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SOME QUARTITATIVE STUDIES OF OR

g g EETIVES % b g Ay S
\)'fv‘i:«-h? 14‘3 “ H

There are two phaccs of the Srignard rewsgent which heve,
a5 yeb, not recveived adeguste trezimént either in the currert

- ‘ co . . . i
litersture or in the curvently svailslle books on this resgent.

“

One is the compsrctive uitility of

X

the Rigol, Hlglr srd gl come
pounae and the obther is the preperstion of the frignard reszent
iiself undexr genersl ox specinl conditions, "he phese on the
comparative utility oi the compounds mentioned etove ig token

up iirst, sivee it ip primerily = summary oi the dste In ithe

& - i g Ny . e, & e - TV g o T g 4, W 2 A A Py Ea
litersture on this subjeets The phsss on the vreparsiinn of

- ]

the Crizxneya rezgent uncer gereral or gpeecisl cnrnditinrs,
which Jorms the substance ol ithig thesis, is tsken up in eone

nection with the experimentsl data.

411 the available literature on the gcommarative
the wigdl, Riglr asnd gl compounds hus been inveulipg tew Lrom

toe time oJ the discovery ol the Grignerd reurent up 1o the

*

present time. The dala 50 obtained are briefly summarized in
o more or less chronologlicul order.
- e 2 .
Ag egrly as 1904, kieyer and %ertheim found thet alkyle

magnesiam chlorides were test suited for the prsg&:ation of

disliyltoallium helides from thaelllc cehlorice (T;wxﬁ), The

-~ % 3 e ¥
2 Zine awnd desmesium”,

le f{a) 7zen, "Organoumetallic Oompounds o
pium en chinmle organi-
s

London, 19123 {b) Courtont, “lLe mn
aue”, Xancy, 19263 (e Ea::g, "3r ~metsllivertindungen 1.
Organomagn esiamverhindaheaﬁ . Stutt art, 1938,

2o wWeyer anc Yertheim, Dexr.,, £7, 2001 719@%)

dg
Zn
aE

&
e
24



yields were good und the products were found to be very pure.
The aikylmagnesiuom bromides slso gove good yleldes tut s mixture
of disllkylthelliiuwm chiorides and wromides wes obtuined. The di-
alkylthellium bromides, however, were £®a§ﬁkta be proetically
insoluble in ether. The slliylmagnessiuwr ifodiden, were not well
guited beesuse the grecter pert of the thsliic chloride wns ree
duced to thallous jodide. ﬁﬁééar&% found that the sotion oF
iso-butyle andé iso-smylmesnesium iodide on the thsllic ohloride
gaused & suaniitative reduetion of the latter to thaellous todide.

é‘fﬁam&, in the preparation of diallkylthelliun

Lrause snd Srosce
bhaelidee by the wotion of slkylmegnesium ktromides on thallic ohinw
ride, that reduction to thallous bromide ocourred to the extent of
1653 vut with the gorrespohiding alkylmegnesium chlorides, the ree
duction was only $«10%s They sleo found that in the preparstion
ot igo~, propyle and geg-bulylibellium chlorides, 1t wus possille
to Q@t&iﬁi%&ti%ﬁﬁﬂﬁﬁﬁy yilelde only when the slkylmagnesiun oblo-
rides were need.

ﬁau@aaﬁ, in & study on the seelylation of sluvhels end
phenole by the sotion of seld amﬁyériﬁ@ﬁ ang seid ehlorides on
the eorresponéing helogenmegnesinm slenholetes, found thet the
aiaﬁl and arylmeznesium bromldes and iodides were culled only
for ssiursted sleohals (and perhops pherslgl For the moetylation
of gensitive snd upssiursted sloohoals ernd phenols, the slRkylmapge
Ze Goddsrd, J. Chem. Log,, 121, 56 {1982)

4s Kreause snd Orosee, Der., 58, 1928 {1928)
6. Mouben, Yer., 39, 1756 (1906)
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nesium chlorides were best suited, giving good yields and pure
products. With the alkylmsgnesiom bromides or iodides, the
yields were less snd the products were i&pmre, being contaminate
ed with bromine and iodine.

4 rather thorough study of the coupling action of alkylmag=
negium halides with slkyl halides has been made by 3p§thé. His
results show that when the most resctive Rigi aampéun&s were
used, the'yieléa ot the hydrocarbons were very goods. In general,
the alkylmegnesium chlorides and bromides gave ylelds that were
spproximstely B50% higher than those obisined irom the alkylmag-
nesiun iodides. | ' i

-In the prepsration of hydrocarbons by fha actlon of organo=-|
, y ;

magnesium halides on dieth;l sulfate, Gilmen and Hoyle |
thet with benzylmegnesium chloride, the yield of n~propylben~-
gene was practically quantitetive. Iurthermore, their results
show that when the RiigBr compounds were préanms&ly reactive,
good yields of hydrocerhons were obtsined. Their work suggests
that good results should be obtained with alkylmegnesium chlo-
rides. These authors also make the statement; "For reasons,
yet unknown, it sppesrs thal ethylmsgnesium bromide is much
better suited than such compounds as methyle. and ethylmagnesium
iodide for replacing the acid hydrogen in aeetylanio compounds
by MgX groups". It is very probstle that the slkylmagnesium

6. Spath, Monatsh., 24, 1975 (1916)
7. Gilmen snd Hoyle, J. Am. Chem. Hoc., 44, 2621 (1922)

found 1y w



¢hlorides may be even better suited for this kind of work,_ae-}
cording to the opinion of the writer.

In a patent by Sehmalfusaa, in which directions are given
for the preparation of mathglmagmeaiam chloride on & gommercial
scale, a statement is made that not only is methylmagnesium chlo-
ride cheaper than the methylmagnesium iodide but compounds can
be synthesized by means of the former which are not poseible
with the latter. As an example, he mentions trans-dimethyl
~(2,6)~ hexene (Z)=diol«(2,5}. This compourd wss made from the
action of methylmagnesium chloride on diethyl fumarate. In a
study of the enolizing action of Grignard reagents on ermphor,
%raat~3av@1aherg9 reports that the action of methylmsgnesium
halides increases as the negativity of the halogen in the RlpX
compound increeses, Under comparsble condltions, the enolie
zation of camphor wes enhanced by the R¥gCl compound to 28.2%,
by the EMgBr compourd, 24.0%, snd by the Rilgl compound, l4.8%.
Furthermore, & slatemsnt is mude that the methylmagnesium
jodide forms with grester sase than the methylmasgnesium chlo-
ride, but the latter is far more resctive when once made than
the former.

Coleman and E&uaexlg recently initiated o study on the
preparation of amines by the action of Grignerd recsgents on
monochloroamine. The first paper of the series reporte the
results from the use of alkyle and arylmagnesium halides.

8. sSchmelfuss. Ger. pat., 276,268 |Chem. Zentr., H§ 721 (1922@

9, BDredt-savelsberg, J. prakt. chem., 107, 65 (1924
10. Coleman snd Heuser, J. 4m. Chem. #o0c., 50, 1193 (1928)
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The yields of the amines with the RiigCl compounds are spproxi-
mately BO% better than with the RMgir compounds; snd the super~
iority of the RilgBr over the Riigl compounds is approximately of
the same order. In the next study on this subject by Colemen

and Yagarll uging the igo-, gee-, and teri-alkylmegnesium halides
the comparsiive utility of the RgX compournds practically dupli-
cates the results of the first psper. In the most recent study

iz

of the gseries, Colemen, Saroose and Yager™ report the resulte

of the action of un-, sec-, teri- and substituted-slkylmaznesium

halides on monobromoamines. JAgsin the seme order of comparative
utility of the HigCl, Hig®r snd RMpl wasg noted.

In & note to their clessical study on the free methyl radi-
aal, Psnelh and Hof&ditalg gtate that the tetramethylelead pre~
pared by means of methylmagnesium iodide was contaminated with
ofganic compounds of iodine. To remove this contaminant, the
tetramethyl~lead had to bhs shaken with silver oxlde for several
days. This note caused Kraﬁsal4 to publish 8 notice on the con-
parative value of the alkylmagnesium ehlorlides, bromides and io-
dides in the preparstion of orgenometallic compounds. He states
that better results were obtzined with the sikylmagnesium chlo-
rides snd bromides than with the corresponding RMgl compounds,
due to the fact that the former Grignard reagents are more . -
Th. Solomen, “arsos enatineey, SEmL. 2% Bve (iove)

13. Paneth end Hofeditz, ber., 6%, 1535 (1929)
14. Krause, fer., 62, 1877 (19297
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reactive than the latter. Of the alkylmagnesium chlorides and
bromides, he advises the use of the former tecause the alkyl
ehlorides are ususlly less expensive then the alkyl bromides.
accoruing to his opinion, the use of the alkylmegnesium chlo-
rides haz been reterded, due to the fact that the alkyl chlow
rides are lesgs resctive towsrde masnesium than the correspond~
ing eliyl bromides snd iodldes. 7o overcome thisg difficulty,
he advises the use of line magnesium "accorcing to Srignard”,
rs to the preparstion of tetrsmethyl-lead, he statecs that this
compound can be prepered in & pure state by the use of methyl=~
megnesium chloride nccording to the procedure of Gruttner and
Kraueﬁ;ﬁa ‘

é/f;ee%ntly, 8 etadylé was made of the rates of resction of
nebutylmegnesium chloride, bromide and iodide with vaeleronit-
rile. It was found that the time of reaction of these Grignsrd
reagents was one hour and tﬁ&ﬂty*fﬂﬁr minates, two hours end
twelve minutes snd thirty two hours, respectively. 7ith phenyl-
magnesium bromide and lodide and veleronitrile there we:, however,
ne difference in the rates of reesction., In snother atudyl? of the
rates of resction of pebutylmagnesium chloride, bromide and lodide
with azobenzene, the time was fifteen minuntes, one hour snd thirty
minutes, end two hours and thirty minutes, respectivel;. The
yields 0% henzidine sulfote were 60, 46 end 5, respectively.

The preparstion of cyclohexylmagnesium chloride and bromide

1b. &rﬁ%taex and Krsuse, Fer,, 49, 1420 {(1916)

16. 58ith 8t. John, M. 3. "hesis, Jowa State College, (1929)
17. Gilmen, Heck and St. John, jec. trav. chin., 49, £12 (19%0)
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S0 far, it huas heen found that the comparsative utility
of the HiugCl, Highr end Rigl compounds decresse in the order
in which they are named., There ig little doubt that this is
true in g@n@ra% Cilmar and mayhuszi, however, found s case
where the order of the comparative utility given sbove is re-
versed. They made a'study ol the preparstion of benzophenone
from the action of phenylmegnesium chloride, bromide and louide
on benzoyl chloride. "he yields of the henzophennne from these
reactions were 48.0, 65.0 s=nd 68.5%, respectively.

3ince 1928, much work hae heen done on the preparstion of
organomagnesium halides under general snd speeiasl conditions.
This was made possible by the procedure developed by Tilimen
and his a@-warkersgz, involving the anelysis of the Grienard
reagent by the acid titration methods Recerntly, the procedure
has heen successfully spprlied to cusntitative studies on the
preparation oi organolithium eampaanﬁsgﬁ‘

In the continuation of this work, & serics of cuantitative
studies on the prepsration of orgennomugrnesiun halliaes and
organolithium compounds have been made by the author. The
results of these studles a.e now presented in detail.

2l. Giilmen and keyhue, iec. truv. chiﬁ.: bl, 47 (1932% )
Te! Gilmen and MeOracken, ibid., 4B, 2462 (19277; (d) Silman

%ﬁ% ﬁlgerﬁ, Secs trav. chim., 46, <14 (1926); (¢) sSee ulso

. (&) Cilmsr, %oellner and Selby, J. im. Chem. Soe., B4, 1987
(1922); (b} ibid., 66, 1262 (1937 ~
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PART 1. QUAHETITATIVE S7TULRIEG OF SOMY ORGAFOUAGESIUL CHIOKIL S

TETRODUCTIOR
Only & fow studies hove apperared in the litersture on the

preperstion of organomagnesium chlorides. For this resson, studles
have veen made on the preparation ol meveral alikylmagncelusm c¢hlo=
rideg under generel sné spsecisl conditions. The resultis of these
éta&i@a sre now given in deteils 4An efiort hse been mede to gorrele
ate with these delslls the results of some studles aslresdy publishe
ed by the writer and others, in ovder o faclliiiate = summeary of

the data on this phese of the Srisnard reapgent,

BEPRRING

i o s g S

TAL PART

“he apparstus and techninue mere essentislly the assme &s
thgse dosoribed ?r@viﬁualylgg (%he ather need wag firet dried
over sodium {eighteen to itwenty hours), dietilled and then dried

over sodiusm again. This was necessary for, during the time this

work wag done, the other from the storeroom was not of the %@ﬁ%x”
gxaﬁ&;) 411 the halides were dried over phcaphaxauﬁ gantﬁxiﬁ@“&éé
then distilled, ﬁﬁ%ﬁaﬁ otherwige mentioned. (?Ee 801id halides
were recyrystallized,) 4511 the halides ueed were obtlalned from

the “astiman Kodsk 0., unless otherwise mentioneds The kallip-
Erodt brond (1929-1908) of magnesium wes useds. It was composed
of turpings in the form of congentric e¢oils. “he dimensions of
thess coils when unwound were O.45 mme in thickness, 4 mm. in
breadth snd 10«50 mwme in Kam@thg( This magnesinm was, however,

not quite se efiicient, in geners, as the hrend (from spesisal
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Chemionl Coe) neod in the farmer wﬁxzﬁ) The {ine mernegius

80=B0 meah) wos prepaved from mmonceine ptlcke obiuined from

the ‘merissn Mesnosium Corporatiion.  The metal wes desiprated
88 09.8] pure.

