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PARD I
ORGENOCALCTUX IODIDES

INTRODUCTICE

In connectiqn with studies on the mechanism of some re-
‘§ actions involving organomegnesium helides it is necessary to
; replace the -¥gi group of the intermediate compound by &rother
; in ordeg{to get a compound that lends itself to ready identi-
f-fieation. Unfortunately this is not elways possible. isecord-
E ingly = study hes been mzde of the.related organoccalcium io-
'1 dides in order to determine whether the -Cal group is more suit-
ﬁ able for such replacements than is the Mgl group.
» Beckmannl has mede the only extensive study of organocalcium
? helides. Dufford, Fightingzle =nd Calvertz investigated the
; luminescence of phenylcalcium and ethylcaleium iodides, and
;vGilman énd Tickxensd used phenylcalcium iodide in a stuay of the
ﬁ mechanism of the reduction of azobenzene by organometallic hal-
ides. .

A pumber of experiments have shown that the organocalciunm
f nzlides are generally devoid of any promise in reactions that

f have made tne orgenomagnesium halides so useful. First, the

'§ fPormetion of organocszlcium halides sppears to be restricted to

1. Beckmann, er., 38, 904 (1905). ,
E 2. Duiford, ng-t1n~ale ~Znd Calvert, J. im. Chem. 30c. 27, 95 {1025)
d 5. Gllman.and FTickens, J. Ame Chem. Soce., 47, 2406 (1935)
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I‘:iodides. Second, orly primery alkyl iodides undergo rezction
.'with calecium. Zven in this limited cstegory there is an excep-
;?tion, for benzyl iodide gave nc positive test to indicate the
: formation of %eﬁzylealcium iodide. Third, the reazction beiween
the BRI compound and calcium is uite sluggish snd irregular and
:; not alﬁays certain. TFourth, the yields of organocslcium iodides
m‘are ar frem satisfactory. This is due in part to o prorcuxnced
coupling side reaction lealing to.the Tormation 0Ff R-R compoundse.
Fiftk, the orgunocalcium ioGides are less reactive gemerally than
the corresponding organomagnesium hali&es,

Contrzry to the results of ueckma_n; the orgeno-czleium
iodides are noi sparingly soluble in ether. Theléolid compoundé
invariably Geposited during the preparation oI crganoczleium

iodide is not the organometallic hulide. Imstesd it is very

probably the di-etherate o caleium icdide.

EXPERIMENTAL
PREPARATION CF ORGAEOQCALCIUX IODIDES

The start and progress of reaction between caleium and
iodide varies witk the kXind of calcium and the degree of Fine-
ness. & varietvy of rasped caleium ovtained from Xahlbzum was
somewhat less active than shavings freshly turned from sticks
of celeium. Zven z given type of cslelum gave irregular res-

ults, Gepending in large part on exposure to the atmosphere.

The material was always covered, prior to use, with ierosene.
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However, even such covered calcium tarnished wher the containers
were locsely stoppered. The tarnished material entered very

sluggishly iato reaction with the lodides znd was, therefore, not

s
\
M
.

used.

It is necessary tc use & higher concentration of iodine in
ether to catalyse reazctions with cslcium then is needed with meg-
nesiun. The beginning of recctior bstween caleium and the organ-
ic i0Cide is showm by the diseppearance of the free iodime ussd
to catalyse the reaction, followed by the formetion of a light
grey or white precipitate. A4t times the rezction is brisk enough
to ccuse the ether to reflux gently. These changes cannot be
taken &s abscluite eriteria for the formation of organocelecium
icdides, irasmuch as the ROal compoundas &ppear toO have a pro-
nounced tentency to couple with the ezcess RI compound that is
generclly present. The color $esst with Hiepler's ketone, »rev-
iously descrived by Gilmexn and Schnlzeé, is reliable.

The reaction between celecium snd the RI compound in ether
can be cerried out in the conventional three-necked flask pro-
vided with 2 meckanicel stirrer, or the reaciants can de sealed
in & glass container that is snaken meckenicaliy at room temper-
atures. The latier arrangement offsrs certuin civanbages in
some preparztions. Heaction between ethyl iodide in ether and
celcium svarted in various experiments over & time range of

15 minutes to 6 nours. =n-Bulyl iodide started to react after

4, Gilmen snd 3chulze. J. Ams Chem. Soc., 47, 2002, (1925)
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1C hours, and in one experiment alter 48 hours. Eowever, the
same helide when shaken iﬁwa sealed tube gave a positive testé‘
after 2 hours. n-Octyl iodide gave = positive test after shaking
f&r 24 rours in 2 sealed glass container. Iodobenzene, when
stirred with ether, 2 1ittle iodine ond calcium in a three-necked
flask gave = positive test ir some cases after 2 hours and in
others up to 7 1/2 hours. Iz one experiment when stirring was
rnot used, a positive test was omnly obtained after 72 hourse.

Zthyl bromide, iso-propyl iadide, tert.-butyl iodide, benzyl

bromide and benzyl icdide gave no positive tests after shak

3

with calecium. The tert.-butyl iocide unlerwent a reaction bud
there was no positive test for the corresponrding organocalcium
iocdide. 3Denzyl iodide when shaken in & sealed bObu ¢ for 2;8
weeks alsco underwent a reaction bui gave no positive test.

It was hoped that the secondary reaction between RCal ani RI
compounds could e overcome by removirng the orgarocszicium halide
as fast a2s it formed. Tor itris purpose, advantage was teken of
the very sugzesiive experiments mafe by Gillilend and 31anchard5,
They prepared phénylmagnesium vsromide by allowing an ethergl so-
lution of brcﬁobenzene to descend through z column of magnesium
turnings, the solution being highly éiluted, before reacning the
column, by the ethsr condensed from the vapors of the solution
-

boiling in the receiving flask. 1In thls manner onere'is & mini-

mal comiact tetween the orgarometallic halide znd +ne organic

ralide from which it prepared. XHowever the same principle

5. Gillilend and Elanchard, J. im. Chem. 3oc., 48, 410 (1928)
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when: extended to the preparatior of etinylcaleium lcdide was found
to0 be mmsuccessPul. Vhen ethyl iolide was percolated through a
Column of calcium skavings contained in o Pube 20 cm. long and
1.5 cme in digmeter the reaction could only be slarted Ly usiﬁg
a concentrated solutior of icdide in ether, and orce started it
pro%ea difficult of control. w®hen the solution was lcss concen-
trated with respect to etnyl iodide, the reazciion stouvged alto-
gether. 4ind, wien the solution was sufficiently concentrated to
insure a continuous reaction, very little ethylcalcium iocdide
formed,--probadbly as a result of the above mentioned coupling
reaction. A Turther difficulty in the use of the column of ecal-
ciun is the marked clogzing due to the Geposition of the di-

B ethercte of caleium iodide. .uite probably thers is an effect-

ive concentration of ethyl icdide to warrant the use of the
column, but such optimal conditions were not Ifurther investi-

gated.

ETEYLOALCTIUR IODIDE
The white precipitate that forms when eslcium reacts with
evhyl iodife in ether was analyseld by Beckmannl, and he concluded
that it was a mono-etherate of ethylcealeium iodide, CeH 0al.{CyEs )20,
This ZFormula is very probavly incorrect, for apparently the same
compound is formed wien calcium undergoes reaction with any alkyl
iodide. In no caze id it give a positive color testé for an

organocaleium iodide after being filtered and washed with anhydrous
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ether. When organccaleium iodides were shown to be present bty
the preparation of characteristic derivatives, the perfectly clear
supernatant liquid slways gave & positive color test whereas the
precipitate ﬁéver gave a test. Evidently, the few organccalecium
iodides that were studied are soluble in ether. fowever, since trey
were rever obttained in high yields no reasonable predictiorns can
be mede concerning their solubility in more concentrated solu-
ticnos.
It is &ifficult to obtain aiperfeétly pure s.mple of the
white precipitate. The compound is usuelly cortaminaied with
bits of unaltered calcium, calcium oxide, basic calecium iodide
znd possible czieium kydroxide. Feczause of these impurities not
moch reliznce can be :lzced on the caleium anelysis made by
Beckmannl, znd the only cuenitifzative eralysis ne made was for
z2ilcium. A fairly homogereous sample was obtained by treating
‘esleium with a lideral excess of ethyl icdide in a éry atmosphere.
The material was rapidly filtered, washed with aphydrous etker,
transferred 0 a glass stoprered weigning bottle, dried in a vac-
wunm desiceator, snd weigned by difference directly ir the weigh-
ing totile.
A sample prepared in this manner-for analysis contained
58.18 and 57.97% of iofine. The compound trat best agrees with
such resulis is the di-etherate of calecium iodide, Cal,.2{C Hs(.0
which requires 57.4% of iodine. 3Beckman's ethylecalcium iodide
mono-etherate, C,EsCal.{C:E;}.0, recuires 46.9% of iodine. L gas
is evolved wher this solié is treated with water. Beckmonn stzted

that the gas was ethane contaminated with some ether. The gas was
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not unsaturated, and its cheracteristic ethersal odor coupled with
its complete solubility in conc. suliuric acid indiczited that iv

ot ethane. Two sam.les were enclysed: G(.3382 ge

I3
fu
]

was ether

[$Y]

7o

(&>}

gave cec. 0l gas (corrected): and 0.294% g. gave 32.7 ce. of

geas (eorrectéd}. The Gi-ethercte of csleium iodide requires 34.2
cce and 2%2.8 cc. of etier, respectively.

