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PARD I

SO ALIPHATIC LOCAL ANAZSTEZTICS.

g s e ranerua e



INTRODUCLION.

The differences between erometic and corresponding
aliphatic compounds are‘largely of degree &nd not of kixnd.
There are probubly no rigidly exclusive eromatic charecter-
istics. Functionel groups thet heve the so-called esromeiic

roperties are almost inveriebly sttached to & tertiary

Ko

a3

carbop.atom thet has some degree or other ¢f unsaturation.
A fair basis of comparison would resirict correlstion to
gliphatic compounds that have funcilonel groups cof & re-~
lated type. When this coundition is met, in pert or in
whole, one observes thal practically ell the so-called
distinctive sromatic properties are snown dby veried eli~
pnatic compounds.

The present work extiends such correlatiﬁn 4o incluae
the comperstive physiological eciion of some srometic com-
pounds with gliphatic types. Previously, Gilmen snd

Pickens~ showed a correlation based on physioclogical &c~

(1) Space coes not permit of reference to the many works
in this fleld. A generel erd lesding account of sone
such correlations is to be found in Johnson &und Eehn's
transletion of Henricn's "Theories of Organic Chemistr

oo

(John Wiley end Sons, 19%2). See pages 162-183, 232-235.

[4
(2) Gilmen end Pickens, J. Am. Chem. Soc., 47, 245 (19&5)
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'E tion, between some aromatic heterocyclic types (furen,

g thiophene and pyrrole) and benzene. For comparative
purposes the same physioclogicel action: namely, local

i ancesthetic action, has been studied. It has been found
\ that the dlethylaminoethyl esters of carboxylic acids
(where the carboxyl group is attached to an unsaturated
carbon stom) shows & distinet, slthough small, local
;'anaesthetic action. Where the same grouping is attached

to & satureted carbon stom there is no local snaesthetis

sction.

Sy g e e e g < LB o R 4 eaE e e,
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EXPERILENTAL PART.

The hydrochlorides of the dietnylaminoethyl esters
were prepered Ly a standsrd tecimique involving the inter-
action of the acid chloride with diethylaminoethnenocl in &an
inért medium, generally benzene or ether.

Diethyleminoethyl Acrylete-Eydrochloride.--8 grams or

0.088 mole of acrylic scid chloride3 in 50 cc. of dry benzene
was sdded aropwise to 11 grams or 0.094 mole of/é?-ﬁiethyl-
aminoethenol in 50 c¢c. of benzene. The hygroscopic hydro-
chloride of diethylaminosthyl acrylate melted at 93 when

crystallized from benzene.

Anelysis. Cslculated for CgHygOsNCli C1-17.07; §-6.70
Found: C1-16.89, 16.53; N=6.30

Preliminary to the above synthesis?/é?-chloroethyla(qd-
dibromopropionate, CHpBrCHBrCO,CH-CHpCl, was prepared by
passing hydrogen chloride into & mixture ofcxfyg'—dibromo-
propionic acid and ethylene chlorohydrin. The yield of ester

boiling &% 153/20 mm. was 92.9%; n‘°°, 1.9060; aZO, 1.5241.

Anglysis. Calculated for 053702Br2C1; Br-54.31; C1-12.03.

Found: Br-54.20; Cl-12.02.

e o 4 e G = . B A B o . T - - " B Y S W amy G S Gy G T S S Gms e S o W D . - - - Y — - .

(3) Prepsred &ccording to directions of Mourou, Ann. chim.
phys., (7) 2, 161 (1894). - T

(4) The suthor is indebted to lMr. Roy McCracken for the prep-
aration end snelysis of these two compounds.
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4. AS-Dimethviscrviate-Hyarochloride .-~

1yl
ol /
This compound was prepared from dimetnylecrylic ecid cnloride

end diethyleminoethanol ia ether. When crystellized Irom

acetone it melted at /287°
ineglysis: Calculated.for C11Hp0000CY; C1-15.07.
Pound: Cl-15.2.

Diethvls: zlnoetavl Trichloroacetate-Hydrochloride.~-The

sene general conlitions were Iollowed here es in the prepara-
tion of'thi/9 ~dimetnylacrylate ester~-nydrocnloride. The
compound melted &t 14&4-145.
inalysis: Celculeted For CgHy;z0sNCl,: N-4.88.
Found: N~4.78,
da a M
v

Diethyleminoethyl Acectate-Hydrochloride.meliet gv o9~

-— L

Cg, g0plCL: - /8.7
Found: ¢/- /8.07, /5./44.
Some preliminsry reactlons were Qarrie& ont vetween ai-
etnylaeminoetnerol end the scid chlorides of fumeric e&nd mono-
chloroacetic ecids. 2rom these the hydrochleride oﬁfﬁ-di-

ethyeminoethanol was obiained.
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tesis. ©The method of festing wes that described earlier.
Cocaine was selected erbitrerily as a stsndard end given a

welght of 10. O0Qn & scele of this kxind, the relgtive and

H
&
o
[
H
[8¢]
\e]
je}
3]
O
M
(&S
k3
|
ch
1))
v
(V]
ot
[oR
)
cQ
w
O
Hh
ct
bl
()]
(3
L 23
o]
(@]
oy
[
(o]
H
b
(]
[ )]
w
3
o
7]
N

diethylaminoethyl-dinethylacrylete—~~~1

byleminoethyl-zcrylate-~=~am~vaaa-- 1

ct

5]

ot}
b

wyiaminoethyl-trichloroescetate—===-
1 leegs T

slignily L

ct

'

ie

naf~~==~====1

'.

thyleninoethyl-scetete~~-~mmemuee-=0

Dietvnyleminoetnyl-trichloroecetate wes selected in this

study beczuse trichloroascetic scid hes, among other properties,

& conductivity thet plsces it neerer to arometic compounds

then acetic acid.

ness of the dlethyleminocethyl esters of scrylic and dimetnyl-

ecrylic &cids places tnem not Iar from two of the uﬂodatlc

03
o

-

. (4 - P
pes previously reported ; namely, dietayleminoethyl 2-tiio-

ct

ene-carboxylate (with e reting of 1) end dietkylemincethyl

2-furancerboxylate {with s rating of less than 1).

is interesting tc note thet thne coampsrative eifective-~
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A study of the -locsl ancesthetic action of some di-
eﬁ%ylami£oethyl esters of elipnetic carboxylic acids shows
that the chemicsl correletion of aromafic compounds witn
some related aliphetic compourds can be exiended to in-

clude physioclogical actione.




PART II

THE PEYSICAL COUSTANTS OF ORGANC:

GNESIVM HALIDES.
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'%poten*ially free -valences, i, e. elements in wnick higher
fvalences are poseible, suca as ethers, tertiary amines,

. sulfides, tellurides, phosphines, phosphine oxides, eand

- even trombenzene.

Zver since Grignard chowed that the ether was not
;readily removed Irom soluticns of his reagent, attempis
”ghave been mede to include the etrer in oxne Iorm or an~-
gother iz the structure of the compoundis. It musQ be
gremarke& that the experimental prool of tre validily of
fthese theories iz not too convincinrg; even the number oXF
‘molecules of ether is e subliect of controversy and is

;assumed “c be either one or two to sult the convenience

o

of the individual. Phe reel bsasi

»rests on the fact that ethers,

o

%are prectically the only solveunts in which the reageunts

f cen de prepared with any degree oIi success. It wouid
seem, then, that the logicsal method of attacking the pro-
| blem would de %o prepere & normel reagent and then com-

| pletely remove the ether. If the resuliing substance,
cen be shown %o undergo reactions charscteristic of the

Grignerd reagent, then it would be only logicel to con-

clude thet ether is not an essential part of the molecule

0of the active Grignerd reagent, end it would be unnecessery

Zfor the entire ergument

erticulerly diethyl ether,



10 assume either an oxonium or & coordination siructure
Tor i%.