The reoults plven in Table I are those ol tained unisr thres
gote of oonditions, nanely, "A-conditiong™, "Seonmditions™ and
"spocisl oondl ions".

“he "Aegovaitioug” are somelimes referred 1o as genersl ox
gtandurd conditions. Under thoso conditiong leid 2. (G080 ztonm)
of magnsaiure furnings wes placed In the rescilon flask and ooverw
ed with Teb vos o7 eiher, %o which wes séded UL drope 5% hollde,
After sdding Gele-0.08 gs 0f powdered lodine, ithe mixture wag
gently refluxss {withoutl stirring) by mosne af & mioro hurner
andar 8 wire gﬁﬁﬁﬁ, antil the indine golor éiﬁ@ﬁ?@&?&& which -
wsaslly took Irogm Iour to eight ﬁiﬁﬁ%%@¢;32$ wap foand, 17 0%
perionon, thet whon the lodine enlor hed complelely disspyenred,
the resation hed slaried. (5o sxperizent wes muge in which only
the iodine wag sdded Lo the mosnesivn v sthere The indine coler
feilied to &lpesppoer efler refluying the piglare for tun baars.
Howy @%ﬁgyéﬁiiﬁﬁ wos nddeds The indine oolor disapponrad within
g fov simeten, Parthermere, 11 hee veen found thet as lomr ne
the indins eolor romuire the anlnfian doeg pol Bail smonthly
Tut %&m&%\

18 soon ao the resoiion had atuoried, anolher 7.0 ous of
sther wug &éﬁaé %% mﬁﬁ&ﬁtﬁriiw 1ii{ting the oondonsdys ThE miXe

¢
;/ Ly

ture was &g&i@ ?&fﬁ&& vy oxternsdl hest and rolused annthsy threo
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or five minutes to nllow the mesmesiun perticles to settle
bvefors two € co. alicuotis were removed far ﬁﬁ%ﬁyﬁiﬁlgw If the
solution wus sllowed to stend longer, it rescted with the oxymen
ol the slr {0 such en sxtent thet thers was doubt of ebtisining
homogenovns sampless. Longey stending under inert simonmgphere &1d
not aficct the ylelde.

The "Begonditions”, or sometines referred io ns "drops~gole
ditione”, 4iffered fvom the "dmgonditions” In thet the remeindeyr
of the halide in 15 ecce. of eilher wee sdded nll st onee citer the
rageiion hod %een stsried in the two portions ai’ 7.2 %4. mentioned
atove. Agalp the time wos woted when the resetlon spperently
gessed eBlter sll the hallde bad been sdded. The reactinn wea
then conoludsd as plven unéder the "i-gonéitions®,

The time of spperent resetion aiter pll the halide Lad been
gdded under "A-" and "Deconditiione”, shows the gompuaraiive veles
ol resction of ihe verious orgenic helldes with mesneslas in a
gualitetive munver {see Talles I, II snd 1ille
The "Beaonditions™ are an ountprowth of sone @arkigb'an the
rateg of reseotion of orgenie helides with mespeniumm ip ether,
The Drignerd resgente that ghow uo drop in yicld under these 00nw
ditirne, @%ﬁ be prepared with 1itfle sttention ss to the roie of
adding the hellides. TV &2 even posaible thu! such Origuerd roe
sgento osn be prepsred without the ase of o slirrzine sppsrsiuneg
{soe "gege"mi lmepnesiun Chloride™ page 26 of this thesis).

The "speecisl sorditionua” osn not be described in general
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for these conditions vary with the fype of SGrignard reocent.
These conditions sre fally desaribed under the verious hesdings
of the HipCl compounds with which 3@&&”&@&&1@1@%@ wore nseld. “he
rans with the various equivelents of fine mognesium wore mede
ander "jeconditions”. . jy%fﬁb?ﬁgg

In genersl, the yields gliven in Tsbles 1*'E§ apd III are
the average of iwo or mors runsy the yields of theme soversl
rens usaslly checked within lese then 2.0%.
The results of these studies are swmmarised in “abie I ond

are more fally discussed undes the headings of the variens

Rt rier i,
i

Grignera rosgenis. -



SUMIARY OF THZ QUARTITATIVE STULIES OF S0HY ORGAXNOHAGH:

Chloride

Hethyl
Zthyl
p-Propyl
iso-propyl
n-"utyl
iso-Butyl
see-Putyl
tert-rutyl
n=amyl
texrteimyl
f~gec-Hexyl
¢£§§§gr§exgl
Cyolohexyl
Fhenyl

Bengyl
Renzohydryl

Triphenyl~
methyl

% Yields

irop of

TABLE 1.

CHLORIDES,

Time of

BIUN

of Rigk . Yield spparent® % Yields of
Under A-% Under®B. Reactjon Ridgy Under
Be(ongie  Condie Under A=, B= Specisl
lions tions Gonditions Conditions
i ¥ i 5 B .
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20

Lo =
£

S . i

.
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88.7
58-90
89.9
54,075, 6
94.4=9646
65=86
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nesium Chloride

In the literastare only two references were found in which
directions are given for the preparstion of methylmesnesium chlo-
ri&a,;a@ne by ﬁsuhﬁnﬁ and the other by 3@hm&lfussg,

3@a§en5 prepered this Grignard reegent ss deseribed urder
"Ethylmagnesium Chloride” helew, ex¢ept that the resction mix-
ture wag cooled by means of an jce-salt beth, In this menner,
he ﬁaéa g 0.5 mole run in twenty-four hours but he does not stste
how much halidc it took to use 8ll the magnesium.

3¢hmalfasag made this Grignard reagent practically in the
same manner ss 1s given below, His gystem, was however, open
and the resction wos carried mgt on & walter baths. He started
the resciion with & little ethyl bromine and iodine. After the
resction hod startec, the gus was led into the recetion mixture
st such & rate that it wag sbsorbed almost quantitatively. Iy
runs using spproximately 0.4 atom of megnesiwp, three hours wers
reouired to use up nearly all the msgnesium, but he docs not
gtate how much helide was recuired.

in attempt wes now made to aarfy out the preparation of
this Grignerd reagent in an sppuratus similar to that used by
8ahmalfnﬁ38. but in & closed system under & possilble positive
pressure of B0 mm., in order to avoid the loss of much halide.

i three~-holed one-liter flask was provided with a mercury sesl-
ea.atirrar at the lsrge hole containing enmough mereury to make

possible a positive pressure of 6065 mm. within the systen.

7
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One of the side holes was provided with = Hopkine condenser,
with & mercury trsp attached at its exit to the stmosphere. The
trap consisted of & U«~tube containing cnough mercury to make pose
sible & positive pressure ol 60 mm. within the eystem. The other
glde hole wee provided with & tube mode from & short sir condene-
ser (extencing Just bvelow the surfsce of the &&har} for the addi-
tion of the halide and the maln portion of the ether after the re-
gction had heen started. The ngpex end {the wide-mouthed part)
of this tube was provided with & two-holed rubh:r stopper holding
& 200 ecs dropping funnel [(properly connscted with the aystem for
ecuslizstion of pressure) and s smell bent tabe to admit the gupe-
ous hslide. Prom time to time, as the volume of the resciion mixe
ture inecressed, the large tube (with the dropning funnel end emall
tube) had to be raised through the rudher stoprer with which it
wag sttached to the rescetion fle:sk so that the mouth of the tube
Just extended beneath the surface of the resction mixture. The
addition of the hslide beneath the surface of the reagtion mix-
ture may, however, not be s necessity when the halide is taken
from & bomb, since the rate of the flow of the gaseous halide
e¢an, undoubtedly, be controlled better by the valve sttached to
the bombs This would sdd to the convenience of the procedure,
for edding the halide benesth the surface ol the reaction miz-
ture required much attention when the rste of the fiow of the
hslide was not uniform. Then the rate of the addition of the

the halide was very slow, some of the remction mixtiure was drawn
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up into the wide tube. 7o check this movement of the resction mixe
ture inte the wide tube, provision had to be made whereby the
pressure in this tube was egualized with that of the system. This
was done by connecting the upper part of the wide tubve with the
system by means of rubber tubinge The opening and closing of the
gonnection was, however, found to be aquite troublesome,

After & few preliminary experiments, the resotion was cerried
out a5 desoribed below. In thesme preliminery experiments, it wes
found that the fundamental technique of this prosedure was a pro-
per adjustment between the rate of sduing the halide and the coole
ing of ths resotion mixture, so sg to attain two sinms: namely, to
prevent the loss of hslide due to momentsry overflows, mnd to ¢onl
the renmotion mixture to such a degree thet the rate of the reage
tion sllowed the completion of the preparation in & reasonable
time. |

The system wos first gwept onl with dry mitragém, since it
has becn iound that slkylmspnesium chlorides are guite sctive {oe
wards the oxygen of the pir. ¥ow 12.3 g, (0.6 atom) of magnesiunm
turnings wes placed in the reaction flask snd covered with 50 ce.
of ether. Just before the mddition of the helide was started,
the flack wos warmed to the bolling tempersture of the ether. The
50 mm. pressure trap was ﬁew attsched, a orystasl of iodine was
pdded and the addition of the holide was siarted without stirring.
As the goseous halide entered the flesk, the externel heet was

slowly withdrawn (but not entirely removed) so as to atiain & max-
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imum eoncentration of the halide in the ether. ¥With this care-
ful adjustment snd maintenance of the temperaiure hetween the
boiling tempersiure of the ether and the temperaiure of the roonm,
th@'r@aqtisﬁ wes storted in less then five minutes., 1If the pre-
gence of methylmsgnesium indide 18 not ehjge%iana%1&4 a 1ittle
methyl iodide should be used oy the starting oi the reasction as
the above technigue is 8 very delicate onse.

The halice used was obtained from ScheringeXmhlbsum 4. G.,
in serled gless tubess The tube of methyl chloride wss weished
end then eooled in s Dewar flask {contsining a suspension of
¢arbon dioxide in 95% ethyl sleohol) to such a Gegree thet there
wag no decrsese of volume. If this is not done the halide will
boil with such violence that much of 41 i lost when the tube is
openeds, . After the tube of helide had been properly conled, it
was opened and an ordinary melting voint tube wae dropped into
it to prevent bumping as the hslide boiled. The itnbe of helide
was connected with & purificantion %r&inﬁ* {previously saturated
with the hslide) by means of rubber tubing. The rate of tﬁe Tlow
of the halide was controllied by raising or lowering the tube of
24, This purification train eousiated nf a U~tube of soda-line

‘and esleium chloride {one half of the tube was filled with
goda~lime and the other half with caleium chloride) and a
bottle of concentrated sulfuric agid provided with a reverw
‘sible bubbler. This reversidble bubbler was merely o tube
with & wideemouthed end dipping Just bensath the surfzce of
the acid solution. This reversible bubhler made it possible

to reverse the flow of the halide when the pressure within

the flask exceeded 50 mm, by merely lowering the tube of
naiide into Lis a&oii&g'%g%ﬁ. 7 &



halide in its eooling hath. This mcans of control was, however,
not sengitive enough to prevent sgcasionsl overflows. In order
to prevent this loss of helide, the 50 mm. trep was connectod
with 8 small Zchlenk tube imﬁers@é in & eonling beth siniler to
that used for the tube of haelide. TIn this menner the F«d4d nf
halide that overflowed wac cspiured snd finally edded to the row
action mixture.

fince the halide hee & bolling point of -2%.79, it was nec-
eggary to use s éﬂeliﬁg bath of ice and »eter for the renction
mixture in order to secure s congentration of the hslide in the
resnotion mixture which would make it possitle to carry out the
resgtion in & rosscnable period of time. The cooling of the
resction mixture wes controlled by meens of reising end lowering
the ice-water baths, By the combined control of the tempersziures
of the tube of helide and the resction mixture as gtated above,
it was poesible to carry out the reaction with feir convenicnee
and in & ressonsble time.

After the yesction had been siarted, ss descrided sbove,
the stirring we. begun and the rest ol the ether (280 cc.) was
added at such & rate that the ftompersture of the resction mix
ture was not gresily aficeted. In this manner, the ether =wss
sdded in spproxinetely forty to forty~five minutes.

It took forty-five minutes 1o 2ddé all the helide and sixtye-
five minutes more for all the halide to react that had dissolved

in the resction mizture. 7o gsuee sll this dissolved halide to



£

react, the temperature of the reaction mix‘ure wes controlled
by the raising snd lovering of ite cooling beth. s goon 88
the fluctuation ol the pressure cesved, the cooling bath was
slowly lowered until the pressure within the system no longer
exceeded 40 mm. Tow the cooling bsth was removed and the re-
scelion ellowed to proceed ot room tempersture until the pregw
sure within the system becsme ecusl to the atmospheric pres-
sure. ALiter heving stirred end reilluxed the reszction mixiure
ten minutes longer, the BO mm. trap mas removed to expel any
unuged hslide by snother ten minute perios of refluxing. The
regction nmixture was now sllowed to 200l fto room tempersture
under nitragen and then & portion was enslysed. In thils run
the tube oi hallide contsined 0,607 mole inatesd of the ususl
0.8 mole. 7The yield of this Grisnerd rescent bgssed on the
halide used was 84,0 Ths yield bosed on the mernesium, since
it wes nll used up, was 96-987,

If the haslide 1s taken from a bomb, the above procedure
ghould be suite practical and convenient for the preparation of
0e0E~1.0 mole runs of methylmagnesium chloride in & period of

two to three hours.

