather solution was f{iltered,
xiving about 0.2 gram of brown solid, of whlch sbout

helf waes soluble in diethyl other,
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Mltrate from two flltrations of stilil-pot
rasldue, above, waa fractionated throuzh small Vigreuxe

typs columne. Fractions were collacted as lollows:

Praction Volume Beliling Rangoe ngs
1. 9 46 66.5"6?;8080 S
2. 21 E7e0=70.4 1.4318
G 1\3 : 7004"75.7 10‘1&69
4. Gos 73.7“84.b . 1.4370
de Sa 8Y.0=1329.7 11,4750 :

Fraction 2 was rofractionafted through & small
Podbielntak column. ll.1 co. of pure distillats collected;
boillng point, 68.6°C., uncorrected; n3® i.4s02, a27+5
1.508. Fractlion was found to contein 75.2 per cent
chlorine by combustion of a portion 4ip a Parr bowb,
followed by titrsiion of chlorine. No precipitate was
formed on treatment with phenyl isocyanate or phenyl
hydrazine. Fraction found to be sbout 15 per cent
solubls in wabter, theo water-insoluble portion having &
refractivs indax of n%s 1.4488. VFractlon reactsd viclently
with metallic sodium, with no apparent evolution of
hydrogen., Iractlon seprarated into two layers by freezing;
layors would not ro-combine on warming. n%?'l for upper
laysr 1.4030; for lowsr layer, l.4s7S5.

8t11l pot residus following the fractlonstlon
of the laust portion of the carbon tetrachloride solution,
21lel zrmuas of :a dari brown solid mass, apparently lsrgely
crystalline. Wess wss bolled with petroleum ether,

giving s desp red solution containing some suspended
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30lid muterial. PFiltrutlon of the hot solution yialded
0¥ grums of & brown sollid. The petroleum sther filirate
was added io petroleum oether solutlion containing solids
previcusly removed from solution.

From the petroleum ether solutions, mlxed as
above, 21l4.4 grems of nexechloroethsne were erystallized
(ldentifisd by sealed tube melting polnts of 167.4% =«
167.86° and 187.3 ~ 187.8°., and nmlxed ma2lting points
with purc hexachloroethune of 188.2 - 1B6,3° and 186,00 -
183,5%Ce ) Haslidual petroloum sthor solutlion was
gveporeted to dryness in alr, thes material resulting
fron the eveporstion being & mumber of apparently dark-
rod plates plus & dsep red oll. Thesse wara staasn disviiliad,
white eryataiu bBulnge the onay maleriul wnion steum dlstillied;
cryatuals wors ildentifled as hexachloroathane. Resldue
after stoesm distlllebtlon was s desp red tayr which was
readlly soluble In carbon tetrachlorids, very spurlngly
soluble in petrolsum sthsr, and complately insoluble
in alechol. Zvaporatlion of the carbon tstrachlorids
solution of the tar left & doep red, tacky tar (about
ona gran), which becaxs very hard end brittle on cooling
to about -20°C, A portion of the tar gave negative tests
for aluminum after boliling wilith concentrated hydrochloric
and nitric acid, and alftar fuzsling with sodium. Dilution
of & wlxture ol concontratsad hydrochloric and nitrice

acids, in which & portion of the tar Lad been bolled,
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caused the precipitation of a small asmount of granular,

light brown, apparently resinous solid.

2. Trestment of iteactlon Product

Vsrious sxperiments were performed with the
products of the reaction of carbon tetrachloride with
gluminum, with results as outlined bslow:

Hydrolysis: Lydrolysis of liquid reaoction
product produces a small amount of & white smoke, with
disappearance of dark color of solution, but there 1s no
vigorous reasctlion. Hydrolysis of tne solld reaction
product, with fairly repid addition of water and no
cooling of reaction vessel, produces a dense white sumoke,
end the evolution of sufficient heat to ceuse water to
boll. A volumpious white precipitate, which is readlly
soluble in zoid, is produced. Hydrolysis of mixed products,
with the slow addition of water to the mixbture in & flask |
fitted with weroury-secaled stirrer, and cooled in sn ice
bath, produces only & mlld reaction, with no gas evolu-
tion, and only a very small amount of smoke formation.
white precipitate produced is again soluble in acid.

Carbon tetrachloride sclurion efter nydrolysis of mixed
reaction products remains darkly colored.

Alooholysis: One drop of %u per cent ethyl

2lcohol decolorizes 1 cc. of liquid rsaction product,
without the formstion of & prscipitete. Heaction with

solld product very similur to hydrolysis.
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Reaction with .cetone: Ona drop of acetons

immediately decolorized 10 co. of liquid reaction product,
with the formation of a flocculant white precipitats.
Precipitate contains hologen by the Beilstein test, is
insoluble in water, dilute hydrockloric acid, &nd benzens,
parvially solubls in hot concentrated nitric acid.
Originel solid doses not burn in open flame, but loses

some of 1ts nmuss, leaVing & white ash; solid remaining
after treatment with hot nitric acid is completely
vaporized on heating in open Ilams, wnile nitric scid
solution gives positive tests for the prosence of eluminum
gnd h8leogzsn,

Heaction with Diethyl Ether: Liquid reactioﬁ

product decolorizsed by either dry or wst sther. Solid
regction product largely dissolves in dry ether, with

no apparent rseotion; with undried ether, solid dissolves
‘with reaction ressmbling mild hydrolysis.

Reaction with Dioxene: Reagent decclorizes liquid

resction product with the production of a small smount
of a finely divided white precipitats.

Reawction with senzene: Liguld product produces

bright red color with no vieible indicatlon of rewction.
Zolid reacts vigorously, with formation of bright red
solutlion and precipitate.

Heaction with Heptane: Sume a3 with benzena,
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Reactlion with Methylmegneslum Bromide: Heaction

very vigorous, but apparently no different from the

reuction of the seme reagent with pure cardbon tetrachloride,

S Attempted Preparation of Orgenic Acids

The products from one reaction were poured over

~80lid carbon diocxide with no detectabls reaction.' Mixture

saturated solution of sodium carbonate., Sodium carbonete
solution was added to wstor layer from hydrolysis, and
the mixture coidified to s methyl orange end point.,

This acidified mixture was extractsd with ether, and

the atner extract drisd and distilled. Ho svidoncs for
the presence of an organic acid could be found.

In another experiment, the reactlon was carrled
out as usuzl, oxcopt that a carbon dixoide atmosphore was
substituted for & nitrogen stmosphsre. 7There appsared
to be no difference in the course of the reactidn.
Reactlon product was trested as above, with the same

negative results,.

4. Isolation of Hexachloroethane

Although hexzachloroethane wes isolutsd from the
llguld reaction product from all sxperiments, and in
one case from an 2ther solution of the solid reaction
product, attempts werec mede at guantitatlive racovery

in only two cases. In these cases excess curbon
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tetrachloride was removed by distillation, and hexachloro-
ethane crystallized from the remaining solution. Residual
hexachloroesthane was then removed from remeining carbon
tatrachloride solution by further concentrution by dls-
tillation, followed by crystelligation at -20°. cJrude
hexschloroethane obteined by this procedurs wes recrys-
tallized from petroleum ether. In: one cass, from the
mixed products of four Q.1 mole runs, 2.5 grams of
hexachloroethane were obtained, representing & yleld
of 21 per cent. In another run, in which one mole
of aluminum had been cut, 223.2 grams of hexachloro-
ethane woers obbtainsd, & yisld of 62,7 psx cent.

Idenbicy of hexachloroethane in all cascs was
checked by sealed-tube melting points, by mixed melting

peints, and by sublimation tempersture.

He. Kasnotion in the Presence of Benzens

Benzene and carbon tetrachlorids were mixed 1ln
sguimolar amounis, and & portion of the mixture containlng
0.47 mcles of each wag placed in the apparatus. Aluminum
was cubt as wsual. A black color was produced in the
chamber &s soon &s cutting was started, electrical cone
ductivity rising rapidly to full scale deflectlon,
raprssenting almost no slectriocsl reslstance in the

mixture.
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The reaction product from the action of aluminum
end carbon tetrachloride was an extremely viscous black
mass which Gid not ignite in an open flsme. 4 small
emount of & dark colored oll was separated from a portion
of ths mass by bolling with acetone and evaporating
the solvent; this oil was soluble in petroleum ether
only sparingly, and separatsd from pstroleum ether
solution only as an oil on cooling to =78°%, The oil
was very viscous, even at highexr temperstures, and
had at blting odor resemdbling thet of an ester.

Steaum distillation of the bulk of the resinous
product yielded & small smount of unreacted carbon
tetrachloride, which distilled without residue, and
a snall amount of a wihile orystaliine meterial whiech
melted at 141-142°C. The amount of this substance
was too smell to allow further puritfication or efforts
at identificution; 1t ia probasbly triphenyl methyl or
hexaphenylethane (m. 144-145°), or possibly triphenyl
carbinol (m. 1l82.5°).

Ths resaction between aluminum, carbon tetra=-
chloride and benzene was repestad in & flask by reflux=
ing the same quantitles of materials. Reaction began
belfore the mixture reachad its boiling point, with very
rapld consumption of all.the aluminum present, and the
formation of the seme bluck rasinous product, which

appeared to be ldentical in all respects with that
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produced in the mechanical activetion apparatus.

Nitretion of this resinous product yielded & brown polymer
which was partlslly soluble in ether and completely
soluble in acatone to give & bright red solution. bofc I
cipitation of the muterial from acetons by the addition
of water yielded a brown plastlc meterial which became

brittle on standing.
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B SUMMARY

l. The nature of the reacilion of aluminum with carbon
tetruchlorids, end of the products of ths resction
have been investigeted.

2. A mochanism foir the resction, which accounts for
the rormstion of hexachlorosthane, aluminum
chloride, and a polymeric organcaluminum compound,
has been su; gested.

4e A possible mechanisla has Lesn Auggusted to account
for the sloctrical conductivity noted during the
course of the resction of sluminum and carbon
tstrachloride.

b. The intersction of carboen tetrachloride, venzene,
and sluminum indicates that the scetive agent
produced in the reaction of carbon tetrschloride
with aluminum is much more active than ordinary

anhydrous aluminum chlorids.
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IIl. THE PREPARATION OF OHRUANOMACNLSIUM COMPOUNDS

IN HYDHOCAKBOMN MEDIUMD

As INTRCLUCTION

Sinoe the discovery of the Grignard rsagent
in 1901, there has been a fairly constant, but slackening,
stream of papers reporting the étudias of solvents
othexr than diethyl ether for the preparation and recction
of organomasgznesium compouncis. These solvents have
largely taken the form of higher ethers, though they
have been, by no means, limited to =thers. It 1s highly
- preobable thet many unsuccessful resesrahes have not
been publlshed.
| From an industrial standpoint, the uss of
disthyl ether as & solvent has provably been ths greatest
single deterrent to the more widesprsad use of the
Grignerd resgent in synthetic¢ procedures., The high
volatility and inflepmability of disthyl ethsr make
its use on a large socale extremsly dangerous, while
the necessary process of rendering the solvent anhydrous
and pure is both costly and troublesome. No other
solvent yet investigated, however, hea Desn able o
compare in affectivoness with diethyl ether, and ln
ctses whers the Urignard reagsnt is used for Indusirisl

procedures, it 1s usually used In sthor solutions.
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If purce aromatic or aliphatic hydrocarbone
could be used for the preparstion and resction of
orgencmagnesium compounds, the industrial potentiulities
of the compounds would be greatly enhanced. Comparsad
:to sther, moat of the hydrocarbons are safe to handle;
they are sasily mede anhydrous, and are readily end
falrly cheaply avalluble in almost any desirsd bolling
rango..

Earlier resesrch. has, however, indicated that
hydroesrbons are not suitable for the economlcel pro-
duction of organomagnesium compounds, though the work

basn incomplote, and much of 1t $s 4ifficult to

&
o

Iinterpret or reproduls.

In moechanical zctivetion, there is availabls for
the firat time & tool which should allow concluslve
~evelustion of hydrocarbons as medlums for the prepa=
ration of organomagnesium compounds. By the use of
mechanical aotivation, 1t is possible to securc magnesium
in a inely divided state, with a surface uncontaminated
by oxide or other forelgn materisal, and to sscure it
reproducibly. In addition, ths apperatus used in the
present studies furnishes sufficisnt sgitation to keep
ths surface of the magnesium substantially free of
reaction products.

The present investigation was undertsken with

the objective of obtaining a definite idea of ths
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utility of hydrocarbona as mediums for the prepsration
of orgsnomagnesium compounds. This haa.baan successfully
eccomplished, though the reaeurch must ve regardoed as
being primaerily explorulory iu nature, since wids new
fields for further siudy heve been uncovered. It is
rogretfully sdnmittad that more haes besen lelt undone

then hee been done, but it is hoped thot the resliza-
ticn of the brsesadth of the subject here opened will

meke apology for omigsions unnecesssry.