This peper reports the preparavion of several ary,
ethar~Iree, Grignard resgents, itheir enelyses and some

properties.
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EISTORICLAL

‘-‘. -
Grignard(“) attempted the »preperation of dry

e
v

methylnegnesium iodide and £

-

so firmly bound that it wes necescsery 1o rheat it a full
day at 150° in a vecuum to compleiely remove it. Eeated

to 50° in o vecuum for five days and then up to 80° it

. . 5 . . e 53 . ol l
etill reteined two-thirds mole of etner.(o‘ Qschelznze:i‘*)

prepered reagents from a welghed guentity of magnesium and

alide, distilled them at &0° end determined the weight

b

O

f ether remeining end found that epproximaiely two moles

fe]

ether was left. de confirmed {nis result by measure-

O
F,

53

nent of the hest evolved when ether was &dded to & benzene

0]

olution of emylmagnesium iodide. Zgual gueantvities of heet

PN

were evolved for the first two moleg of ether added,.

e ED D e G Y — Dy, S . D iy G . N W W T Ty G S S . S - S Wy . S = dmy S dne S D = — - S -—

{2 Griensrd, Ann. chim. onvs., {(7) 24, 433 (1901).
[ r 4 — b

{3) Wnen dried methyZmagnesium iodide is decomposed with
weter, 2 part of the iodine is lost as hydricdic escid.
Grigrerd determined the composition of the residue by
meens of magnesium and iocdine determingticans. The low
lodine content was interpreted by him to meen e high
ether coniens,

{4¢) Tschelinzeff, Ber., 39, 773, (1906}.

(5) The determinations of ether by Tschelinzefi disagree

with thne theoretical by as much eas €5 percent. The method

used was not cepable of much sccuracye.




~17-
Blaise(6) found that ethylmagnesium bromide and ethyl-
megnesium iodide retained one molecule of etﬁer when
dried up to 100°, but gredually lost it sbove that tem-
perature., - He also isolated some crystalline derivatives
with aromatic nitriles which contsined one mole of ether.,

(7)

Baeyer applied Collie snd Tickles oxonium theory, and

represented the substances as

CoEs R
CoEs” I

(8)

Grignard proposed, instesd,

Colls o Mgl

(9]

Blaise isolated & di-etherate of magnesium iodide which
he formulated as

CeHs ™\ I CpHs

CgHs ~ CgHs

which when trested with benzoyl chloride at 100 ° gave ethyl

D 0 T A " . e - — ——— G T - - o > - —— - G . W - - - -

(6) Blaise, Compt. rend., 132, 893 (1961).

(7) Baseyer, Ber., 35, 1201 (1902).

(8) Grignard, Compt. remd., 136, 1260 (1903).
(9) Blaise, Compt. remd., 139, 1211 (1904); 140, 661 (1905),




- S

(10} .
iodide, eithyl denzoste d megresiwa chloride. E
Toundé that ethyl ether could be replaced Dy other etuers.
(223

ethylmegresium bromide with benzzldehyde aud of the Grig-

1

rerd reagent from trimethrylethylene bromide with benzslde-

hyde. The First forumed g mono-etherste, while the second,
(14)

-h

dicd not, but formed the ether-free derivative.

It hes been suown thet acid chlorides, in the presence
0% certain metsllic chlorides, notably zinc c.lorlae,
decompose ethers with the Toruation of products similexr
$0 i

Se

('D
©

trose ¢btained by 3Bleais
€ Descude, Compt. rexn
Wedexind ana Hausse

1d .

(11) Zerewitinoff, Ber., 41, 224 (1908).

(12) ke crysiels were analyzed efter drying between Ifilter
peper, a procedure scarcely capeble of znalyticel

2CCUTracy.

(13} Ahrens and Stapler, B2r., 38, 1296, 3265 (1905).

{14¢) The crystals were dried in o current ¢f sir beiore
enelysis. Grigrnerd resgents prepered from dihelogen
pounds nhave becn shown to have & remerkable reactiv-

n oxygen, skowing luminescence. It is nolewor-
£0, thet benzel denyde formed & mono-etherste

o nonc-orgenomagnesium heliée, wnile the Ai-organo=~
megnesium nelide contsined no etner, as was the cese
with the compound of benzaldenyde with B-~-bromo-tri-
methylethylmagnesium obromide.

Lrn g e e e anen v g
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(15) rather de-

The experimeﬁ%s of Thorpe &nd Kamm
cidedly disproved the oxonium theory and attention is
now centered on coordination formulas. The formula
proposed by Tschelinzeff!(16) received 1ittle consider-

ation. Meisenheimer(17) end his coworkers formulate the

- complex with magnesium as the cenirel atom with g coordi-

nation number of four

RgO\Mg/CHg
Rg0— 1.

{18)

Hess and Rheinboldt give mggnesium a coordination

number of three, and propose the formuls

(19)

Jolibois found thet megnesium diethyl would not dis-

solve in ether, but would dissolve in an ether solution

W - A > — - G R a D . S - - — - . - o — - - G =D —— W T > - -

(15) Thorpe end Kemm, J. 4m. CRem. Soc., 36, 1022 (1914).

(16) Tschelingeff, Ber., 38, 3664 (1905).
(17) Meisenheimer and Casper, Ber., 54, 16556 (1921).
(18) Hess and Rheinboldt, Ber., 54, 2045 (1921).

(19) Jolibois, Compt. rend., 155, 353 (1912).




pound of megnesiwm éieglkyl and magnesium halide etherate,
TerentieviZO) Cetermined the moleculer weight of methyl-
megnesium iodide in ether ané found it% to correspond to

< o5&
the couble mole ule.<‘l) Konéyrew{Z‘) showed the

n

oluilons ¢f orgenomagnesium compounds would conduct &
current of electricity, and that magnesium was deposited
on the cethode, but thal no halogen was libergted et the

anocde. .The forrmule of Leiserheimer, and thet of Hess eng
¥

Rheinboldt 4o not account for tris electrolytic behevior.
m . {20} ~ o
Yerentiev proposes the Zoruule
50
- 2
M J.\ .'[rp‘/ .-5
g g 3
I~ | CEg
Zt:0 "]

the ingeitivity of the helogens toward sodium. The nsture
o by "

——

of the producis at the snode has not been investigated.
D

(20) Terentiev, Z. arorg allgem. Chem., 156, 73 {1926),
» I t ] ?

{21) The moleculasr weight of methylmegnesium iodide in

no% sccount for the "etnerV in the molecule.

(22) Xondyrew, Ber., 58, 459; 1378 (1925). See also
Nelson ané Lvens, J. fm. Chem. Soc., 39, 82 (1917).
Gaddum and French, ibid, 49, 1295 (1927).

eth
solution wes found to be eprroximately 380. This doe

e gt e i s e e



inGicated that methylmegnesium iodide weas unsuited to the ;
study becesuse ¢f a sice reaction during the decomposition
ith water which resulted in the loss of iodine, apperently

hydriodic scid.

-2l

DISCUSSION OF LTSTHOD.

The experiments of CGrignard

te thet it might be pcssible o expel the evher by

ther. Some preliminery experiments, confirmed laler,

i 25 o - . . - \
(25) This sile resction 1s being further

studied. EZthylmegnesium bromide seemingly is the most |

systen through which a current of puxre nyarogcn Was peaessing

a feirly wniform rate, loss of ether took place ratner

ie reagent and was usel most generslly. i

When allowed to stend ait room Lempersture in & closed

sitm 10dide in cther solution was édried in

hbtny;ragzes

an atmosphere of hydrogen zt 150 Zor three hours as

is later described in connection with ethylmeganesium
Wn

icdide. Woen cooled $0 2roomn aembe*ature surrounded .
by cold water, end then decomposed with Water, the ges :
evolved contairzed iodine zs was snown by vassing tqe

gas tarough sgueons silver nitrete. The residue in-
variebly was lower ir iodine than that calculaved for the
ether-free methylmegnesium iodide.