CZthylmapgneciam Chloride

go £ 3o far, only two refercnces have been found in the literae

ture in which directions are given ior the preparstion of ethyl-

b

... &b
‘mugnezium chloride--one by ouben  and the other by Kyriakides .

2b. Kyriskides, g-t Aim. Chom. WG o %{3‘, 657 (193‘4)

———
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Houhen‘ss procedure will be given first. He made a 0.5 mole
run by first starting the resction with old ethylmagnesium chlo-
ride (he wished to avoid the use of bromine or iodine, for these
halogens contaminated the desired products) and then placea the
system (seemingly one without a stirring appasratus) in an ice=-
water bath. He then added three 20 g. portions of the halide
according to the rate the halide was used up. In order to use
all the megnesium it took twelve hours and nesrly three equiva-
lents of halide to conelude the reaction. Under these condi-
tions, he probably obtoined nearly & guasntitative yield based
on the magnesium and approximately &0-38%, as cstimated by the
amount used.

Kyriakiﬁeagﬁ used s strong walled bottle to carry out the
reaction., The resction wes started with 1 cc. of methsyl lodide
end 8 crystal of iodine. Seventy-seven g. of magnssium was
covered with 1000 ¢e. of ether., After the remction had heen
started, %4 g. oi the ethyl chloride was adecc to the cooled
resction mixture, The flssk was now closed tightly and then
warmed until the resction begsn. The resction was now sllowed
to proceed until all the halide had been used up. The rest
of the 325 ge of halide was added in 60 g. portions in the
seme manner. All but & g. of the magnesium wae used up. In
this run, %.Z atoms oi magnesium and .3 moles of hallde were
uged. “he time of this prepsration is not given.

since both of these procedures sre More or less inconvenient,
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an attempt was made to iwprove the preparation of ethylmaznesium
chloride in & closed system to prevent the loss of some of the
helide which boils st 10.2%, The apparatus used in this experi-
ment was eeaentialiy that desoribed above for the preparation of
methylmegnesium chloride with the exeception that the halide was
not added under the surface of the ether. The h&liﬁ@ was added
by means of & small bent glass tube which ontered the system
next to the stem of the dropping fﬁnnal and wae sdjusted so that
the halide wae delivered within 2-3 mm. of the surfece of the
ethﬁi. |

The a&&itisn of the halide, in the mamner described slove,
was eagily controlled. If the rate of the addition of the halide
weg such that the pressure approsched 50 mm., the flow of the
| halide oould not only be stopped by the removal of the externsl
heat from the boitle of halide, hut some of the hallide eould he
withdrawn from the system by cooling the bottle of halide. This
was made possible by the use of a reversible bubbler in the sul-
furic soid bottle of the purification traiﬂaé.

After the reaction flask was swept out with dry nitrogep,
12.2 go (0.5 ston} of ordinary megnesium turnings were placed in
the flask end covered with 50 cc. oi ether., The sealed hottle
of ethyl chloride wus weighed and then cooled in san ice-wster
batﬁ; The bottle was then opened and & bolling point tube was
dropped into the bottle to prevent bumping; it wss now connected
with the purirfication ﬁraingé (previously saturated with ethyl

chloride} by means of rubber tubing.



4tter the resetion mixture wus warmed o the voliling
tenperature of the ether by mesne oi & miero burner under a
wire gauze, the LO mm. mercuxy trop wes connected to the exit
of the condenser. 4 crystel of iodine wes esdded to the mage
nesium in ether. The bottle of haliﬁe e now raised from its
eooling bath and the halide allowed to enter the resction flask
slowly, until there wee spproximately o positive pressure of I0
nm, within the systems The flow nf the ges was now checked by
lowering the bottle of halide into ite cooling bath. After the
resction mixture was heated carefully for five minutes without
gtirring, the resction sterted. The gaseous hzlide was now
allowed to pass into the resetion flask at such & rate {con-
trolled by warming or c¢ooling the bottle of hslide) that the
pressure within the system remained hetween Z0-40 wm. ‘

While the reaeﬁimn‘ihaa proceeded smooihly with stirring
and reiluxing Irom its own heet, the rest of the 00 =e. of ether
was added by meang of & dropping funnel (properly connected with
the gystem for egu&liéaticn oi pressure) at such a rate that re-
fluxing of the resction mixture from its own hest did not cease.
The sdoition of this msin portion of @ﬁﬁer took sboutl one hour.

it the end of two hours (from the time ol starting the addi-
tion of the halide) the preassure began to rise even thouph the
halide @ﬁ& added very glowly, snd since the magnesium was very
nearly sll used up, the sddition of the hslide was stopped. The

bvottle of halide wss now cooled, sesled and weighed %o determine



the gmount of halide used and thig wae fournd to be 4.0 g. ine
stead of the required .8 g, (0.5 mole).

The resotion mixture was now refluxed and stirred ior an
sdditional hour (in sccordence with the ususl procedure in the
work on slkylmspgnesium Chlorides) and with such intensity that
the pressure within the system did not exgeed 50 mn, The 5O mn.
trap was now removed and the resotion mixture gtirred and refluxe
ed ten minutes more to drive off any excess halide.

There weg no unused mapnesium found in the flssk. The yield

of the Orignard resgent bsged on the helide used was 90.7%; bosed

The ahove procedure ought to he 2 convenient one if the

helide is taken from bhombs,

n~-Propylmagnesium Chloride

“he be pe 0f the halide used wag 4&*469. The halide was
cocled in an ice-sslt bath before it wes welghed. Uncer -
conditions” the yields were 8B8.4 snd 87.0%. In another run
the dropping funnel wsas cooled by means of a streasm ol cold alr,
snd oola water (5-10%) wes run through the condenser. The ﬁialé
uncer these conditions wes 88,5

e to the voletility of the healide, no runs were nade

under "Heconditions’.

so=-Propylmegnesium Chloride

The b. p. of the helide used was 55~26°, mhe halide wes

weighed as stated under "p~Propylmegnesium Chloride” ahove.
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Under "A-gonditions”, the yield was 80%. Tith the cooling con=
ditions ss descrited under "n~Fropylmegnesium Chloride™, the
vield was 85.8%,

ue to the wolatility of the halide, no run was made under
"hegonditions®.

Ageording to Ivanoff and Abégulsffzﬁ, the -MgPr radiecal
In iso-propylmagnesium bromide is the most labile in the series
i isoepropyle, elhyle, p-propyle, gegebutyle, n-butyimernesium
bromide, methylmugnesium iodide and iso-butylmegnesium bromide.
The lability of the -ilgi radiesls 1ln the above compounds dee
grenges in the order named. Jrom these resulis it may be pre~
dicted that gggfgréyyi-, ethyi=, and pepropylmegnesium chlorides
ought to be the test suited Grignarc reagents for the replace-
ments of sctive hydrogen, snd of these three, the n-propylmag-

nesium chlorides could he most gonveniently prepared.

(=

n=-"utylmagnesiom Chloride

A

The be pe of the hnlide used was 76-77°. Under "i-gondi-
tions”, the yields were 91l.% ond 92,20 7ith undistilled halide,
the yield was 90.9/. nder "Negonditions™, the yield was slso
904 9%,

deagently, in connection with the preparation of some di-
n-butylmercury, & one mole run of pebutylmsgnesium chlnride
wes m&&e.' tne equivalent of the halide ond magnesium weg used

with five eguivelents of ether. The resotion started immedi-

26. Ivanofi and Abdoulofi, Compt. rend., 196, 491 (1983)
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with & ce. of the halide in 100 ce. of ethor with a crystal

of iodine. The rest oi the hglide‘ dissonlved in 400 cec. of
ether, was sdded over & period of ons hour, without any spe-
eiel attention. The resction apparently ended thirty~Ifive
minntes after sll the halide hed been asdded. The resction was
then concluded by one hour of stirring and refluxing. The
yiele wes 95.5%. This run was made and cooled for anslysis

under nitrogen.

Sp—————"

igo=Futylmagnesium Chloride

The Y. pe of the helide used was $6~6?G' Under "A-conde
itions" the yields were 83.% end 85.1%. One run was made in
which the resction was consluded by & two, instesd of the us-
usl one hour, period of refluxing. The yield wrs B8.6%. 7ith

three different samples of undistilled halide under "A-condi-

Under “Beconditions" the yield wag T8.5%.

gec-Tutyimegnesium Chloride

The ba ps 0f the halide used wss 68=69°, Under " AmGOTIAL
tione", the yields wore 89.6 and 90.5%. 7ith undistilled halide,
the yield was 89.8%. One run wes made in which the resction was
coneluded by & three instead of the usual one hour period of ree-

fluxing. The yield wes 87.%. Anotkber run wsos made under "i-

gonditions™ without stirrving et sll. The reaction apgareﬁtly
ended in 50 minutes after all the helide hed been asdded and it



n;,?n

was then refluxed one hour without stirring. The yield wsg 88,7%.

Under "Pecondcitions”, the yield was BH.40.

Yert-Tutyimagnesium Chloride

The:bs p. 0of the helide used was 50-51°. 7he yieldse under
"ae" wnd "tmoonditions" were 45.0 and 40%, respectively. Under
special aoné&tianag? it hae been possidle 1o obtiain this Orisnsrd

278, b

reagent in yields of E8«70 and 8§%g?ei ﬁaaéntly, under the

same ifundamental procgedure, the yield has been incressed to 85%23&
and 904°89,

2ix new tert-alkylmegnesium chlorides of higher moleculsr
weight have recently been prepared by Whitwmore and éﬁ&@rtachgrgg
by the sbove fundementel procedure in yields of 58~74%. These
authors say that sccording to some preliiminary work, they tound
thet the yields of the Grignard resgents from tertiary chlorides
were better than from the corresponding bromides and iouviaes.
“efore this notice appesared, the writer under special bul cone
parable conditions, found thet the yields oi lertebutylmagnesium
chloride, bromide and iodide were 83,6, 66.6 and b6%, respective~
ly (see page 88 of this thesis). It wme alco found that in car-
borating lert-tutylmopgnesium chloride, the rate of addinz the

garbon dioxide did not affeaet the yield of the seid derivaetives.

27. (&) Cilman and Zoellner, J. Am. Chem, 3ne., BO, 4206 (1988},
(b} Ree. trav. ghim., 47, 1088 (I928); (e} J. Am. Chem. 3oc.,
6z, 1887 T1971) - T

28, {@) “hitmore and Houk, J. 4m. Chem. 5nc., B4, 2714 (1972);
%ingeinbeld, Hatt and WelZku®, J. PTekt. Ghome, 124, 257

SRR
L

29, Whitmore end Badertscher, J. Am, Chnem. Z0c., bb, 1589 (1902)
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n-smylmagnesium Chloride

The b. p. 0f the helide used wrs 106-107°. Under ™A=condi-
tiong” with three diflerent ssmples of undistilled hslide, the
vields were 76.9, 77.7 end 82.0%, respectively. 7ith the Glg-

- tilled halide, the yiclds were 87.1 &nd 87,1%. & run was nade
in which the reaction wss concluded by & two inctesd of the
usual one hour period of refluxing. The yield was 89.%..

Under "Feconditions”, the yield was 89.9 .

te:t«gmylmaggeﬁiam Chloride

Under specisl caﬂéitiansa?b this Orignard reagent hes been
prepared in & yield of 654 in small sized rune. A large gized
run {2.5 moles} wee made and then carbonated, The yield of
&imethy}%thglaeatie scid was B4.17, later ﬁersan; "homas and
waughsg fsllnﬁing'the directions for the preparation of trie
methylacetic &ai&gl obtained dimethylethylacetic meid by the
carbonation of ltert-amylmegnesium chloride in a yield of 60,

: e s 2
Hecently Whitmore and Fadertscher !

., under similar concitions,
obtesined this Grignerd reagent in & yisld of 7Z.65%, in & &

mole IUn.

A ~geg~Hexylmagnesium Chloride j%éé(ﬁﬁgigfﬂﬁﬁgﬁr)ﬂgéij
The halide {b. 1. 183,8~1249) was obtalned in sesled tubes

from Hr. He & Buc of the Petrolewr Leveleopnent Co. The yields
under "A~conditions” were 89,0 and 8?.@%; and uander "Hegondle

tiong, the yield was 8&.06%.

20, Corsorn, Thomas and Weugh, J. Am. Chewm. 50g., 88, 15669 (19:38)
gle "Qrgania dynthesés”, ?@I: TII (1928) pe 104
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¢§~$e¢~ﬁerw}magne sium Chloride SHﬁfﬁﬁg)Esﬁfxgﬁr)ﬁﬁzﬂﬁgi&

) ) .0 R
The hslide (b. p. 112.7=113 ) was sleo obtained from
Pue in o sesled tube. The yields under "A-conditions” were

101.8 and 102.2; and under "Jeconditions”, 96.7..

gvelobexvlnmarncsiunm Chloride
18

A study™ of this Grignerd respent in connection with
cyclohexylmegnesium bromide hag heen reported. The results of

this study asre fully discussed ou page § of this thesis.