FProm the wide variety of pure hydrocarbons
svellable, three were chosen for the present study.
Thoss were normel heptane, 2,¢,4=trinethylpontane
(horeinefter referred to as 1lsooctane, for simpliclity),
snd thiophene free bensene, as exenples, regpectively,
of straight- and brenched-chain aliphatic, and arometic
hydrocarbons.

Organic hellides invostigated have been confined
to normel aliphutic helides, with emphasis on the
bromides, though ssveral chlorides, and one iodide,

have besn studied.
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B. HISTORICAL BACKUROUND

4As mentlioned eerlier, a wide varlety of solvents .
for organomagnesium compounds has been studied. ixcellent
reviews of the literature on this subject have been made
by Gilman {28) snd Heubein (2¢), and no attempt will be
made here to cover thet portion of the literéture which
deals with solvents or msdiums other than hydrocarbons,
}or those which &re compurable with hydrocarbons in that
the mediwm forms no complex with the organomagneslum
sompound. The latter fleld is restricted to thse organle
halides themaclvas.

A falrly large number of resctions of orgenic
nalides witi mugnesium hius Loen carriedAout In ths
sbsence of any solveant or medium, other thaen the halldes

: thémsslves, thougsh only & few of thess preparatiOns
have been delfinitely identifled &s orgnnomannssium
compounds. Hallwechs end Schafarik (40), over forty

. years before Grignard's discovery of organomagnesium :
compoundis in ether solution, noted that ethyl lodlide

.attacked magnesium &t ordinury semperutures, while the
resction was mors rupid at 100°, and vijorous &at

150-160°, lrom this reaction, they gol a white mass,

&8, He Gilman and Re. MeCracken, Rec. trav. ohlm.
46, 464~72 (1927)
29. 4. e Hzubsln, Doctorl?!s stsertaian, Iowa
Stats College, 1942
30. We Hallwachs and iA. Schaferik, ann. 108, 206 (1808)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



s

plus & gas with the odor of onions. Ths whité mass,

on exposure to air, gave a white smoke, which boecame
vory denae when the pass was heated. the whiie raactioﬁ
product was reported to reast with wéﬁsr with exploéive~
violence;

This work was repeated by Oahours‘(bl), who

' ohﬁained vigorous reaction between magnesium and ethyl
bromide at 1l30-1507, requirlng cooling to slow ths
reaction aftsr it was started. Besides the white solid,
Cahours got a lijuid; bls product ignited on exposure to
alr, and reacted vigorously with water.

Lohr (52) found no reaction between methyl
lodide and magnesium filingss or ribbon, or with magnesium
amalgan or a copper-maznesium alloy, durling ithrsee months!
exposure. At 160°, he obtained slow reaction with
ordinary magnesium, while at 20C° the resction was more
rapid, but still lncomplets after several hours. At
nigher temperatures he got an explosion which liberated
carbon and iodine. Lohr also found that the addition

. of ethyl acetats broughtabout & strongly exothermic
:reaction baiween mugnssium and methyl lodlde &l room
temperaturs, though the reaction reguirsd 40-50 hours
to rsach completion &t 110%. From this reaciion he

obtained 4 pas which he sesumed to be sthylens. The

3l. A. Cohours, Ann. 1l4, 24C (1669)
32. Lohr, &Ann. 261, 72 (1891)
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residue remeining after resction was distilied in a
stresm of hydrogen, since earlier experiments had shown
the product to be decomposed by carbon dioxidse, the
distillation yielding only unrescted methyl lodide,
sven after heasting to 0309 +The solid remaining after
dlstillation reaocted with watasr with the evolutlon of
& large amount of hest, siving off thick gray clouds
having the odor of garlic, which burned with & weakly
luminous flsme. Lohr repeated this experimont elght
to ten times, with the same result., He thouglt the
product to ba either CilzMgl or (Gﬂangg + Hglge. Lohx,
in the same way, £lso resctsd ethyl ilodide and propyl
iodide with megnesium, with similur resulis.

Spencer &nd collaborators (38) rsacted ssries
of alkyl and aryl halldes with m&gnésium in the absence
of any sclvent or catalyst. ‘fYhelr primary purposs
eprarently ley in the preparation of hydrocarbons bty
the hydrolysis of resctilon products, though in one
gese Spencer and HYtokes ground phenylmagnesium iodlde,
prepered in the sbsence of a solvent, togeiher with
.carban dioxide and sthyl ether, in & mortar, to obtuain
about hali the theoretlical smount of benzolc aclid.

Thoy reported the yleld to s greatly reduced in the
absence of ether. Orgenic helides which were rseacted

with magnssium, bogether with conditlons ol reaction,

{33) Je Fa Spencer and K. #H. Stokes, J. Cnem. J0cC.
g5, 68-72 (1908): Spencer and M. S. Crewdson, ibild.,
S5, 1821-96 (1808); Spencer, Rer. 41, 2305 (1908)
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are noted below:
lodobenzene: heated to boillng, ufter which
reaction continued without further hesting. Obteined
- 44 per cent yleld of benzene by hydrolysis.
' Bromobenzene: heated to boiling for ebout 15
alnutes before rsaction startsd. Yisld of benzens
same as above.

Chlorobensene: heated in sealed tube for six
hours at 280°. Hydrolysls guve 60 per cent yield of
VONLSond.

Methyl lodids: SQaled tubs, seven hours at 280°,

Ethyl bromide: £60%; sight hours.

Ethyl'ehloride:. 2609, 8ix hours.

1-Butyl chloride: 260°, seven hours

i~&myl chloride: kesctlion started artéb,cbrea«
minutes.at bolling point. w®hite micro«crystalllne

. product gave 62 per cent yleld of 1sopeu£ane on hydrolysis.
sao-Oqtyl icdides ¥iolent reactién after being
neated for & fow seconds. Product & white orystalline
subatance which gave B4 per cent yleld of octal®. @n
hydrolysis.

Yields of hydrocerbons obtsined from the loﬁer
aliphaﬁic-halides above are not reported haers becsuss
analytical mathods appsessrsd to bve in errbr, In most
cases, gzasss ovtained on opening sesled tubes, und
after hydrolysis of products, wars reported to be mostly

hydrogen.
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Shorﬁigin (34) and co-workers found that alphae
chloronaphihalena, when heated with magnesium et 200=
220“, reacts very vigorously, with the ebundsnt aud-
limation of naphthalens, snd the formation of naﬁhthyl-
magnesiwn chloride in ylelds of only 10«13 par cent.
Apparenily the naphthyl radical disproportionated to

-3ive'n&phthalene aend dehydrogenated residusé. Benzyl
ohloride gave 8 resinous mass on belng boiled with |
magsnesium, reaction taking place with the evolutiom of -
heat and hydrogen chlorids. Shorulgin found that
n=Butyl, iso~amyl end n-octyl chlorides, heated to their
‘boiling points with magnosiwm, rsact quits vigarouslyg

- but that any lntsermediate magneaium derivetives decomposs,
through disproportionation or coupling, to give only
hiydrocsrbons. The solid part of ths resction product
he found to bes insoluble in an other-bsnzens mixture.
From cetyl chloride he obtalned hexadsceans, octane,
and ostylens, while fsosmyl chlorids guve dscana, Lsoe
pentane, snd aunylene, and ﬁutyl chlorids yleldsd octune
and gasscous productse Trsatment of octyl chlorideland
magnesium durding reactlion wlth carbon dioxide gave
some peldargonic scld, voouph trestment with ethylene
oxide during resction did not indlcste the presence of

any octylmagnesium chloride.

S4. F. Po Shorulgln gt sl., Ber. 663, 1426-~51 (1933)
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in unexpectoed result was obtalned by Shoruigin
when toluene was added Lo lsoamyl chloride and butyl
obloride during their resctions with magnesium. In
the two cases, p-smyltoluene and p-butyltoluene were
obtainsd, though he found that snhydrous magnesium
chloride would not bring about & Friedel-Cralfts typs
reaction between isczmyl chloride and toluene.

Gilman end Brown (o) obtained phenylmagnesium
chloride from chlorobenzene and magnesium, heated to |
150~160° for thrse hours, in an &5 per cent yield, which

- was 8lightly higher than th®70 per cent yileld reported -
by Shoruigin and co-workers (86) at 160-165° for 3=3,5
hours. Shoruligzin found that lodine accsalieratsd the
resoction without increasing the yleld, while dimethyle
'aniline actually slowad the reszcition. The solubility
of ﬁhenylmagnaaium enloride which Shoruigin obtained
wes found to be, in grams of CgHgiigll per 100‘c0.;-‘

' 17 in ethsr-benzena (1l:l), 16 in isoamyl ether, 14.5
‘in anisocle, 14 in phenetole, v.5 in benzene: the

.‘yield of beta-phenylethyl alcohol obtainsed by the
reaction of etbylene chlorohydrin or ethylenc oxide with
the phenylmegnesium chlorids did not appear to be

L affected by the presence or svsence of & solvent during

the secondsry reaction.

55, He UGllman and Re. %. Brown, J. Am. Chom. SoCe.
52, 3830-s2 {1990) |
36« B Po Shoruigin et sl., Ber. £4B, 2364-50 (1951)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



In addition to the work noted above, Lhe
preparation of phonylmngneaiuﬁ chloride in the absancs
of a solvent hes been carrisd out under conditiona

B .comparable.po those ussed by Gilman and Shorulgsing
this lster work is largaly in theé patenﬁllitoratuve(37).
fhe first reported use of s hydrocarbon as &
medium for the preparation of an organomagnesium oom-
R pound was by Malmgren (58) and Bruhl snd gerdt (38),
who rescted bromocamphor with megnesium by long digestion
>at ths bolling point of tolusns, though‘the oreparaetion
was unsuccessaful in boliling benzene. Tsdhelinzeff {10),
in commenting on their work, atirivuted ihne resction
to the hicsh temperatures obtained. In the same paper,
Pgchelinzelf reportsd bthe preparation of organomugnesium
icdides from ethyl, propyl, butyl, emyl, lsobutyre: s=nu
igoamyl iodides by digestion in bolling xylena; he

thought that orgencoma:nesium bromides could also be

37. Shoruigin, Trans. VI dendelisve Cong. Tiheoret.
applled Chem. 1942, 2, part 1, 975 (1955); Chem. Abs.
80, 4167 (1956); British Patent 398,561 (1955); Swiss
Petent, 159,939 (1953); French ratent 758,227 (1932);
Russian Patent 66,400 (1904); Russlan Patsnt 56,401 (1954).
Britton, U. &. Patent 1,996,746 (Ll838H); U. B. Patent
2,006,622 (1036). Welssenborn, U. S. Patent 2,008,373
(19565. oroves, British application 474,687 (1957).
In addition, the fellowiny patents, inventors uniknown:
Frenck, 807,652 (1857), Chbem. Aba. 31, 5816 (1957);
germen 660,075 (1958), Chem. sbs. 92, 9857(1958);
German 697, 420 (1940) Chem. Abs. 35, 6600 (1941).
‘ 58, Halmgren, Ber. 86, 2608 (1903) '
39. Brubhl and Oerdt, Bor. 38, 688, 4272 (1908);
ibid., o7, 746 (1904) |
T T40. . Tschelinzerf, Ber. 97, 4854-40 (1804)

-— v el - =
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prepared in boiiing xyiene, though he 4id not try to
prepare any of them. Though no ylelds were reported,
Tachelinzeff stated that the amounts of useful materials
wore smaller than when the reaction was carrisd out
in sthere. |

Plekard end Xenyon (41) failaed to obtaln any
resotion after seversl hours of boliling methyl lodlde, benzene,
and magnesium, though reaction did tske plszce aftor
tues addition of tribenzyl phosphine oxide.

Hepworth {42) rafluxed methyl liodide snd bengene
with magnesiw, and presumnsbly got no reaction, though
he doss not staite his resuliis. Bvans aad Dispenhorst
(43), in the course of studies on the influence of solvent

.'on the chnemiluminescence of Urignard reagents, used a. |

large number of organic hallides in fifteen ethers,
dimeﬁhylaniline, and benzene; apgain 1t is not stated
what, 17 sny, reaction took place in benzens, though
reaults are given for &ll other solvoﬁts, und apparsntly
the benzens solutlon zave no Feaction.