RO
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rapldly et first and then greduslly dropped off and ﬂeoame
very small in the course of a day. When the residue was
snalyzed at this point, it contained somewhat less then one
mole of ether for each mole of ethylmegnesium bromide. The
residue at this point was & s0lid somewhat resembling
phenol, but not orystslline. When the temperature was raised
to 607 the solid melted and agein lost weight, but the loss
per day soon became almost negligible again. Analyzed at
this point, it contained 0.75 molie of ether per mole of
ethylmagnesium bromide. At 60 it was still & liquid, but
became s0lid when cooled to room temperature. ZExperiments
with o -naphthylmegnesium bromide, which forms & crystalline
derivative when cooled in fairly concentrated ether solu-
tions, pa:alleled the results with ethylmagnesium bromide.
Drying curves for these are shown in Figure I. With o€ -naph-
thylmagnesiumlbromi&e, the crystals were drained of the
excess8 ether, then washed several times with dry petroleum
ether in which the crystels are insoluble, and the very
apparent mechanicélly held ether driven off with & current
of hydrogen and then weigﬁed at intervals. The 1qss wes
very repid at first, being apparently mechanically held
petroleum ether. The loss soon became rather small and
nearly constant. Ansalyzed at this point, the crystels
conteined #ery nearly one mole of ether per mole of« ~naph~

thylmagnesium bromide. However, further loss took place
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Blowly, and if kept long enough the solid very likely
would lose all of the ether. It is possible thet in both
cases a mono-etherate is formed at room temperature, and,
the vepor pressure of the ether from the mono-etherate
being very low, the loss in a system in which the vapor
is being constantly removed is therefore small. There is,
however, a notable difference in the time required t& reach
the point where the loss becomes smell. This is due to
the fact that the solvent ether can be readily removed from
the crystals ofgnaphthylmsgnesium bromide, while it‘must be
evaporasted in the cases of ethylmegnesium bromide. The
réxe'at which the ether is lost would depend upon the tem=
perature, the rate of removal of the vepors, the rate at
which equilibrium of the etherate with the‘vapor is estab=
lished and unknown factors, 3uch as uhe oytent of dissocia=-
tion of the etherate into the ether+free ngX compound and
ether. R _‘ P o ,;
However, a‘simiiaéyghéh%ﬁéﬁoﬂ"éiéﬁt be expected from
the evaporation of a simple solution of an organomagnesium
helide in ether, As ether is removed, the proportion of
solute increases and the vapor pressure decreasges, and
since the rate of removal of vapors is nearly constant, the

rate of loss would become less eand less, and when the cone

centration beceme one mole of solvent to one mole of solute,

the vepor pressure would be comparatively small, and the




Zorm of curve would bte very similar tc that obtained. It

- N o i
night be nesrly as difficuli to remove as serc tre last

e

traces of weater from suckh s very soluble subsiance s 890

P

pRodert
hydroxide. Extremely concensreied soclutions of RigX come~

pounds may dbe obtained in ether, in fect it is possidble to

~E

rysvallize buts very few ¢f them.

The fect thel & substance esnelyzing nearly exasctly one

mole of ether for eech mole of organcmagnesium relide is
obfeined From 2il Grignerld reegenis regardless of the size

e

oX the R group or the halogen is {0 be expecied since in

ct
-y

2 mokée Iraction of sclute to solven
e¢s ane-half, the vapor pressure of the system &t the seame

temperature would pe the same end if the reate of remcvael of

ct
[y

e vepors is constant the rates of loss snould be identicel.

Consequently en enslysis at the point where ithe 10ss beccres
negiigible would show epproximelely tns same moleculer com=-
position,
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precticelly completely. A series of experimenis was mede

.

in wnich the solution of the Grignerd reagent wes dried &%
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cocks given e light coat of vaselire except the stopcock {E)
between the recciion flesk and weighing bottle. This oxe

. 2 . - 2 2 - = — - -
in the cexnter nesr the opexning. A smell plug of previously
!26%
2 A 3 g ER I de \ yer - 2 3 3 - —
CXrLeC 808oroerny colevln © was forced down into the znerrow

tube et the bottom of the reection vessel {D), and the

t in. It was thexn acsembled and the

by lealing it through o red hot tube coxteining meivallic

- T D e e T — G WP e P D cep A AR Y R L G o e S S W B e WSy e e P G G WP AR G S G e e SO G G w T W e K S e S G W TRy = -

{£58) 2 number of rurs were made using a veriety of filtering
' agents such as cotion, glass wool, and ccombinations of
coctton or gleses wool with white sea ssnd, Kieselguhr,
anld cerbon black. £ good covton Filver geve as good
rezulés a5 any, seened o undergo ro regciion with
rezgeni, and wes more counvenient to use.
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copper, through a tube containing soda lime, through two
tubes containing ceelcium chloride, through concentrated

sulfuric acid and finally through two lime towers filled
with phosphorous pentoxide supported on glass wool. The

hydrogen then went to a maenifold so designed that the gas

~gould be sent into the apparatus al any one of the openings,

end also leave at any other onse. After leaving ths sappara-
tus, the gas was run through sulfuric acid to prevent any
back diffusion of air. A safety outlet through a mercury
trap prevented the development of any undue pressure in any
part of the spperatus or purificstion train. On flushing
out the gpparatus, the hydrogen entered at the top through
the tube (C), and left through the tube (G). This per-
mitted the ready removal of all the air. ter rumning
through, at the rate of sbout two bubbles per second, for

an hour, the stopcock (G) was closed, then stopcock (H),

the flask disconnected, and weighed.(27) In the meantime

(27) The weighing bottle was always weighed with a slight
pressure of hydrogen enclosed. The maximum pressure
that could be attained was thet of the mercury safety
trap, or about five centimeters of mercury. Ordinarily
this was not reasched. The meximum error thus intro-
duced by variastions in the weight of the gas was con-
siderably less then the usual allowable error in weigh-
ing. In this way any legks in the ground glass joints
permitted loss of hydrogen rether than the ingress of
air. .




the hydrogen continuea to flow Irom ths bottom of the
reection vessel, preveniing the sdmission ¢f gir. After
weighing it was reconnected, stopcock (H) opened, and
then stopcock {G), end the flushing continued. This
wes repested at thirty minute intervals until constant
weight was odbilained. Usually two or ihree weighingé
sufficed.

In the meantime dry ether and ethyl bromide in the
proportion of ithree perts ether to one pert of helide
were placed in the dropping funnel {A), and a small piece
of freshly cut sodium added, the funnel stoppered and agl-
ilowed to stenG for a few minutes in order {0 remove any
moilsture sabsorbed from the air during the transfer. There
weas no indicstion of a reaction between the halide and the
sodium in the time allowed. When the weigning bottle had
attainea constent weight, the stopcock (H) was closed and
hydrogen run into the weighing bottle at (F) and out

through tube {G). The tube (C)} was also opened to the

hydérogen supply so that the entire interior of the apparatus

was under slight pressure of hydrogen. Any expansion wes
taken care of by escepe of gas through the sulfuric ecid
trap, and any contrsction was immediately offset by the

ednission of more hydrogen.

e g srmm e =y v i
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The ether solution of the helide wes then run into
the reaction vessel by opening the stopcock, and wsrming
the funnel slightly with the hand. Usually the reaction
gtarted goon after the addition of the solution to the
megnesium, and in a few instances it beceme s0 vigorous
that it was necessary to cool the vessel ﬁith & cold damp
towele. The contents were stirred occasionally or continue
ally as desired by forcing the stream of hydrogen up through
the vessel by adjusting the proper stopcocks. After the
reaction was apparently over, the product was allowed to
stand in contect with the excess megnesium for & short time
or géntly refluxed by carefully applying & micro-burner to
the outside of the vessel. Stopcock (G) was then closed,
(F) turned to connect with the exit trap, and hydrogen ade
mitted at (C). A small pressure (regulated by the mercury
safety trap) of gbout fifty millimeters of mercury wes built
ﬁp in ‘the upper part of the apparatus, and then stopcock (H)
was opened., The solution was forced by the pressure of the
hydrogen through the cotton filter and into the weighing
bottle. By reversing the direction of the stream of hydroe
gen, ether could be distilled up into the reaction vessel,
condensed, and then, by agein reversing the direction of the
gas, wash the remainder of the Grignard solution down into

the weighing bottle.
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The contents of the weighing bottls were then dried
under the various conditions by heatiing in a water bath or
an 0il bath, designed to maintain a constant temperature,
for the designated time with a constent stream of hydrogen
running through the weighing bottle.