Phenyimagnesinm Chloride

This Grignard rengent has been prspareﬂﬁ in 8 yleld of
85% in a hcmh tube without 2 solvent. It hag alco been pre-
pered®® in en ordinary apperstus used for the preparstion of
Grignard reag@nts by the use of zctivated copper-magnesium
alloy, in yields of 68«80.:, 'This Grisnard resgent ok has heen
recently used for the preparation mfggaphwnylethgl aleohol in
seztisfactory yislds,

’%ﬁﬁ*imagﬁesiam Chlorice

The results oi this Grignard reagant gppesring in Table I
were taken from & previous staﬁy 9, since in this study megnese
ium turnings from the Special Ghemical 30, were usged and in the
work of this thesls megnesium turﬁingg from the Mellinkrodt
Chemicsal ﬁé. were used, & few rung were made with the lattier
Z2. Gilmsn end “rown, J. fme Chem, 50Ge, 52, 3330 (19:0)

2%, Gilmsn end 3t. John, T. ?., 3&0. Trav, abim., 49, 717 (19:20)
‘4. Shoruizinp and anWﬁf&QIS, feT., 64, £983 ar’



brand of magnesium. In gonerel, the former brand (now no lorger
on the market) has been found slightly better than the latter,
tut with this Grignard reagent no difference was, however, de-
tected,

Since the above work has been published, justin and Johnson®*
have obtained benzyl-, E-chlorobenzyle, and £,6«dichlorobenzyl-

magnesium chloride in yields of 90, 60-75 and 90%, respectively.

fenzohydrylmagnesium Chloride

This Grignard reagent, up to 1930, had always been prepared
in the presence of the reactant for which it was intended. 418 a
result of a recent stu&ygé, it has become possible to prepare it
in yilelds of 50-71% under very refined conditions in whieh an

unusual excess of Iine magnesium and ether had to be used.

Triphenylmethylmegnesium Chloride
37

A study”’ was made of the preparastion of this Grignsrd re-
agent due to the fact that the yields reported in the litersture
were erratic. It was fournd that under special conditions, using
an excecss of fine megnesium and 0.26 equivslents of iodine, the
Grignard resgent could be prepared consistently in yields of 96%.

3ince then, Comberg and Bashmannaa‘hava found that the cor-
responding RigBr compound can he prepared under less relined
gonditions and in shorter time than the corresponding 3MgCl come
pound in yields of Y0-97% (see page b2 of this thesis).

85. Austin end Jobnson, J. am. Chem. Zoc., B4, 647 (1942)
36. Cilmen snd Zoellner, ibid., be, 5964 (1981)

paw—

87. Gilman and %oellner, ibid., bi, 649Z% (1929)
%8, Gomberg snd Bachmann, ivid., 02, 2466 (1920)



éiy?hegylathylmagneaium Chloride

The balide hed & Y. p. of 78° {11 mm.). The yields of
three runs, under "A-cgonditions”, were 87.9, 89.1 znd B9.7%,
r@@peatiﬁgi?; with undistilled halide, the yield was 84.9 .

Under ”ﬁaﬁenaitlnns” one run pave & yield of 87.9%

l;:?hﬁﬁylpfopylmagnﬁaiu& Chlorice

The ylelds of two rurs unﬁar Tamcondlitiong” were 87 mnd

87.4%; under "Seconditions”, the yileld was 85,55,

];ym@trahvﬁrafarVIprnp rimagnesium Chloride

. 39
This Grignard reagsnt wes prepared by Gilman and Hevlett

in 8 yield of 21.,6%. A 0.2 mole run was made with one equi-
valent of 80-200 mesh megnesium powder, The resction was start-
2d with 0.5 g. o¥ the 12.5% activated copper-magnesium alloy.

Tne halide waes added over a period of one hour,

Allyvimasnesium Chlorlde

The halide used had a be pe 0f é&-&ég. This Grignord reagent
gould not ve prepsrea, al wll, with three equivelenis of ordinary
maznesium turninxs. Fliman and ﬁc@lumyhyég prepared allylmag-
nesiwn bromide in a yield of 90.%%, using three eculvelents of
fine magnesium and sdding the halide slowly (see papge 39 of this
thesig)e Under these conditiong, sddéing the halide over a periond
of one hour, a yield of 90.2% of sliylme nesium chloride was ob-

toined from a D.1 mole run,

%9, 3ilman and Hewlett, lec. trav. chim., B1, 97 9L
40. 0ilmen and MeGlumphy, ‘uwlls 800, GhiMms), 43, 1 2 {




Zyery run in the preparation of sllylmagnesium chloride

wes, however, not successful.

f

aY resuons, yvel unknown, the
rexcetion mixture in some runs tecame 20 colloidel thaet it
gould no lenger be stirred end when thie haprened vothing
.e@alé Pe done with it. The reaction mixture hecsme g0 vise
gous that the solution counld not be sepmrsted from the fine
magnesium snd econseauently no anslysis could be made. Abhout
50 of the runs made in the stuay of this Grignard reagent
were lost in this menner. Leter Ly, . B, Towne tried to
‘use this Frigrard reagent in the prepsration of some sllyl
ecompounds of lead. He lost, in the above manner, shout 7bu
of the runs of sllylmegnesium chloride. In the preparation
of eliyimagnesium bromide, this difficeulty has, as yet, not

been med with.

SCinnsmylimacnesium Chloride

This Grignsrd rengent hae bteen yray&raﬁ*l with throe
equivalents of fine magnesium and the slov adéition of the
halide in & yield of 8%%. Under ordinar:; gonditions of
garbonution, the yielda of the acid derivative was 287, btut
this was, however, improved to 64% by means of an effective

SPTEY

41, Gilmen and Harris, dec. trev. chim., 50, 10562 (19&1)
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PIZCHSSION 0F THE oTUNICS AT ARGANSHASETIIUN CELONIDT

R

Hethyl and ethylompneainm chloride wore prepored in o
plnged eysinm m%ﬁaﬁwﬁﬁm witk o gtivring spporetus) srder &
preceure of B0 nme, Bince the halides are gunsenus st room
temperature. The yields wore 04,0 sné 90.7%, reepsctively.
The technigue srd apparsius uvesd in the prepurstion of the
above Grisnard resgenis may possilly be uged lo prepare
othar Crignexd rosgentis fyom @%m# sus halides, such s vinyle
ﬁ%m%&ww%ﬁ,awwwwwmm sl bromides. The rest nd the sliyloags
negion ahinrides gould b prepeved ander orélnsary oondle
tions ezcept igow-proppimspmesium ohloride. In the pre-
parstion of thls drignard sesgent, the drapping fuwnel snd
gondenscr had to be kept oold; withomt this provision the
vieid was lowered 0.0% due to the ioss of *he balide.

he yields of petulyle, ijgge-tatyle and pesmylossnesium
ghioride wers alisbily hizher then those of the goorrefponde

ATy m&ﬁﬁ@ﬁfr&wm The ylelds of pegeMuiyle and torte

batylmsoneelinn chlorides wore sppresiadtly bisher than the

gorraspandinge Bietr eympoundsy ibe yields mwoxtwwnimﬁmwwt

3m:mverWW@M%w%%aaﬁwwgﬁ uhloride were slon very gand. The

sields am:mrﬁwﬁwfw%¢w s /=phenylveopylssoneniun ohlnride snd
wphenylethylmopneeine bronlds were proctlenlly the pome.

“hen the helldes wore sdded sll st onge, the ylelds nf

the sliyisesnesiws chlorides wore only slipkily lowered, in

‘ BT &
gonersl, ¢bile the yields o: the oorresporcing Zlgbr {oee
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aleso Table II page 37 oi this thesis) and gl compounds (sce

“gble 111 page 56 of this thesis) were spprecisbly lowered.

In consideration of the data given under "fSerers] Introduc-
tinn" (see poges 1-8 of this thesis) snd the dats »f the "I'xe
perimentsl Psrt" as sumnarized sbove, it is evident that bhetter

ul;h can be obtained, in gener=l, with =2lkrlmarmesium chlow
riurs than with the c¢orresponfing RligTr snd g compounds.

It was obgerved, ounalitatively, that the alkylmasnesium
chlorides were mctive towards the oxyren of the air. Recently,
a guantitative gtu&y42 has heen made »i the remction of oxygen
with Orignard reagents. It weg found that at low temperstures
(0°) where the vapor pressure of ether is not high enough to
prevent (ree sccess oi air to the solution, the oxidation hes
heen found to proceed at w very rapid rate snd msy become s
gserious side resction in the use o: the Crignard reagent. It
ig, thereiore, desiralle to conl the slkylmspnesium chlorides,
used st low tempersiures, under an inert atmosphere.

Jince benzohydryle snd allylmeznesium chloride and tromide
oan rnot be prepared independently without the use ol Iine mag-
nesium, and since triphenylmethyle, cinnemyl- and ftert-slkyl-
msgnesium chlorides cun be preopared in excellent ylelds only
with fine magnesium, it would he very desirahle if the Tine
magnesium as prepered in this lahoretory counld he obtained on
the marxets This fine magnesinm would, undoubtedly, fine

extensive spplications es ¢ "starter” lor organomegnesium

42. Ooetel end Mervel, J. Am. Chem. Sog., BB, 1692 (1902)



chlorides in connection with ordinery magnesium turnings.

The substance of the work on the preparation of orgsno=
megnesium chlorides (involving the use of the acid titration
method of enslysis) alresdy published, hae been ineluded in
Table I and in the experimental deteils following that Talle.

This weg done to faeilitete & comprehensive view of this phase

of the (Orignard reagent,
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PART II. QUANTITATIVY 37UBIZ3 0OPF 50

IETRODUCTIOR

Studies, on the preparation of a large number of organomage
nesium bromides, commnnly used, have zlready been r&ygrt&dlg.
In continuation of this work, guantitstive studies on the ypre-
paration of some organomsgnesimm bromides, less commonly used,
have teen made. The results o! these studiesd are new given in
detail. An efiort hes been mede to correlste with these detaile,
some studies slresdy published by the writer and others iﬁ-or&er
to fecilitale 2 summary of the deate on this phese of the Grigr:-rd

ressent.

TEAPERINPETAL DA
The spparatus end techniocue were essentially the same as
»thaae described iully under Pert I. The conditions under which
the reasctionse were carried nout were slso the seme, with the
exception that the resctions were ususlly staried in two to
five minutes =with 20 drops of the hallide and & orystul of lodine
in 7.5 ce. of ether. The reactions were usually concluded Ly a

fifteen minute period oi slirring snd reiluxing siter the re-

¥

action had spperently ended.
The results nf these studles sre summarized in Taide 11
snd are morve fully discussed under the hesaings ol the various

Grignerd remgent rollowing Ta¥le [1.
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gtﬁngylmagneaium Dromide

The ylelds of 94.0 end 79.2% given under "A~-" and "B=
conditions® in Table II are taken from a previous stu&ylg.

Regently, in conneotion with the preparstion of some die
n-butylmercury, seversl one mole runs of n-butylmesnesium
b?@&iﬁﬁ were made. In these runs one egquivelent of ordinary
magnesium turnings, one equivalent of helide and five equi-
valents of ether were used. The magnesium was covered with
100 cc. of ether and to this was added & co. of helide end a
crystal of iodine. %ith this amount of helide in 100 cec. of
ether, the reaction started immedistely, and when B cc. of
halide was used, the remction started vigorously.

After the resction had been started, the rest of the
halide, in 400 co. of ether, was added as fest as the condenser
would return the ether vapor to the solution. 7hen all the
halide hed been sdded, the resction rpparently ended in ten to
fifteen minutes. The reasction mixture was then relluxed sand
stirred Fifteen minutes longer.

The yield of one run in which the hslide was sdded over a
period of one hour and thirty minutes was 96.0%. In two runs the
halide was sdded over a period of one hour. The yields of these

two runs were 92 and 95.6%, respectively

tert-futylmapgnesium Hromide

The yields of £6.1 snd 17.8% given under "A~" snd "Tecon=

ditions™ 4in Table II are taken from a previous stnﬁylg.
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Since then, s study was made of the comparamtive yields of
lert-butylmagnesium chloride, bromide and indide with three
egquivalents of fine megnesium. The helide was sdded over s
period of one hour. The yields ni the above Grignard resgents,

in the order nemed, were; 85.6, 66.6 and b56%, respectively.

Laurylmasnesium %:omx&e ‘n‘cllgizﬁﬁBr) |
The be pe of the halide used was 145~14?° {12 mme). The

yields under "A-" snd "B-gonditions™ were 85,5 end 74.%%, rese-

pectively. The yield previously reﬁcrtaﬁggg we8 78575

Cetylmagnesium Lromide (n-C, .H,.MgBr)

This work wss done several years Bgo. There is no record
a8 to where the halide was obtsined. The halide was probably
used without distilling it first.

4 0,035 mole run wes made with six equivalents of ether.
The halide wag sdded over & period of thirty minutes. The
vield wae 79.6%. Another run of the saeme size was made in
which twelve ecuivelents of ether were used. The halide was
added over & period oi forty-five minutes., The yield in this

case WaS 72 6%

Aliylmagnesinm Bromide

This Crignerd resgent was first prepared by Cilman end
MeGlumphy®® in s yield of 90.5% when 0.5 mole of the halide
was added over & period of two hours. Three egquivalents of

20 mesh magnesium were used.
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Buten-Z-yl-magnesium Promide )CH

This Grignerd reagent was prepared by Dr. T. B. Towne4?,
A 0,025 mole run was made in which 0,028 stom of ordinary mag-
nesiam turnings and twelve instead of the>asual six equivalents
of ether were used. This increased amount of ether was used so
that the resction mixture could be vigorously stirred. Other-
wise, the gonditions were essentially those of "A-conditions”.