Schlonk {44) has made whut sppears to be the
on}ly quantitative study of organomsznesium com@oundé

preparad in hydrocarbons. Stating thet, while the

(1908) 41. Piokerd «nd Kenyon, J. Chem. Soc. 88, 262=73
9048 :
42, ti. Hepworth, J. Chem. Soc. 119, 1249-56 (1921)
43, W. Evans and Z. Diepsnhorst, Jd. /me Chome Soc.
48, 715-23 (1928)
44. W. Schlenk, Jr., der. 84, 7569-45 (1851)
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reectivity of the orgunic halldes in benzens 1ls influenced
by tue:-halogen, it is much more strikingly influenced |
by the nzture of the hydrocurbon residuse,; Schlenk shook
magnesium ribbon for two months at “swmner tempers tures"
with benzene solutions of the following halides, with
yields noted: mebthyl iodids, sero; ethyl lodide, 11
per centy propyl lodlds, sbout ome per cent; butyl
loucide, B85 pér cent; heptyl lodlds, about thres poer cent;
octyl lodids, 96 per cent (lhis rsaction being sub-
stentielly complete within six days); othyl bromlde
about two per ceat; butyl bromide, 48 per cent; bdutyl
chloride, 55 per cent, 2ll of which he ldentified by
subseguent resctlions. Schlenk thouzht the ylelds ol
butylmegnosiwm browmlds and cnleorlids to be in srror
because the product wes gray instead of the white solid
obtalnsd with the lodides, though he did obtain some
of the expected rouction product from the dutylmagnesium
helides znd fluorenone. Schlenk found &ll of his
reactlon products to be complstely inasolublise ln bonssene.
iside from the work slresdy mentioned, thare
keve bson & number of invastigztlons of the preparatlon
of crzancmegnosium compounds in the presence of smaell
amounts of substunces capabls of forming complexes with
the orgenomegnesium compounds formed. Althiough thils
work is not directly compareble with the present investie

gation, 1%t 1s worthy oi orisef wmention.
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Tschelinzeff (40, 45) in u series of pupors,
investiguted the action of tertiary amines In, as he
put 1t, "cmtalyzing” the formation ol organomapnesium
compounds. Tinzle and Gorslline (48) extended ths work
to the use of pyridine und gquinoline in ligroin solutlons,
though in thess cases the buses were present in excess,
ruther than in catulytic guantitiss. Hepworth (42)
Biudied the aclion of ssveral sliphatic &nd cyclic
sultfides and ethers in benzene szolution, while Plckard

- and Kenyon (4l) used tribensylprhosphinse oxide in benzsne

solution. i#ilth the exception of Plckurd and Kenyon,

e

11 of the above workers, as wall as ($lmen and HoCracken
(1) also used ether in venzene sclution. Gilman. and
Helrecken concluded thut, for meximum yield, thers must
be 2t least one mole o other per mole oi huallde present,
eand they stated that hydrocarbons dsfinltely have ﬁn
inhibiting or returdin: effect on ths formaiion of
crganomagussium compounds,

in some more rocent work, andrisnov and
Gribvanova i%?) émployeﬁ athyl orthosilicate as a
Yecatalyst'! for the preparation of organomcpnesium come-
pounds, bothi in the absence of a solvent, «nd ia hydro=-

carbons. In this manner, without a sclventi, they

45. W. Yschelinzeff, Ber. 4B, 4664 (1800); ibid.,
S8, 775, 1674, 1682, 1686 (1906); Ibid., 40, 1487 (IS

46, J. Be Tlngle enxd 4. B Gorsline, Amer. Chem.
Je 97, 4ta (1907)

47. Ke 4. indrianov and Gribanove, J. Gen. chem.
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obtained the following yields of the organomagnesium
compounds: Ethylmegnesium bromide, 96 per cent;
isobutylmagnesium chlorids, 51 per cent, isoanmylmagnesium
bromide, bé.b per cent; n~hexylmagnesium bromide, 959
per cent, and phenylmsgnesium bromide, 2% por cent.
Later papers {48) reported the use of these compounds
in ths preperation of sillcones.

with the exception of Schlank's uncertuln work,

there have been no exemplss of ths preparation of organo-

there have been no reported uses of slliphatic hydro-
carbons ss mediums fol ke preparation of organomugnssium

COmPOUNds .

48. andrienov eb al., ibid., 8, 969=71, 120062
(1908); Chem. Abs. 95, 1266, 4195 (1959)
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6. DLSCUSSION OF HUSULTS

l. Jenersal

Preliminary experiments showed theat, by means
of mechanicel activation, organomagnesium compounds
could be prépared guite resadily from ths lower'alkyl
nalides in sny of the thres hydrocarbons chosen for
study. dlthough yislds eppeared to beé slightly batter.
in 1sococtane and boenzens than they woere in heptung,
theare was no l&rge diffarence, and nepkane was chosan

b
for comparative studies bscause of its simpler structure,

i

wiilch shiould dedsrsass any tondensy of #ha Ssrgsnomasnesium
conpounds. to resct with the hydrocarbon medlum.

It was felt to bs outside the scope of this
1nvestigﬁtion to carry out lérge~séals developmentai
work, and little attempt was mads to determine optimum
conditions for the varlous readtlons studled, tﬁough,'
insofur as possible, ithe resulis of provicus lnvestigs-
tion were applied here in choosing conditions for reaction.
These conditions were adhered to wherever possible, so
that data are largely comparabls, though they do not

necessurily represent the best results which might be

obteinsed.
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2. Description of Products

Orgenomsgnesium compounds propared in hydroccarbon
mediums, are in genersl, unstuble suspensions of solids
in the liquid hjdroearbona, varying in viseoaity and in
t&e stebllity of the suspensions with the naturec of the
alkyl r#dical. Ethylmsgnesium bromide, for instence,
forms g very fluid and unsteble suapension, which quickly
settles to give & cleur aupernatonﬁ liquid and a light
gray solid which occuples less then hall of the total
volume. Octylmagnesium bromide, nowever, forms o very
viscous suapension, whioh settles only slowly, and even :

~after centrifuging the uray solid bdoupies over ninety |
per cent of the total volume. Tne higher alkylmagnesium
bromides, in fact, apprcach closely tbé characteristics
of a gel., In &ll ocasas, particles of'finely divided
unreactad me o nesium wers noted in suspenslon. In the
less viscous products, these settlsd to the botiom,
thouzh in the highoer alkylmagncslum halides, they
remained dispersed tnroughiout tiie suspansion.

The color of the orgunomuasnesium compounds pro=
parsd in hydrocarbons saeems to deusnd largely on the
heloszen. Butylmagnaesium iodide wes almost white,
in agreement with Scihillenk (44), wiile butylmagnesium
chloride was dark grey. In g8li casee, the orgsnomag-

nesium bromides were li:ht gray in color, though the
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shade veried somewhat with slkyl radicsl,end sesned to

depend slightly on reactlion conditions.

3. Methods for Determining Yields

The nature of the organomsgnesium compounds
prapared in hydrocarbon mediums prevented the use of
the aclid titrétion {(49) ocustomarily employed for the
determination of the yleld of Grignard reagenis, since
finely divided magnesium, preésent in all cages, would
renzt with the &c&d, leading to high yilelds. lodline
titration {50), which depends on the reaction

RigX + Iy = HgXI + RI,

. has also been shown to give misleuding results, even
when ether solutions of the (rignard reagent ére
titrated.

Schlenk (44) end Andﬁianov (47) both detsrmined
their vislds by acid titration. The former used mag-
nasium riddbon, and decenied the suspensions obtained
from the unrsactsed ribbon before pipetting an asliquot
for titration, but it is guite possible that fineiy
divided muznesium was present in his product. Hs
cautionsd against accapting the yislds which he found

for but?lmagnesium bromids and chlerids, bacause he

49, H. Gilman, et al., J. 4m. Chems Soc. 59,
1oy (1603)
50. P. Jolibois, vompt. Rend. 158, 213 (1912)
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thought that the solid which he obtained was largely
suspended magnesium, thoush we have shown that these
products are grsy in color. andrianov gave no detalls
of the treatment of his products, suying merely thet
yields were debtsrminad by the method of Gilman. If,
however, 1t is concsded that acid titratlon could ba 
used in theose cases, magnesium sncountersd in the use 
of machaniocel activation is much too Iinely dividsed to
‘p@rmit its uas.
| " whealer (u5l) has devised a sohame for the

determination of ths yield of organomagnasium cqmpoﬁnde
which dsponds on thelr slectricel conductivity in ather
solution, and the chznge in this conductlvity with
the addivion of an alochol. Thus, when anzether_solution
of an orgenonegnesium conmpound is titrated with an |
alcohol, the elactrical conductivity of the mixture fulls
with the sddition of esch increment of alcohol until a
minimum is reached et this point at whioh the amount of
alcohol added is squivalsnt to the amount of-afg&nam&b~
nesium compound present, after which the conductivity
agaln rlses.

In pructics, it nas besen found convenlent to
uss n-butyl alcohol &8 a titrating agent, end to use
for & medium an ethier scvlution contalning a smell smount

of ethylmagnesium bromide to insure the dryness of the

51, We Ko Wnesler, bFrivaete Comwunication
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ether, so that pons of the organomagneslium compound
being titrated is exhsusted by reaction with molsture
or other conteminant in the ether. The carefully uried
and fructionated butznol 1s used as & primary stundard.
By titrstion of ths ether solutlon before Lue addition
of ths unkmewn ssmpla, & minimum is obtalned, &nd &
small amount of slconol is added boyond this minimunm,
s0 that tha mixture contalns some Gleoohol wuen ths un-
“nown semple is added. This apypsers to provent the
fuftﬁar resction of any orgenis halide prageont with
uarsscted magnsslium in the prsssnce of elhar.

Phis conductomsiric titration with butanol has
besn found by Whesler to agres wlith values obtained by
zes enalysis of ethylmegnesium bromids, and in the present
wory yields obtalned by this method appear to be accurste
for the lower slkylmagnosium hellides. Thers ls, however,
some doubt as to the accuracy of the yields glven by
conductometric titraztion for alkylms;nesium bromides
hizher tian butyl.

Althougl yields obtained by conductonstric
mothous are recorded for the higher alkylmagnssium
bromides, it is believed thut more accursts ylelds ere
siven for these compounds by acid titration corrected
for the amount of magnesium preseni. Hetallic magnesium
wes dJdetarmined by the evoluiion of hydrogen on escldifica-

tion of an sliguot sample of bhe reactilon products.
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Yields obtalned in this manner were identical with those
obtained by conductometric titration of the butylmegnesium
halides, but were substantially greater for all higher alkyl-
mngnosium_bromidoa. This mathod was not applied to alkylmeg-
nesium bromides lowsr than butyl because of the difficulty
sand uncertainty involved in the sepsration of, or sorrestion

for, the gaseous hydrocarbons evolved on hydrolysis.

4. Comparative Yields

Ylelds have been determined for organomagnesium
compounds prepared in n-heptane for sll of the primary,
straight-chain slkyl bromides containing from two through
ten carbon atoms. A4ll attempts at the preparation of
mathyloagnesiun bremide in n-hsptane were unsuccessiul,
in line with the experiance of Schlenk (44), who was un-
able to prepare methylmagnesium iodide in benzens. Whesler
(62), however, has prepcred methylmagnesium chloride in
good yieid in heptane by the addition of a catalytic amount
af'sthar.

With the exceptions of ethylmagnesium bromide and
butylmagnesium bromide, ylelds glven hera rapresent the
results of only one run. The yield given for butylmegnesium
bromide is the average of the yields obtained for five runs

made under comparable conditions. For these five runs, ylelds
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ranged Irom 57.2 to 61.4 per cent, indloating the re-
producibllity of results. For &ll of these runs, the
temperature of the reaction ﬁixture wag melntasined sub-
stantially between 20-25°, though later experience has
shown that slightliy higher temperatures'during rsaction
lead to lmproved ylelds, snd i1t ils probable that the yield
reported ror butylmagnesium bromide is low in comparison
with other yields given.

The yield of ethylmsgnesium bromide is the high-
est obtained in thros runs. In two of thess runs, and in
four unsuccessful attempied proparations, temperzture of
the rasction mixture was meinteined in tha ﬁaighborhoc¢
of 20°., 1In the thirgd, successful run, however, tomperature
was maintained in the region of 30°, at which temperature
reaction took plaece rapidly, with 2 greatly iﬁproved yisld.
Since the conditions for this run are mors comparable with
these applied'for the preparation of higher members of the
series, the larger yleld 1s felt to be more rspresentative
than the lower ones.

Conditlons for the preparation of propylmagnesium
bromide are compuarabls with those for the preparastion of
ethylmagnesium bromide, the temperature during reaction
being melintalned near 30°., With amyl bromide, and higher
bromides, however, 1t was found that reaction with mugnes-

lum in heptane would not start at temperatures below thirty

62, W. R. Vheeler, Private Communication
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degrees. For the preparation of amyl and all higher alkyl-
magneaium bromides, therefore, temperatures were maintained
largsly in ths range 45-85°, ‘

with the excsption of temperature, all other vari-
ables were beld fairly coanstant throughout all runs, though
résction times for the preparation of butylmagnesium bromide
were slightly shorter than for other members of the serles.

