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INTRODUCTION

Ever since the original reaction of Grignard involving magnesiun,
these organo~megnesium reactions have beon used for a variety of organioc
synthesis.

Blaise in 1902 (1) studied the reaction of ethylene axide with
othyl magnesium bromide. In 1941 Huston and Agett (2) contimed this
study establishing the mechanism of the reaction. Huston and Langham
in 1943 (3) studied a similer reaction using alkylmagnesium chloride
solutions with ethyleme oxide.

This work was undertaken to compare the reactions of ethylemne oxide
and alkyl magnesium fodide solutions with thoese previously studied by
Huston and coemorkers, and to further substantiate the early wrk of
Moisenheimer (6) by analyszing the precipitate formed when one~half mole

of ethylene axide reacts with one mole of ethyl magnesium fodide.
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HISTORICAL

The first anplication in gynthetic organic chemistry with the use
of magnesium was carrisd out by Barbier in 1899 (4) using methyl iodide
and magnesium in ether with methylheptenone and obtained dimethylheptemol.
Blaise (1) eapplying this principle in 19502 treated ethyl magnesium
bromide with ethylene oxide, the principal product obtained was sethylene

bremohydrin. He interpreted the results by the following schemes

% O ¢ Cpfighglr —— "r=CH,CH,~C'ghr

CHg
The product of the above reaction upon hydrolysis would give ethyleme
bromohydrin.

Grigoard (6) in 1803 studying the work of Blaise (1) in which
othyl magnesium bromide reacted with ethylene oxide found that after
the initial reaction had taken place heating of the addition product,
followed by hydrelysis would give n-butancl, He explained the forme-
tion of the ethylene bromochydrin through a secondary reaction in whioch
an addition compound was formed as shown by the following formmlas

C'gz\
MgBr
Ascording to Grigmard it was the rupturing of this "oxonium salt™ by
heat with subsequence hydrolysis that produced the nebutanocl, as oute

1ined 4n the next two reactions.



H
CH2 Hg3r

11,  C,HgCH,CH,0MgBr & HOH —p n~C, H OH

The first analytical data in confirmation of the Grignard explana-
tion of the reaction was given by Meisenheimer (6)e He obtained a
precipitaie from the reaction of ethylene oxide and ethyl magnesium
bromide at =21° C, Analyzing the addition product the results corres-

pond to the following assigned formulas

cn |2 CgHe

2o g of

Ci | Catls
r

This addition produet was kept for several weeks in & vacuum desicecator,
at the end of which time it was found not to have changede Ythen heated
on a water bath it decomposed. Analysis showed the compound to have a
composition correspending to the formula, CoHgCHgClyO-MgBr formed as
indicated in equation I. This substance when hydrolyzed gave the
n=butanol (Squation II). ‘

In 1932 Ribas and Tapia (8) treated ethyl-magnesium bromide with
othylene oxide at =20° C., From their expsriments and anslysis of the
addition product they concluded that it consisted of a mixture of
BrCHyCHgOVgBr and (Br CHyCHgO), Mge

The principal reaction in this group of experiments was formlated

by the following equations:



» +
CH ch
2 2o 2 [ o
g i
(BrCHZCIIaC)zTJg (cz,'»rscnzcnzo)zug
* +
2 od 2 IiOH
2 BrCHgCH,OH ¢ Mg(oH), RCoHCT,CHR0H + Mg(OH),

Husten and Agett (2) in a more comprehensive study of the work of
Ribas snd Tapia and of Schlenk (8) on the equilibriums

(111) 20235?&;3:- > (CzHg)a¥z + “gBry

found that if one mole of ethylene oxide was sdded to one mole of ethyle

magnesium hromide, the main reaction was with magnesium bromides
(Iv) gBry ¢ 2(CHy),0 —» (BrCHyCHy0)yYg

Hydrolysis of the addition product, without heating, gave 60 to 70
peroent yield of ethylene bromohydrin indicating that the reaction hed
proceeded by equation (IV).