The yield was 100.8%

Cyclohexyimagnesium Eraﬁiéa

The results in Table II, on this Orignard reagent, are
taken from a stu&ylg slready reported. This Grignard reagent,
in connection with the corresponding RigCl, is fully discussed
on page 6 of this thesis.

Benzylmegnesium “romide

L0 ;
The b. p. of the halide used was 84-86 . The ylelds of

two runs under "A-conditions"” were 93.3 and 9z .5%, respectively;
ané of two runs under "Beconditions”, 87.4 and 88.6%, respec-

tively.

p-Methoxybenzylmegnesium Promide

This Grignerd reagent was prsp&r$d44 in & yield of B4%.
A 0.0216 mole run was mede, sdding the halide over & period
of thirty minutes to three equivalents of fine magnesium powder,

while the reaciion mixture was refluxed and vigorously stirred.

4%. U, B. Towne, Ph. U. Thesis, Iows State College (19E2)
44. Gilmen end Poellner, Pull. soc. ghim., 49, 2326 (1951)




n%lu

Tith ten to twelve equiveslents of the msgnesium, the yield

eould very probebly be mueh incresped.

gé—Ehenglathglmagaeaia@mgrgmggg

Erause and ﬁehl@ttig‘ﬁ used this Grignsrd resgent for the

preparation of ergaﬁelea& compounds. In their report, a state-
ment was made that an excess of this Grignsrd reagent wes nec-
eseary becsuse its yield was low,

" The V. pe of the balide used was 99-100° (156 mm,). Under
"A-gonditions®, the yields of two runs were 88.6 snd 90.0%,
ﬁea§eetively; with two samples of undistilled halide, the yields
were 86.5 and 87.8%. Under "Peconditione”, the yield of one
Tun was 77.5%

Witk one and one-tenth equivalents of fine magnesium, the
yields of two rune were 88.8 snd 89.4%, respectively; with two
qaivglentb, 90.%%, end with three equivelents, the yields of

two runs were 90.1 and 92.5%, respectively.

o ~Methyl-Y ~totrahydro-2-furyl-propylmagnesiun Bromide

This Grignard reagent was recently prepared&ﬁ with fine

magnesium in s yield of 94%.

~Cymylmegnesium Bromide 1,2,4-( CH.;)-Mg‘%r-[( CHp)pCH IC4H,
The halide used had & b, p. of 115*11? (15 mm.). The

yield of & run under "4~conditions” wes 86.74: Another run

was made in which the resction was concluded by s forty-five
minute period of refluxing instead of the nseual fifteen minute

45, Krsuse and Schlottig, Jer., 62, 1281 (19Z0)
46, 3ilmen and Dickey, J. Am. Chem. $Soc., 52, 2144 (19:0)
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period. The yield was 87.3%. Under "B-conditions! the yield

was B82.7%.

o-Hethoxyphenylmagnesium Bromide
The halide used had a b. p. of 102° (1% mm.). Under "A=

conditions” with undistilled halide, which was slightly eolored,
the yield was 98,8%. The yields of two runs with distilled halide
‘were 99.2% mnd 99.4%. Under "Beconditions™, the yields of twso
tand were 96.0 and 96,674, respeetively. i

In the sbove runs 60 cce of henzene was used 28 & dlluent
before removing samples for anslysis. Since no two layers fgrmeﬁ
with 0.0 mole of this Grignard resgent in 3b co. of ether, a run
wes made in which 60 cc. of ether wee used as a diluents. The
yield was 98, 8%,

The re&etian of this Grignard starts slowly with 20 drops
of the halide and a orystsl of iodine in 7.5 c¢c. of ether, It
ig better to use 40 drops of the halide instead of the ususl 20

drops to start the reaction of this Grignara reasgent.

p-Methoxyphenylmagnesium Rromide

The m. p. 0f the hslide used was 12° Under "A-conditions"
the yields of two runs with undistilled halide were 88.2 and
88.3%, respectively. With the distilled halide, the yields of
three runs were 90.2, 91.2 and 91. 8%, réegeetively,' One run
was msde in which the resction was concluded by forty-five minute

period instesd of the usual fifteen minute period of refluxing.
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The yield was, haw&vex, not improved.

The yield of one run under "Buoonditions" was B2.6%.

Since s solution of this Grignard resgent formed two lavers,
60 cec. of benzene was used as a diluent before samples were re-
moved for anslysis. A run was, however, made in which only ether
was used as & diluent. The yield of the Grignard reagent in the
upper layer was 50.1%. This shows that this Grignerd reagent is
soluble in ether to the extent of approximately 0.02 mole per
100 co. "

Avout 40«50 drops of this halide in 7.5 cc. of ether must
be used to stert the reaction in the usuel time required for
organomagnesium bromides {three to five minutes).

The yields of two runs with one snd one-tenth eqni#&ients
of fine megnesium were 95.7 and 97.4%, respectively; and with

two equivelents, the yield of one run wes 99.5%,

o-Ethoxyphenylmagnesium Bromide

The halide @as prepared by Mr, I. J. Shemes. No data of
its preperation is given in his report, except that of the b. p.
which was 184-126° (29 mm.). The halide wes redistilled, b. p.
112% (17 ma.)e The yield of one run under "A-gonditions” was
98.07% and under "Beconditions” the yield of one run wes 98,5%.
In thege runs 60 co. of benzene was agein usged ss a diluent.
T™his was evidently not necessary for two layers wefa not formed

with 0,05 mole of this Grignard reagent im ¢b cc. of ether. The
yield of one run, using ether es & diluent, was 99, b
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About 40-50 drops of this halide in 7.5 cc. of ether should
Le used to start this Grignard reagent.

p~ithoxyphenylmagnesium kromide

The b. ?. of the helide used was 113~11@° {1¢ mo. )y 8nd
the m. p. was 9.10°, Under "i-conditions™, the yisld of a run
with undistilled heslide, slightly colored, was 75%, and the
vield of snother run with undistilled halide, colorless, was
84.8%. The yields of two runs, with distilled halide, were
84.2 snd B4.8%, respectively. Under "Beconditions", the yield
of one run was 78.5%.

dince two layers were {ormed with 0.0F mole of this Grignard
reagent in &b cc. of ether, 60 co. of benzene was used a8 a di-
luent., One run was made in which ether wes used as a diluent.
The two layers dissppeared end the yield was the seme as when
benzene was used.

About 40«£0 drops of the‘hali&s in 7.5 oce of ether should
be used to start the reaction of this Grignard reagent.

7ith one and one~tenth equivelents of fine megnegium, the
yield of cne run was 9%.0%, and with two equivslents, the yleld
of one run wes 96.2%. The yield may be quantitetive with three

equivalents of fine magnesium.

p-Ilromopbenylmagnesium romide
The halide used was recrysisllized from ether, The m. p.

then was 87-88°. Four-tenths g. of the halide wnsz used to start
the resction in 7.5 eo. of ether. After the reamction had started,

the ususl 7.5 cc. of ether wes added to fully cover the magnesium.
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Twenty-five cc. of ether had to be used with the remainder of
the halide, btecause the 15 cc. ususlly used d1d not dissolve
the halide. The rest of the procedure was essentially that of
the "A-conditions®, Since two layers were formed with 0,05
mole of this Grignard reagent, 60 ce. of henzene was used as

a diluent bvefore removing ssmples for analysis. The yield of
one run under these conditions wag 108.%%; and the yield of
one run under "Be-gonditions™ was 99.8%.

4 Tun was made in which 60 ce. of ether wss used as a
diluent, Ths yield of the Grignard resgent in the ether layer
wes 782k,

©  With two and one-tenth equivalents of ordinary magnesium
taxningﬁ; the y1e1§‘§f one run was 112.5%, and when the time of
adding the halide was extended to one hour, the yields of two
runs were 115.1 and 1}5.%%, respectively. Another run wes

mede in which the time of adding the halide was extended to

two hours. The yield was 117.%%

Recently, & studyi? was made of this Grignard resgent
uping sctivated copper-magnesium alloy. This work includes

roeferences 1o carlier studles.

p-Chlorophenylmagnesium Promide

The helide (m. p. Gﬁmﬁégi was not resrysitalliszed since it
was evidently very pure. The resction wes started in the same
manner ag that given for p-bromophenylmajmesium “romide. The

usual 15 cc. of etber used with the msin portion of the halide

47. Gilmen, Besber and Jones, Rec. irav. chim., 48, 597 (1929)
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was sufiicient tc dissolve the halide. Under "A=conditione",
the yields of two runs were 94.7 und 96.9%; and the yield of
one run under "Beconditions™ was 91.25. Two layers dic not
form with 0.06 mole of this Grignard respent in 385 oc. of ether.
Yhen this Orignard was exposed to the siy, it showed & high

degree of luminescence,

I-Diphenylmagnesium @xamiﬁg{(p-cégsgé§5@58r)

The m. p. of the halide used was 929, and since it was
evidently very pure, it was not reerystellized.

4 run was made under "A=-conditions™. The resction had
seemingly started with 0.68 g. of the 11.68 g. (0.05 mole)
usods. The remaincer of the halide reguired &b co. of ether
to dissolve it., Since the resction mixture 4id not bhoil,
external heat was applied while the main portion wans added
in the usual time of thirty to thirty-five minutes. After
2]l the helide haed been added, the reaction mixture wes stir-
red end reifluxed for forty-~five minutes., The reaclion mix-
ture now hegsn to turn brown. This was probably the time the
resciion hed really startsd. There now was enough heat evole
ved to keep the reasction mixzture boiling Yut net enough o
cause refluxing. The rescltion mixture was rerluxed and stirred
three and one-halfl hours longer. JDuring this time the color
of the resotion mixture changed from brown to a reddish brown
and &t the ssme time & grey precipitate begen to form. This
grey precipitate did not disesolve when 60 ce. of henzene was

used &8 a diluent previous to the anelysis. "The yield was
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67.5% and the smount of unused megnesium quaelitatively supports
thgnyield.

The next run was made more or less under "Beconditions”.
The halide wee dissolved in 40 ce. of ether and this solution
was plaged in the reasction flask with all the other resgents.
After adding s crystal of iodine, the reaction mixiure was ree-
fluzed for fifteen minutes. 3Sinee. the indine color had not
disappeared, 0.26 g+ of the setivator prepsred by M¥r. R. He.
Kirby {rom fine magnesium and iodine in benzene was added. The
reaction mixture was now stirred and refluxed for six hours.
Iaring this tize, the color of the reaction mixture changed to
& pale green, then to s brown end finaslly to a reddish brown.
The yield was 7bi.

“he next run was made with one &#é aneaienth equivalents
of fine megnesium. A4n sttempt wes mage to start the resctiion
with lodine slone. The resction could, hsw&vér, not be gtarted

by refluxing for one and one-half hours., The recction was now

started with the sbove sotivstor. Pven with this fine magnee-
iun there wuas not enough heat evolved to cause the resctlion
mixture to reflux. 4s in the last run above, there wes only a

very slight evidence of boiling. It wes reifluxed snd stirréﬁ

g
for six hours. The yield was 76.77.

fThe solution luminesces strongly when the benzene is added
88 & diluent. 7hen exposed to the air, the luminescence is
sbout as strong as that shown by pechlorophenylmegnesium bromide.

More work should be done on this Grignard reagent, FPerhaps



sn ultimate yield of 75-77% can le obtained retween Your and
gix hours time of stirring snad refluxing. It may be possible
elso to ineresse the yield by & longer period of refluxing and

stirring then six hours.

Mesitylylmernesiwa Zromide Eélé.é—(CHalaCsﬂaggBij

In & recent préﬁﬁr&ﬁ19548 of isodurene (1,2,3,b-tetra-
methylbenzene) from mesitylylmagnesium bromide ané diethyl
suliate, directions sre given for the prepsration of this Grig-
nerd reagent. In a two mole run, ithe reaction was sterted with
approximately 26% of the helide used for the rum. This was ap=-
proximetely a concentration of 60} of the bhalide in ether by
volume. Iven with suech & high concentration of the halide in
~ether, an notivator®® had to be used to stert the reaction.

It hes heen the writer's experi%ﬁce that under the conditions
given sbove, 4=-9% of the Grignard reagent mey be lost as coup-
ling andé disproportionstion products. For this resson, &8 study
was made of the preparsiion of this OGrigrerd resgent, with the
hope of starting the resmetion in & less drastic menner and, 1f
possitle, without the use oi the activatorx.

The halide, heving & b. p. of 107-109% (17 mm.), used,
wap prepsred by kr. Peul H. Van Jss sccoruing to the procgedure

'given in Orgsnic ﬁynthesesﬁgt

48, "Orgunic Syntheses" Vol. XI {1931} p. 66.