'Yields obtmeinsd ars presented in tabular form below,
and are shown graphioly in Figure 6.

fellde _ . Yield

R Sond. ~ Acid
Bthyi bromide 71.5 130 per cent
n=’ropyl bromids 64,1 - 99.5
n-Butyl bromide 58.3 59.4
n=anyl bromice 50.6 54,0
n~Hexyl bromide ‘ 44.8 6743
n-Heptyl bromide 45.5 58.7
n~0ctyl bromicde 50.9 €63.8
n-¥onyl bromlde G242 60.8
n~Decyl bromids 31.5 56.7

The yislds dstermined by acid titration recorded
in the table above are corracted for wireactasd magnesium
present for putyl snd all nigher bromides, though thoss
for ethyl and propylmaignesium bromide are not corrected,

and are meaningless.
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it 18 to be noted that, for all slkylmagnsslum
bromides higher than butyl, there is a distinoct alterna-
tion in yields, the alkyl bromides having sn even number
of carbon astoms giving higher yields than those with
cdd-numbered radicals with the exception of propyl bromide.
This is substentizlly in sgreemsnt with the experience
of pravious investigators (53) with the ylelds of organo-
magnesium compounds prepared in ether solutions.

As previously stated, it 1s probable that the
vields herse given might bs groatly improved by modificew
tion of resction conditions. IFor instance, in all
instances recorded sbove, yields wers obtained by cuiiing
megnesiuwm into & hydrocarbon solution containing all of
tho alkyl balide. Although siperience with butylumegnesium
bromide indicated an improvement in yleld of at least
five per cent by the gradunl addition of the halide
during the cutting of the metal, this ﬁfocedure wag not
used Tor the determination of comperative yialdé
beceuse, in the case of the higher slkyl bromides, it
wes indlocted that reasction was difficult to start with
the initial low concentration of hallide which would

regultb.

5%, See, for example, H. Gilman , Zoellner, and
Dickey, J Am. Chom. Soc. 51, 1576 (1929)
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{b) Butylmognesium lialldes

Comparative ylolds for bubtylmagnesium halides
were determined in iscoctane inatoud Of in heptane.
Again, temperature of the reaction mixture is the
only variasble not hald conatant, Butylmegnesium
bromide was preparsd at temperatures of around 20-25°,
but the reaction beiweeon butyl chloride and magnssium
in iéoootane would not start until & temperature in
the neizhborhood of 80° wes reached, and for the proepa=-
ration of butylmugnesium ohloride the tamperature was
maintained between L0-B0°. On the other huand, reaction
botwesn butyl iodide and ma;nesalum was found To be so
exctihermic that, without varying some cthsr facior,
such &8s feed rats of ﬁagneaium, the tempereturs of the
reaction mixture could not bse held constent, and during
the preparstion of butylmagnesium fodide, the tempersture
rose to 70° for & short time,

For compasrative ylelds, the resulta of 1.9
mola runs only are csonsidered hers; althbough detes are
avallable for the three butyl hazllides prepared in 0.5
mols runs, the yilelds obtained in the larger runs ere
Telt to be more representativs,.

In thres 1.5 mols runs, yilelds of butylmsgnesium
bromide prepered in isooctane of 63.6, 82.6, and 60.2

par cent were obtained, for an sverage yield of 82.1
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per c¢ent; for two runs, ylelds for butyimagnesium chloride
prepared in isococtane of 62.4% and 85.6 per ceni, for an
avarage of 64.0 por cont; a yleld of butylmagnesium lodide
of 75,0 per cent was obtzlned in =z single run.
It is interssting to note that this order of

incraésing yiold is Just the reverss of thut obtalned
by Gliman and Zosllner (83), who found the following |
yields for butylmagnesium halides preparsd in ether:

Sfutylnegnesium bromide  94.0 por cont

putyluegneslum chlorids &Hl.<

Butylmagneaium iodide 85.6,
28 oontrastead to our yialds for the same oomgbunds
prepuared in lsooctans of 53.1, 64.C, and 76.0 per ceni,
dilman end co=-workers (94) found that when ths orgénic
halide is added to the magnesiﬁm all at once in ths
praparation of orghnomagnasium compounds in ether soliution,
the drop in yield is much greater for the alkyl bromides
than for the chlorides, though the drop in yisld in the
case of the lodides was greater stlill. In the present
work, ths hallide was, in offsct, added ull at once; in
fect, the addition of mugnesium to the hallde mighit be
axpectad to fnerease the drop in yield, and undoubtedly

the yislds here reported could, in general, be increased

54+ Gilmen, Yosllner and Dickey, J. Am. Chem. Soc.
51, 1583 (1%28)
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by ths slow addition of hallde, vub tiils factor cannot
be sonsidered as the one which causes ths reversal of
the order of increasing yleids of the butylmagnesium
halides. 48 will bs broupght out leter, it appears mors
likely that the amount of side resaction in hydrocsrvone
decreases in the same order in which it lnoreasvs 1in
ether solution.

The order for increszsing yields obtained hore
cannot be regarded as being meraly fortuitous, since
the sgrecment betwesn yislda obtalned in difflerent runs
for butylmarnesiuwm bromide and chiloride is vory close.

T 4a Lrue that the 7iald for bubtylmasznzeiwnm lodlde

| aid

reported hers was from only one run, but In & Q.o nmols
mun, & yield of butyimsgnssium lodids preparsd In
1soontsne of BS.0 per cent was oblslned, Indicuting

that ths yleld of 76 psr cent may be low. ;

(¢) Yields in Diilferent lHydrocarbons

Three different organomaynesium compounds,
ethylmegnesium bromide, butylmagnesium bromide, and
butylmagnesium chloride, wers prspared in all of the
tnres hydrocarbons here studlied. {elds obtalned in

the thrse mediums are tabulated dbelow:
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Medium EtMgBr BuligBr BuMgCl
 heptans 4340 5945 5745

isooctane  08.4 62:1 65440
-~ benzene 6546 6345 48 .6

Yields here reported for sthylmagnesium dbromide are

the results of 0.9 mole runs; alihough higher yields
wers obtained for this compound in 1.5 mole runs in
n-haptane, comparative runs of this size were not

mede in the differsnt solvente. Yields for both of the
butylmagnesium halides ars from 1.5 mole runs.

It i8 noted that, for the alkylmegnesium bromides,
yields increase from heptone through isococtane to bsmzens;
though no reason for this phanomenon can be advanced,
the trend appears-to be definite. As wlll bs brought
out later, there was some slizht evldsnce for some
intersction betweon the butylmagnesium halldes end
iscoctane, which might serve to increase the effoctlive=-
ness of $nhis medium, but this svidenue is too meager to
zllow any conclusions to be drawn.

Yor butylma:nesium chloride, the same lncreuass
in yield is noted in golng from heptane to isooctene,
but & decided drop in yield 1s appsarent in ths compound
prepared in benzene, This ls reailly explained, since
a yleld of sbout lZ.7 per cent of butyl benscne wag
obtained in this tun. Although thers is no evidence

that butylmagnesium chloride was consumed in the
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formation of butyl bensene, the amount of butyl ohloride
availsbls for the formation of the organomagnesium com-

pound would be reducod.

{d) Amount of Side Raaction

It is wall known that the reaction of alkyl
helides witih magnsslum may take any of three courses;
the rormatioﬁ of orgenomagnesium compounds, coupling,
or disproporticnation:

RCHGCHLX + Mg = ROH_CH HeX
2 RCHaCHuX + Mg = (RCHgCHa)a + ¥elg
2 ROHaCHgX + Xg = RCHGCHp + RCH=CHy + lHgligye

The dotsrminatlon of unreactod magnesium nade
it possible to determins also thoe approximats extent
of the side reactions. Since the amount of magnesium
consumed in the preparetion of the organomugnesium

- compounds was kKnown, the difference between that amount
and the amount unreacted must represent the amocunt
consumed in coupling snd disproportionation reactions.
althoush deta are insufficlent to allow any genercl
conclusions to be drawn, it appears that In all cases
all of the organic haolide was consumed so that the
vield of organomagnesiwa conpounds depends dirscrly
on the ﬁate of the competing side rowcilons. from
data secursd by the dlstillsatlion of some ol the products

resulting from the carbonstion of butylmagnoslum hallidssa
L »
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it also appoars that disproportionation 1s much more
important than coupling, sincs in most cases only &
very smsll amount of n~octene was found.

Date obtained for the emount of coupling and
disproportionation are presentad below, and are plotted
in Flgurss 7 snd 8. Bocause of the luck of datu In
most casss, no atiompt is mudse to distinguish between
coupling and dlisuproportionation; in no casa, however,
did the smount of n~octane distilled indicute mors
thun three per cent coupling

Total RX

Halide Hedlum Per sent halide to:
R-H. disp. acccunted for

CgHaBr heptane insufficlient data

CgHyBr hepitane 64.1 36.4 100.5
9] QBQBI‘ heptane 5949 $5.2 10445
G¢3961 isooctane 6646 3Gt 08.0
CéﬁgCl benzens 4246 62 06(8) 105.2
CelgX iscocgtane 76.0 24.0 100.0
Ggﬂl 1BI' ‘h@;‘tﬂ»ﬂe 54,0 53,0 107.0
CglysBr  hepiane 67«0 37.8 105.1
C7H,sBr  heptane 58,7 0848 115.3
CglynBr  heptane 83,8 5240 115.8
Cgi1gBr  heptane 50.5 59.4 109.9
Clgﬁngr heptane 86.7 54.2 11C.9

(8) This figure includes butyl chloride consumed in
the formation of butyl benzone, a raacticn in which
magnesium was apparantly consumed.

As may be seen, all of the organic hélide

prasent is sacountad for in avery caasa;

the fact thsad

more than 100 per cent is acgounted for in most cases

is not surprising, slnce calculations are based on the

asgumption that all of the magnesium cutl was in the

reaction mixture, in either reacted or unreactsd form.
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This sssunption was not entirely valld, since it was

at no time possible to remove all of the roactlion
product which adhered to portions of the apparatus.
This difficulty incressed with higher members of the
series, as is reflactsd by the increase in the amount
of organic halide "accounted for®™ as ths number of
carbon atoms increas2s. The surprising fact la that
such cloas gresment with thaeory 1s prasent for asome

of the lowor members of the seriss, and that ell of the

organic halide appsars Lo have rescted iln every case.

S. Solublility of KMaX in Hydrocarbons

Sohlank {44) found that alkylmspnoalun dodides,
prepared in bonzena, were insgluble in benzens; although
thore is no definite basls for comparison, since no
alkylmagnesium,iod;dea wora praepared in benssne in the
prosant werlk, we have not been asble to substantiate
his results.

It might bs expectad that the lower alkylmage-
nesium halidss would be, i best, only sperinsly soluble
in hydrosarbeons, though ineressing chain length should
increase the solubilitye. 7This, in general, has bdeen
Tound to be ihe cuase. Although only traces of the loﬁer
mambers of the seriaes of elkylwma mssium bromlidses weore
found to bs solubls Iin haptahe, some solublillity was . o .

found for cvery compound, and this solubllity =zppsared

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



to differ somewhat with the asolvent., Solubllitles
obtained are tabulated below, and are presented in

graphical form in Figurss 9, 10, and 1l.

Halide ¥edium Solubility: milliequivalents
of R¥gX per 100 vece. of solution

CaHgBr heptane Q.71

CalHgbr banzene 5,85

CsHryBr heptane 0.71

Cgﬁg.‘ir hePt&nQ .75

CoHghr isooctane 2.06

c‘ﬁgBr benzene 4.29

C ‘chl heptane 1. gl

043901 ispoctane 0.84

G‘ﬁgcl banzsens 0,78

Cqligd isooctane 335

Caly Br hesptane 26.1

CgHyaBr heptane 6245

Gl sBr heptane 30.2

CgilyBr heptane 15.9

CgHy gbr hepteane 60.1

CigHa.Br  heptane 17.8

Mo explanation can be advenced, on the basis of
theoase data alone, for the inordinately high solubilities
of hexyl-~ and nonylmagnesium bromides; it scens possible
thet there mey bs a periocdiclty exhlbited here, with a
period of thres carbon atoms, though the solubllity
of propylmagnesium bromide in heptane does not conform
to any such pericdicity, and before meking any general
statement, it would be necessary to extend the series
through members containing twelve and fifteen earbon
atoms, at least.

These soclubility data are presented for thelr

fooe value alone. It is not known that irue solutions
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exist, nor l& 1t known what form the organomagnesium

~ compounds have 1n solution. The solutions of butyl-
megnesium lodide and hexylmagnesium bromide, whioch
exhiblit high solubility, are very viacous, presenting
avidence tle t these ara not true solution#; the solution
of nonylumagnesium bromide, howsver, ls not umisually
viscous..

It might be expectaed that dialkyl magnesium
compounda would be more soluble in hydrocarbons than
would the corveésponding aluylmagnesium halides, and it
might well be that the varlations in solubility exhibited
hera are dus to dilffarences in the ratio exiasting between
the slkylmegnesium halides and the dlalleyl magnesiums,

' The determination of this ratio was outside the scope
of the present investigation, and in the absonce of
data on the ratio, any statement can be merely spsculas
tive. Schlenk (44) found that ths solid reaction pro-
duct resulting from the prepsration of alkylmsgneaium
jodides in benzene was richer 1in dislkylmagnesium than
in the alkylmagnesium lodides, but his method for determin-
ing the ratio is open to severscriticism, and, in any

case, could not be applied here.