The apparetus was then allowed to come to room temp-
erature, the stopsocks closed, the flask disconnecteda, wiped
clean of oil with benzene, then with dry cheesecloth, and
weighed.“ In the drying experiments, after weighing, the
apparetus was reconnected to the hydrogen menifold by tubes
(F) and (E)s The air in tube (F) was then flushed out by
permitting the hydrogen to escape from the side tube before
sdmitting it to the bottle. In this way admission of air
wes prevented. The hydrogen was then admitted to the
bottle by turning stopcock (F) and opening stopcock (H)(27)

$o the exit trap, and the drying continued.

O O D G G A A S S T o T s WY N TR Gn D ED WD wn TR G WS W D e S S . I S an W D wh Wy D SN D gy PO T sy S D -

(27) After the first period of drying the weighing bottle
was usually connected directly to the exit trap by
fitting a rubber stopper with a glass tube in the en-
largement in tube (H) rather than reconneciing to the
entire apparatus.,

g e a— v ——— v e ot brian A



{1} Gos inelysis.

In the cases where the voluwe of ethane evolved wes to
be meesured, the weighing bottle was immersed in cold water,
e smell d&ropping funnel attached by meens of a piece of
rubber %tubing to {E) and twenty five cubic centimeters of
distilled water put into the dropping funnel by meens of &
pipette., One of the tubes (P} was attached to a eudiome-
ter{zs) Tor collecting the gsas. After sdjusting the pres-
sure in the apparatus by leveling, the system wes closed
andla slight vacuum was obisined by lowering the leveling
boittle. Vieter from the dropping funnel was then sliowly
and carefully edmitted through (E). The resction wes very
vigorous and ihe wafer was forced from the eudiometer into
the leveling boitle. After all of the reagent was decome

posed, the remainder of the twenty five cubic centimeters

- D G P D G T W G D TS e G G T T . - - T WP G P G T WY WV G S W G G B G G S Y —— - - - - =

{28} Runs with and without & sulfuric acid wash boitile to
remove ether gave identicel resulis, and, in generel,
on sccount of the danger of sulfuric acid sucking
beck, it wss not used.
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of waterfgg} was rua in carefully so as 1o not admii eny
gire. tftex standing for some time in ordexr to come {0
equilibrium at room temperature, the pressure was sdjusted
by leveling, and the volume of gas measured, either by
transferring to & burette, or by meesuring the volume of
water displaced. Generelly, on accouni of the large volw

tme oi gas odteined, the latter method was used. After

A wn e

deducting the volume of walter adlded Irom the measured voluiz

of gas, it was correcied for temperature, pressure and
vapor pressure. No correction was applied for solubility

of eﬁhane.

{2) Acid Titration.
The welghing bottle end contenis were transferred to
a cassercle and sufficient stanterd sulfuric scid to resct

completely with the Grignard reagent wes sdded by means of

D A v T P Ay T = DD . Oy > W D G L A ey T R S Gy S G W SO S = = -

{29} Since the precipitete formed dy the reaction with water
uwsually stood for an hour or more in contact with & very
large excess of weter, there is 1little likelihood tnet
any of the CGrignesrd reagent remained undecomposed beceause
of a coating of the besic compound. The precipitate in
nearly all cases was very slimy, much like "milk of meg-
nesisg" rather then in large particles. On a few occasions
some o the so0lid Grignard, due to fauily manipulstion,
was forced into the tube (G); It was generslly reather
difficult to get this part to react with water since thre
tube was closed, and in those cases the gas analyses ran

low.
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a pipevie. The cassarole was hegted on & hot plate nearly
t0 boiling un il uhe pr901p¢taue was completely dissolved.
The liquid was tnen carerully trensferred to a volumetric
X, the casserole &nd weighing vottle being thoroughly
weshed with distilled water. After cooling, the contents
were diluted to the marke. Aliguots of this solution were
then titreted with siandard potassium hydroxide using methyl
orsnge, and celculated to the corresponding RUWIg compound
according to the method of Gilmen, Wilkinson, 2ishel and

Meyers.(so)

{3) ‘Ezlogen Determinstion.

An aliguot of the above solution wes exesclily neutralized
with potessium hydroxide or a slight excess ol pure, precipie-
tated calciun carbon&te(Sl) atded, and then ititreted with
stenderd silver nitrate solution, using potassium chromete es

indicetor.
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(30} Gilmen, Wilkinson, Fishel and lieyers, J. im. Chem. Soc.,

45, 150 (1923).

{31) The latter method, on sccount of its counvenience was
more generelly used. Occasionally check determinations

were mede on the same gliguot used for the acid ultratlon,

es it was found the color of the methyl orange did not
interfere sgeriously witili the end point with potassiunm

chromete. The results of the titrations cerried out pvoth

ways on the samée sample usually checked very closely.
P J

P .



(4¢) Megnesium.

The mesgnesium in en gliquot of the ebove solution was

£
(]
ot

e

H

nined by precipitetion as maegnesium ammonium phosphate,

~

nition to the pyrophosprnate, end welgning as such.
& & ]

0
(W)
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Some difficuliy was experienced in securing perfectly
dry reagents, especially in the summer wnen the huwnidity
was nigh, ZIven with uitmost precsutions in the preperstion
nce of fresnly cut

se
31)
metellic sodium in dropping funnel (4), an opelescence

of the reagenis, and in spite of the pre
(
often developed 1an the reaction vessel when the reaction
sterted. lletellic sodium was zlso pleced in the resction
vessel(®28) yith no vetter results. It scemed certain thed

the trace of moisture must have gained access during the

trensfer of the reagents through the air. 70 evoid tuis
difficulty, the sapperatus in Figure Ii1I wes set up, identical

in principle with the previously described spperatus, but
pernitiing the distilletion of tne reagents directly from
dehydrating agents into the reectilon vessel.

Two Tifty cubic centimeter distilling flesks, (&) end

(3}, with bent side arms were attscned to a condenser (C},

Gy S e e S D e " S S WS G WP CP Wy D A SR G o G T G R Ve W WY WD Wy B Gn S An G G . Ay . On Gy T S . — - TS T G

(31) The ligquid sodium-potessium alloy wes also tried with no
better results,

(32) Houben reports yields as high as 99.83% RigX compound
by the simple expedient of preparing the reagents in
the presence of metellic scdiume. Houben Weyl, Vol. IV.,
pPe 725.
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by meens of a two-holed rubber stopper. One of the flasks
was connected to the hydrogen supply and to the exit trap by
means Qf a rubber stopper fitted with s T-tubs. The con~
denser led to & reaction flask (E) made by sesling s tube to
the bottom of a fifty cubic centimeter distilling flask and
bending the tube in the form of e siphon (J). The weighing
bottle, as previously described, was then attached to the
siphon tube by means of a piece of rubber tubing, the end of
the siphon tube'being drawn out so that it entered inside of
tube (H) of the weighing bottle. ’