Huston and Agett (2) obtained excelleat yields of n-butanol either
by heating the resction mixtures |

(V) (CqHglaMg ¢ (BrcugCHa0)y s —p (C4750)5Ve 4 MgBry






or by the addition of a second mole of ethylene oxide:

(VI) (CoHg)glMg ¢ 2(CHy),0 —p (C4HgO),Mg

Hydrolysis of the addition product obtained by (VI) gave a mixture of
n-butyl alcohol and ethylene bromohydrin.

Huston and Agett (2) as well as Huston and langhaem (3) have shown
that the ethylemne halohydrin is the product, when the ethylemne oxide
attacks the magnesium=halide bonde The aloohol ig formed when the
othylene oxide attacks the alkyl-msgnesium bond. FHuston and Langham (3)
also showed that when dialkylmagnesium is added to the magnesium
aloocholate of the ethylene halohydrin, a primary alcohol is formed.
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THOOPETICAL

The work of Agett (2) and Langham (3) in this laboratory has
shown a fundamental difference between bromide and chloride Crignard
respents with ethylae oxide. TUsing a similar technique developed by
the above authors, the writer was able with care to cbtain good ylelds
of iodohydria and nebutyl alcohole

When using & mole to mole ratio, without heating, the reactions
followed are similar to that of the chloridess

(1) (Caﬂa)z’-fs + a(cy, )20 —p (C‘H90)2M£
or
(11) CoPrel ¢ (Cl )zo —P Cyg 0T
1f the reaction follows reasction (II), it would necessitate a subsequent
rearrangenents
(I1I) 20,0,0%T —» (C,700),% 4 Mel,
The hydrolysis of (04390)2?-!@ would yleld the desired n-butyl alecohol.

Ethylene 1lodohydrin is formed by the reaction o.f; ethylene oxide

with the alkyl megnosium iodide reagents
(17) VgIe ¢ 2((:7*2 )20 — (IC?IBC}{zo)z.’.Tg
(r) (Icnzcxzo)arzg 4 2UCH —p 2ICH,CIL,0H 4 Mg (0H),

It has been reported (2) that a good yield of the mlcohol may be

ohtained by treatment of an alkylmagnesium bromide with one mole of

ethylene oxide and heatinz the reaction mixtures

kY TE . heﬂ.t
(vi) Rz‘.'g ¢ (BrC.xzcalzo)z.Kg ———-—)(chz(':f{zo)z?{g + ’igBrg

wl -






Upon hydrolysis of the addition product formed with the dromides
and chlorides good yields of the alocchol were obtained. However, the
yields were small in the case of the iodides. It was also cbserved
upon standing rapid dsecomposition of the addition product with the
fedides,

The following schemse cf reaétions might lead one to expect an ine
crease in the yield of alcohol when a resction mixture of equal moles
of ethyl magnesiun iodide and ethylene oxide were hoated (2).

(VII) 2Cyigl & 2 _p 2Cqilggl -:_s (Caligla¥g + &Iy
(VIIT) g1, & 2(CHy)q0 —-)(ICH'CHzO)’Mg
(1x) (Cpfig)y"e ¢ (ICTHCHR0)g"g ~— (CoHg0) Mg ¢ Wel,
(X) (ICHpCHp0)nMg & 2Mp0 ——dp 2ICH,CHaOM(13.6%) # ?Sg(OH)z
(XI) (Cqlig0)gMg ¢ RrHg0 —pr 2C4B,0H(40%) & Mg(OH)y

Experiments desoribed here give no evidence of such an increese.
Cne explanation was that the (ICI,Ciy0)y'g mght decompose under the
influence of heat into ¥gly aud ethylene oxide.