8. Relatlve Viscositles

It was noted. thst, in general, the viscosities

of the guspensions of alkylmagnesium bromides in hydrocarbons
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inoreased with incrassing sizs of the allkyl radical.
Since ths viscoslty of the reaction mixture might
concelvably have an effect on the yleld of organce
magnésium compounds, the roelative viscoaslties of the
verious susponsions were determined roughly. The date
so obteined do not appear to be diractly related to

the vielde obtained, though they do exhibit an alterns-
tion which is, qualitatively, the same &s that shown
for the yields of organomagnesium bromides above butyl.
Ths relative viscositlies presented in the teble bhelow,
snd plotuted in Figure 12, are related to the viacoaity
of & suspension of finely divided magnesium in n-pspians

&8 gzoro on an addltive scele, or 28 one on a multipllcative

scale.

RMgX Hediunm Relative Viscosity
CpHglizgBr heptane 2,8
Caﬁ}*m&m h@ptana 6.0
Colighgbr heptane 5.0
CoHaWeCl isgoctane 408
Colighigl iscoctanse 2.0
0531 1M$Br‘ hept&ne 4,0
CgHyakigBr heptane Gel
Crrly pMgBr heptane 5,0
CyHy7MgBr heptane 7.1
Cgly gHgbr hesptane 4.0
CioHa HEBr heoptsna 4.8

These date waere compllsd from samples of the
original suspensions which had been standing for aome
time in tightly closed sample bottles. The condition
of some of the samples, especilally those in which ben-

zensd was the medium, did not permit determinstion of
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viscosity, since it appeared that some of the solvent

hed bean lost by leaksage or evaporation.

7. Plask freparation of Butylmagnesium chloride

Although the preperstion of organomagnesiwm com-
pounds outalde of the mechanioal actlvavion apparaius
was not considerod to be within the scope of this
investigution, one preparailon of butylmegnesiwm: chilorlde
in heptane in a flask was madse. In this preparation,
magnesiun was cut into heptaneg, using the standard
procedurs with ths mechanleal activation apparaltus,.
This susgpension was transfarred to & flask, and ths
mixture was hsatad to beiling on a watar bath. dan
amount of butyl onloride equivalent to the magneslium
prasent {0.5 mols) was then addsd, and rather vizorous
reaction took place within a short time, the only aglta-
tion being furnisiied by & small glasa stlrrer. The
vield of butylmagnasium chlorlde oitalned In this way
was found to ba 70.8 por ceént, significantly hijhsr
then the yleld of 87.5 per cent obialned for the proparas
tion of buiylmugnesium chloride in heptans in the
mechunical actlivation apparatuss Aslds from the diflerance
in appuratus, the primary differsnses in thwo two procsdures
lay in the temperaturc, whioh was in the nolghborhood
of 10C® in thoe {lask prepzration, and in the fect that

ell of the magnesium a&nd dbutyl chloride were present
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1n1tially in the flask reamction. The reaction product
from the flask run was much leas viscous, and appeared
to be more homogeneous, than that prepaered in the

mechanical aotivaetion apparatus.

8, Reaction with Carbon Dioxlde

Although amylmagnesium bromide and octylmagnesium
bromide wers reacted with carbon dioxide, ths carbonaticn
of butylmegnesium halides was rather extensively studled.
in all cases, yields of organic aclds producsd wers
much lower thsn the corresponding ylelds of acids
prepared from organomagnesium compounds in diethyl ether,
even whon comparisons wers based on the amount of organo=-
magnesium compound present rather than on the original
resctants. The moximum yield of acid obtainable Lfrom
any of the butylmagnssiwnm halides under conditions
amployed appeared to bs in the nelghborhood of <40 per
cont, as besed on originel reactants. In all casses,
thers were extensive side reactions, dibutyl ketone
being the only ideantifiable product other than velerlc
acid, though tributyl cerbinol, or its dehydration
product was probebly present also.

The large amount of side resctlon found during
the preparation of organic acids from orgsnomasgnesiunm
compounds appesers Lo be due Lo &n inoreased reactivity

for organomsgnesium compounds which are not encumvered
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by molscularly bound ether. Though this resctivity

is objecticnable for the preparation of organle acids,
whers successive reactions are possible, it should prove
helpful in reactlions which cannot proceed bsyond the
desired initlal stage.

There appeared to be little difference between
the ylelds of acids obtained from butylmagnesium dbromide
and chloride, though the yleld of acld from butylmagnesium
lodide was significantly lower than those obtained from
the other helides. This low yleld appeared to be due
more to the greater viscosity of the lodide than to
& lower reactivity.

Gilmen (58) found that the best ylelds of orgenic
aclds could be obtalned by carbonation at zero degrees,
with a rate of flow of carbon dloxide of one-nalf liter
por minute, while stirring at 800 revolutions per minute.
¥hen the stirring speed was incrsased to 1800 revolutions
per minute, he found that the rate of flow of carbon
dioxide could be increassed to one lliter ?er minute.

In the present investigation, it was found impossible
to keep the tempercture of the reaction mixture from
rising rapidly if the rate of flow of carbon dioxide
were lnorsased above 200 cc. per minute in the inltisl
vheses of carbonation: at a stirring aspsed of 2000
revolutions per minute, with & rate of flow of carbon

dioxlde of one liter per minute, ylelds obtained wers

' 65. Gilmen snd Perker, J. Am. Chem. 30c. 46,
2816 (1924)
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loss than half the ylelds given when the rato of flow
was 80 regulated as to maintain the temperature ns&r
ZOro.

Thore appeared to be little difference in the
effect of the thros hydrocarbons studied on the ylelds
of organic acid obtained, tuhough there wes some evidencs
for the formation of an acid other than valsric when
isooctang wao the moulum. On seversl occasions, the
residue from the distillatlonm of veleric acid proparod
in facoctune was & solid; from this sgolid z small cmount
of & whits subatance was crystallized. This materlal
had & molting point of 65-87°, end 2 nsutrel sguivalent
of 240. Although tha purity of the sampls was not
sgsurad, and the emount was too small to allow Iurther.
identification, these properties do not conform to
those of sny known 2cid, even sapproximately.

Becausa of the apparently blgh reactivity of
the butylmegnesium helides in hydrocarvons, as evidenced
by the large amount of side reaction during carboanstion,
even st temperatures in the neighborhoocd of zero degrees,
an attempt was mede bto carbonate butlylmegnesiuw bromide
with the rsaction mixture immersed in an acgtone-dry ice
beih. There sppesrsd to be little reaction at the low
temparature obteined. A4t =2°, recctlon also appecred
to be very slow, though &t temperatures above 5°,
resction was so rapid as to meke control of temperature

difficult,
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Butylmagnesium chloride, however, seaemed to
require a higher temperesturae, snd best results were
obtained when ocsrbonution was carried out between
10-15°,

The results obtained from the ocarbonation of
butylmagnesium halides, and descriptions oi the products
of side reactions, are summerized in Table I in the

experimental section below.

9. The Formation of Butyl Denzene

Shorulgin (94) reported the formation of p-butyl
tolusns in thse abttompted proparation of butylmegnesium
chloride in boiling toluene; the corresponding amyl
derivative was formed from iso-amyl chloride and mage—
nesium in toluene. vheeler (58) found that ssc=buliyl
bonzene 1s the only product from the resction of n~butyl
chloride and magnesium in boiling benzene. DIuring the
reaction, Vheeler noted the evolution of large amounts
of hydrogen chloride.

In view of the results reported abovs, the
formation of butyl benzene during the preparation of
butylmagnesium chloride in benzone in the pressnt work
is not surprising, though hers it was formed, in a

yield of 12.7 per cent, concurrently with the formstion of

56, We K. Wheeler, Private Communlcatlon
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the orgenomegnesium compound. There la, however, some
svidence found here that may throw scme light on the
mechaniam of formation of the butyl benzene.

Shorulgin (34) attemptsd the presparatlon of
butyl toluene by the reactlon of butyl chloride, toluense,
&nd anhydrous magnesium chloride, and obtalned no
reaction. He concluded, on the basis of this experiment,
that the formation of butyl toluens could not inwclve'

a reaction of the Friedel-Crafts type.

In the present work, during the preparation of
butylmegnesium chloride in benzene, no evolution of
hydrogen ohloride was noted; in the course of the
reection, nitrogen was passed throush the rsacting mixture,

- and the gas was passed over councentrated agueous anmonis
gs it came from the apparatus. At no time was ihe
presence of hydrogen chloride svidenced by the formation
of white smmonlum chloride. 4also, snalysis of the wagnesium
wiich failed to resct during the preparation showed con=
clusively that magneslum was consumed in whatever reaction
was involved in the formetion of butyl benzene. Irom
thess results, it seems likely that the forumstion ol
butyl bonzene involvaes bubyleae, rather than butyl
chiloride, tho butylene beln; produced by ihe dirpropertiona-
tion reaction which occurs during the reaction of butyl

chloride with mzznesium,.
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There is another possible mechanism for the
formation of butyl benzene, which would not regulre
the evolution of hydrogen chloride, and which would
consume magnesium. Such a mechanism would involve
roaction with one of the double bonds of bsnszene, but
thers is at pressnt no evidencs in support of thias

theory,
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D. EXPERIMENTAL

l. General

ALl preparatioﬁs of organomegneslium compounds
in hydrocarbon mediums were made in the improved mechanical
sctivetion apparatus described previously, and illustrated
in Figures 2 and 3. For 0.5 mole runs, the zluass chamber,
having & volume of slightly over 300 cc., wuas used, while
for the l.5 mole reasctions the stainless steesl chember,
having a volume of slightly over one liter, was employed.

Following each run, the mechanical activation
apparatus was cleaned by stteching a chamber filled wlth
dilute hydrochloric acid to the apparatus, &and running
the spindle for a short while, after which the scid was
replaced with water and the procedure repeatsd. In most
casas the apparatus was then dried by exposure to an
infre~red bulb, though in some cases ths splndle, soal
mechanism, and lower bearing wero removed and cleaned.
This was found to be particulsrly nscessary with the

higher alkylmagnesium compounds,

2., Chemicels

With tne exception of ethyl bromide and butyl
chloride, wiich were distilled before use, all alkyl
halides were used as received. Hefractive lndices of
«11 halldes were checked, and thess showed the compounds

to be subatantially purs.
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gources of halides used are listed below:

Methyl bromide: Matheson Compuny

#thyl bromide: Dow Chemicsl Company
Propyl bromide: Columblu Organic Chemicals Co.
Butyl bromide BEastman Kodak Coe.

Columbla Opganic Chemlcals Co.
Butyl iodlde: Sastman Kodak Co.
Amyl bromide: Dow Chemical Company
Hexyl bromide: Bastmen Kodak Coe
Heptyl bromide: Columbia Orgenic Chemlculs Co.
Octyl bromide: Falogen Chemicals Co.
Ootyl chlorilde: Hulogon Chemlcals (.
Honyl bromide: Columbia Orgenic Chemicals Coa
Decyl bromlde: Columbia Orgunie Chemlcala Co.

Dodeoyl chloride: Halogen Chemicals Co.

Heptene and isococtane used as mediums for the
preparation of organomagnesium compounds wers Phlllips
Petroleum Company's Pure Grade. Before use they wefe
shaken in a separatory fumnnel with two portions of
congentrated sulfurlc acld, after which they were
washed with three portions of water, and allowed to
dry over Drierite. Sodium wire was pressed into ths
nydrocarbons so preparsd, though there was rarely any
gas evolution to indicate the presence of molstura,.
7The hydrocarbons wers stored under & nitrogen atmosphere.

Benzene used wus Merck's thiophene-fres, reagent
zrade. Treatment of the benzene before use wus the
same as that for the aliphatlic hydrocarbons, wlth the
omigsion of the sulfurlc scld wmushs.

Carbon dioxide wes irom Pure lerbonic, una
was used directly from the tank, after passing through
a drying trein consisting of a tube of Drierite followed

by & tubs of wmegnesium perchlorate.
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3« Procedure for Keking huns

@With the exeeption of the attempted preparation
of methylmegnssium bronide, in which methyl bromide
was distilled intc the resction mixturse during the
course of cutiting msgnesium, and thoss cuses 1ln which

the helide was added dropwise to the reaction mixture

used for the preparation of orgenomagnesium compounds
in hydrocarbons was as followg:

In every case, 400 sc. of hydrocarvon were
usod lor each 0.9 mole of alkyl halide., %“hs smount
of mognesium cut wsg exaectly sqguivelent to the smount
of halide present. This wea essily controlisd by
moessurament of the lsngth of magnssium rod, since tho
quarter-inch rods had bsen centerless ground Lo & constant
dismetor, and the welipght per unit length of rod did not
vary significently, even betwsoen different batches of
megnssiune.

The alkyl halide wias weighed into &n Lrlenmeyer
flask to the nesrest ten milligrams, and trensferred
Trom the flask intc a clesn, dry reaction chamber.