The apparstues wes cleaned and dried for not less than
$wo hours in an oven at 110°. A small plug of dried absor=
bent cotton was forced down into the siphon tube, in the
poeition shown in Figure III, and sufficient magnesium turn-
ings to form five to eight grems of the so0lid Grignard re-
sgent(33) put in the flask, end then the whole dried for a
few minutes at 110°y The apperatus waes then assembled as
shown in the diagram. About two grams of phosphorous pent-

oxide was put into the distilling flask (B), and the hydrogen

- TR s AP Gy T Gy T G e €D D A S G R G G D G > WD D CE P D G S G WD TS Gn S e TS En SR T AR ey ey S S G S G Dy W

(33) An excess of magnesium was elweys put into the reaction
flask in order that all of the halide could reesct. This
weas done in order to avoid the possibility of & resction
of the unchanged helide with the Grignerd reagent during
the drying. '

Tt g o e et
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then allowed 1o displace the air in the apparstus, eniering
et the top and esceping through tube (G) of the weighing
bottle, all other avenues of escape being closed. The system
was sllowed to sweep out for two hours ixn contact with the
phosphorous penioxide. The weighing flask wes then dstached
as previously described and weighed at thirty minute intexvsals
until corstant weight was sitained. Then forty cubic centi-
meters of ether and a few cubic centimeters of o Grignerd re=-
agent (usuelly phenylmegnesium bromide, but in some\caseé, 2
solution of the Grignard reagent to be prepasred) were ruxn into
flesk (&), and ethyl bromide or other halide zdded to flask
(B}, being dried by the phosphorous pentoxide. The system
was then gsllowsd to stand for thirty minutes to permii com-
plete drying of the reagenis and to displace any air thai may
ngve entered. Stopcocks (&) and (H) were closed, end the
side tube {X) of the resction vessel opened to the exit trep.
The ether was then Gistilled from flask (&), through the con-
denser and intvo the feaction flask, Then the hslide wes
@istilled from the phosphorous ﬁéntoxide into the reection
flask until the proportion of ether to halogen was eboutl
three or four to ons. In generel, sufficlent helile was
uwsed to give from Five to eight grams of RUgX compound, as
this size semple was the most convenient to handle with the

golutions usedis Little trouble was experienced in getting



B

agents prepered in this wey,

(o)

the reaction started with T
even ¢ ~bromneprthalene starting rather resdily. The
reagenvs seéured in this way gave dut a very slight opale
escence at most when the reaction starited and ususlly re=-
meined pexrfectly clear. ?he procedure from this point

wes identical with thatl previously described.



The resulis odtained by drying ethylmagnesium dbromide
a2t the various temperatures are shown in Table I. Drying
for g period of %hree hours st & tempersture of 150-160°
seems 0 be the most desirgble for ethylmagnesium dbromide
although it cer De heated to a consiferably higher tfemper-
ature with 1little decomposition.(54) The determinstions

0 active Grignerd reegent by two different methods, entirely

different in principle, proves beyond doubt that decomposi-
fion hed not taken place. However, in eddition to this, the

201id gives a strong positive test for Grignsrd reagent with

{85)

Gilman end Schulze's reagent, rescts in zylene solution

with benzophenone to give a 90% yield of diphenylethylcer-
binol, en& with carbon dioxide to give propionic acid. In
order 1o get a third anmalytical check, the lodine titration

G G We W SR D Ho G . T S D S D P gy G D eup Tt iy T B S D Sy T Gy - B G GV Gy S G- . A S G . - G- T S -—-—

{34) Lonr, (ima., 261, 72 {1690).) heated the compound ob-
tained by the ection of ethyl icdlde on megnesium in a
sealed tube to a temperature of 300° without &ecomposi-
tﬁon. It is likely thet Lohr was not dealing with ethyl-

gnes:um iodide but rather with magnesium diethyl. Grig-
nerd (loc. cit.}, however, found 1 $het ethylmagnesium
bromide oegan to deuompose at 200° and underwent violent
decomposition at 300° with the formstion of much ges and
a orown liguid.

(35) Gilmen end Schulze, J. Am. Chem. Soc., 46, 2008 (1924).
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!

method of Job and Reich(56) was attempted. The method weas
very unsatisfactory for the solid reegents since it was
necéssary, in oxder to avoid side reactions, to elweys heve
en excess of iodine present. Here, the iodine soluiion

could only be added to the solid, so thet the conditions

. were 1Geal for the side reaction rather than for the estima-

tion of the eciuive reagent, Eowever, in spite of this, the

iodine titrstion showed 89.70% of active Grignerd reasgent,

a result which proves conclusively the foregoing conclusions,
Although the determinations 4o nov snow 100% Grignard

reagent, the high bromine results indicaite clearly the pres-

a 1ittle megnesium bromide which seems {0 be always

Hh

ence 0
present. If the difference between 100% and the percent
of Grignard resgent found be celculated to megnesium bro-

[~ 4/A
mige (57} the bromine end magnesium found check very closely

(36) Job and Reich, Bull. soc. chim., 33, 1414 (1923).

(37) lleisenheimer end Casper, (loc. cit.) have shown that
the ether is recdily removed from magnesium iodice
etherate by heating in & vacuum for sbout two hours.
It is accompeanied, however, by a loss of iodine.
ilagnesium dbromide etherate lost the first mole in =z
vacuum &t room temperature in & short time, and slowly
lost & large proportion of the remeining mole in four

dayse.

s et g e s emm < e 35e L n n et e e e



ted. These results indicete quite

o

with that to be expe

H

clearly $hat dbut a very trace of ether a2t the most could
remain, snd since g seunsitive test foxr traces of ether is
lecking, conclusions must rest on the anslyticsal deve.
The most remarkeble result, nhowever, is thatl the

3 e -~ 3 4 3 o 4+ 3 3+ 3
ethylmagnesium bromide remalined active, gave a positive
test for RMgX compound with Gllmen and Schulze's reggent,
and showed 87% Rig¥X compound by ges snalysis afier having
[+]

heen heated to 330 for three hours et ten millimeters

PresSure. It is hardly conceivable that any etner could

renmain after this treatment. However, it is possible
thet magnesium dieth?l msy have beea formed with tﬁe
simulteneous formstion of an egual cuantity of mesgnesium
bromide. Since magnesium diethyl is notv volatile, thse

vantitative resuits would have been the same in both
q .

casSes.
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&) The theoreticel bromine content aue to ethylmegnesium
breomide, when calculsted from tne acid titrstions, should
be 39. 020 end 41. 24p. These, subtrscted from the bromine

found, leeve 1.3%% and 1. 09% respectively, wanicn must

come f1~0'n some other source.

When calculated to megnesium

ro side which is the most likely source,
nd l 60p of that substence. This, aaue
68 Bp ana the totel subtrected from 100%
and 29.64% of euher., Assuming that ell
associated witn eonyaravne81um bromide,

it glves 1.55%
& to 65. 6% snd
gives 32.84%
o; the ether is
the empiricsal

©magm e e aes e e g



(b)

(e)
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formulas are C,H ligBr+0.8887(C5Hg) o0 and CoHglgBr.
0.7752 (CgHg) 205 ° 279 7o

These theoretical percentages are calculated on the
basis of the pure, ether-free, ethylmasgnesium bromide.

These, and the remsinder of the theoreticel percent-
eges are calculated for a mixture of ethylmagnesium
bromide and megnesium bromide, the latter being detere
mined by subtracting the percentage of ethylmagnesium
bromide found from 100%. In ceses of disagreement
between the percentage of ethylmagnesium bromide

found by moid titration and by ges eanalysis, the’
latter value was used.
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The dry ethylmegnesium bromide prepared at 150-155

wes a2 white emorphous solid. 2% reacted vigorously with -~
weter, end Gecomposed in the asir. I 1t is finely divided,

the reactiion in eir may become rapid enough to ceuse ig-

o
[0}

nition. This suggests the presence of megnesium diethyl

-

0 indicate thet the Griguard solution mey, &s

ct

cens

fa
w

an
suggestéd by Jolibois(zs) and Terenziev{sg) be & mixture

of magnesium diefhyl and megnesium bromide. While it is
knowz thetl magnesium dislkyls are spontaneously inflemmebdle,

it is possible that the magnesium bromide raises the ig-

nition {emperature to = point where the usuel reegent will
not ignite. This idea is further confirmed by the feact

thet if 2 Grignerd resgent (phenylmagnesium bromide or
ethylmegnesium bromide) be boiled with xylene, a white pre-
cipitate forms whea most of the @ther is driven off. It
the xylene is filtered out with suction and washed with

petroleum ether, the mass ignites as soon as the petroleunm

(38) loc. cite.