The small amount of eilhylezlceium iodide present account, in
£o

ack of success in odvtaining charazcteristic ani-

|

-

glkylezleium iodide {(n-bvutyl) gave the characteristic derivative

Yhen 12 g. {0.3 mole) of calcium was treated with 355.2 g.
{C.3 mcle) of n-butyl iodide in 100 cc. of ether, considerable
insoluble material was deposited. During the preparation, avout
two liters of g=s were evolved. The gas was saturated, inflam-
metle ard. insoluble in conce. sulfuric acid. ¥ndoubtedly it was
largely n-butece, formed by the reaction of a trzce of meisture
in the reagents with n-butylcalcium iodice.

ifter the reac tion hed been zllowed to complete itself, over
two days, the mixture was hydrolyzed with Gile. hydrochloric acid.
Conziderable hest is evolved Zuring the hydrolysis ci any organo-
caleium halide, =nd & pert of this is very probebly dus to the}
hydration of calcium iodide. The ethereal layer was separated,
(ried and 10 g. of liguid was obitaired boiling between 120-1vo

L 3

If the mixture was entirely n-octane this would correspond to a
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59% yield. However, n-butyl azlcohol znd n-butyl iodide might
have been contained in this fractior. 4iccordingly, the mixture
was first refluxed for 4 hours with 10% sodium hydroxide; then
extracted wi%i‘ether;,then carefully shaken with conc. suliuric
acid to reméve ether end n-butyl zicokol, and finally frascticnal-
1y distilled. In this way, despite mechanical‘losses, there was
obtained a 29.27 yleld of z-octanec.

In another run fthe n-bubtylcalcium lodide was characterized

-

by the preparatior of n-wveleryl £ -naphthalide obiained from the

reaction with A-naphthyl isocyenate.

n-0CTYLCALCIUM ICDIDE

C.05 mole of caleium and en equivalent amount of n-cetyl
icdide in an excess of sther were shaken for 24 houré in a seaied
flask. & keavy white precipitate formed, and the’sugernatant
liguid gave a positive color fest for n-octyl caleium iodide.
tfter hydrolysis, the esther layer yielded 2 g. or 2 17.8: yield
of'hezadecane, CieBnge
THERYLOLLCITE I0ODITE

Thenylezicium iodide was treated with phenyl ioscyanate, arxd to
the'reaction mixture was then added a slight excess ¢f Gietnyl
sulfate. sfber refluxing for an nour the mixvure was hy&rolysed

ard then worrzed u

¥y

in & custcemery mamner. Some benzanillde, the
normal reaction product of phenylcaleium iodide and pnenyl is0-
cyanate, was obtzained. Zracticclly all of the diethyl suifate

ndicztion of tre formation of the

15

was regovered, and there was no
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desired imino ether; CoHsE=C{OC.Es )(C:Hs )} This ether would havea
resulted by the replacement of the -Cal attached to oxygen by an
ethyl group of diethyl sulfate®. o

4 vigorous reaction occurs during the addition of arn eculva-
lent of benzéyl chloride to phenylcalcium iodide. LAt tre end of
the addition there was a strong test for phenylecsleium iodide and
benzoyl chloride was present as evidenced by its characteristic
odor. din order to complete the reaction, the mixture was refluxz-
ed for 24 hours. .Even after this protracted digestion of a 0.1
mole run, there was present in the mixfuore not only benzoyl chlo-
ride, s might have been expected, but 2lsc some phenylealcium
iodide. This emphasized in a striking manner the relatively less-
er activity of organocaléium iodides vwhen compared with the cor-
éesponding orgznomagnesium nalides . On working up the hydrolyzed
rezction products there was obtained a 35% y2eld of iodobenzene
and 5% triphenylmethane. The triphenylmethane probably owes its
formztion t0 the reduction of triphenyl carbinol when the unalter-
ed celeium reacts with water during hydrolysise.

In another experiment the resction between phenyleslcium
iodide and benzoyl chloride was Tforced by refluxing for several
pours in an ether-benzene :zolutior., TUnder these condéitions the
phenylcaleium iodide was used up, and about 1% of triphenyl carb-
6. Under like conditions, phenylmagnesium bromide 2lso gives benz-

aniliée and there is zo replacement of the -MgX group by =thyl.
Cf. Gilman and Kinney, J. im. Chem. Soc., 46, 493 {(1i924.
7« In this connection mention should we made of the unreactivity

of phenylealecium icdide towards azobenzene {Gilman and Pickens,
Je Lm. Chem. Soc., 47, 2406 (1925j.
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inol was obtained in a2ddition to some unaltered iododbenzene and
berzoyl chloride, benzoic acid arnd & small amount of an aprarent-
ly intractable tar.

Segpite ﬁhe significant amounts of iodobenzene recovered it
apvears that.éhenylcalcium iodide is obtained in higher yields
then the other organccalcium iodides that were studied. ¥ith
this erylealeium icdide less of the di-etherate of caleium iodide

—

separates then is the case with the slkylealeium iodides.

SUKRRMARY
Organo caleium iodides can be prepared in poor yields from a
limited class of iodides. They are soluble in ether and less re-

active than the corresponding organomzgnesium halides.
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CRGAHOSTRCNTIUM EALIDES

INTRODUCTION

In continuation of studies concerned with the mechanism of
reaction of oiéanomagﬁesium halides, attempts were made $o prepare
orgenometallic comgounds of strontiume. The literature contains
no reference o the preparation of corgancstrontium hzlides. Ap-
parenitly, these compounds ezrnot be direectly prepared by the
methods used in preparing organoczlcium iodides.

SYPERIMSETAL

The general procedure: used in the study of the prepe-
ration of organometallie comgoun&s of celcium and barium was
followed in the present study. The metal, organic halide, etier
axnd ioline were agitated for various lengths of time in small
sealed test tubes. The materials were given z2r opportunity to
react Tor periodé of time exterding from several days to over a2
year. rrom time to time the tubes were unsezled and the contermts
ware :tested for the presence of orgenometallic compounds oty the
Iichler's ketone color testé, The tubes were agitated et room
temperature in all but two experiments in which the tub%s were
neated to 170 and 225 . The organic halides used in this study
vwere ethyl icdide and iolobenzene since these had been found most
satisfactory in the work on calcium. Iodine was used as catalyst
in every experiment execept ome in which mercuric chloride was used
in a28dition to iodire.

Three varieties of strontium metal were used. Ome variety

of supposed strontium which contained a high percentage of mercury
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ané was undoubitedly an smalgam, showed no tendeney to react wiih
the organic helide in ether. Two samples of ekecthwlytic strontium 
appéarea to be guite pure anld reacted superfieially with the organ-
ic kalide and iodine, as indicated by the removal of free iodine
from tke solu&ion and clouding of tkhe mixture. L variety of meial,
:indly supslied by Dr, Phillip S. Danners, wiich had been prepared
by sublimatioﬁ under high vacunm was probably of nigher purity then

the other two samples. This materizl wazs gs inactive toward iodo-

venzene and ethyl iodide as the electrolybtic metal. Since this

metal was softer than the other samples il became very Ifinely Qiv-
ided after prolonged agitatiom. 1T gave a élight positive color
test after it had been skhaken with a mizture of ethyl icdide and
icdovenzene in ether. Kowever, not much relisnee can be rlazced in
this positive test since the finely Civided metal woulé give the
same color reacticn and, furthermore, the test could not be dup-
licated.

The pixtures of elecirolytic metal, icdoberzeye, ether, and
icdine wnich were heated to l?Oofor 10 hours and 22§>for 36 hours
contained some unused metal and a light gray powder. Both gave
negative color tesis.

Kercuric chloridg and iodine were added {0 one mixture of

strontium, iodobenzene, and ether. Although the mixture appeared

ct

0 have undergone some change, as shown by the formation of a
bright yellow solid, it gave 2 negative color test after a month
of agitatiom. Trere is a possibility that mercuric chloride may

8. The preparatior of very pure strontium and barium by Dr. Thillip

-

. Damner is described in J. Am. Chem. Soc., 46, 2382 (1324}

(V20
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nave reacted with any phenylstrontium iodide that wes formed and
thus have interfered with the color test. The preserce ¢f pnenyl-
mercuric iodide or chloride was rnot determined.