49. Gilmen, Peterson and schulge, Recs. trave chim., 47, 19 (1928)
50. "Orgenic Syntheses” Vol. £1 19Z1) 3. 24 |
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After some preliminary experiments, it wos found that the
Grignard reagent could te best prepared in 0.05 mole runs es
now aescribeds. The megnesiuwm wee covered with 16 ee. of ether
end to this wes sdded 81l the halide with a crystsl of iodine.
The reaction was then sturted in the usuel manrer. It took
eight to ten minutes for the iodine c¢olor to dissppesr. Tow
15 cce more ether was sdded. The resciion mixiure was now
stirred without the application ol externsl heat, hut since
there was no evidence nf‘ra&etion, external heslt wss agoin
applied. The resction nixture was now refluxed and stirred
for three hours. The yield was 80.53% under these conditions,
end with & two hour period of refluxing, the yield wae 75465
Zith longe. period of refluxing snc stirring than three hours,
the yield was not improved beyond 82%. The yield of 2 run with
only four eguivslents of ether instend ol the ususl six eouiva-
lents, wes 50.0%.

| Yow several experinents werec msde with aciivators for
atérting the resction of Srignsrd reagents, using 18,759

copper-megnesiumnty

s8lloy (30-80 mesh) and ordinary Z0-80

mesh mapnesiv. The copper-magnesium alloy was obitzined {rom
Dr. 4o P, Tright who prepsred it in benzene snd ether sccord-
ing to the directions of lr. R. H. Kirty. The acliivator go
prepared contained by weight 16.7% iodine, 10.6% copper and
72.7% mepnesium. Twenty-five hundredths g. of this activator

was resctivated hy heating in a test tube by means of & fleme



v/

from & Punsen burner to such an extent that the iodine vapor
formed et firet wae reabsorhed hy the metal snd all the resie
dual benzens was driven off., Thile 8till hot fﬁ@nﬁﬁ?} 1t was
added to the starting mixture as deseribed in the run ahove.
The reaction started immedistely but slowly in cold ether. It
was now reiluxed and stirred for three hours so 83 to make the
conditions comperable with the run described ebove., The yield
was B3.2%. In a second run 0.5 g. of the activetor was used
to sscertain whether or not the yield would be affected Ly in-
ereasing the smount of the sctivator. The yicld was 82.4%.

In s third run, 0.25 g. of plein fine magnesium with = crystal

-of lodine was used to stsrt the resction. 'he resction é&id,

however, not stert by itself in thirty minutes. Adter the
applieation of sxternal hest, the reaction started well in
five mimutés. It was now reiluxed and stirred for three hours,
The yield was 861.7% It is very probsble that the use of this
fine magnesium may find a genersl spplication as a "starter”
for Grignasrd resgenta.

Ome run wasg made in vwhish only fine magnegium was used.
The resction started immediately with 60 drope of the halide
and a crystal of iodine in 10 ec. of ether. Zven with this
fins maznesium, the reaction was so slow that the ether d4id
not boil., The resetion was refluxed and stirred for thres
hours as described above., The yleld was 88.5%.

In & r&eantﬁl gtudy on the gteric hindrance and the

61. Gilman snd Heck, Der., 628, 1579 (1929)
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Grignerd reaction, a yield of 50% was reported for this Grige
aﬁr& rgagant, A 0.1 mole rnﬁ was made. Activated copper-mag-
nesium slloy w-w coed to stert the resetion. It was now ale

lowed to proceed at room temperasture for three bours, when the
reaction spparently cessed. The yield of the scid ﬁeriv&ﬁivé

was 50, based on the Grignard reagent used.

¢§~$§ygyimagn@aium Hromide (CégsggzzcgggBr)
The halide used had a he p. 0of 84° {4 mm.} and & W. Po

of 2-2°, Under "A-conditions" the yields of three runs were
49.0, B0.0 and B50.9%, respectively; mnd under "Hegondéitions"
.the yields of two runs were 4l.6 and 41.8,., respectively. To
start the resction 40=-50 drops of halide with s eryetel of
1odine in 7.5 go. of ether hed to be used. 7ith gentle ro-
fluxing under these conditions, the resotion was sisrted in
six to eight nminutes.

Under the conditions above, @ yield of 47.5% was report-

2o for this Grignard roesgent. ZRupe and Troske®® obtailned

o 62
styrene in & yield of H4% by the hydrolysis of this Grignerd
rezgent. |

It is well %o mention here that & solution of this Orignard
reagent is opague and is very dark colored. In starting the
reaction of this Grignard reagent the appearance of this cnlox
is & good indication that the reaction has set in.

In 0.1 mole runs with three eguivalentis of ordinaxry; mage

nesium turnings and the adaition of the halide over a period of

§2. lupe and Proske, Ler., 43, 1281 (1910)



two hours, the yields were 75=85:; when fine magnesium was usged
ander these conditions, the yield was 85«90, The highest yield
of the scid derivative bg~a&r&angtiam'ﬁnﬁ&r ordinery conditions
was B2 Lately, Dr. o. 7. Horris hes obisined the seid derie
vatives under special conditions of earbonation in avyiela of
over 704, |

39‘far, saventeen Urignard reagents of the styrene types
have been reporited in the litersture but very few of these have
been prepared in sstisfsctory rields. 4s & result of the stndy
reported above, this type of Grignsré reapgent may now be pre-

pered in satisfsotory ylelds.

Triphenylmethylmegnesium iromide
This Grignerd reagent wes regently prepsred by Somberg

58 without the aid of an smetivator. Sixteen and

and ?ach&anﬁ
two=tenths g. of the halide was resoted with 1.34 g. of
.magnesium ribbon in é solution of 26 ge. of other and 5O cao.
of benzene in one hour with thehapﬁiieatiam @f:extﬁzﬁal heat.
- The yleld was 96=97 |

The triphenylmethylmasgnesium bromide can he prepsred
more e@%ﬁaﬁiently than the gorresponding Eﬁgﬁlsy gompound
and in less time. In the preparastion of the latter Grignard
resgent, an execess of fine mapgnesium end t%@ntyafive hurdred-
the of iodine is vequired; asnd it takes three hours to carry

out the resction.
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DISCUSSION OF THD STUDIRS OF ORGANDMAGHTSIUM BROMIDES

Twenty of the commonly used alkyle and arylmagnesium
bromides have been discussed in a previous ﬁta&ylgg The
results of the studies on some organomagnesium bromides less
commonly used, s8 givon above in the experimentsl pert, will
now be dlscussed.

It has been shown above that n-butylmagnesium bromide
can be prepared in yields of 98.0+95,6(% by sdding one mole
of halide to the msgnesium over & period of one hour. Undex
these conditions, the yield of n-butylmagnesium chloride was
95,5% (see page 25 of this thesis). In these runs, the helide
was sdded ag fent ap the condenser could return the ether
vapor to the resetion mixtures, Recently, atu&ieaﬁg have been
reported in which it was shown that good ylelds of pebutyle
magnesium bromide may even bte obiained by adding the halide
at & rate of one mole per twenty to thirty minmutes.

Under oréinary conditione, the yield of tert-hutylmag-
nesium bromide is 26.1%. This yield has been inereased to
66.6%, by the use of excess fine masnesium end slow addition
of the halide.

The yleld of laurylmegnesium bromide (C;qHy,MgBr) under
gtandard conditions was 86.%%, and when the halide wag added
B3« BLorgstrom, Wagner and Orififin, J. Am. Chem. 30g., 61, 1861

(1929)3 Gilmen, ¥4ith L. St. John snd Nine 7. St. John,
Reas trav. g him;,, éﬁ, 595 (1929)



all at once, the yield was lowered 11.0%. Under corresponding

dylg%

conditions, as reported in & previous stu " the-yiélﬁs of

n-propyle, n-butyle, §yamg1u; n-hexy - and ggactylm&gneaiumk
bromide were 91.7, 94.0, 88.6, 92.0 and 86.8%, respectively;
and when the halides were a&éaé all at once, the yvields were
lowered, 9.2, 14.8, 15.4, 14.8 and 15.9Y, respectively. In
consideration of the above date, it 1s evident that the yields
of nealkylmagnesium bromides decresse only slightly as the
length of the alkyl radicel is incressed. The yield of cetyl-
megnesium bromide {clﬁﬁagﬁgﬁr) was 72.6~79.6%, but since this
Grignerd rssgent was not prepared under stenderd conditions,
the resulte can not be considered in the above discussion.

Allylmagnesium chloride snd bromide cen now be prepered
in yields of 90% with excess of fine magnesium and slow addi-
tion of the halide. It is not advised, hewave:a to replsce
the Righr compound with the BMpll compound, in genersl lebe
oratory prectice, since the latter compound cen not alweys
be successfully prepsred, due to the faet that its resetion
mixture often sssumes 8 colloidel state. 7hen this happens,
the reaction san not be completed. |

The yield of benzylmsgnesium bromide under eééin&rg condi-
tions snd with ordinary megnesium turnings was 98.4%, while with
an excess of fine magnesium and slow sddition of hallde, the
yield of p-methoxybenzylmagnesium bromide was only B4%., The
sorresponding RigCl eompound of the latter cen Very probably

be prepared in & much betier yield.
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*m:men%wmwwwwt. w;awﬁwwt' O and p-nethoxyphenyl-, o« and
p~ethoxyphenyi~, p-bromophenyle, mwawwamowwmwww:¢ p~8iphenyle,
a@m»ﬂ%wwwt wmwﬁmtmw%www%mmmamwﬁ& tromide have been memwwam in
mwaawwmwa yields either under ordinery or speciel conditions.
The ahove aaﬁwaﬁmnm contein hydroearbon radicsls that are impor=
tant in &wmﬂwwwummw work of organic chemistry.

0f the above Grignard %mwmwawmu more work shounld be done
on the reaction of wwmwanwawmwa@s@,ﬁmwwtammﬁwmwﬁao The results
of the experimentsl part on this uwmawwam, above, indicste that
1 ﬁwxﬁﬁua of the mono- snd dimagnesium mwcﬁ»mm;»m formed, since
the reaction mixture separates in aﬁmvwwﬁﬁwm layers. Under
givon conditions, it was found thet the combined yield was
102.8%, while the yield in the ether layer was only 78425
It is the writer's opinion that probably only the mono-megnes
iunm mwaﬁam@ dissolves in ether and that sll the dimsgnesium
bromide is maﬂam,wm the lower layer, when the reaction mixture
is diluted with ether. Mm this is true, cach of the Grigusrd
resgents could he ﬁ@mw svailsble for specific purposes Ly
simply separating ihe two liquid layers. It must be ascertsine
ed by experiment ﬁﬁmnﬁwu aa.nmw the alove suggestion is practie-
gale | o | |

Parthermore, it may be poseible to increamse the yield of
the di-Grignard reagent by a@aaéww%,aw@,waﬁﬁn layer ss it is
formed. It is the opinion of the ﬁﬁwa@ﬁ.;wmmmw on the experi-

~ence of wumﬁwawwm di-Grignard reasgente, that the thick and



viscous lower layer either scis as sn anti-catalyst or prevents
good contact of the R{X)igZ compound with the maegnesium.

The substance o1 the work on the preparstion »f orgsnomage
neslum bromides (involving the use or the mcid titration method
of analyeis) aslready published hes been included in Table II
snd in the experimentsl details Iollowing that teble. This was
done to facilitate @ comprehensive view of this phase oi the

Grigusrd reageut.



PART ITIe CWUAITITATIVD STUBISS OF 80T 0RSATOMANTLSIUY INLIDIS

IRTRODUCTION
Since very 1little work has been done on the preparation of
organomagnesiam lodides ander genersl and special conditions,
gtudies have been mode of some of the typical compounds. The
regulils of these studies sre now given in detsil, an efiort has
been nmade to gorrelate with these detsils the rosults of a few
gtudies roported in the literature in order to fancilitate a

summary of the date on this vhase ol the Orignard reascent.

PEPERIVTNTAL PART
The spparatus and technioue werc essentially the same as
thode described fully under the Txperivental Pext of Part 1.
The conditions in penersl under which the roesctions were carried
out are those given in the experimental part of part Il.

In general, the reactions of the organomsgnesium iodides
gtarted lese readily than the rezctlonsg of the orgenomesnesium
bromides but with grester ease then the reactions ol the orgence

mapnesiun chlorides.

The times of spperent reactions, after all ithe helides had
been adéded, under "A=" a2nd "Begonaitions™, for the slixylmagresium
lodides, were approximately those oi the corresponding Uighy

aﬁmymamﬁs'g. The work on the slkylmegnesgium iodides wus done

bt

before the value of such data was realized.
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TABLE III

SUMMARY OF THE QUANTITATIVE STUDIZS OF S0ME ORGANOMAGNISIVE

% Yields

I0DIbES
Lrop of Y1 Time of

of Rilgx o
B Congi-
Iodide tions
A
4 Methyl 4 90.% 90.1
4 mtaga 87.5 7846
¢ n=Propyl 80.7 7l.4
& be=Putyl 80.1 62.0
2 Egzzf%utyl E*~~~ -
/ n-Amyl 78,2 6842
‘ giﬁgfﬁexyl( 59.5 e
- n=Heptyl 64.3 wmm-
- n=Octyl 4402 wmmmm
A peNonyl  66.2-70.7 ==
n=Leoyl £lel+58.8 ==
p-Undecyl 69¢8=71sb ~=
fd; Getyi —— m——
4 ¥henyl 86,6 7248
a%%7 2~TFuryl 87.9 86.6
J 2-uethyl-
 BeFuryl  89.9 91.3
CCW -TThienyl 9846 99,7

Tield Apparent % Yields of
Under™ B~ Reaction RilgX Ungder
Condiw Under A~ ,B= Jpecial
tianﬁ , Gigaitiégs Condi tions
0.2 e 90.2-91,7
9.0 — —— 90.0=92.4
9y ——— m—— —————
18.0 w—nn - o e
——— ——— mm—- 56,0
20.0 ——— oo .
| -~ - " g )
o o - —— 69=-77
1c.2 8 min 15 nin Y2=94
1.8 19 30 GEs 8050
0.0 b 18 o
0.0 8 15 -

For explanation of notes; Bsee prage 10;

é

see page li.

e
' see page 11
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Hethylmegnesium Iodide

The he pe 0f the halide used wng élg‘ Under "iwconditisns”
the yield was 90.5% snd with undistilled helide, 88.4-90,0%,
Under "Beconditions" the yield was 89.8-90.4%.