(39) loc. cit

——

P
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ether is evaporated.(éo) I{ seens possible that the
gctual reagent may ve & egquilidbrium mizture according to

the eguation,

et the eguilibrium is pushed fo the right by an

increase of temperature, various reegents, etc. This

guestion cannot be enswered until s test is developed

permitiing the differentistion between organomagnesium

o

helides and magnesium dialkyls.

The solubility of the dry ethylmaegnesium bromide
wes determined in s veriety of solventse. L nunmoer of
sanples of the dried reagent was prepered, the solvent
edded, and the mixture refluxed for 2 few minutes in an
stmospnere ¢f hydrogen. They were then disconnected
from tkhe hydrogen and allowed to stand for o week, during
which tixe they weré sheken several times daiiy. Tke
cuentity dissolved was then determined by analyzing s
known veolume of the clear solution. The results are

shown in Teble 1I.

- i G S W W S W > Gy S G T Tk G Sey Y WE GR ST D om A R my R WS N e ST e P S e T g WY

(40) There is little probsbility thet the spontaneous ig-
nition igd due to metallic mesgnesium or other metels
which by the treetment heve become pyrophoric, since
perfectly cleer filtered solutions of ethylmagnesium
bromide behave in the same manner.

£ 2 e it A s+ 45 1 i



SCLUBILITY OF ETHYIMAGNESIUM BRCMIDZ

: : Solubility :
. Solvens . ns/liter: Method of Anslvsi
. sQLvent . gl‘&ulS, iAtels ark! 04 03 Zna ySlSo

- T - T T G T e o P WS G T G W D ) D TR GRS A MR e G e R SR M T R S D Y S G T N R wp G W A e S R M e s AP W G WD ey

;Petroleum =tner 0 Acid tvitretion and Bromine
:Benzene 11.5 " " n o
Zylene 62.4 w n noow
.inisole 140.8 o w 4
-Didutyl ether 125.4 n "

:Driethyl emine 51.96'%  Gas enelysis

§3 methyl eniline 91.88(b) Bromine

:Di ethyl ether Soluble -completely.

(&) The mixture became very wernm, indiceting a probable
reaction.

(b) The end point was very anlSulnCu, the result therefore
ingccurate.
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A determinetion of the electiricel conductivity in
gther solution checked the value obtained by Terentiev.iél)
In xylene no curreni could ve dstected, even with the cell

i

u

H

ectly in series wiith the phones, and measurement against

afio grid leak indicated & resistence in excess of 1,000,000

H

&

onms. In dimethyl eniline and triethylamine, the conduciivity
of saturated solutions was found to be 1.4 x 10-5 and

5 X 10 respectively. ter experiments have shown thel
magnesitm bromide in dry ether is an excepiionslly gocd con-
duetor, and it is possible thet tne conductivity of Grignard
reagents may be due to the small emouni of megnesium bromide
wkiech is alweys present. This seems to be indicated by the

non-conductivity of xylene solutions, in which an epprecieble

enount of xiigX compound is dissolved, but probedbly no neg-

(42]

nesium bromide, This is Iurther confirmed by experiments

4

S
L

with phenylmegnesium bromide. The conductivity oi both Grige

rerd resgents was Lound 1o be very neerly, the saxe. Since,

T —y T - - W . T - — W T G wn G D = T S G S T - T G D - D AP — T tp vy T G - - - -

{41) Zoc. cit. The value determined wes as follows:-
Specific conductivity (35 )---0.0G01036
Loleculaxr w -~-0,0605386
{42) There seems %0 be no informsition in the litersture con-
cerning the contuctivity of megnesium bromide in ether.

5 s e b e wimen e ane



in both cseses, the yield of Grignerd reagent is nesrly
equel, it is likely that the amount of magnesium bromide
in the two solutibns is also equel, and the conductiivity
should be nearly the same. One would heardly expeci two
Grignard reagents with such very different groups to show

the same conductivit if the conductivity is daue to that
]

gubetance, It ie further confirmed in traet the conductivi-

v of benzylmegresium chloride wes found to be very nearly

d.

the ssme, notwithstsnding the different hslogen in the
compound. For exemple, with & given conductivity cell;
the resistance ol ethylmesgnesium bromide wes found to be
1616 onms, phenylmegnesium bromide 1773 ohms, sand benzyl-
megnesium chloride 2550 okhms. The resistsnce of a L/50
potessium chloride solution For the same cell was 60.49
ohms. Magnesium chloride is much less scluble in ether
then megnesium dromide, and it is possible that the differ-

ence noted mgy be due to a difference oi concentration.

e g g e e m



" THE REACRION OF DRY BTHYLMAGNESIUM BROLIDE

VITH BENZOFPHESNORE ..

Ethylmagnesium bromide was prepared as in the previous
experiments and dried for five hours at 150°y A solution
of benzophenone in toluene was then addsed.with no apparent
reaction. It was removed from the epparatus and connected
to a reflux condenser and refluxed for fifteen minufes. As
there was yet no apparent reasction, the flask was dilsconnected
and the solid cake was broken up with e stirring rﬁd. A
smaell portion of the s0lid wes removed, which reacted very
vigorously with water. It was sgain connected to the con-
denser end refluxed for two hours. The white solid which
initially wes ceked had broken up to a fine white powder.
The reaction mixture wes cooled and decomposed with with iced
hydrochloric acid, the toluene layer separsted and steam dis=
tilled. The decomposition with water was very vigorous and
scted very much as if unchanged Grignerd reagent were present.
Toluene came over first followed by heavy o0il which crystsl=
lized on cooling. The crude product melted at 85289°, and
the melting point was not depressed by mixing with some known
diphenylethylcarbinol prepared in the ususl masnner with ether
solutions. The gmount of product obizsined was approximately
equal to the smount of benzophenone used, corresponding to

8 yield of 85-90%.



n=-PROFYLILAGIESIUNM BROI{IDE

-

n-2ropylragnesiur dpromide was prepered in the same

menner from propyl bromide, other and magnesium. It was

dried at 1507 for three hours, Gecomposed with weter, and

exelyzed as described.

: : Found :Celculated for S2.5%

: Determinetion : I : II .C~H7mg3- 7 «5% MNg3ro

: . . ey . .a' .

: RigX (zecid titr'n) : 92.5 : :

: Bromine : 06.86: 56.56 : 56.6

: legnesium : 16.66: 16.09 : 16.62

{e) This yield checks that obtained by Gilmen and lcCracken,
Je Am, Chem.Soc., 45, 2462 (1923).

Thege espparently poor checks are due Targely to using

too small e sample. The eciual weighis of magnesium
pyrophosphate obtained were 0.0437 and 0.0422,



n~-BUTYTLLAGHUSIUM BROMIDE.