Ths hydrccarbon was then forced from the storage bettle
by nitrogen pressure into & gradusted cyllinder, the
volume of hydrocarbon beliny measursd to thne nesrest

five cubic centimeters. 4 portion of the hydrocarton
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was used to wash any helids remaining in the welghing
flask into the reactlon mixture, the rest of the hydro-
carbon being placed dirsctly into the chamber. The
chamber was then attached to the mechunical sctlvstlon
apparatus, end the desired initlal temperature attalned
by means of an external bath. In most coses, thie chamber
was packed in crushed ice, though when hizsher tomperatures
were necessury, they were attained by hsatins tihie resction

chanber until the desired temperature was resched. 3ocause

y

- o~ " s & . . i 2
B nt of hoat generated by frietion and by

of the l&arge anoun
the cutting process, it was unnecessury to heat the chember
t0 maintain & bigh tempersture; instesd, a water baih

was used, and the temperature was adjusted by varying

the depth of the water in the bath. Ia this manner, any
temperstures could be msintained up to the boiling point

of the mixture.

During the period while the temperature of the
reaction mixture was being adjusted, dry nitrogen was
pessed into the reaction chamber, though the strean
of nitrogen was turned off bsafore stailng reaction,
and during reactlon nitrogen was introduced only when
thoe mixture was bveing cooled.

After itbhe deslred temperaturs had been roached,
cutting was stsrted. For all runs, the Varlac con-
trolling the spindle motor was set at 80 volts, while

that controlling the fesd motor wus set at 40 volts,
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8o thet the only veristion in cutting speed &nd feed
rete betwesn runs would be that due to varlation in
line voltsge. At 8C volts, with no load, the cutter
spindle turned ai about 6250 revolutions per minute,
while under full cutting load it turned st 5000 revolu-
tions per minute., This reprassnis & cutbing speed

of about 2600 surfuce fesi per minuts,

At & Variec sebtting of 40 volts, and with the
lowest pulley ratio, it was found that magnssium was
fad at the rabts of C.224 inech per minuts, reprssonting
a fead per tooth, or spparent chip thickness, of about
thrae micro=-inches, ut a spindles spesd of LOCY revolu-
tions per mimute, It must be rezlized, however, thut
in all probability only u fow of ths [ifteen tsoth on
the cutter sctually cut metal.

Magnesiwa was cut into the reaction mixture
in increments of #4.56 inches of one-guarter inch rod,
sxch increment representing one-fourth of & gram atom
of meyneslum. Alfter the cuttlag of esch lncrement, the
feed mechanism was returned to its orisinal poslition,
and another increment cut, until the desired amount of
magnesium had been cut,

During the cutting pericd, temperature of
tha roezction mixture wus rescorded at short intervals,
togethier with the amount of wmegnesium cut. In addltlon,

the slectricel conductivity of tlie resctlon mixture
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was observed, though at no time was any conductivity
notode

After the complstion of the cutting process,
the spindle was allowed to run for a predetermined
longth of time, the total time from the start of the.
cut . unbil the spindle was turned off being rscorded
as the reaction time. When this length of time had
elapsed, the temparature of the reaction mixture, 1if
slevatod, was reduced to nsar room temperature, &n
stmoschere of nitrogen being maintained in thw apperatus
during this process. When the mixture had cocled surfl-
clently, the chember was removed from the apparatus,
and as much as possible of the reaction product adhsring
to the apparatus was scraped into the chamber with a
spatula.

After the chambor was removed, the distance
from the top of the chamber to tus surface of the
reaction product was wmeasured, using & depth gaugs.

This measurcment was luter used to determine the total
volume of the reaction product, the chamber veing filled
to the ssme depth with water, end the volume of water
being messured. The chamber was then placed under an
air-driven stirrer, und the contents thoroughly agitstad,
to secure as homogeneous & mixture as possibie. From
this stirred mixture, samples were plpetted lor the

determination of yleld and solubility, and for retention,
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the remalnder of the mixture belng subjected to treate-

ment varying in individuul cases.

4., Resction with Cardbon Dioxide

In those cases in which orgenlic aclds were
prepared by reaction of the organomegnesium compounds
with carbon dloxide, the following procedure was used:

Af'ter removal of samples, the chomber, con=-
taining the remcinder of the orgenomegnesium compound,
was attached to &n sdapter whlch was fitted with &
mechanlicel stirrer, and two necks for the lntroductlon
of rsactants. In this manner, the resction chuambar
was converited essentislly into & three-neckad flask.
The chambsr was then flushed with nitrogsn, & siightly
positive pressure of nitrogen bsling maintalned to
prevent any leakage of air into the apparatus. The
chambsr was then surroundsd by s cooling bath, usuelly
an ice-salt mixture, and the contents were stirrsd
until the desirsd temperaturs was attalned.

When the temperature of the resction mixture
had fallen sufficiently, usually to zerc degrees, the
nitrogen atmosphere wan raplaqeﬁ by a csarbon dioxide
atmosphere, the flow of the carbon dloxide boing
detsrmined by a flow meter, and, in most cases, adjustsd
so as to prevent any large rises in temperaiture.

Carbenation was deemed complets alfter a drop in

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



nggn

temperature was noted; after this, rate of flow of
carbon dioxlde was increased, usually to about &

liter a nminuve, the cooling bath was removed, and
carbonation was continued for a lengbth of time varying
in individual cases.

The mixturs resultlng from the reaction with
garbon dloxide wss trunsferrsd to & two-liter, stsinloss
stesl beaker, which was immersed in an lce bath, and
tho product wes hydrolyzed by the dropwlse addition

£ 11 per cent sulfuric acid, 200 cc¢. of the sacld beling

0

used for each ons~half mole of original resctants.

& stainless-steel stirrer driven by an air impellar.
Following hydrolysis, the rsaction mlxturs
was decanted through & ?owder funanasl, holding a small
piece of cotton wool, into a separetory funnel, and
the water and hydrocarbon layers separated. %he walter
layor wus then extracted with ether (three 70 co.
portions for Q.o mole runs, four 100 cc. portions for
1.5 mole runs), thoe ethor oxtracts balng added to the
hydrocarbon layer. ©he sxtracted water solutlon was
then discarded. The organic layer was zhen placed in
& volumetric flask (500 cc. f'er U.8 mole runs, 1000 cc.
for 1.5 mole runs), and diluted to volume with diethyl
ethor that had been weshed with caustic to rsmove

orgenic acids. Ffrom this solution a B0 ce. allquot
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portion was pipetted for the determinaticn of yleld
of organlc acid; the remainder of the ether-hydrocarbon
solution was extructed with 6 per cent sodlum hydroxide
solution to remove orgenic acids. The sxtruacted organic
layer was then washed with two portions of water, and
set sslde over Irierite to await'diatillation.

Tha caustic extract from above, containing
only the organic acid produced, was zcidlfied to a
methyl orange end polnt by the dropelsse addition of
with stirring. The organic acid waes thsn separasted, =znd
tiie agueous solution extrxacted with several poriions
of siher, the ether extract b2ing added to the ssparated
aoid,.and the mixture boeing placed over Drisplic e

awsit distillation.

b, Distillation of Cerbonation Products

J¥ith the exception of the products of carbona=
tion of cctylmugnesium bremids, the disilllatlon of which
will bo described separately, the only products dis-
t1lled wers those vresulting from the carbonation of
butylmagnesium helides., In all cases, diastiilations
wers curried out as followss

“ther and hydrocarbons wore ruemoved from th
solutions containing ecidic and non-acldice reaction

products by dlgtillatlion throush a glees hellices packed

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-101-

column, 25 mm. in diameter and 37 cm. in height. There
was no reflux return during this distillation, except
from condensetion in the ocolumn, Vapors were lead

from the top of the column, through a goose-neck adapter,
into & Friedrich condenser. Distilletion was continued
until no more distillate was coming over; because ol

tho unheated snd unjacketed length of the column, none
of the higher«boiling products wers distilied.

The valeric acid, after removal of ether, was
distilied at 1o mm, pressure from a Clalsen flask having
Vigreux~type indentations in the neck leading to the
condenssr. & graduatsd rsceiver, fitted wltk stepcocks
for removal of product without breaklng the vacuum, was
used for the collection of the distillate.

After removal of ether and hydrococarbon {rom
the non~acldic reaction product, the residue was, in
soma cases, dilstilled through a semi-micro fractlonating
column to remove ne-octans. This column consisted of
a vacuum=~jacksted tube, 10 mm, in diameter and 50 cme
nigh, pecked with fine Monel wire gauze, bent so as to
form & helical vapor psth. A total condensation, partial
take-off head wgs used. Aftor removal ol octane, the
still~pot residue was transferred to the modified Clalsen
flask previously described, and further distillatlon
was carried out at 16 »m. pressure. In cases where

n~ooctane was not removed, distillation wes carried
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out at 16 mm. immedlately after removal of sther and
hydrocarborn.

In both vacuum distillastions, fractlions were
ususlly collected over a five~-degree rangse, though
this range was sometimes narrower when definlte
fractions were belng collected.

For all fractions collected, ths welght and
refractive index, und, in some cases, density, werse

racorded.

6. Laterminations of Yields

(=) Conductometric Titretion

The following procedure éas usaed for the
conductometric titration for ylelds of organo-
magnesium halides in sll cases:

Butyl alcohol for titration was curefully
fractionated through a glass nelices packed column,
heving a packed, vacuum jacketed, &nd heated helght
of 90 em., and a diameter of 26 mm. A total conden-
sation, psrtial take-off head was used, the outlel
to the atmosphere being protected by a drying tube.
In ell distillations, 200 co. of alcoliol wers collected,
at a constant boliling point, tefors colliection of =
100 cc. sample for uss 1in conductometric titration.

The apparatus used for conductometric titration

is 1llustrated in rigure ld. The apparatus consists
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of a glass cell, fittsd with & rubber stopper through
which pass a glass stirrer; two electrodes of No. 14
Kichrome wire, having at their ends four-turn helices
to increase electrode &rsa; and a tube for the insertion
of the tip of a 10 cc. buratte. The elsctrical circult
i1llustreted is for s simple De. C. ohmobtor; in use for
conductomatric titration, the thres-position switch was
in tie position s indicatsd on the disgram. In ihis
position, & potential of 4.H volts is dellvered to the
electrodes. leadings are wads on & 0~100 micro-ammeter
by depressing the open switch in the circuit with the
meter.

The actusl conductomsiric titration was carrisd
cut &5 is outlined bslow:

100 ce. of & dilute ether solution of ethyl-
magnsesium bromide (though concantration'appearad to be
of lititls lmportence it was found convenient to use &
solution containing an amount of Grignard reagent In
100 ce. aguivalsnt to ubout 0.0 éa. of n=butyl alcchol)
was pipetted into the c¢ell of the apparatug. Then,
with repid stirring, n~butanol was added from the
burctte in 0.10 cc. increments, the conduciivity of
the sclution, in micro-anmperes, being recorded efter
the addivion of each incrsment. The conductivity decreased
after sach sddition until & minipum was feached, after

which it began to rise, Four or five increments of 0.1 occ.
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of butyl alecohol were added after this minimum had been
passed, after which the stirrer was stopped, &nd a

25 oc. sample of Lhe orgunomsgnesium halide to be determined
was added to the ether solution. The stirrer wus aguln
started, and the same procedure was repsated until =
minimum in conductivity was agein resched &nd.paﬂseﬁ.

In practlee, the reaction could ususlly e followsd
visually, since heat of resction, when orgencmagnesium
compounds were pressnt, ceused tie ether to boll nmomentarily
after the additlon of each increment of alcohol; while

no bolling was noted after elther of the minima had been
passod. 4lsc, in many cases, it was noted that the

cloudy suspension, resulting {from the adudltion of organo-
megnesium compounds in hydrocarbons e ths sther solution,
cleared abruptly, with coagulatlon of sollds, as the

second minlmum was reached.

The data obtsinsed in the ubove tltration were
plottad, micro-amperes againat volume of tutyl alcohol,
and straizht lines drawn through both approaches to the
two minime. Using the intersections of these lines at
the two minims as stolichemitric pointa, the volume of
butyl slcohol equivalent to the orgunomagnesium compound
in the unknown could be obtained. An example of the
curve obtailned is prssented as Figure l4. It has been
found that no significant difference exiats in the

positions of the minime obtained by plotting conductivity
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as rsoclproocal ohms, and micro-amperes have besn used
for convenlence.

Using the butyl alochol as a primary stendard,
and ths volums of alcohol found to be eguivalent to
the orgsnomagnesium halide in the sumple titrated, and
knowing the volume of the orijginal mixture containing
the organomagnesium compound, the yleld of organcmagnesium
halide is easily calculated. [or example, using the
data obtuined from the curve in Flgure 14, which was
obtainad for the yvield of bulylmagnesium bromide pre-
perad in isooctane in & 0.0 mole run, the yleld of organo-
magnesium compound iz found as follows:

1,96 cc. BudH
Total volume reaciion products, 545 cc.