%ith one and one~tenth coulvalents of fine magnesium, the

yield was 90.2-90.5% snd with two cquivalents, 91.7%.

Ethyimsgnesium Jodide

The b. p. 0f the hslide used was 71°. Under "A-conditions”
the ylelds wers 85.5, 86.2 and.87.2%. “hen the halide was added
over & period of one hour, the yield was not inproved. With
undistilled helide the yield wus 84.5-87.8%. Under "Beoconditions”
the yield was 78.3=78.6%, ’

%ith one end one-tenth equivalents of fine magnesium the
yield wes 90.,0%. %When the halide was sdded over a pezicﬁ of
one hour, the yield was not improved. Vith two equivalents,
the yield was B8.47.

Yields af‘ﬁéﬁgﬁ%ggﬁ have been reported for this SGrignard

reagent.

n-Propylmagnesium lodide , ‘

The be p. 0f the distilled halide was not recorded. It was
probably,lﬁﬁﬁlﬁla, sccording to the Zastman Kodak Co. catalogue.
Under "A=-conditions™ the yield was 80.6-80.8%, end under "B
conditions", 71.4%. | | .

4 yield of 79.4% has been reﬁarteéage,
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n-futylmegnesium Iodide

The be p. of the h&liée used was 128.8-120°. Under "A-
conditions” the yield was 78.5-80.45, sand v th undistilled
halide, 79.4~8l.4%. Under "D-concitions" the yield wae 61.8e
62485

1

Under "ad~conditions” yields of 65.2 i

and 85.601° of thig

Grignard reapgent have been reporied.

tert~butylmagnesium Iodide

It is doubtful that this Grignard resgent csn be prepared
with one and one~tenth equivalents of ordinasry megnesium turnpe
ings. It hes, however, heen prepared in s yield of 56.07 unier

specisl conditions (see page 38 of this thesis).

gp&mylmagnesium,zoﬁiﬁe

The halide (be pe 154-155°) used wes obtained from Testman
Kodak Co. in compliance with en order for a fresh and pure sample.
The halide so obtained was colorless end was used without re-
distilling it. The yield of & run under “"A-condiitions” was 78.2%
and under “Beconditions', 58.2%.

| With old helide, but redistilled, the yields were 4-8 lower
then th@sa‘given above. |

4 yleld of ?é.%%zge hes been reported for this Grignard

n-Hexyle, neHepiyle, n-Ootylmagnesium Iodlde

The yields of these Grignerd resgents reported in the order

: 22 L REC
named sbove were; 59,522“, 64.35 & 8nd 44+2% .



n-Yonyle, n-lecyl- and n-Undecylmegnenium Iodide

Sixteen g. of easch of the hslides used were odbtained from
Frenkel and Laudau.

Hone of the hallides was distilled becsuse only twe 0.026
mole rurs could be msde with the sbove emounts. 0f these
helides, the decyl indide was elightly colored but the rest
were colorless. The yields of the Orignard reagents from
these healides were:

n-Fonylmagnesium Iodide 6642 and 70.70
n-ecylmagnesium Iad;ﬁa Bl.l " bBU.8
n-Undecylmognesiovm Joaide 69.5 " 71.B

Cetylmagnesium Yodide (n-Cy HuMgl)

The helide was not redistilled. There is no record as
te where the helide wss obtsoiued.

Several 0,025 mole rurs were made in which twelve equi-
vaulents of ether were used. The haelide wap sdded over a period

of forty-five minutes. The ylelds ranged Lrom 695 to 77.

Pbquimagpesiﬁm Iodide

The b. p. of the haliée’agéé wa B 359 {12 mme e Under "=
eonditione” the yield wes B5.6~85.7% and under "Peconditiorns”,
71.8-72.8%. 7

%ith one and one~tenth eguivalents of fine magnesium, the
yield was 92% end when the helide was sdded over a period of
one hour, the yield wae 94%. 7ith two squivalents (adding the
halide in the usual time) the yield was 93.4%.
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4 gislg of ﬁﬁﬁﬁﬁggg'ﬁﬁs\%@em reported for this Srigvard
roagont.

“he time of spperent reection, aiter all the halide hed
heen sdded under "legomditlons®, was sight sioutes, ané undsx
“regondiiions” the time wos thirisen ninutes. There periods
of spperent resction, siter sll thoe helide bed boen ndded,

were lound o be the sawe Jor phengimsgnesiam romlide.

The halide —=as prevared poonpding fo the diregtions given
in s roegent aﬁaﬁ%ﬁg on Z=Daryk iodide and the sorresponding
Sricuard reugents The e Pe 07 the halide uged %ﬁﬁ‘ﬁﬁﬁé?ﬁ
{10 muele Under “iegmmditions®, $he yislde of three runs
were G%.4, 0.0 gnd 00.5% The resotion wes started witk 40
&rops of halide {inetesd »f the usual 20 drops) in ithrec teo
five nimates in the uonsl manner,. The recotion was coneluded
with » foriyefive Lfngtesd of the usasl fiftesn smamute porind
of atirring and refiuxing after the recsotion hed spperontly
geegod.

Uoder "Begonditiong®, the yicld of one run wua Bled e

#ith two snd three eguivaients of ordinsry segnesimm
tornings the yields were 98.8 snd 95.8), respeciivelys. 7Fith
one snd one-tenth eguiveients of fine msgnesium, the yields
of three runs were T4.4, 58.1 and 86,7, recpectively snd
wilh twe eguivelents the pislée of four runs were 90.8, 92.0,
Gheb and 90

§4e Cllonsn, dsllory and Tright, J. 3
{1922)
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The residues of this Grignard reagent were found to he
inflamma¥le in alr. This fact hes already been reported by
Gilmen, Hallory and @rightﬁé, who first prepared this Grignard
reagent. They obtoined this Grignerd reagent in & yield of 95%
using fine magnesium powder.

The above date are taken from s study with re. He E. Hsllory
on the comparative yields of phenyimagmesinm bromide and iodide,

and ZeIinrylmamesium iodide.

g-lethyl-Befuryimacnesium Jodide

The halide was propared by Ifr. 3. R. Turtner. “he b. »p.

of the hslide wes H4° (12 mn.). Under "hwgonditiong™, tho yield
was 89.9% and under "Begonditions®, 91.%7%. Another run waz made
under "Meconditions™ in which #11 the hallée wao placed in a
flask with the ether and msgnecgium. The reaction wag started

in the ususl menner with a crystsl of lodine snd the spnlicstion
of external hest. After the resction had started, it bec me
very vigorous snd was apparontly completed in two or three ninu-
tes. The reasction mixiure was now gtirred end reiyluxed .irteen
minutes longer.

Much white precipitate had formed in this run. There was
no precipitate iormed in the runs sbove. An anslysis of the
ether layer gave a yield of 17,0%. The residue showed & positive

bb

test with liichler's ketone™ « The precipitate wos now dissolved

in 40 cc. of benzene and 40 cce. of ether. The yield in thisg

55. Cilmen end Schulze, J. Am. Chem. Znc., 47, 2002-2005 (1925)
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solution was 20.2%. Sinee this halide, 1ike 2-iodofuran, is
rather unstadlle, 1t may be poesidle that s decomposition of
the halide began before the resction was started. The first
two runs of this Griznerd resgent were made immediately after
the halide had been prepared. The last run was made from the
same halide whioch had been kept in the ice-~box for three hours.
The Grignard reagent from the above runs was given to
Hr. HZ. 3. Burtner. He hag no record as to whether or not the
rosidues of this Grignerd reagent were inflarmable. According

to his memory he believes that the residues were inflammabvle.

2=Thienyimapnesium Jodide

The halide nsed was prepared by br. 3. B. Towne scoording
to the directions in Orgenic aynthaaaaﬁﬁ. The b. p. 0f the
helide was 182-182° (atm. pressure) and 74~76° (15 mm.).

Under "A-conditions®, the yields of three runs wsrs 98.0,
98.4 and 98,8%, respectively, snd undsr "Beconditions™, the
yield of one run wag 99.80. The resction wos startod with 40
drops of the halide in the usual msnner in five minutes.

Thig Grignard resgent haa dbeen prepsred, spparently, in
quantitative yields by Schlenk sné Ochs®?. They obtained the
acld derivative in yields of 86-1007.

In the preparstion of thiophene derivetives of thalliunm,
silicon, bismath snd tellurium, Xrause ond E&n@&ﬁzﬁa found
66. "Organic Syntheses", Vol. 12, (1932) p. 44.

57. Sehlenk smd Ochs, Rer., 48, 676 (1919
68, Krause and Renwsng, oer., 68, 1710 (1929)
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ISCUSSTIOR OF THT STUDITS ON CORGAVDLACH SIUM INLIL TS

o

The yields of the alkylmsesnesium iodides (see Tabls III
of this thesis, pase 58) under ordinary conditions were lower
than the correspondaing Rugll and Rlighr eampaumaslg {see Tables
I sno 11 of this thesis, pages 14 ana &7). This was slso the
case when the halides were added sll st once, with the exception
of methylmesnesium iodide.s The yleld of this Sripgnard reavent
was not wifected when the halide was addsd all at once.

The view of the above duta and thst given under "iiscussion
of the 3tudi:-s on Organnmagnesium Chlovides" (see page &4 of
this thesis), 1t is desiraile, in general, 1o use the slkyle-
meznesium chlorides in preierence oi the aligylmamr sium bromides
and iodides, with the exception of methyle and ethylrammosium
ehlnride. The prepsrstions of methylmassriesium chloride znu
bromide and ethylm&'é&sium chlorice are incnuvenient leerusze
the hslides ueed ir the prepsration of these Irisnsrd resncents
are gazes ot room tempera’ure. Ethylmsgnesium hromide can he
prepared under ordincry conditions sna should he used in pre-
ference to the Riugl comprunces in view ou ths data glven under
"Genersl Iatrouuetién" (see pauges 1-8 of this thesis) on the
comrarative utility o1 the Rdgll, g 'y snd  Riigl compounds.

It is sdvisable to call attention ts the study by Tredte
ﬁavalabargg on the enolizing actlion of cumphor by metnylmegnes-

imn chloride, bromide szne inuide. Acoorairg to the above study



{see page 9 of this thesis) the Chngaav»ierewitinaffsg

valuos
for setive hydrogen of comrvounds, which exist in enel ané keto
forms, will very with the methylmasnesium haslides used.

The yields of Z2«furyle, Z-methylebe and Bethienylmapnesge
ium iodide were higher than that of phenylmesnesium iodide
under ordinary conditions. 7hen the halides were added 2ll st
onece, the yields of the former RUEgl comyounds were not lowered,
while the yield of phenylmegnesium iodide under these conditlions
wasn 10@@:&&'13.2%. The time of apparent resction after sll the
halides had been sdded in the runs of the above furyl- snd
thienylmagnesium iodides when compared with the time of apparent
resction of phenylmegnesium iodide and bromice (see Table III,
page 58 and slso page 61 of this thesis) indicate thet ihe furyl
and thienyl halides are lesg reactive towards magnesium than the
gorresponding sromstic halides.

- Copper-magnesiwn slloy had to be used to prepare the Grignsard

61' Tt ig known

reagents of 2~hremof&raﬁéo and 2,b-dilodofuran
that the corresponding halides of henzene resct easily with
ordinary magnesium turnings.

Zrause and Renwanzﬁg found that the resction of f-hramo-
thiophene with mapnesium was much slower than the 2-iodothin-

phene, According to the time of apparent reamction, as stated

59, Chugsev, Rer., &b, 391& (1902); Zerewitinofi, Bee., 40, 2020

(1907) .
60. Shephard, Vinslow snd Johmson, J. 4m. Chem. 59C., b, 208L

1950 . i
61. &%1&&% end Tricht, Iows State Coll. J. HSei., 5, 8b (1921)
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above, 2~iodothiophene reacts slower with maghesium than bromo-
and iodobenzene.
| The date above show thst the halides of fursn and thio-
phene are less resctive towards megnesium thean the corresponde-

62  ihe

ing arometic helides. Accoruing to Gllman and Towne
lesser resotivity of the sbove furan helides, es compared with
the corresponding sromatic halides, mey bhe depignated ss e

saperaromatic property of the shove fursn compounds,

62. Gilman snd Toune, Ree., trev. chim., £1, 1054 (1922




PART IV, GUANTITATIVG STULITES OF S0MY ORGANDLITHIVL COLIOUNLS

IETRODUCTION

In & reecent studygva

s+ it was shown that orgsnolithium
compounde, first prepared directly from the halides by Zlegler
and Qelgﬁiaaég in a sesled IZchlenx tube, could be yxepare&
conveniently urder the condition and in the apparatus generally
used ior the preparution af Grignard reagents. Gince the metal
is vasgily sttacked by the oxygen of the air, it wes, hnvever,
fourd necesssry, in genersl, to earry ont the reascliong under
Gry nitrogen. lore recently, a study has heen rﬁvnrtﬁa?gb
on the preparation »f more then twenily orgarolithium eompourds
from alkyl snd aryl halides, in good yields. In eontinuation
of this wnrk, studies have been mede on the prsparation of
methyl-lithium from methyl chloride, and n-butyl-lithium from

n-tutyl inaide.