Teble I contains a summsry of the experimental work on stiron-

tium.
TLBLE I
Vetal 2 RX ¢ Uakaiyst @ Time & : Reaction : Test
H : X Tenpe. : :
Sr. {a} : : : 10 days to: :
: Sublimed :C,HsI : Iodine : & months, : Siight Srey: liegative
: H : : room tempe: Precipiiate:
. it 1 {a} - c‘ 'SI + . b « f1 it . ?’61’,}' faint
: CEgI * Iodine ¢t 7 days to ¢ : pesitive
T - : & months, : : after 7
: : T TOOR TEMpPe: : {e)
3r. {b} * CyHgIl : Iodine : Several : ¥ # u  : Xegative
Zlectroly~.- : : monthks, : :
tic : : : roonm tempe: :
; voon {b}_: u : Iodine : 10 Zours : Iuch grey : Negative
! K : 170 C : Frecipitate:
#08 (b) ¢ CpHgI : Icdine : 5 weeks, : Slight : Tegative
‘ : : : room temp.: elouding =
B 5 {b) : C¢EgI ¢ Iodine : 36 hours : Light brown: Zegative
T : T 225° ¢  : residue T
no8 (g} 3 G HgI : Iodine : Several ¢ Cloudiness t Hegative
: : : monthss ' :
H : : room temp.: H




TARLE I {COETINUED)

Yetal H RX ¢ Gatalyst : Yime & ¢ Reaetion : Test
H H : Temp. : :
Sr. {c) : GBI : Iodine : Several : Cloudiness : Fegative
Blectroly-: : : months, : : {£)
tie : : : room temp.: :
woon s 2 G E.I : I & - 2 ®Bom onm o Briong : Hegative-
: * zgCl, : : yellow pote.:
: : : : formed :
Sr. {4} : CuEg : Iodine o # o8 1 Ho evideénce: Hegative
Amalgam = : : : 0f rezction: {f)
o8 {3} ¢ CoHgI : Iodige : wo®w o= n v : n

HOTES OK TaBLE X

This mebal was obtained through the kindness of Dr 2rillip S.
This was & sample of commercially available electrolytic stron-

This was a fresh sample of electrolytic strontium.

Thig wes g sample of strontium amalgem containing only 2 small
sroportion of sirontiume.

This positlve test may have been cause& by Tfinely divided stron-
tiws. The positive test could not be duplicated.

These experiments were duplicated in runs lasting over ome year.
The results of these experiments are the same as these given in

the tzble.
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MARY

In view oZ these negative results it is apparent that orgeno-

-

e directly prepared

-

strontium halides carnot by tThe same means as

those employed:for the preparation of organccalcium khalides.




PART II1
0ZGAMORARIUM ZALIDES
INTRODUCTION
In contipuetion of studies on mechemism of reaction of
organomagnesium halides, the preparation of organoharium halides
was undertaken. Organometallic compounds of barium are not men-
tioned }n the literature.

I$ Tirst apreered that phenylbarium iodide could be read-

fe

1y prepared by methods similiar to those used in the study on
organocalcium iodides. Eowever, subsequent work skhowed that
the solutions containing the supposed phenylbarium iodide eon-
tained mainly calcium and only a trace of barium. Frurthermore,
samples of very pure barium gave no indication of the formation

of organobariuvm derivatives.

EXPERIMENTAL
in gepersl, the same method ¢f proceedure was used in the
study of the pregaration of orgarobarium halides as was used in
the corresponding study on ecszlcium znd strontium organometellic
halides. The reactants, metzllic barium, Organic halide, ether
and caﬁalyst, were agiteted in small sealed test tubes. The
materials were allowed to remain in the tubes until the appesr-
ance of the contents indicated thaf & chenge had Ptaken place.
The tubes were then unsezled and a small amount of the solution
was tested for the presence of an orgamometallic compound by

means of the Hichler®'s ketone color testé. ®hen no change in
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appearance was noticabdble the contents were usually ftested after

b

jal

ck
(4]

glapse of several wesks. L number of the experiments were coun- .
tinued Ior over -one yeare.
The barigm used was from four sources. Commercisl tariun-
amalgem Fziled to react with either ethyl iodide or iodobenzene.
in egndlysis of the material showed approximately 26§.barium and 84%
‘

mercury. A sample of subtlimed bvarium, kindly su

—

s
3
0,
@
I’:)'
I\
(4]
t3
®
L}

Se 3anner8, also Pailed to react with ethyl iodide or
inocther sample, kindly supzlied by 2r. 2. Jo Xing, szid to be of
high purity, also failed to react. The only type of metal wiich
ave positive resullis was a2 sample of Larium prepared by electroly-
sis, obiained from 2 fofeign source.
“hen small portions of the electrolyiic barium were shaien
with iodobenzene, ether and a trace of ipline, the color of the
iodine'diséppeared in from one-half $0 four hours aré the solution
tecame wurbid. Affter sheking over ﬁight the reaction mixture con-
sisted of a clear lighi brown solution and a light brovn precipitate.
Only the clear sthereal solution gave & positive color test.
The light b?own resildue fziled to give 2 positive color test after
two waShings with anhydrous etber. The rezction mixture yielded
benzoic aclid when it was treated witk carbon dioxide, with Hf-naphthyl
isocyanate it yielded benzoyl -naphthalide, and with ethyl benzoate
§ it yielded triphenyl carbinol. These three derivatives were identi-
Q fied by mixed meliing point determinations.

The clear supernatant ethereal solution was &ecanted from the
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reacvlion product of iodobenzene with electrolytie variugp, andmas"ﬂmnd
‘to give a posltive cclor fest. It was hydrolysed and analyséd
for metallic gonstituents. Only a trace c¢f bsrium was detected but

A

large amount of calcium was found. No other metals were sresent.

N

1% thus appears that the reaction obtained with this electrolytie
metal was due to czleium and not to barium.

L%hyl ioCide gave & very slight positive test in one experi-
pent in vhich & sample of electrolytic metal was used.

All experiments in vhick barium ffom other sources was used
gave negative results, even after thé'react&nts were xept together
for over one year.

¥ercuric chloride and icdine faoiled to bring sbout & reaction
between pure barium, {from Ir. 4. J. Eing) iodobenzene ané ether
after the reactants had been agitated together for one month.

S a possibility of the mercuric chloride having reacted with

ot

There
any phenylbariﬁm iodide that was formed, thus preventing = positive
coldr test. The_mixture wes not investigsted for tossible reaction
products, namely, phenylrmercuric chloride or iodide.

;. summary of all experimental work on barium is giver in

Tetle Il.
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T2BLE II

meval : R4 ¢ Latalyst : fime ¢ rReaciion : test
: : : Tempe : :
Ba, {a}. : CsHgI: Iodine : 40 hours.: Solution  ::Fositive
Zlectrolytie : : Room temp:turned grey : (£)
: : : :s0lid ppt : =
: : : :separated @
W . CzHsI., ITodine . 20 hours.. Eeavy white, Very slight
. . " . Room temp. ppt formed.. positive
Ba, {b). . CeHsI. Iocine , Fearly iwd Smell amt | legative test.
Distilied . . . years. . of white . from begin-
Yery pure . . . Room temp. pdt. . ning to end
o . . . . of experiment
Ba, {a). . C,HsI. Iodine | 2 dsys. . Reaction be- Tositive
Electrelytic . . Room femp, gan in 18 . test. (g)
De Haen . . . . minutes .
mow om0 CH,I . Iodine . Several ., Gloudiness . Fegative
{a} - ) . weeks- . in tube .
. . . Room temp, .
g n an - G H,I. Iodine . Several . LI T L
{a} : . ' ! weeks., :
: : : Room tenmp: :
b4 a 3] :Ec ‘Egl . Ioé_ine ° Several. H i 1 1t b 114 b 14
{a) : : : weeks. : :
: : : Room temp: :
Ba, {e¢) 0 EgBr: Iodine = Several : White ppt. : Negative
: : : months. : formed after (4)
: : ! Room Pemp: severel wks:
n [§] i :CszI b Todine T u n I3 . 4 b 144 ; 1 ]
2 : . : : . (i)
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TABLE 1I (CONTIHUED)
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{ec).

{d).
’( e ) .

{f).

(g}-

TOTES ON TABLE II
This was 2 sample of commercizlly available, electrolytic
barium.
This was a sample of sublimed bgrium obtained through the
kindness of Dr. Fhiilip S. Dannere.
This was a sample of very pure barium obitaineld through the
kindness of Dr. A. J. King of Syracuse University.
This'experiment was duplicated several times.
The clear;uupper layer, which gave a strong positive test,
was decanted off. (uelitative anslysis showed only a trace
of varium, but much calcium.
This reactiorn product yielded benzoic acid after treatment
with carbon dioxide.
Benzoyl A-naphthalide and triphenyl carbincl.were obtained

from this reaction product.
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SUEMARY

Pyure metallic barium does not react with’alkyl or ‘aryl
iodides, in the presence of‘ether, unéder conditions which
lead to the formation of orgsnocalcium icdides Trom calcium
and organic iodides. |

Since it hes been skown that in those instances in
vhich reaction did take place, the reaction mixture contain-
ed but a trace of barium»aﬁd nuch calcium, it is apparent
that the formation of organcbarium halides took place to &

very slight extent, if 2% all.