If the addition product (Icnzcnzo)zng was allowed to stand for a
week or longer, decomposition takes place, and the resulting gas was
caught in & container surrounded by dry ice. On analysis the product
was identified as scetaldehyde. A possitle explanation for the de-
composition reaction mey be indicated as follows:

(x11) (ICHyCi,0)g%g —> 2 [éz:z-cnzoa + gL,
(x1m1) &‘t.lcl : -:

B
A similar type of transformation for the magnesium dihalohydrin alcohole

ates was shown by Huston and 3ostwiok (10), and by Huston and Branlt (11).

T



These investigetors, rropose the intermediate formation of a protonized
double bond. Tuston and Breult (11) found that the 2-methylpropanal
could be formed only from the magnestwm=bromine bonde For such a re-
action it was nscessary for thet 4on formed to undergo a preliminary

rearrangenant to

CHs
| - ¢
o SO oy
H

The positive part of the molecule being electrophilic attracts a
pair of electrons away from the oxypenated carbonm atoms The shifting
of the elevtrons thus results in a shifting of a proton to the new nega~
tive carbon with the resultant formation of the methyl groupe In turn
a pair of electrons from the oxygen shifts t» form a carbonyl linkage,
The resulting product was sn aldehyde. It follows therefore that the
peroentare of alcohol and lodohydrin would decrease as the yield of
aldehydes increaeses.

The presant work also smabstantiated the results of “eisemheimer
and Casper (6) who state that "The Grignard reactions can be very easily
understood if the orgamic magnesium compounds are regarded as complexes
with mgnesium functioning as the central atom with & codrdination
mmber of four forming,

(CSHS )20\ » s CHa
(CoHg)g0” I
the alkyl and halogen being bound to the magnesium by principal, the

two ether molecules by subsidiary valences. If mich a compound is

wCwm



treated with a ketone, aldehyde, etc., the latter possessing far more

reaction energy than the ether, replaces one of the ether molerules
forming,
RyLoy,,, ,Cls
g

\

within which there now .oocura a shifting of unions, the secondary
valence union botween the carbonyl exygen and the mmgnesium becoming a
prinoipal valence union and the alkyl group, displaced from its uniom
with the magnesium by the oxygen, being bound by the nrincipal valence

sk free at the carbenyl carbon atom, while the ee.b'rdination position

ch-\-ms of 02715 )z
0
\?!,5

(CaTg )30 I

openaed on the megnesium is ocoupied by ether formmtion." The formation
of this addition product is supported by the ebservetions of Ahremns
and Stapler (7).

This verification was brought about by observing the addition of
one-half mole of ethyleme oxide to one~mole of the Grignard reagent.
This reaction resulted in a precipiteate formation and anmalysis showed

the composition to correspond to the following formila.
o’

€



It can be assumed thet the ethylene oxide was attached to the magnesium
by & weak "subsidiary valence", Upon gentle heating between ninety-two
and ninety~four per cent of the ethylsne oxide was recovered. Addition
of the ethylene oxide up to one-mole, resulte in the disappearance of
the precipitate indicating an increase in ths solubility of the addition
product. Heating of the solution thus ohtained did not give any
ethylene oxide showing that the bonding had become complete. This type
of behavior is in accordance with the work of “eigenheimor and Casper.

It was further found that the addition of two moles of ethyleme
oxide to ons mole of an alkylmagnesium {odide increased the yiold of
both the alcohol and iodohydrine Assuming according to Fuston and coe
workers (2) and (3) that dialkylmarnesium leads to the formation of the
alcohol, the reactions may he renreasntel by ths following equations;

(X171) Roig + gT, ¢ 4{.7:’2)20 —_— (RC';'{ZCI:'-.ZO)z"!g + (Iczzzmzo)z'fg
(x17) (mzc,nzo)z'!g + 250 —gp 2RCTECOLCT 4 Ve ( C':?)a

(xv) (ICHzcrizO)z.‘!g + 21,0 —p2ICHIT0E 4 gl09),

“owevrer, since the percentase yisld of alcohel and lodonydrin are
not large enocugh to indicate the course of the above reactions, it
mast follow that the treating of the alkylmagnesium jodide with excess
ethylens oxide must of necessity attack both the alkylmagnesium bond
and the magnesiun iodide bond.