FXPERIMANT 2L PART
The preparation of methyl~lithium from the methyl
chloride was carried out in s ﬁzaetiegl gized run, under the
conaitions snd in the apparstus used for the preparation »f
methylmarnesium chloride, as described above (see page 1b of
this thesis). The reaction oi p~tutyl lodlde with lithium
was carried out essentislly under the "C~conditions™ sg dee=-

oribed in & previous a%aéy35b~

6%. Ziegler and Colonius, inn., 479, 125 (1920)
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The Prepnrvation o Hethyl-lithium from llethsl Ckloride

The prepsrstion of this organsiithium compound was corried

oudt in & O.f mole run, In scoordence with the advies glven in

2

¥yl 4.

z previons study  , tern ivslosd of the nmeusl six eauivalients
of ethey wso usude

*iter 1the reasction flask wes swepl outl with dry nitrogen,
160 ose o5 ether wop sleged in the flaeke 2ext 6.9 go (1.0
stom} of lithium in the form nf 226 ohips w8 udded, as desoribe
e8d pr&#i@uﬁiyﬁzh. The halide obisined from Schering-iahlbeus
e ﬁi,‘iﬁ genled glaess taubes, was added in the nanner as dese
erived in the prepavation ol methylmosnesiom chlorvide relerred
to abtove. Tow the B0 mu. meroury trsp wes atieched to the exit
af the oondensey aiter buving wermed the wsontents of the {lsek
to ﬁﬁ”‘ After the piirrey was slerted, the externsl hest =es
glowly withdrewr (but not enlirely wvemoved) snd st the sexe tive
the pmseosus hnlide wee sllovwed %0 entor ibe renmctionm mixtare 1eg
am, heneath the suriszge of the ether, In this monrer, the re-
sotlion started immedintelys 7The sxterpsl heal was row entirely
removed apd lhe reaction fleak woe surrounded with un lecwwaler
hathe The tempersture nf the Yesction miz‘ure was egontrolled hy
the raizing or lowering of ithe bath. In this way, the halliae woe
gdusd ns inost op 1t clotilled from its eontainer, wiick bad bveen
removed from ite conling bathe 7Thile the resetion ithus proceeded,
& proasurs oI 040 mu. o0F the helide in the system was malntained

by mesns of conlrolling the fempersiure, ¢z stabed above.
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A8 soon as the renctlon wrns well started sand urder cenrtrnl,
the rest of the ether, 850 cc., wus sudeé hy means of the drop-
ping funnel attsched to the spparatus. The rate of adding the
ether was dependent on the proper control of the temperature
snd pressure of the reseiion mixture by its cooling omth. Under
these conditions, the mein portion of the hslice was added in
thirty to thirty-iive minutes.

It was not always nossible to control the tempersture and
pressure to such an extent that there was no loss of halide
through the B0 mm. mercury trap. Any helide ‘hat overflowed
through this mereury trep was caught in a Schlenk tube snrround-
ed by & cooling bath similar to thet nsed for the tube contrining
the halide, In this menner, shout 1 ec. of the halide +that nver-
flowed wes recovered snd this #ns Ilofer added to the resmctiinnm
mixture. |

After rll ihe nrlide had %eeﬁ added, which took ~ne hour,
the reonction was sllowed to proceed until the pressure oi the
gsystem becams ecsusl to the stmospheric pressure as the cooling
hath of the rescition flask was slowly removed. It renuired
thirty minutes for the pressure in the reaction iiask to be-
gome equal 1o that of the stmosphberic pressure. The resction
mixture was now reiluxed and stirred one hour ilonger in &c-
gordnnce with the airections ziven in & previous gtadyaga.

The 50 mm. mercury trzp was next removed and the reaction

mixture was reiluxed and stirred another ten pinutes 1o remnve
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any wurusged halide, The resction mixiure was row gooled under
nitrogen and enulysed in the usual manner.

The smount of halide used in this run wes 26.1 g. {(0.509
mole}s The yield of methyl-lithiws *ased on the helide, was
85%, and besed on the Lithium, since it wrs 8ll used up, the
yield was 895 '

The prepsration of methyi«lithium from nmethyl chloride,
agenrding to the shove p%aaeﬁure, may bhe secomplished, undoubted-
ly, with greater convenience if the helide lg taken I{rom & homh.

The preparstion of methyl-lithium from m@thyi ehloride hss
teen reported im a patent by Zlegler and &agoniuaﬁé. In tais
patent it is stuted that the re&eﬁion ig started by means of a
little methyl bromide or iodlde and then earried out at a low

temperature, In this mamer, & yleld of ?G—EO% we8 oblained.

The Attempted Preparalion of n-Zuiyl-lithium frow n-~iutyl Iodide

The run of this halide snd lithiuwm mede under "C~conaitions®
_25b . ‘

of a previous stuay o 18 given in detsil. The reason .or this
is thet it mey be possible o use p-tutyl iocdide in conmeciion
with the acid titration melthod to dete mine the exsmot amount of
orgenolithiun aoompounc formed. This will te fully discussed
after the detslls of thils run are given,

s 04006 mole run wse made in which the 1ithium wass out into
150 pieces into &b ce. of elher. After the reaction was started
with the ususl 40 dyops of helide, the remsinder or the halide

64. Zlepler and Colonius, fer. pat., 512,802,[Chem. Zent¥., I
11656 (1931 )3 -
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weg mixed with 19 ce. of ether and added over a periond of
thirty-Iive minutes while the rewclion wixfure wos vigorously
stirred. ‘mough heat wap ceveloped 1o cause gentle reflu ing.
The recalion spparently ended in losg then five minutes after
all the helide had been addsd. The reaetion mixture was now
stirred and refluxed fifteen minutes longez. Alter standing
for fifteen minutes, 1t was titreted. The yicld was .75, tut
the color tastﬁﬁ with Michler's ketone wos negative. The re~-
agtion mixture was now allowed to ptand over-night snd then
titroted agoin. The yield was now 2.6%0.

dince the color test®® wao negative and since gmpproximstely
one-half of the lithium wes used up, the titration values very
probably came from the 1ithium ethylate formed vy the splitting
of the ether by the n-“utyl-lithium hefore the latlter compound
had tisze to undereon the Furtz reaction =ith the halide present.
“lepgler and ualsniu%ﬁg were aled unstle tn nrepare nebutyle
1ithium fram n-vutyl indide.

In the preparction of n-butyl-lithium from n-tmtyl chloride
and hromide in ether, Zlepler and ﬁolaﬁiusaz found that anme of
the p~butyl-lithium reacted with the ether to Torm lithium ethy-
late. They dete.mined the amount of n-hutyl-lithium lost in this
way in the following menner, First they determined the total
besicity of the solution of n-tutyl-lithium b, titration with
stenderd acid., Fext, snother aliguot portinn of pe~butylelithium
golution was tresied with p~butyl bromide and dibenszyluercury.

The dibenzylmercury rescted with the nebutylelithium to form
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di-p=butylmercury and honzyl-lithium. The bensylplithium
immedistely rescted with the p-butyl bromide. In this mawor,
&ll the p-vutyl-lithium was aﬁa@mﬁéﬁﬁé, The zalation was now
hydrolised snd then titreted with standard scild ts detormine
the amount of lithium ethbylats §XBéﬁnt in the snlutien, The
value so determined woes now sﬁ%t?&é&eﬁ from the value »bt ined
in the fivst titrations In thig wa-, ther ohtuined the true
vield of the p=butyl-lithinm. They found that the yields ot
n=butyl=-lithiwn {in ether} from n-intyl chloride snd hromide,
raged on the éatgl %gaiﬁifias nf alisunt portions oy the
solutions, wers V%;é and 24.070, respcetively. slinunt pore
tions o the wnlutions were next treated with n~butyl bromide,
divenzylmercury snd stondard scid as described ahove. in this
way, it was frund that 7.9 and b%, resvectively, hasd to ha
deducted irom the sbove yiela. “hus, 1t was found that the
true yislds of p-butyl-lithium were 6.6 and 19%, respectively.
1t is very pﬁabable, thet the value of 2.6% in the sbove
run of p-butyl iocide with lithium expresses ithe amount of
lithium ethylate formed. &'priari, 1t may be posrible o treat
an sliguot portion of a solution of orgenolithium compound with
n-butyl indide to degompoge the organalithium compound by the
wurtz resction. The solution so {reated may be hydrolised and
then titrsted with standard ascid. The vslue obtsined wounld
desiznate the lithium ethylate formed. Yow sasnother slicunt
portion may ﬁe ﬁy&rnlise& gnd titrated with stsnderd seid to

obtain ithe totsl basieity. Lfter deducting partisl basiclitre,
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due to the lithium ethylate, from the totsl basieity, the
true yield of the organolithium compound may be éetérminea.

If this method of determining the true yields of organo=
lithiunm compounds is found applicable by experiment, it would
be & much simpler method thsn that proposed by Ziegler and
Galsﬁiuaag. In a8 few experiments in this lshoratory, the
sbove method was not found convenient in ite spplication.
First of sll, the preparation of the dibenzylmercury and n-
butyl bromide in a pure state and free from the oxygen of the
air took much time. Secondly, congordant results could not
be obteined in a ressonable period of time.

The determination of the amount of lithium ethylate
formed, when organolithium gompounds sre prepsred in ether,
is of prsctical importance. 48 in the spplication of the
Grignard reagents, it is often essential to know the exact
normelities of the organolithium solutions prior to their
practical application., Furthermore, & simple method to
determine the atahility of organolithium compounds in ether
would, undoubtedly, find extensive application in future

work on the preparstion of new compounds.
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DISCUSEION OF THW BTUDINE OF SOMD ORGAVOLITHIUN CNIIPTUTLS

The methfl-li%hiam wag provared vom methyl chloride in the
cloged system under & nressure of B0 mm. 28 promosed for the
praparatlon of Srignard rescents from gaseous halldes {see
pepe @5 of this thesis). Under these conditions, the methyle
lithium wes prepered in & yield of 38-8%%. The yield wsg
9-~18% higher than that reported in a recent patﬁﬁtﬁ44

Wethyl~=11ithium can, undoubtedly, Ve vrepared from methyl
bromide (be . 6.4°) in the shove mrnner. It may be possivie
to dissolve the halide in cold ether first snd then sed the
helide-ether solution from the droppinzg funnel sttached to

- e el

the closed system ss descrived abnve (see page 106 of this
thesia).

Under the cnnditions used for the preperation of Orignard
reagents, methyl-lithium hes been prepared from methyl indide
in yields of Vﬁ.énﬁl.&ﬁzzh.

The methyl-lithium cen, undmbtedly, Ve prepared in the
least expensive ey Irom meth»l chloride, if the hslide is
taken from a bomb, If no bomb of meihvl chloride is on hard,
the next btest wey of preparing ?h& methyl-lithiun »ould, pro-
bably, be from methyl bhromide ns suggested above.

It shonld he mentioned that m@thylnlithiuméﬁ unlike n-

butyl-lithium, ig gtelle in ether for weeks, woile n=butyl-

lithium can only e kept in ether & few hours.

6b. Ziegler snd Zeiser, Ann., 486, 174 (19.1)

£



It has veen shown thet! n~butyl-lithium ecan he prepaved
in ether from n~tutyl chloride in yields of 76.1=77.1%; sand
from p~itulyl Lromide, in yields of §9.,0-68.8:. These ree
sctions were carried out In an spparszius snd practicslly
under the same conditions useé for the prepsration of
Grignerc roagents.

It hes not been possitle to prepare p-butyl-lithium
from pebutyl locide. Evidently the n-butyl~lithium formed,
immedistely reacts with the unused hallde in the solution.

In venzene, p=butyl-lithiuwm has been pgep&raéﬁg from
p-butyl chloride in yielés of 80-100%. The resction wasa
carried out in & Schlenk tukes The reaction rmixture was
agitated by ehsking st 2 tempersiure of 50-60° for twenty
four hours.

“legler and Smleninsﬁg determined the smount of litkhium
ethylate formed when the preparstion of orpap~lithiwn come
pounds were carried out in ether by the use of p-butyl
bromide, dibenzylmercury nd standerd ascid (see poge 7¢ of
this thesis). 3Iince the rste of reaction of m-rutyl iodice
with p~butyl-lithium is seemingly repid, it has been sugpesled
that p-butyl icuice may be used in lhe place of g-butyl bromide
and Gibenzylmeircury to determine the smount of lithium formed

{see page 74 of this thesis).
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GUMMARY

A survey made of the literatfure on the apnlication of
the Orignard raﬁgent§/ghaws that the compersiive utility »f
the Rpll, 3%@“? &né izl compounds dearceped in the order
the ahove ceompounds sre numed,

3tudies have been n-de on the preparstion 51 & number
of orgsnomagnesium chlorides, Ytromides and indiuce under
general and special eonaitions. Then the results of these
studics are correlated with those alresdy published, 1t is
hoped that - more or less adecuate trestment can be mude
o3 this phase of the Grignard reagent.

‘Hethylelithium heos been prepsred from methyl chloride
urcer the comditions snd in an spparsius used for the pre-
paration of Grignard ressents from geseous halides. 48 a
regult oi this study, the methylelithium compound c=n now
- be prepered fron methyl chloride in better gpields end in a
more c?nveni@mt mennery than thet given in & recent patent.

I£ weg not possitle to prepare n-butyl-lithium Ifronm
n~butyl tocide in ether. The results of the attempt may,
however, lead to & procedure for the determination of the
gmount of lithium ethrylste Inrmed vwhen orgsnnlithium come-

poundg are prepared in ether.
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