PART IV

(@]
b

{4
Q
b

W, STRONTIUNM, AND BARIUK DIALKYLS AWD DIARYLS
INTRODUCTICOR

The failure to obtain orgarnostrontium halides and organo;
berium h“li&ég'let to an attempt to synthesize the dialkyl and
diaryl derivatives of the alkaline earth metels.. It would be
possible, once the dialkyls and diaryls mere formed, to zrepare
the ongenometallic halides by treatment of the dialkyls or di-
aryls with halogense

0f the several methods available for the syﬁthesis or met-
tallic alkyls or aryls, only two reed by considered here.,

I. Action of the metal orn the metal a2lkyl of a less posi-

tive netal.

II. 4ction of the metal salt on the metal alkyl of = more

positive metal.

The Tirst method was used in the present study where the
metels were treafed with several mercury alkyls and aryls. The
second method is hardly availsble for the present purpose due
to the scarcity of alkyls of meials which are more positive
than the alkaline earth metals. It is probzable that the sodium
and potassium alkjls and aryls would be the only practicai cor-
pounds o use_fér this turpose.

It is suggested that the reactions of the free alkaline
earth metals, and their halogen szlts, with (1) zine slkyls and
aryls and {2) sodium or potassium alkyls and sryls be investi-

gated as Tuture lines of work on this problem.
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BAPERIMENTAL
¥etallic caleium, strontiux, and barium were treated with
mercury diethyl, di n-butyl, diphenyl, znd di p-tolyl under a
variety of cgﬁﬁitions. The metal and mercury compound were

secled in small test tubes anéd silowed to stznd 21 various tem-

w

peratures for Gifferent lengihs of time. . lthoutnz it aprezred
that neaction.ha& teker place in a number of instances, there
was no definite evidence that organometalliic derivatives had
ceen formed. )

Electrolytic sirontium and barium appesred 40 have react-
ed with mercury. diethyl and didutyl after standing together
seyerzl Gays &t room temperature; Eowever the products gave
regative color tssis. Eeating at 90 for several days cazused
reastion o take place Tetween czleium, strontiag, and barium,
ani strontium and barium cmalgam and mercury diethyl =nd di-
butyl btut none of the products would giw.a positive tesﬁ- then
the seme materisls were heated to zoé)for 2 nours the ccotents
of the tubes were derk, much pressure was produced in the tubes,
and the contents gave negative tests.

Simiiizr resulis were o:tained with mercury diphenyl znd
i p-tolyl. Ko reactior took place at low temperatures and at
elcvated temperétures thefe was ruen decomposgitiorn of the pro-
duetse. Clight positive tests were glven in severzl instences

have been given by traces of free meiazls reducing

-

= o
tut thest may

“icnler's etone during the hydrolysis of the mixbures.
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4 summexry of the work on these compounds is given in Tables

III, IV and 7.

TABLE IIX
Fetal : EgXa $ Time « : Resetion @ Test
S : Temp. L :
c : Hg{CzEs ). : 2 hours : ¥etal conv-:31light test
Tlectrolybie : 206 C. : erted to :which mey have
H : *brown powder:due to free Ca
mom v Eg(CeHg)z . 4 hgurs . Superfieial.light + test
. . 210" C. .action on Ca.
. . JMizture browm

= ow o ®: Hz{C,Hy)., ! Over night : No action . Fegative
: : Zoom tempa. :
3 i 1 .:- Eg(nC‘Bg:}g: " r 24 [ T n : n
mow % : Egf0,Hg)s : Onme week 1 B W u : "
: T 9Q° ¢. H :
o k34 n ;Eg{CGH‘C:::SS?. -3 24 n ; o o " ; tt
moowo® o Eg(C.Hg)e Three. days :Light brownm : &
T 1 30° C. rerust on :
: : smetal small :
: : tent free Hg
: : :visible :
BT w . {nC.Eg }s:Three dzys : Same as : u
: :90° . : &above :
moomom o r HdG,Hgple @ Six hours : Conbents : 5
: :: at 180° dark much ¢
: : .presqure :
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III (CONTINUED)

HgRa T Time & T Reactiom ¢ Test
. M 5N32§9.~ b4 b4
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e
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TABLE IV COETIEUED

)

7ime &
Temy.

Hetal s leaction

*4 as)lre s aa

T Three days Bleek solid: Hegative

E{é;t)QEI‘0323 }2

—-—

a0 46 60 a0led o e
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TABLE Y.

Ketal reaciion Test

3
O -4
RS CE%

1%

N

Metal con-
verted to
:browa powder
¥ree Hg
visible

Two hours o
20¢0° C.

3a
zlectrolytic

Slight +
test may be
gue to free
Ca

0 20 sajep & o

Several days
Room templ

Slight
browvn crusi
on metal

Hg( CgEs )g Z?egative

(X

Eg( nc‘Eg )8

vo 28] a0 90 selob a0 @ ¢ C2fed o 20 e 42 P8 ae]en 08 e
seleo 20 aafoi e o0 4o solie 40

coe ab o sl ee 26 dofee 00 e 2o 2] 0 9 se €0 a0 20 s8]l s 8 e

B0 R 16 08 8 cefen o8 ol 0d ¢4 20 €s snJev 40 b4 ¥8 46 34 selee e 9o

3 o u 4 » (34 124 17 i 24
8 m on EglC.Eg ), Three days at Brownish n
T 9C° C. : yellow mafp-
: : erial form-
: : : ed. Free
: : T Hge
T n n ; Eg( nC,.H 9 )'z ; Boon on : A S ; n
Ba : BEg{CoHg)y ¢ T 8w @ : Slight ap- :: u
amalgam : : : pearance of:
: : t reaction :
] [H 1 . Eg( nC(Eg) e ° n 7 41 ; n B 5t ; bed
sa T Hg{Cu Bzl = ® B 1 : Ko action :
Zleetrolytic : : : :
Bonon : Egf ,ELRz)g: ® n 1B : Ko aetion :




- 29 -
TABLE V. (COETIEUZD)
Hetal : EBR2 : Time & T Heaction : Tesv
: : Temps : :
Ba  t HglCG.Es)s ¢ Three days : Dark solid : ZXegative
121ectrolytic : : at 225% C. : Free Hg. :
1 B B . Hgfcs-ﬂﬁgs)z: OO o0 SN I S | . &
Sa amelgam : Hg{CegHgsls 1 # ¥ = : Blaek resin.: "
: : : Free Xg :
A * Hg{C EfEs)er ® 0B : Light brown : N
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woowoow : Egi{CeHsla : Sixohours : Dark solid : Very sligbt
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. . : EBg 1 ably due to
: : : : free Ba.
wmoomon t HEglC EfHz)e: ™ = 8 : Dark soligd : ¥ = @
: : : G, E5CH;e :
: i : Free g -
sa : EgI(CHEge = 7 ® T : Brown solid : # =» »
Bleetrolytic ¢ : : Free Ig :
nowon : Hg{C HPEs),r # #  ® : ot muckh evie " 7 @
H : : dence of re-:
: : : actlon.rree :
: : BEg. :
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SURZCARY

There is not suffieient evidence that the orgenometallie
derivatives of calcium, strontium, and dbarium were sciually
jobltained in this work.

Suzgzestions have been mace for future lines of work on

this problem.




TART V,
ORGLFROBERYLLIUM EALIDES
IRTRODUCTICH
Several unsuccessful attempts have been made 1o prepare or-
ganoberyllium?halidesg. Recertly Durand;o'claimed to have pre-
pared methylberylliium iodide from the rsaction between finely
divided bverylliom and methyi iodide ih ether using a2 trace of
mercuric chloride as a cabalyst. Lfter the first unsuccessful
| experiments on the direct preparation of organoberyllium hali-
des?, & study was made of beryllium dialkylsll in order to pre-
pare the organovteryllium halides by indirect metheds. The indi-
rect methods yielded these new organomedzllic helides.
48 a result of both the indirect and direct methods of prep-
eration sufficient information is available to warrant the con-

sion that Durand very prdbably did not have methylberylliunr

e,

%hen znzlyzed ofter rydrolysis for methane and iocdirne gave sxcel-
| 1ent volues for this compouné. Eowever, we have found it impos-
{fsible to get methyloveryllium iodide when his directions were fol-
slowed exylicitly. The methylberyllium iocide we obtained was,
?contrary tec Dﬁfand‘s experiences, very soluble in ether. Zis
gmethodvcf rurification, by etner washing, should nave completely
9. cilmen, J. Am. Chem. Soc., 45, 2695 {1923)

£ 10.Jurznd, Compt. rend., 182, TI62 (1326).
g1ll.See TART VI of tris thesis.
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| removed the compound leaving no organoberyllium iodide for analy-
Bsis. ‘S‘urthémore, it appecars that the gs he obtained by bydrolg-
fsis was hydfogen from unused beryllium and not methane from methyl-
fberyllimm icdide. His analogies with the related beryllium diethyl
N and magnesium':diéthyl are based in large part on Ga.hoﬁr's' work with
these compounds aﬁd we have shown nuch of Ca.hours’work t0 be in=-

correctl‘?' .