(43)

Butylmegnesium bromide was prepared and dried at
150%0or five hours. On enalysis it gave the following
resulis:

. B T S T G o D T S T gy S AP G g G T U ST T W S s G S P To S Gy G N Gy R YD W GO ES G w WD W S G o4 T G S e B en

: : Found : Calculsted for
: : 1 s il : 88.41% CpH 1gligBr
: Determination : : : 11.59% MgBT 5

: RigX (ecid titr'n} : 88.41 : :

: Bromine : 53,95 : 55.7L : 55.87

: Mag esiun : 15.056 : 15.12 14.86

l

-
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It is obvious thst the compound cennct contain 11.59%
{equivelent to 0.265 moles) of ether, since in that case
both the bromine and the megnesium determinsiions would be
lower., If, for example, it is assumed that the‘remaining
11.59% is ether, *the percentages of magnesium end bromine

v

to be expected would be 13.32% snd 4¢3.76% respectively,

S G S S Sy T G - W S TR e Gy QI Ty T YD SNy Gap A W W NS S Ghy D D p G — G T Gep W G A S Gy G G e T G S Sy - -

(43) In one experiment, the magnesium was repleced by the
more sctive copper-magnesium alloy. tne preperetlon

was accompanied by an evolution of considereble gas and

the yield of tie Grignard reagent determined dy acid

titration, dropped o 3b. 64%. Simultaneously the oro-

n; e content rose t0 75.95%. No* o mixture of 35.64%
butylmegnesium D*omlae and 64.35% magnesiun oromide

there snould ve 73.56% of bromine. It 1s very evideni

that coupling took place to & considereble exXtent.
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which gre faxr removed from those found.

rcmide etherate

3
4]
o
]
(W]
w
|
B
o

Another possibility is thed
may be present, which when hydrolyzed, would incresse the
titration value,(44) exd also the bromine content. Reference
To the gas snelysis of ethylmagnesium bromide shows the im-

probebility of <his.

- wn . G T TS BB e G A G S - S me T B T gy e TS M G wm T wm T WS S o

(44} Experiments in this leborstory seem to indicate thet
megnesium bromide ethereste will give an indication of
ective Grignerd reagent by scid titration at times when
the Gilman~Schulze test 1s negative. No guentitetive
results are availsble, and the reason is,as yel, unknowun.

RE—



~58=~
PEENYILMAGNESIULL BROMIDI.

rhenylmagrnesium bromide wes prepéred in the same wey
&8 previously desceribed and dried et 15C° at atmospherw
pressure for tnree hours, The resulting product wes e
brownish yellow wexy seppesaring solid, end diphenyl(45)

sublimed to the top of the weighing bottle end out into
the exit tube. The substence wes decomposed with weter

and enalyzed in the ususl manner,

. T . 4 Bromine  (a):  HMe  (a):
: Expu. Ho.: C0gHzMgBr @ Found : Tneor. : Found : Tneor.
: I i 90.09  : 46.82.: 44.08 : 12.94 : 13.42 :
©IT : 9L.67 i 46.41 s " 1 13.38 : "
D IIT i $0.18 - 42.23 . v ; i
IV i 88.34 i 4359 : " : :
: VT i 84.68  : 50.25: " (b))
S VI i §86.46  : 44.a9 i % : ;

.

(4] The thneoreticsl percentages sre calculsted on the besis
of the pure, ether-free Grignard reageunt.

(b) 2owdered copper —nlaone°1um allo ( BBJOM—.O' - 12°Z)CH) was used
DL [0hads /
in tais e.&perlme.ut .

(45) The diphenyl was identified by means of a mixed melting
pointe.
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It is epperent thet magnesium dromide is formed in
conjunction with diphenyl during the preparation of the
reagente. In the subsequent drying, & part of the diphenyl
is voletilized leaving a residue of RigX compound, mag-

o<

nesium bromide end some diphenyl. A smell emount of

(0]

-

diphenyl isfaIWays found when the solld is decomposed witha
water., In.?ha case of the alkyl Grignaxrd reagents; the
coupling product was eagsily driven out, but here & part of
it remaius. |

On the basgis of this assumpiion, the composition of

the residue seems to De gs follows;

RifgX ammewm= 50,05%
UgBry,  mmm=--- 7.75%
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RELCTION OF DRY PHUNYIMAGNESIUXM BROMIDE

Pnenylwacnesx m bromide was prepsred in & three-necksd

flesk from 1.216 (.05 mole) of magnesium, twenty cubic centi-

meters of ether and 5.23 cubic centimeters (7.85 grems, .05

mole) of brombenzene. The gir wes first displeced by hydro=-

gen and the resction started by sdding a drop of previously
prepared phenylmegnesium bromice. After the reaction was
complete, the product was dried in en oil bath st 175° for
four hours with a stresm of hydrogen constantly pessing
througne. There was a small amount of unchenged magnesium
left. The solid residue had the chgracteristic brownish-
yellow Waxy appearance. © was cooled end twenty-fi&e
cubic centimeters of xylene addecd, and then a solution oXf
five cubic centimeters of ethyl benzoate ((U.035 mole} in
fifteen cubic centimeters of xyiene. There was no apperent
action, so the mixture was refluxed for two hours. The
xylene solution bécame reudish-brown end the solid chenged
from thq originel yellow wexy substence to & fine white
poOwGer. t was cooled snd then cold, dilute sulifuric ecid
sGded. Again there was no vigorous reaction, and the whole

e water was added at once. 'The mixture was wsrmed o

by

Tt

(@)

omplete sclution, and then transferred to & distilling

Q

Hh

lask end steem distilled. Xylene and unchanged ethyl

P PV
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benzoate came ovér Tirst, and a brownish crystelline
recidue was left in the flask. The residue was filtered
of? end weighed (6.7 grams?, thnen dissolved in ether,
waghel with sodium hydroxide ana again stoam distilled.
It beceme gomewhat lighter in color end more crystaliine.
A very small emount of & solid substance which melted at
87290° ceme over. This wes provably triphenyl methene,
formed from the triphenyl carvinol by the esction of sul-
furic acid on the unused megnesium. The sclid remsizing
was recrystallized twice Ifrom slcohol, end identitied by
means 0 & mixed melting point as triphenyl carbinol.
The yield wes 4.2 grams, or 65%, melting at 1562160,

“he reaction is not as clean cut as that observed

by the use of ether, and the product seenms to be more

jo2)

ifficult to purify. In working with such small gquantitiles,

ct

he percentage loss in menipulation is lerge, so that the

vield ovtained was very encouragiang and proves almost be-

e

4

rond doubt that {the residue was active Grignard reagent

or the major pert.

Hy

e Sk e e S et s



THE PREPARATICN OF 2 LARGE AMOUNT OF

A

DRY DEERYILMAGNISIULN BROLIDZ.

Qne-half mole of phenylmegnesium bromide was pre-
pared in a three~-necked flesk, in which the agir hed been
displaced by hydrogen. An excess of magnesium was used,
end the product was allowed to stend with the excess of
magnesium for several deys in order to completely use up
$ne brombenzene. It was then Tiltered {in the &ir) into
a distilling flask, end tne excess ether distilled off on
1he water Dbath. ©The vecuum pump weas then atlached, and an
oil bath substituted for the water bath. The remsinder of
the ether was distilled oif end the residue finelly hested
40 180° for three nours at ten millimeters pressure. Some

Gipkhenyl distilled over into the receiver, some stayed in

the neck snd side-arm of the distilling flesx, end consider-~

gble remained in the top leyer oI the solid residue wkich wes

not immersed in the oil. Tne soluvicn fosmed somewhat &s
the etner eveporated, and s a result the solid was very
porous &nd neerly filled the distilling {lask, furnishing
idegl thin films ior the comaplete eliminetion o ether.

Lfter cooling, & hydrogen tank wes stteched to the pump,

the vacuum released, snu the system filled with hydrogen.

It wes then disconnected and tignily stoppered, taking care

"% gy g s



not to lose hydrogen, by holding the side-arm continually
downwerd until stoppered.