Yiold of Dulighr = Q.0874 x 1.98 x 3486
= 59.7 per gent

The factor Q.0874 ia srrived at from the density of
butyl slcohol, its molecular welgnt, the size of the

run (0.b mole), snd the volume of the aliquot., For

1.5 mole runs, this fector 1ls decresassd to 0.0291, while
the total volume of the reuction mixture is used just

as 1llustrated. It wes found by calculetions that the
change in density of butyl alecohol with varistion of
room temperature huad no significant effect on the yleld
obtained, end the density ol butyl slcohol at 20°,

0.810, was used for all celculstions.
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{b) Acid Titration

Although the uncorrected yilelds obtained by
acld titration are, in most cases, megningless, they
wore determined in all instunces by the following |
procedure:

4 10 ce. aliquot of the original reaction product

ER

v &8

fs2

o

0% = I Tl ) mcsonn o 2N o S
W QU e LLMATRNOYTL” 1 a0 e

ol
 aad

was pipotis
ssmple was hydrolyzsd by the addition of 100 cc. of distilled
water, and soldified by the mdditiom of 15 cc. of N/1
hydrochloric acid. Aafter resction with acld was complets,
the mixture was titrated to & methyl orange end polnt

with X/10 sodium hydroxide sclution. All standerd solu-
tions wers gbtained from the Fisher Scientific Compeny,

and were checked by titrsation agalnst ezch other, and

by titration of the base with an acld solution standardized

with sodium carbonatae,

{¢) Corrsction for isgnssium

The amount of magnesium which failed to react
during the preparation of orsanomagnesium compounds
from butyl and higher helides was determined by the
moasurement of the volume of gas 9volved upon acidie
fication of & 10 cc. sample of the orliginal resctlion

mixture, This messurement was cerried out as follows:
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The system or measursment of hydrogen con-
sisted of a water-Jacketed 250 cc. gas buretts, with
lsvaling bulb, cormmected through & trap ilmmersed in
an acstone-dry lce mixture, to a flask Llited with
a dropping funnsl for the sdditlon of acid.

The 10 c¢c. sampla of reaction product was
plpetted into & 125 co. Nrlenmayer flask, which was
then fitted to the above apparatus. Pressure within
the gas burstte was carefully sdjusted to atmospheric,
using s U-tuba conbtalning water to indlcste the pressure.
The U~tube was then closed, end 1l per cent sulfuric
acid added very slowly to ths mixcture In the reacticon .
flask, so that hydrocurbon vapors would be condsnsed
in passing through the dry ice trep. & sliight negative
pressure was malntained in the gas buretts throughout
the gas avolution,

¥ihen hydrolysis was complete, the systom was
allowed to reuch eguilibrium, &s indlcated by no change
in the pressure within thse burette over a period of
one-half hour, and the volume of gas in the burettis
racoxrded, togethsr with the aimosphsric pressurs, the
tenpereiure of the burette's water Jacket, and the
amount of 1liguld remeininz in the resction flask (the
smount of liquld condensed in the cold trap was found
to ba negligible in comparison with the total volume).

Then, correcting for the vsapor pressure of water In the
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burette, assumlng the gas to be saturated with water,

the amount of magnesium in the ssmple squivalent to the
hydrogen evolved could be caloculated by the applicstion
of the gas laws. This Jgure wos used to correct for the
amount of magnesium in the 10 co. sumples used for acld
titratlons, and to {ind the total amount of umreacted

maynesium in the orlginal mixture,

() Determinabion of ¥Yield of Organic scid

Although organic acids were diatillied, &nd the
amount distillad recordsd, distillation of tha‘small
amounts usually preseni resulted in significant losses,
g0 that the ylelds of the anold were determined by
titration, &8 follows:

To the 50 cc. aliquot portion pipetted lrom the
ather-hydrocarbon solution of orgsenie ucid obtained
after hLydrolysis, wers added 100 cc. of distilled water.
This mixture, in & glass-stoppered irlenmeyer flusk, was
titrated first to & methyl orange end point, and then to
& phenolphthalein end point, with N/1 scdium hydroxide
solution. %The methyl orange end point appsurs when
211l mineral scld present ﬁas bsen neutralized; the
volume of caustic regquired to reach thils end point
was elways small, and ususlly negligible. Ths phenoli-
phthalein end point appesars when all organic scld has

bean neutralized, and the volume of base represented by
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the difference betwasn the two end points should be
équivalent to the organic acld present in the aliguot.
Becuusa of the greater solubllity of the orgsnile
scld in the hydrocarbon-ether layer, it was found necessery
to shake ths mixturezvigorously in the neighborhood of
the end polnt, after the addition of ssch drop of base,
ipparently no error was introduced by the psrtition of
ecid, since no end polnt whioch perslsted through sh&king
for a few ssconds would fade on prolonged shuking of

standing.

7. Preparation of Organome:;nesluun Compounds

Below are outlinad the conditions prevalling
during, and the rasulta obtsined from, the prepszration

of the various orgunomagnesium compounds,

(a) Mathylmsgnesium Sromide

Methyl bromide was condensed by passing ths
a8 from a cylinder into a trap imsersed in a dry-
lco-acetons bath, and allowed to distil from this
trap througi: the gas inlet tube on the reactor, lnto
heptans solution.

In one run, temperature was malntained in the
range of 5H-60° during most of the cutiing und sddition
of mathyl bromide, though ths tsmperature feli bnlow

this valuo as the concentration of methyl bromide increased,
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The spindle was left on until 510 minutes, after cutting
of 1.5 gram atoma of magnesium had besn completed at
179 minutes. There was no evidence of resction.

In & second run, no water bath was used to cool
the resction chamber. The temporature rose to 84°
during the firat twenty minubes of cubtting, and then
fell steadily until it roached a constant valuse of 45°
on the completion of the addition of the methyl bromide,
after the cutting of 1.5 grem atoms of magneslum had
besn completed at 1ld4 minutos. Spindle alleowed to run

249 minutes. There was no indication of any reaction.

(b) Ethylmsrnesium bromide in Heptans

In a 1.5 mole run, magnesium was cut into a
heptane solution of ethyl bromide, temperature rising
from ten to fifteen degrssa during the first 20 minutses,
and remuining constant gt 25-24° until 107 minutes, when
five of the six increments of magnesium had been cut.

At that time the chamber was romoved, and the appssarance

of the contents indicsted there hud been no reactlon.

Ice bath was removed, and tsuperature allowed to rise,

beinsg msintained at 35-57° until the end of the cut at.

105 minutes, and until spindle was turned off at 245 minutes.
Reaction product was & fluid gray suspension. Conducto=-
metric titrstion required 2.48 cc. of vuty} alcohol,

for total product volume of 8990 cc., indlcsting a yleld
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of 71.5 per cent. Acid titration indlcated the yleld
to be 130 per cent. Product was carbonated, but acid
resulting was lost before the yleld could be determined.

In 2.1 mols run, magnesium was cut into a
heptane solution of sathyl bromide during 150 minutes.
Temporature reose from 15 to 25° durlng the first ten
minutes, and remained at 22-35° to ond of cut, after
which 1t was allowsd to rise to 44° at 165 minutes, and
coolod to $2° when spindle off at 187 minutes. Quad-
ruplicate oonductomotric titration of ths preduct indisated
yields of 46.0, 44.9, 44.2, and 44.5 per cenit. OGns
evolved from quadruplicate samples wus measursd, and
analyzad for hydrogen by using an Orsat apparatua.
Yield determined by gss evolution, correcting for hydrogen
and oxygen prasent 58.1 + 1.7 per cent. Yield determined
by duplicate acld titrations, corrscting for muagnesium
requirsed to evolve amount of hydrogen found in gzas,
g8.7 per cont.

In a 0.5 mele run, magnesium was cut into
a heptene sclution of ethyl bremide during 48 minutes,
tempersture varying from $4° to 76° during cut, and
rising to 90° untll spindle turned off at 145 minutes.
Fsaction was noticed st 10 minutes, temperaturse 47°,
Conductometric titration indicuted & yleld of 49 per

cent. Product discardeod.
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In & 1.9 mele run, magnsesium was cut into a
heptans sclution of ethyl bromide durlng 187 minutes,
temperaturs varying from 8-24° during cut, zad from
12«24 until spindls turned off aut 445 minutes. Gas
was evolved stesdily throughout the run, 10.356 litsers
baing collected. Gas would not burn, but it decolorized
bromins weater and dilute potassium psrmanganate solutlon.
Analysis of ths gas falled to indlcate the pressnce of
oxyzen, or of a hydrocarbon. FProducts showsd no lndica=-
tion of raesction.

In & 1.5 mole run, mugnesium was cut into a
haptane solution of athyl bromids. Tompsrature rose
from six degrees to 24° during first seven ninutes of
cut, and remained at 20-24° until complstion of' cut at
128 minutes, und et 26-29° until splindle turned off at
244 mimutes. Thero wois no indicstion of any reactlon.

In &2 1.0 mole run, megnosium was out into a
heptane solution of sethyl bromide, tempsrature rising
from 12¢ to 21° in the firsgt two mimutes of cuttiing,
end remeining ot 20-24° to completion of cut at 149
minutes, rising to 29° by the time the spindle was
turnsd off and chambsr removed ut 210 minutes. There

was no indicaticn of uny reaction..

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-1

{c) Ethylmagnesium Bromide in Isooctans

In a C.9 mols run, magnesium was ocut into an
isooctane solution of ethyl bromide during H9 minutes,
temperature rising from 22 to 70° during cut, and to
80° when spindle turned off at 120 minutes. Conducto-
metric titrustion indicated a yisld of .9.4 per cent.
Product was reacted with benzaldohyds, but it was found
lzter that the aldehyde contained a large percentage
of benzoic acid, which was the only product i1dentified

from the raasction productis.

(&} Bthylmasnesium Bromide in Bsnzong

In & O.5 mole run, magnasium was cul into s
benzene solutlon of sthyl bromide ﬁﬁrlag 48 minutes,
temperature rising from 25 to §9° during cut, and Lo
78° by 100 minutes, when spindle turned off. Product
a darker gray than similar products in aliphatic hydro-
carbons. conductometric titration indlcated a yleld
of 65.6 per cent. Ko products were identifled after the
raaction of the sthylmugnesium bromide formed with

benzaldehydeo.

(e) Propylmegnesium Bromide in Heptane

In a 1.5 mole run, magnsesium was cut into a

heptane solution of n=propyl bromide during lol minutes,
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temperature rising from 15-28° during first seven
minutess of cut, and being mulntuined from 22-28° for
remainder of ocutting time, Yemporature rose to g wmaxle
muri of 44° ot 218 minutes; spindle ofl &t 230 rinutes.
froduct of a light gray, fluld suspension. Conductometric
titration indlecated & yield of 64,1 per cent, while oci

titration, uncorrected, showed & yield of 9.0 per cent.

(£) Butylmagnesium Helldes ln Hydrocarbons

The data on the preparation of butylmsesnesium
halides in hydrocarbons are too extensive to permit
their inclusion in thielr entirety hnere. The deta are

summarized in Table 1.

() Amylmagnesium Broomide in Heptune

In & 1,5 nmole run, magnesiuvee was cubt Inbe &
heptane solutlon of n-amyl bromide during 137 minutes,
Tenperature roas from 18-20° during the {irat three
ninutes of the cut, snd remeinsd at 20-28° throuy
82 minputes, et which time half of the megnesiun had hsen
cut énd no reacticn wus noted. Temperature was lncreased,
end wmeinteined at 50-566° until 211 the megnesium hed
been cut, snd the spindle wus turned off at 210 mlnutss,
The reacliion product wus & viscous, ligit gray mass.
Conductometric titration findicated a yield of &0,.8

per cent, while acld titrstion, corrected for unreacted
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NOTE TO USERS

Oversize maps and charts are microfilmed in sections in the
following manner:

LEFT TO RIGHT, TOP TO BOTTOM, WITH SMALL
CVERLAPS |

This reproduction is the best copy available.
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SNl &, = BINMNary ov Watld  on  LIUl
Moles Yield of BuMgX | Carbonati
e o 4ivig arbonation
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136 BuBr.5,is0-0k.|{ 7.5~ 43 Thick Ql‘dﬁ Product Dyl Lce
137 BulBr, .5, /500t 1 8-70° . 53.2 74 2 M "
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lighter gray than usval
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magnesium, showed a yield of 54 per cent. Haterial wes
reacted with carbeon dioxide for 60 minutss, at a rate

of flow of COg of 100-130 ces par minute, at & temperature
of 2-8°, thon for 60 minutes, at a tempevﬁture of 10-15°,
ot the same rate of flow. Rete of flow then incrazced
to 800 ce- per mimate, sand cerbonstlion continused for

75 minutes, at temperstures of 4-62°, hoat baiﬁg apﬁliad
to cttain the higher temperatures. Titration of the
orgunic acld present indicated & yleld of 14,4 per centi,

e
based on the criginal rasctants,

(h) Hexylmarmesium Bﬁamide in Heptane

In a 1.27 mole run, magnesiam was out into a
heptene solution of n-hexyl bromide in 108 minutes,
temperaturo ranging from 10-14° during the first 41
minutes of cutting, and from 25~42° during; the remalinder
of the cut. ‘{emperature recse to 43-48° during the time
to 240 minutes, when the spindle was turned off.
teaction product wes a very viscous suspension. Conducto-
metric titration showad z yvield of hexylmagnesium dbromide
of 44.6 per cent, while acid titration, corrazcted for

unrveacted marmeslum, indiecatsd a yield of 67.5 psr cont.