- EXPERIEENTAL
Then Durand's direétions for the preparation of methylberyl-
lium iodide were cadied out in detail, 2 sm2ll amount of gray
. ' naterizl remained suspended in the etrner and most of the metal
‘::» rested unchanged on the bottom of the flask. After removal of
the etker by slow evaporation, the residue was washed twice with
anbydrous ether leaving the grayish material and mmused metal.
The residue was analysed after displacing all the 2ir by carbon
’i_' dioxide. Hydrolysis by dil. hydrochloric acid gave a gas that
was pure hydrogene.
| In a second experiment, 8.891 g. (6.61 mole) of beryllium
and corresponding amounts of methyl lodide, mercuric chloride
and ether were treated accorging to Durand¥s directions. The
: gas analysis gave 216.5 cce., instead of the calculated 224 cc.
inzlysis by explosion with oxygen showed the gas to be pure hy=-
drogen, and there was no trace of cerbor dioxide. gualitative
analysis proved the absence of iodine in the "reaction product®.

12, Gilman end Schulze, Je Am. Chem. Soc., 49, 2328 (1927).
: This paper contains an account of magnesium diethyls




- 33 -

The local reaction reported by Durand is undoubtedly inde~
pendent -.0f the presence of methyl icdide or any other of the
' ,. 2lkyl and aryl halides tried by us. This was shown by a widd
§ variety of exp\eriments in which beryllium powder was treated with
| varying quant’i‘ties of mercuric chloride in the presence of ether,
§ 2nd with or without the addition of various BX compounds. A local
g reaction invariably took place between the metal and mercuric
chloride and a light gray solid formede Larger quantities of
mercuric chloride gave lncreasing amounts of the gray solid, and
# Tree mercury appeared to deposit én the beryllium probably inase-
nuch aé iree mercury was formed, and in several cases the liguid
etherate of beryllium chloride was noted.

The small amount of mercuric chloride {0.1 g.} taken by
Dura.r_zd' would use up an e:;tremely small quantity of the beryllium
§ (8.1 ge of beryllium being equivalent to 271.5 g. of mercuric
| chloride) so that his gas amelysis would hardly be affected. It
| is obvious that ireatment with dilute hyd.rochlori-c acid would
liberate the same volume of gas, regardless of whether the metal
.'gas essentially unchanged or had formed a gquantitative yield of
metkylberyllium iodide. ZElis gas analysis and ours, made under
corresponding éonditions, emphasize this point. EBut we showed
that hydrogen and not methane vas evolved.

| TEIPERATURE
To methjlberyllium iodide is formed when 0.091 g. {0+.01 mole)
of finely divided beryll:i.u.m:"3 1.4 g« (J3+01 mole) of methyl iodide
13. The beryllium used in this siudy was obitained from the Beryl-
‘ lium Corporation of Zmericas. Their analysis showed it to con-

tain more than $9.5% of beryllium, with about 0.2% irom, 0.1%
silicon znd no aluminume.
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115 cc. of ether and 2 trace of mercuric chloride are shaken in a
Isealed test Tube at room temperature for one week.

The orienting experiments at elevated temeratures were car-

firied out in the same sealed test tubes, prepared by drewing out a

-
.

glass test tu’t;e of a2bout cne~halfi inch diameter so that the length,
gexclusive of the capillary, was zbout 2.5 inches. These tubes were
placed in a short leangth of iron pipe, closed at one end, and the
heatin.g;laa,s effected by placing the iron pipe either on a steam
ho‘c plate or in an oil bathe. EHeating at 80-90° for 15 hours was
generally necessary o prepare appreciable quentities of the crgano-
fveryllium halides

The reaction product was a siightly turbid solution, resembl-
ing somevwhat the solution of a Grignzrd reagent, zltkough it was
generally 1ighter in coler than many P.}IgX' solutions. The greater
par’:. of the metal invariabie remeined unattacked and rested orn the
bottom of the tubees In addition to the metal, there was usually
foresent 2 small quentity of black meterial in the form of small
scales or definite particles. This material was somewhat lighter

f than tkhe metal, settling less rapidly when the tubes were agitated.

f Peaction 2t elevated temperatures was always accompanied by conside®-

|eble pressure in the tubes.

In many experiments the reagents were heated at 8(}«---900 for
periods in excéss of 15 hours and up to cne week. Judging by the

| [depth of the color lest recommended by Giman and Schuize®for RigX
and scme ether organometallic compounds, there was no appreciable

increase in yield with these extended periods of heabting. Incident-
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| ally these experiments served to show that prolonged heating did
i not destroy the organoberyllium compounds. Only a few experiments
were carried ocut at higker temperé.tures, and positive tests were

obtained after heating to 150°%.

CATALYSTS

Durand must ve credited for using the best catalyst: namely,
| nercuric chloride. This gave the best results with all the alkyl
g 2nd aryl halides that were investigated. The other mercuric hali-
des may be used but they are not as satisiactorye. Beryllium chlo=-
§ ride is next to mercuric chloride in order of effectiveness. Her-
cury and iodine together, icdine, and bromine are about ol egual
value. It was disappointing to find that a finely divided beryli-
ium=~-copper alloy containing about 12% of copper and activeted by

E,[ heating with iodine in an evacuated sealed tube gave but moderate~-
{1 successful results.

Room temperature experiments were made witk methyl and ethyl
iodides, ethyl bromide, terts--butyl icdide and tripherylchloro-
methane and a2 variety ol catalysise. The catalyst or activator
usually reacted at once with the metal, but no pressure was evi-
T dent wher the tubes were opened, =2né the solutions gave no posi-

' tive color test. The yellow color produced on the addition of

. .. s a4 n . - e
 Yichler's keitone~ was probably due %o the beryllium halide.

~

¥ith triphenylchloromeithane, the solutions iturned yellow soon

..

| after the tubes were sealed, but the color appeared to be of a less-
g cr Cepth than that observed with some other metals like mercurye
B ilso, the peryllium=-copper alloy gave a slightly deeper color than

 pure verylliume.
¥
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SOILVEETS

Bthyl ether was the only solvent used and it was dried by a

isodiumspotassium 2lloys. Uhen beryliium was heated with metryl io-
Jaide and mercuric chloride at 80-90° for one week with no ether
.7 present a light gray solid and clear ligquid resulted. This react-
#ion product gave & positive color test directly without the usual
;neeessi§y of heating until Ifumes were evolved. Keﬁhylberjllium
;iodide gives 2 positive color test when the solution is a2llowed o
tstand for 10-15 minutes with Uichler's ketone before hydrolysis
"iand the addition of the iodine-glacial acetic acid solution. The
?beryll;um.dialkyls formed by heating alkylberyllium halides give a
;cqlor test at oncé'. The slower reaction of alkylberylliium halides
Eis not}uniqué,'inasmnch as some ﬁertiary-alkylmagnesium hziides

% 2lso reguire up to 5 minutes st niing before a satisfzctory color
? test is 0‘0’ce.ir‘zed.}/'L Cne experiment under like conditions‘with ethyl
‘fiodide gafe.no positive test;

?6 reaction occurs when methyl and ethyl iodides are treated
:as gbove, but heated @mly far 15 hours. Furthermore, beryllium with

| metkyl or ethyl iodide, but no satalyst, showed no signs of having

reacted after heating to 80-50° for severzl days. This is of in-

terest in connecticn with Cahours’® early vork>J.

/
¢

PREPARATICY CF MITEYL- AND ZTEYIBERVLLIUY I0DIDE
In;generai, only smell guentities of materials were prepared
1 2t one,fiﬁe becsuse of the difficulty and danger involved in the
'1heating;qf large volums of ether in sealed tubese CTonvenient re-
| zction vessels may be prepared from the commgrcially availeble

14. Gilmen and Schulze, Bull. soce chim., (1927 or 1928)
| 15. C&hOHrS, _é._g_n-t Chil;l.o Phys., (3) _5~8_~, 5 (1860)
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small, heavy sealeé@ bottles used for the shipment of low boiling
f liguids.

About 0.5 g. of powdered beryilium, 0.2-0.5 g« mercuric
chloride, 5 cc. of the orgenic halide and 25 cc. of ether are
placed in the'bottle. The neck of the bottle is dreem dowm to
12 fine cepillary, smell enough so that parficles of beryllium
} cannot pass through, and the end of the capillary is sealed-

¥ The pottle is placed inside a can, vhich acts 2s a shield in

case of explosion, and this is set on a steam hot plate. After
:ﬁ maintaining a temperature of 80--90.{> for at least 15 hours, the
i bottle is cooled, ard its capillary end ic first inserted in a
50 cc. Erlenmeyer flask znd then broken by pressing it against
| the wallis ¢f the flask. The high pregsure in the bottle forces
the liguid out and the unused metal is retained by the capillarye
| It is a2dvisable to wrap the bottle in 2 towel in order to guard
B 2zainst the danger of an explosion. If the bottle has a suffic-
| iently long neck, it may be used again by zdding a fresh portion
ef alkyl halide, ether and mercuric chloride to the residual
| netal, then sealing and heating as before.