The residmwe obtained was nearly while &t the boftom'
oI the flask, but yellowish end weaxy neer the top, where
it weas not immersed in the o0i1l, epperently due to the di-
phenyl present. With & stresm of hydrogen entering in the
side-arm, arnd the neck opening held downwerd, scme of the
501id was quickly transferred %o a weighing bottle. 4n
ettempt was meade 1To analyze the top =nd vottom layers
separetely by picking out ssmples from each place. The

results of the anelyses ere as follows:~

Top Bottom
% CgHEplig8r—-===  94.05 99.91
% Broming----~-- 42.28 44,70

The theoreticsl percentage of bromine in pure phenyl-

megnesim bromide is 44.08%. rFor a mixture of 94.05% of

phenylmnegnesium bromide snd 5.95% of diphenyl, itne cealculated

percentage of bromine is 41.46%. Since the substance was
exposed to the air on iwo ocessions, it cennot be assumed
that unrnesccounted for bromine will necessarily be‘in the
form of magnesium bromide. It is evident, however, thet
g smell emount of bromine is present either as the normel

bromide or &s the oxy-~bromide of magnesium,



The top leyer very apparently contained sn inert
substance, probably diphenyl, wnile the white solid
seemed to be nearly pure phenylmagnesium dbromids. The
titretion probably was & little high since no particuler
eiforv was mede to avoilid oxygen auring the filtretion,
end the solid was trsupsferred Irom one weighing dotile
t0 grother through the &ir in weigning out tne sample.
Zowever, the smount oX oxidation was relatively smell.

The real denger of oxidation probsbly is during the dry-
ing, while tne substence is at & high temperature. Alter
tne sucstence is once dried, it cen deé handled in the air
with about the ssme degree of success as with such materials
as sodemide or phosphorus pentoxide.

The solid substance reactis vigorously with water with
the formetion of benzene. It gives & very strong ftest with
Gilmen and Schulze's reagent. A small amount, pleced on e
watch~glass, gave a weak positive test after twenty minutes
exposure to moist sir, out after an hour it guve no tesdt.

L small smount, pleced in & gas bottle end attacned Vo
en oxygen tank, exploded violently socon sfter the 0Xygen was
adnitted. Suspended in xylene and subjected to & slow strean
of &y air, the large pileces of solid materiai broke up end
& fine wnite powder wes formed. A small amounti exposed 1o

moist air gave a considerable amount of a brownish soiid waich
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gappeared to Dpe diphenyl.

The so0lid phenylmagnesium bromide was very soluble

in ether, somewhat soluble in brombenzene, slightly sol-

“uble in xylene, but insoluble in petroleum ether and in

chlorbenzene, as determined by the application of Gilman-

"?and Schulze's test to the soiutions. It seemed to dis-

" solve somewhet in dimethyl aniline with & reaction, &s

- was evidenced by & chenge in the celor of the solvent,

' which derkened considerably, snd by the deposition of a

{

| solid, gelatinous substance sround the top of the liguid

where it came in contact with the eir, It failed, how-

. ever, to give & test with the reagent, even when sufficient

| hydrochloric acid was added to completely neutralize the

dimethyl sniline.

ko
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of ~NAPHTHYLMAGKESIUM BROMIDE.

of-Naphthylmegnesium brcmide presented a somewhat

%different cese than other Grignard reagents. It crystall-

ized from concentrated ether solutions readily'by simply

- cooling the solution with & freezing mixture. The crystals

n?obtained in this way contain one mole of ether. The form-

. ation of these orystals lends considersble support to the

!

etherate theory, although it must be pointed out that com-
pounds which contain the naphthalene nucleus form addition
compoundé very readily, and the ether of orystellization mey
a8 well be due to that part of the molecule as to the Grig-
nard reeagent.

The « ~-naphthylmagnesium bromide wes prepared in the
usual manner, but instead of drying the solution in the
weighing bottle, it was cooled with an ice-salt mixture.
Slightly yellow, needle-like crystals separated. The ex-

cess ether was then forced out through tube (G) by slightly

; inclining the apperatus, permitting hydrogen to enter at (F),

- with tube (G) being opened and leading to an Erlenmeyer flask

ﬁ a8 receiver. Fresh ether was then added from the dropping

a funnel and forced into the weighing bottle by the proper

- adjustment of the stopcocks. By slightly werming the ether,

,.the ocrystals redissolved. On cooling again they were re=
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deposited, and the ether again forced off. In this manner,
the substance could be recrystellized as meny ftimes as de-~

sired. In some experiments the crystials were washed with

. petroleum ether in order to remove adhering ether. ILven by

this change of solvent it was not possivle to replace the
one mole of ether.

The drying cwurves ere shown in Figure I. The mechanic-
elly held ether was lost very repidly, usually ons or itwo
nours at room temperature being sufiicient to remove it. The
mole of combined ether wes lost much more slowly, although
it seems probable thet ell of it could be removed'at room
tem@erature if sufiicient time is allowed. Cuxrve I1 shows

loss of mechgnically held etner and indicastes &

S

the rate o
rather sharp odreak. An snalysis Qi the substance on the
besis of the weight at the "bresk" point showed slightly
moxe trsn one mole of etvher. Curve'III shows the very def=-
inite character cof the bresk, while curve IV shows the loss
of ether efter the break. An analysis of the substance used
in securing the dsta for curve IV showed a moleculer compo-'
sition of CyQH7MgBr.0,47{CgH5)g0 after drying for sevenieen
deys. Csalculated back to the original weight (efter drying

for twenty-four hours at room tempersiure) the formule

corresponded almost exsctly with the mono-etherate.
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X ~Neapnthylmegnesium bromide etherste cannot be dried
&t &s high & temperature as the other Grignerd resgents.
When hegied to 125 for one nour, it lost wvut very little of
tre ether. When the tempersture wss raised to 130° zad the
periocd lengthened to three hours, some decomposition took
place es was evidenced by tne orange color of the naphtaalene
obtained on hydrolysis. On heating to 140°for five minutes,
gbout helf ol the etner was lost with litile decomposition.
When negted &t thet temperature Ior & longer period consider-
able decompositidn t00k place with the formation ¢f carbon.
It may be possible to e¢liminate most oi the etnher dy the
gpplication of & nigaer temperature for a brief time. The

resulis of Ttne snalyses ere shown in Teble IV.



TABLE IV.

K -NAPHUHYLMAGNESIUK BRUMIDE

s T A muex i %sr. i due. :
: Treataent :¥ound:Theor.{a)found:'hecr.(a) s rounc:rhecr.le) :
. 28°for 20 min:62.40: 75.74 :23.47: 26.16 : Db : :
. 25 M 24 hrs.:75.38: " :25.36: O :8.00 1 7.96
D 25° MR M i74.B4r M 127.05: O :8.00 1 7.96 s
: 25° " 15 days:86.58: : : : : :
1106° " B hrs..77.84: M i27.15: :8.09 :
120° " 1 " i77.46: :27.29+ : : :
:180° " 5 "° :81.5 : - 54.01: : : :
1140° " 5 min.:66.74: :30.60: 30.66% , :

(&) These theoretical percentages ere celeuleted for tre pure
mono~etherate.

(D) In this run the crystals were dried cnly until 1T seemed
e 1f the sdhering etner might ve all driven off.

{c) Some nepnthalene sublimed into the exit tubes during tris
run. On trestment with weter, the naphthslene obtained wes
orenge colored, inficasting decomposition.

(d) This theoretical percenuace is calculated for & mixture of
88. 740 of the eu“er-*rce‘g- wepnthylaagnesium bromide snd
11.28% of ether. The nsphthalene ootalaea was wnite, with
no evidence of decomposition.

Ty g7 S mn i 2w
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SUMMARY AND CONCLUSIONS.

-

{1). It is possible to eliminszte 211, or all but a
trace of ether Ifrom solutions of Grignard re-

agents by simple heating in an inert atmosphere.

-
o
LN
.

The anelysis and reactions of these dried re-
agents show that they are decomposed but little
by the process. They show normal, typical re-

actions of Grignard reagents.

-

(3). While the results cannot furnishabsolute proof,
it eppeers probable tast the ether is not an
esseniiel part of {the molecule, but acts 8s a

catalyst or solvent.

(4). The formation of a crystelline etherste is a spec-

(BN

fic property of L -nsphihylmagnesium bromide, and

not a general property of all Grignerd reagents.

{5). The solubility, conductivity, and some other gen-
eral properties of severel Grignsrd reagents 1is

reported.



	1927
	Part I. Some aliphatic local anaesthetics, Part II. The physical constants of organomagnesium halides
	Leon C. Heckert
	Recommended Citation


	 