(1) Heptylmegnesium Bromide in Heptans

In & 1.3% mols run, magnesium was cutbt into a

heptane soclution of n-haptyl bromide 1n 128 mlinutes,
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temperature rising from 12-24° durlng ths first 13
minutes, and romeining at 24-25° until 80 minutss,

vhon no regacktion waa notad.  Tompersture allowed to
rise, and raomalned at U2-54° untll 100 lnubss, after
which 1t rose sherply, and remainsd at 68-75° until end
of cut, then at 5b° until spindle was turned off ot 240
minutes. Conductomabric titretion showed s yleld of
45,5 per ceont, whlle correctsed aclid tltration indiceted

g yisld of 8.7 per cent of heplylmagnesium bromide.

() Octylmagnesium Hromide in Heptane

In & l.9 mols ran, magnsaiwn weus cut inte ¢
solution of n-octyl bromide in 750 cc. of n-heptane in
134 minutes, tomperaturs rising from 12-21° until
73 minutes, when observatlon showed no reaction. Tempe
oreture wes allowed to riss, and remalnsd at 40-48°
until spindle was turned off &t 211 minutes. Product
was a viscous gray suspension. Conductometrle titration
showed & yield of 50.5 por cani, while corrected ccid
titration indlcatad the yield teo be &3.8 per cent.
Carbonztion of the resction mixiture was greatly
hampersd by the viscosity of che mass, which prevented
officient agitation during reaction with carvon diloxids.
Cerbonation carried out, at a flow of 125 cc. of carbon
dioxide por minute for 90 minutes at o temperaturs

of -2 to 0°, Flow increcsed to 900 ce. psr minute,

7
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but temperature hed not risen up to 120 minutes, at
which time bath was removed. By 145 minutes, at the
same rate oi Ilow, temperature had risen to 33°; bath
replsced, and carbonation continued at same rate of
flow until 293 minutses, by whieh time temperaturs hud
fasllen to §°. path was ageln removed, and rate of
flow muintained at 900=~1000 cc. per minute until
560 minutes, temperaturs rising to 52° with the
spplication of heat. Titration of the organic acld

~ Formed showed & yleld of 10.7 per cent.

On acidification of the caustic extract of
organic acid, a solic white substance separared from
solution. When tiie material wss re~dlssolved in
caustic, and again acldified, a solid acain seperated,
the solid turning to an oll on standing. Distlllation
of the acld gave only pelargonie acld (23.0 grawms,

51 per cent of titrated acld), which distilled at
141~-144° at 12 mm. %hen temperature reached 122°,
tuere was & vigorous evolution of gss from the material
being distilled, indicuting possible loss of carbon
dioxide. fresidue from distillation was & small amount
of solid, irom which no material could be identified.

Pistillation of‘the non=acidic portlion of the

resction mixture through a Podbielniak dyper-Cal coluzn.
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After rewmoval of ether und hieptane, the followlng

frections were collected:

I*inal Pregsure, 20

Cut No. Be Pe mrie HE WL, np
1 354° 38 DeB g 1.3879
2 ‘12"5 &8 5'0 1c4033
) 42,5 48 Sed 1.4G00
4 50 48 5.2 1.3983
5 66 48 Te4d 1.95983
& 110 48 14.8 11,4469
7 se 28 5.0 1.4487
8 g5 25 9.7 1.4516
9 96,5 25 9.2 1.4516
10 P7.9 25 11.9 1.4510
11l 87.0 25 4,9 1.4501
12 138 25 5.0 1.4473
19 182 25 2.2 1.4380
14 165 25 8.8 le4357
15 172 25 4.4 1.4365
i6 1E0 20 HeO 1.4370
17 le4 25 5.8 Solid

itesldue 1i.1

Samplos 2 through o eppesr to be & mixture of
n-octane and octene-l, for & total welignt of 20.5 grams,
while samples 7 througih 1l are provavly largely n-octyl
vromide. This recovery of occiyl bromias is surprising,

in view of the analysis for unreacted magnesiume.

(k) Octylmegnesium Chloride in Heptane

In & 1,07 mole run, magnesium was cut into &
solution wikiich contained oripinslly 20 g. of n-octyl
chilorids in 811 cc. of n-neptans, the remainder of
the 204 g. of octyl chloride being &dded dropwiss, 80

that the halide was completely added when the cut wes
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completed, Temperature ranged from 47°, to which

1t rose during the first six minutes of cutting, to 53°
during thse course of the cut, which wés completed at
110 miﬁutes. At 145 minutes, observation showed no
reasction; temperature of reacticﬁ.mixture was &allowed
to rise to 98°, and remain tusrs to $60 minutes, Lut
there was at no time any evidsancs of reaction. UJdeas
evolution {rom a portion of the mixture lundlcsted that
only 0.99‘gram atomsgof magnesium remained, throuzgh
conductomstric tltrﬂﬁlon confirmed the fact thel there
had been no reactlon. Cas svolution ropeated, with
mora dareful aglitation of reactlilon mixtura during
pipetting of sample; this indicuted the presence of
1.06 gram aton of wmagneslum.

Reaction mixture was hydrolyzed by tii¢ uddition
of an excess of 1l psr cent sulfuric acid, the layers
were séparated, and the organic layer Ifractiocnated
throuzh a Podblelnisk Hypsr-Cal column. Distlllation
falled to indicute the presence of any friction bolle
ing in the range vetween tine boiling polints of heptane

and nonyl chloride.

£33y wr Tom s cvrmamon & vanme T o 1 27 in Hsupians
V47 LSONYLINASNG8LUT TOmL UGS LIl S Puails

In & i.21 wole run, megnesium was cut into a

solution of 250 g. of n-nonyl bromlde in 710 cce. of
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n-heptane during 96 minutes. Temperaturs rose to

48° during the firat 13 minutes of cutting, and varied
from 49-64° through the remsinder of the cut, and
from 64-68° until 240 minutes, when observation

showed no reaction had taken place. Temperature

was then allowed to rise to the boiling point of

the mixture, 104°, until 385 minutes, when ob-

servation showed no reaciicn. Ths spindle we

then allowed to run to 445 minutes, with the tem-
perature at 38-40°. The product was a gray sus-
pension, unusually fluid for a higher member of the
series. OConductometric titration showed & yleld of
32.2 per cent, while corrected acld titration indiceted

2 yield of 50.5 per cent of nonylmaegnesium bromlde.

(z) Decylmapnesium Bromide in Heptane

In & 1.30 mole run, magnesium was cut into a solution
of 288 grems of n-decyl bromide in 765 co. of heptane
during 114 minutes. Temperature had risen to 40° by
four minutes, snd was maintoined at 52-58° from 18-62
minutes, when thraee increments of magnesium hed been
cut, and observation showed no repction. Temperature was
allowsd to riss, &nd rangsd from 7 @ ¢ end of cut.
At 150 minutes, at a tempsrature of 102°, a portion of the

reaction mixture, which appeared to contain only
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unreacted magnesium, was blown cut the top of the con-
denser. Spindle was slowed, and the temperature mein-
tained at 70-78° until 377 minutes, when spindle was
stopped. Product was a visoous gray suspension; con=-
ductometric titration showad & yield of Sl.o per cent,
while acid titration, corrscted {or unrsactod mugneslum

indicated & yield of b6.7 per cent,

te Solubility Determination

The solubilities of the organomagnesium compuunds
in ths hydrocerbons was detsrmined as followss

4 25 cec. portion of the mixed reasction products
wes plpetted, immedlately alter completion of the run,
into a nitrogen-flushed tesﬁ‘tube, which was imxmediately
atoppersd end paraffined. Theae tubus were allowed
to stand for & minimum of two weeks, with occasional
shaeking, at roowm te&peratura; at the and of this period
it was assumed that the solutlions nsd reached equle
librium. The sealad test tubes were then centrifuged,
and & o cc. portion of the supernatent liguld removed
with a nitrogen-flushed pipetts. %These portions
were hydrolyzed by the addltion of L0 ¢c. of water,
end then acldified with X/10 hydrochloric acid untlil
zmethyl orange showad an acid reaction. The acldified

solutions were allowed to stand overnight, and then
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titrated to & wethyl orange end point with N/100

sodium hydroxide solution. rrom the data thus ob-
teinsd, the cmount of organomagnasiwm compound pressat

in the ssiution was calculated, and expresscd in
millieguivelente par 100 cc. of selution, Ssveral of

the suspsngions of organomagnesium compoulnds could

not be suriiclently separatsd by centrifuging. In

thess cases, & portion of the originul suspension was
pipetted into another test tubs conteining some of the
appropriate hydrocarbon. 7This test tube was then tunbled
at room tempersture for five days., Solubilitlies deter-~
mined in this way included butylmegnesium ghloride in
heptane, isooctane, and venzene; amylmsgnesium bromide

in heptane, and coctylmegnesium bromide Iin heptans. 1In
sddition, the samples which were used ror the determination
of the solubllities of propyle, haxyl-, heptyl, and
gseylmegnesium bromides in heptane ware pipetted from

thie supernstent liguid resulting after the totel reactlon
products had besn standing under nitrogsn for periocds of
at leegt two weeks; none oL the seamples whichk had been
pipevted from ihe original rsaction mixbures could be

separsted by centrifuging in these cases either.
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g, Determinetion of Helative Viscosity

The relestive viscosities of the reaction products
were determined rou;bly, using the apparatus shown in
Figure 1. Samples used for viscosity determinstion
were those pipetted from the original reaction mixturea
for retention. Thase samples were shaken vigorously,

s centeining the samples placed in the
cup of the apparatus. %he spindle, ol uvures-elghtus
inch bress, was immersed in the mixture for three-
suarters of an inch, and the motor turnsd on to re=-
volve the spindle at 1750 revolutions per minute.

In practice, instesd of using the welgnls in a
pan attachea to & thraad, &s shown in rFlgure 10,
the thread was attachod to a lever exitending Upwkias
from & point Jdirectly esbove the pan on the Leam of &
triple-bsas balance, thus introducing considerable mechan-
ical scuvantage, snd eliminating the necsssity ol & pulley.

The welghts recorded in esch case ware tie weigntis
required to cause the beam of the balancs Lo fail wihen
thie cup of the giscosimiter was turned SO as Lo ralse
the beam; these ﬁeights ware determined 1o Lo nsarast

o w v £
tenti. Of & pram.
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APPARATUS FOR VISCOSITY DETERMINATION

Figure (8
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Lata obtained are summarized below:

Tare of lover srm, 14.20 g

Total welght (including tare) necessary to overcous
stavic fLriction of bearing, 15.0 g.

Weights required to dbalance torque of cup with:

Sugpension of Kg in heptane: 15.0 g3 di£f. G.0

Bt¥gEr in beptan 176 2.6
Prigir in heptane 21.0 6.0
Busghr in heptene 20.0 5.0
BuigCl in heptane 1g8:¢ i¢
Bu¥gll in iscoctane 18.8 S8
BulgI 1n lscoctane . 17.0 2.0
AmEgbr in tieptane 15,0 4.0
C8H  ¥gBr in hieptane 21.1 6l
CyH1pHeBr in usptune 20.0 L0
Cglij7igbr in heptene 22.1 Tel
CgHighizBr in heptane 18,0 11.0
CioHg1MgBr 1n heptane 18.6 346
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l. The pormal alkylmognesiuwr bromides having from two
to ten carbon atoms heve bsen prepared in normal
heptans, by means of mechanical activatlion,
without the ugse of any catalylic substance, and
thelr yields detormined.

2. Zthylmagnesium browids, butylmagnesium vromids,

“ and bhutylmsgnesiws chloride have bssn prepursd
in nermel heptene, 2,2, 4-trimethylpentane, and
thiophene {rae benzene, and the effect of the
diffarant nydrocarbon msdlums on the ylelds cf
products has been determined.

5, Valeric acid has besn preparad from butylmagnesium
bromide end butylmagnesiwm chlorlids prepared in
normal heptene, 2,2,4-~trimethylpentane, and benzens,
erd from butylmaegnesium ilodlde prepared in 2,2,4=tri-
rethylpentane, and some of the varisbles involved 1In the
reaction huave been studios,

4, The solubilitlies of ¢ll of the orpanomagnesium compounds
rentioned sbove in the nydrocarbons in which they were
prepaz-od have been determined.

5. The rslative viscositiss of the series of organomaeznesium
compounds prepared in hydrocsrbons heve been determined.

6. & possivle mechanism for the formation of bubtyl benzene
during the preperation of butylmegnssium chloride in

benzene has been suggssted.
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