©.  PREPARATION OF OTHER ORGANOBERYLLIULN HALITES
AEtkvl_grlj_.»hery}.lim_ bromide was prepared ir the presence of ether,
| itk mgfcuric .chl.oridse_ or beryllium chloride or free bromine as a
§ catalyst. Heré it was necessary to heat at 80-50° for 15 hours.
_n_-%sxitjrlberyllim iodide was prepared in the presence of ether
and mervcu;_z}ic chlqi‘idé after heating for 15 hours at 80-30°.
Phgﬁiylberylliuin iodide gave a2 positive test when prepared in

the presence of mercuric chloride afier heating at 80-¢0° for
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.§ 15 hours. This experiment was noti duplicated in another rune

: However, the phenylberyllium icdide was readily prepared by

i neating at a f_-_;bre ctevated texperature {1100, 150° cr 175%) with

-~

j either mercuric chlorlde or veryllium chloride as a catalyste

PSR~

Terte.=busyl ch_oriae and bromicde appeared o have reacted

_ when he;a.téd to 80-50° for 15 hours with mercuric chloride as z cata-
,. lyst. Eowever, the products in both cases gave negative tesis.
Under like conditions, benzyl bromide and n-butyl chloride show-
: ed no evidence of reaction. The experiments with triphenylchlorc-
::uatnw e, previously mentioned, were carried out at room %erpera-
ture.
REACTIONS OF ALTTYIBIRVLLIUE HaLIDES

A1l cf them are decomposeé by water, with the general forma-
t tion of the corresponding hydrocarbon.

The etherezl solutions ¢c¢ not fume in the air. Howvever, by
driving off the ether 2 iiquid residue resulis, aad this on fur-

ff denss white fumes, provably of beryllium

(o]

ther heating gives
oxidee Tnis application of heat by 2 small luminous flame converis
the aliylberyllium halide to 2 beryllium dialkyl. 3Beryllium di-

@ nethyl was definitely identified in this manner when methylberj;l-

¥ iium iodide was heatede. The following eguilivrium is cuite provabie

22Be X <> .oeR.2 % BeAz

asmuch as alkylberyllium halides are fomed when beryllium di-
Nalicyls are treated with g beryllium halide. Tme experiments on

f the neating of Big X compounds indicate tk that the seme may be true

~-E'

vitk organomagnesium canpoundse s

Vhen carbon dioxide was bubbled through an ethereal solution
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dl 07 methylberyllium iodide for 3 khours, the solution still gave a2

cetic acid wms found after hydrolysise.

™

nd no

{

i positive test

Th

(<]

color test with Michler's Xketone is developed only after
‘B 10-15 minules standing prior to hydrolysis. Beryllium dialkyls

d cive the test a2t oncee.

B isocyanates This iz 2 standard reacliion for organomasguesium and

ty

or berylliuwm and megnesium dialkylse
In general, the aliylberyllium halides are less reactive

: than the beryllium dialkyls.

SUILAARY

study naos been made o0f the preparation and properties of

o

ll several organoberyllium halidese.




PART VI
BERYLLIGE DIAIXYLS
In continuation of studies concerned with the prevaration
16 1%

of organcberyllium halides was necessary L0 prepare sSoOme DEr=

ylliuw dialkyls for comparative purposes inasmuch as the two clasees
of compounds appear to be interconvertiblee.
Cekourst? claimed the e prepuration of berylliium diethyl by

-~

heating the metol with ethyl iodide in a sealed tube. Tztert® he

in a sealed tuve 2t 130%. It is highly probable that Cahours® work

on beryliium diethyl is incorrecte THis beryliium diethyl was dis-

85-138°.

4

tilled in zn aimosphere of carbon dioxide and boiled at

'.J

Ve have round that berylliium diethyl not only reacts with carbon
dioxides but 21s0 boils at a much hisher temperature {witk decomp~
osition) than :that reported by Cahours. Furthermore, we had no
success in the preparation of reryliium diethyl and bDeryllium di-

n=-vulyl by hea

c'i‘
U
If 1
(J

beryllium with the apopropriate mercury dialiyl

under tne concitions recommended by Clakourse. Incidentally, Cahours

incorrectly described nmagnesium diethyl as a 1igquid, inasmuch as
12

it is 2 solide.

Lavroffi? in 2. protocol of 1834 very vriefly mentioned the
preparaticn cof beryllium dimethyl by the actiom of beryllium on

¥ nercury dimethyl in & sealed itube 2t 120°. Te have found no fur-

B 16. See PART ¥V of this thesis. ,

17. Cahours, Ainne chims Dpbys., (3) 58, 22 {1860 .

18. Cahours, Compt. rend., 765 1383 {1873). Czhours work on bery-
1lium dialkyls has been ciscussed by Frankland, J. Chem. Soces,

- 13, 181, 184 (1861). '

7; 19« I:c«VI'OIl, Je Russe. Physe Chem. 30cs, 16, 93 (1884). Also Bull.

s0c. chim., (2) 41, 548 {1884).
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ther mention of his work. Despite the very meager detwuil in his
preliminary communication, it is guite probable that Lovroeff did
have berylliur dimethyl, as subsequent experimental work in the
present invesiigation proved.
Yrause and 7endtC in 2 f cotnote to a paper on aluminum

alkxyls, sitats that beryllium dialkyls may be prepared by ithe re-
action vetween berylliurm chloride and an excess of Grignz=rd re-

ot

o 22 >e

o
@

Sever:zl unsuccessful experimenis were carried out in_an
endeavor 10 prepare beryllium diethyl nd beryllium di-np-butyl
by heating bervllium with ithe corresponding mercury dialkyl, with
or without the use of mercuric chloride as a catalyst. The fine-
f 17 crushed metal shoved no evidence of rezction when allowed to
remain in sexled tubes for 3 weeks at room temperature with eguie
valent guantities of mercury diethyl and mercury di-n~butyl. When
heated for the same extended period =t 90° some free mercury vas
formed, but gualitative tests showed the absence of beryllium di-
f -3:y1s. On heating several tubes for 15 hours at 130°, 1759, 200°,

on induced was decompositicn of the

s

and 2259 the only apparent react
mercury Gizlkyls, and there was no evidence ¢f the formation of
beryliium le.l ¥1Se
Beryllium diphenyl and veryllium di-p-tolyl may be readily
prepered dy heating eguivalenit cuaniities of beryllium witk mercury
diphenyl 2nd mercury di-p-tolyl and a trace of mercuric chloride in
,sealed.tubes at 225° for six hourse.

| 20. Zrause and Wendt, Bers, 56, 467 {1923, footnote 2.}.
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In the experiments with mercury dialkyls, mercuric chloride
i e a . I 2 v R
was scmetimes added. Cther studies have shown that mercuric chlo-
ride is an almost indispensable catalyst in the preparation of some
- - . s I - -

metalliic diaXkxyis, like magnesium diethyl. Vhen beryllium wwas heat-

ed to 130° for & hours with mercury Gimethyl, which contained some

rea.sorzble to assume that traces of some mercuric lizlide were cone-

ct

tained in the materials used by Lavroif. Thre berviiiuvm used in the

nrese*lt studlies wus obtzined from the Beryllium Corporation of iAmeri-

ca and contained more then $S.5% berylliume

-

It is possible to prepare beryllium dialikyls by heating ber-

yllium with the appropriate aliyl halides. The intermediate com-

pound formed in this rezction is an alkylberyliium halide. Here

I

gain, mercuric chloride is a very helpful catalyst.
Fowever, it appears thai tkhe most convenient method for the
preparation of bersyllium dialkyls is the reaction between anhy-

4

drous beryllium chloride and {he appropriate Grigrard reagent.

y

means of this method we have prepared veryilium dimethyl, diethyl
and di-_rp—butyl- .
PREPARATICYH CF BERYLLIUM DIATEYLS

Plave I is the photograph of the apparatus used in the prep-
aration of beryllium dialkyls from the Grignard reagent..

3ecause of the highly hygroscopic nature of aniyrdrous beryl-
lium chloride and the ready decomposability of beryllium a}_}:'*ls
and the Grignard reagent by atmosphere, all operations were car-

Y

ried out in pure and dry hydrogen or nitrogen; 8 ge. 0.1 mole)
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of anhydrous beryllium chloride was dissolved in 50 cc. of an-
hydrous ether. The considerable keat of solution necessitates
external cocling by means of tap water. The Tiltered sclution
AY
of the clloride has an oily apgearance and may be either color-
less or nale yellow. It separates into two layers, a lover lay-

er of berrliium chloride etkerate and an upper lover consisiing

largely~of ethere.

-~

The beryllium chloride is filtered directly inteo a solu-
tion of 75 cc. of 4 molar (0.3 molk) methylmagnesium iodide con-

tained in a 250 cc. reaction flask (4). It is advisable to gen=-

1

on

)

t1y shzake the Cr rd solution during the addition cf the clilo=-
ride. There is little heat of reaction if the berylliwm chlo-
ride solution is nure and annydrouse The formation of wiite
clouds of the surface of the reaction mixiure is indicaiive of
the nresence of air or oxygene

Zxcess etker is removed by stopping the circulation of wa-

er in condenser {B) until the oil bath a2itiains 2 temperature

[

of 150°%. The water is then iurned on slowly in order to mini-

-
s

-

|

ze o tee sudden contraction (due to the condensation of eihe
er)"that might draw air into the condenser and receiving flask.
The temperzature of the oil bath is permitied to exceed 150° but
not 200°%, and the distillation is continued for § to 15 hours

during vkhich time an ethereal solution of the beryllium Gi-

rom

()

methyl collects in the receiving flask {C). Heat radiating

the oil bath is sufficient to keep the receiver aboeve the boil-
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eral chservatimmse. This is, horever; not & ssricus matler, Jor
in this work the distillaiion wesz coniinused over-night in many
caszes because ihe opveration requires no attention. 2 certain

3t in

ct
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method for detemining the end of ithe distiile

replacing the receiver by another and roting if any more beryle

Y

| Tiwm dimethyl 4istils overe Should the ether be &riven outl

ceiver tc return the ether to flask (i)« Suck heabing should
be moederate, otiervise some of the beryiliime dimeshyl will bde
driven baek into {&) and so extend the time of recovery of the

cormsounie

The ethereel sclution of bervllium dimetlyl obtzaineld in
this manaer is clear and colorless (when care has been taken
to exclude cir}e and it mey be used direetly in & siudy of the

reacticns o' the compounde. Yhen ncol in use it ls Kept prefere
able in sesled glass conitainerse Jure, ether free dDeryliium Li-
methrl i3 obtzined oy heating the distillabes At aboui 100-123%,

most of the ether is expelled znd the vwihele soluticn suddenly

I ~ - - LR, W R 3 A = et A R - L.
tums U0 o mass of white needlese. Analysis showed these ¢rys-
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neating to 200°. Yher the temperature of the externzl bath

reaches 2000,\the compound commences to sublime repidiy, and

.
-

part of it collects in the capillary when a constricted test
her free szaples. Iow-
ever, tkhe capillary cun be kept oven priqr to sewcling vy &apply-
ing 2 small luminous flzme. A& repetition of tnris process oI dis-
tillation in a sealed T=-tube arrangsment originally Jfilled with
etiier vapor, mexes it possible to ovtain material free of oxid
or methoxide, by alternately hecating and cooling each part of
he U~-tube. The samples used for analysis were prepared in
this manners

3¢5 ge or 2 90% yield of beryllium dimethyl was cbitained
in 2 0.1 mele experiments In a 05 mole experiment the yield

was 84 .75

of berylliunm cdimethyl. Eowever, it is possible to distil bg-yl-
livm diethyl and di-n-putyl &rectly in & vacuum. 3ecause of
the lower Vepor pressure of Ou; F1lium di-n-oudyl it would prob-
able te more advantageous o use a vacuwsn distillation rather
than the ether distillation or ether sublimation process used
Tor the dimethyl compound. .

AWALYSIS O BERYLLIUE DLETHYL.

< v e . . o
The samples prepared by distillation at 200 were analysed

-~

£
@

Zor ne and beryllium oxide after decomposition of water.
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In the analysis for methane, one of the sealed tubes con-
taining beryllium dimethyl was weighed; then
er fiiled with dry ethers and, ithe veclume ¢f methane liberated

on the 2ddition of water and then dil. hyirochlorid acid, was

v
(¢
e
ey
*

measured in a special eudicmeter contzining conce. suliuric

o]

An 2licouot oI the evolved gos when exploded with a measured vol-
urme or=oxysen wras shown to consist of pure methane.
rzed os veryliium oxide ziter care=-
fully filiering the glass vhich was weighed to determine the
welght of peryliiuwm dimethyl @riginally present in the sealed
contziners

Nnalysise-=0.1001 g of beryliium dimethyl gave 1732 cc.
of methane {corrected). The caleuleted volume for this weight
is 171le4& cce imother sampnle containing 0.1771 ge gave 200.7 cce
of methane instead of the calculated 202.3 ccCe

The 0.1501 g. sarple of beryllium dimethyl {analyzed above)
gave 234337 beryllium, and the cazlculuted value is 23.25%. The
| other semple gave bub 21.357 of beryilium due to partial loss
resulting from the breaking of the crucible.

PRCPERTIZES OF BERYLLIUM DIALEYIS.
Seryllium dimethyl is & sclid, and crystallizes from hot

f e~

nireted ether solutionm in snoT white needles. {See PREP-
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and these stherezl solutions fume sirongly when exposed to the
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atmogphere. When suddenly overheated it undergoes partial decomp-
osition leaving 2 brown or gray mirror.
Beryllium diethyl is a colorless liguid, boiling at $3-95%/

A o
4 pm., and 110°/15 ma. It distils between 180-240 at atmos-

| pheric pressure with considerable decdmposition. The compound
is o*'ly distilled with difficuliy because of its pronounced ten=
dency to become superheated and then break suddenly into foame.
This may be due to the decomposition of an etherate. & part of
the purest material solidified, in az carbon dioxide-ether freez-
ing mixture, to white c*‘ys tals which on warning melted at -13 %o
~11°%.

Beryllim di-n-butyl is a clear, colorless liguid having a
mercaptan~like odor. The boiling point, 1700/20 mme, was de-
termined with 2 rather sma2il quantity of material and so mey not
be taken with too much credence.

Both veryllium dimethyl and diethyl are spontangpusly ine

8
flammable in the 2ir, and especizlly so in & humid atmospheree.
Iven concentrate’d ethereal solutions are inflammable spontaene-
ously in Athe ?resence of moist air. The compounds burn with
| luminous flames, evolving dense white fumes of berylliume oxides
Their very high sensitivity to oxygen made it difficulti, at
first, to‘purify the hydrogen or nitrogen to an?gﬁtent that they
woulgd not give a white cloud of berylliﬁm oxide when paésed over
the ethereal sclutions of the dialkyls. For this reason, 2
phenylmagnesium bromide solution was inserted in the drying and

purifying trcin in order to remove a residuum of oxygen. Berylw
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lium di-n-butyl is not spontanecusly inflammeble when exposed to
the air, but it does oxidize rapidly, when so exposed, with the
evolutiorn of ;@eat- Very probably, beryllium butylate is a pro-
duct of such oxidation inasmmch as the odor of n~-butyl alcohol
becomes quite proncunced after a short air exposure.

Thg reaction of the dialkyls with water is violent, and in
the preserce of small amountx of wmter the materials frequently
inflames I was shovn that methane and ethane are evolved when
the c_,orresponding dialkyls are decomposed by water.

Beryllium dimethyl in the solid state inflames wren treat-
ed with carbon dioxide. With an ethereal solution, however, the
reaction is quite mild and acetic acid is formed. An ethereal
solution of beryilium diethyl reac{‘.s with carbon dioxide to give
triethyl carbinole.

Phenyl isocyanate in ethereal solution reactis with extreme
violence with the three dialkyls studied. In each case a whkite
solid separated 2t first, and then dissolved ;;.n the excess of
beryllium dialkyle. The expccted anilides were obtained from be-
ryllium dimetﬁyl and diethyi, but the valeranilide’ from beryllium
di-n-butyl come out as an oil. This anilide is knowm {0 crystal-
lize with difficuity so that its identity has not been confirmed,
f 2s vas done with the other two anilides, by a mixed melting point
determination with an authentic specimen. Acet--naphthalide

was obtained from beryllium dimethyl and A -naphthyl isocyanate.
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The three dizlkyls give an immediate positive color reaction
with ¥ichler's ketone according to the test described by Gilman
and Schulze4 .i“'or RgX and some other organometallic compounds.

The plue instead of green color given by beryllium di-n-butyl
3 2! 3

incdicates that ’cbls dialkyl probably reduced the ketcne to
Hichlex!s hydrel

Beryilivm dimetlhyl with benzophenone gave diphenyl methyl
carpincl vhich was identified as £ yof ~diphenylethylene. 3Beryl-
lium diethyl, on the other hand, reduced benzophenone o benzo-
hydrol. In this latter reaction, a2 bright orange red color was

present trarmsitorily at the junction of the two liguids. This

3

may pe indicative of the intermediate formzition of a2 Iree radi-
cale.

Beryllium dimethyl with benzoyl chloride gave dimethyl
phenyl carbinocl, and this was identified by the formztion of
isopropenyl benzene vhen the carbinol was distilled. The reac-
tion product was probably free of acetophenone as indicated by
2 test with semicarbazide.

The bervllium dialkyls appear to have high solvent char-
acteristics, for all the intermediate r.e::ction products dissclv-
ed in an excess of the dialkyl. Zgually striking is the fact
that berylliuvm éiethyl dissolved the beryllium oxide ané ethox=-
ide formed by partial decomposition of the dialkyl, as well as
the browvn or gray nirror formed by the high temperature decompo-

ition of the dialkyle.
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Beryllium dimethyl and diethyl react vigorously with iodine.
Then 1.343 g. of beryllium dimcthyl was treated with one equiva-
lent {4.353 g::) of iodine, the solution still contained some di-
alkyl as was ';evidenced by the fuming on air exposure and by a
slight positive test. After standing for severzl days im & cork
1 .
stoppered {lask, the solution no longer fumed and gave a negative
test. ,‘-’Jery probably methylberyllium iodide was formed

as a fesult of the iodine reaction because the solution gave

acetanilidd with phenyl isocyanate, and vhen heated it fumed and
gave a positive test. These are zmong the criteria included for
the characterization of 2lkylberylliium halidese.

Seryllium diethyl reacts with an excess of an ethereal so-
lution ¢f beryllium chloride to give 3 solution with the char-
acteristics of ethylberyllium chkloride. In view of these lat-
ter experiments the following ecuilibrium is protvavle.

BeRy # BeXy f:;zRBeX

In general, tke alkylberyllium halides are less active than '
the beryilium dialkyls, and the beryllium diallkyls are at least
equal in activity to the Grignard reagenise

SUIEARY
A study has veen made 0f the preparation and propertics of

several vberyllium dialkylse.



PART VII
ORGANCIETALLIC ANTI-ZINOCK CCHPCGURDS
Preparation of Organic Antimony Derivatives
2 TNTRODUCTICY
In conneciion with studies concerned with the prepara~

tion of new organometallic anti-¥mock compounds, the syatune-

sis o. tri p-bromophenyl stidbine and tri p-dimethylarino-

pheﬁyl stibine was undertaken. n attempt was also made to
| prepé.re diphenyl stibinous chloride and phenylstibinous chlow
| ride. By treating these compounds with a variety of Grignard
| reagents it was hoped that 2 number of new mixed stibines could
be prepared. |

Several methods for the preparation of aromatic stibines

are avallaple.
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I. Reacticn of antinony trichl

the presence of an excess of sodium™~.

L

II. Treatment of an organic halide witk an alloy of sod-

ium and antimonye

[t}

III. Reaction of antimony trichloride with the Grignard

irst and second mcethods would obviously not apply to the

]
oy
0]

t+4)

synthesis of tri p-bromophenyl stibine, inzsmuch as mixtures of

| compounds would Iorm due to reacticn with both halogens of p-

) dibromobenzenes p-Dibromobenzene resacts with magnesium o give
geod yield of p-bromophenyimagnesium bromide, and this in

‘.' turn should reac't with antimony trickhloride, thus giving & reli-
f21. Bicheelis und Reese, (2) Ber. 15, 2877, (1882); (b) sun 223,

i 39, {1886).
fo2. Pfeiffer and Pietsch, Ber. 37, 4620, (1904).
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able reaction for the preparation of p-bromophenyl sitiibine.
Tri p-dimethylaminophenyl stibine could be prepared by any
of the methods given above. Of these, the reaction involving

the intermediate formatiocn of the Grignard reagent is to be

preferrede These is a possibiliiy that this compound might
also be formed by a reaction not emumerated za2bove, namely, by
a_con&énsation between antimony trichloride and dimetnylani~
line, involving the eliminztion of hydrogen chloride. Ko.con-
densation of this tg@e is given in the literature, and on the
basis of experimental work, the reaction does not take place
readilye.

All attempts at preparing dipkenylstibinous chloride and
phenylsiibinous chloride by methods given in the litcrature
were unsuccessful,; tnerefore tiae proposed preparation of mixed
stibines was abtandoned. '

DXPIRIZENTAL
PREPARATICY OF TRI P-BRCECPEEIYL 3TIBINE

p-Bromophenylmagnesium bromide was prepared from 17 ge.
(0.7 mole) magnesium and 165 ge. (0.7 mole} dibromobenzene. A
solution of 45 g. (9.2 mole) freshly distilled antimony tri-
chloride in 100 cc. ether was slowly added to the Grignard re-
agent. The ieaction'between the Grignard reagent and antimony
trichloride solution is vigorous and it is necessary tc add the
solution very slowlye. After standing over night the nixture
still contained some un2ltered CGrignard reagent, as indicated

by a positive test. The reaction mixture was hydrolysed by




- 54 -
adding ice and amzonium chloride solution. The ethereal
layer was separated and Tiltered to free it of a =mall amount

¢ tarry mate’ria.l» AT ter evaporation of the ether there was

obtained 106 g. of viscous yellow oil. sAssuxing it to be all
tri p=-bromophrenyl stibine this amount would correspond. to a

00.6%.yield, based on antimony trichloricde.

All attempts to induce the material to erystallize fail-
eds The raterial was steam distilled to repmove 2 small amount
of dibromotvenzene. The residual stibine was taken up in lovw
even after the solution had been seeded with small crystals of
triphenyl stibine. Vacuum distillation apoeared to be impract-
ical, since the material decomposed when heated under low pres-~
suree. Aifter long standing the material would set to a light
'yel}.om transparent, amorphous semisolid.

nce the meterial resisted all efforts at purification,
severzl sttempts were made to convert it to derivatives which
would show more desirable properties. Triphenyl stibine re-

acts with iodine, in wvarious solvents, to give triphenyl sti-

vinic iodide, & s0lid which may be easily crystallized. Like-

wise, on cxidation with bO"’ ium peroxide in 2 water suspension
it yields trizhenyl stibinic hydroxide, which may be crystzl-
lized readily, and posesses a high melting point.

%itk iodine, iri p-~bromecphenyl sitibine yielded a browm,

varnish-like material which coulld not be cerystallized. Oxi-
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dation with sodium peroxide in wvater apoeared to yield a solid
derivative but on standing this reverted to an o0il resembling
S
the original Stibine.

In view of the practical impossibility of cobitaining the
material absolutely pure it.was not analysed. However, juali-
tative $ests showed the presence of antimony ané bromine, which,
when consicered with the method of preparation indicated that
the material is undoubtedly the expected tri p-oromophenyl sti-
bine. TFurthermore, it bas been found that the p-bromophenyl
derivatives of lead and tin are also inclined to be cils and
are ¢ifficult to cbtain the crystalline conditione.

Preparation of tri p-dimethylaminophenyl stibinee

Activated magnesium copper alloy, 88% ¥z -12% Cu, was
treated with an ethereal solution of p~bromodimethyl aniline.
It was necessary to add a small amount of ethyl bromide %o
start the reaction. A4 slow current of dry nitrogen was pas-
sed through the appvaratus in order to protect the RigX com~
ﬁound frox the action of the azir. The yield of p-dimethylaminc-
phenylmagnesiun bromide spveared to be poor.

in ethereal solution of aniimony trichloride was added

and 2 brisk reaction ensuede The mixture was hydrolysed with

]

ammoniuvm chloride sclutione The etrereal solution was steam
distilled to separate p-bromodimethyl aniline and dimethy
aniline from the reaction product. The dark residue was itaken

up in ether and the soluticn was a2llowed to evaporate slowly
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A dark brown tarry materizl remained which would not crystal-
lize after standing several montlS at low temperature. The mater-
ial wes extrééted with alcokol aﬁd the resunltant solution was
allowed to evaporate. The residue was tzken up in benzene. The
alcohol solution yieléded a brewn tar while the benzeze golution
gave a-hard varnish like materizl. It was not possible to iso-

late any definite compound from these fractions.

Condensation of dimethyl sniline with antimeny tnie

chioride

0.1 mole antimony trichloride was dissolved in 0.3 mole
dimethyl aniline. There was a slight elevation in temperature
of tkhe mixture when the s0lid went into scluitione The solu=
tion was then heeated on a stean »late over nighte The product

uide It was poured into ccld water

pate

was a dark blue viscous 1i

e

and much antimony oxychloride sepzrated ocute The mixture was
extragted with ether but only dimethyl aniline was recovered,
and the residusgl solid contained no organic materials.

-

Tri p-bromophenyl stivine has veen prepared in good rField

by the reaction between antimony trichloridé and an excess of
v~bromophenylmagnesium bromide. The material is a light yellow,
transparent semi-so0lid which cannot be completely purified.

Tri p-dimethylaminophenyl stibine could not be prepared
by treating antimony trichloride with p-dimethylaminophenyl-
magnesium bromide. The product of this reaction was a brown,

gy

varnish-1iike meoterial from which no definite compound could be




isolateds. Antimony trichkloride does nmot condense with direthyl

aniline tc give the desired tri p-~dimeibylamincphenyl siibine.
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