(XVI) Collg'gI & 2(CHyp)y0 9 CoHgCH,CHaOMEOCH,CRyT
(XVIT) C4HQOMEOCaR,I & 2Hp0 =g CyHgOH N ICaH,0H ¢ Mg(oH)g

=10
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EP RISNTAL

I. !eterials

The following alkyl iodides wore premared by the msthods in

Crganic Syntheses (12 )1
et'iyl dodide
propyl iodide
normal butyl 1odide

The methyl fodide, iso=pronyl iodide, sec=butyl iodide, and iso-
butyl 1odide were obteined from the Columia Orgeanic Chemical Companys

dthylene oxide was obteined from Dow Chemical Compeny and dried
only for a short period over soda lime. The ethylene oxide was kept
in the refriperator et 5° C.

The magnesium turnings (free from iron) were obtained from the
Dow Chenical Compeny and dried in a desiccator over anhydrous calcium
chloride.

Avhydrous ether was dried over godium ribbon for a period of one
week (or until all water was reacted)s It was then distilled leaving
some of the residue which contained eany peroxidess The distillate was
also tested at intervalas for the presence of peroxides.

The alkyl 1odides were fractionmated hefore using for & condensa=-
tion through a twelve inch Fenske~type columme The alkyl iodides were
dried over anhydrous calocium chloride end stored in & dark bottle, §n

the presence of a few drops of clean mercury (13).

The Grignard reagents prepared and studied were;

.11-



methyl mapgnesium iodide

etliyl marmesium lodide

normal pronyl mernesium iodide
{zo~prooyl magnasing iodide
noral butyl mamesium icdide
sec=butvl marnesium iodide
iso«butyl magresium {odide

II. Preparation of “rignard Reagents.
A, Preparation of Ethylmagnesium Iodide.

Cne mole of magnesium turnings was placed in a dry onee
liter, three=necked, round-bot tom fla.ak.l A large reflux con-
denser and & Hershbherg dropning funnel were connected to the
side necks of the flaak.z The centear neck was fitted with a
mercury -sealed stirrer and an inlet tube for dry nii:rogou-a
The system was flushed out with dry nitrogen and then foure
hundred milliliters of anhyirous ethyl ether was admitted
througzh the separatory funnel, To the separatory funnel was
added one mole of ethyl iodide and one hundred milliliters of
anhydrous ethyl ether. The magnesium-ether mixture was stirred
at a moderate rate and the ethyl fodide-ether mixture was added

cautiously. The reaction starts at once and was cooled (2° C,)

in an ice bath to maintain a moderate rate of reaction. After

1 The flask was vlaced in a drying oven for twenty-four hours.
It wes stoppered before removing, to eliminate moisture and
oarbon dioxide.

2 The condenser and funnel were closed with tubes containing
anhydrous calcium chloride.

3 The nitrogen used was C, P, wnter-pumped. This must be dry so

a Geissler Potash Absorption Bulb was used filled with concene
trated sulphuric acid Co Ps and a anhydrous calcium chloride tube.

“]l2=



all the alkyl iocdide was added, the ice bath was removed, and
the reaction mixture stirred until it reached room temperature.
The contents in the reaction flask was allowsd to stand over
night {n the presence of a very slow flow of dry nitregen.

B. Preparation of Other Grignard Reagents.

The equipmeant was constructed simlar ‘c that used in
Experiment II As The reaction flask was cooled with a salt ice
bath («6° C.) in the reaction of methyl iodide. The methyl
magnesium {odide resgent becomss very vielemt (13) im its re-
action if allowed to warm up or when the selvent evaporates.
The methyl megnesium iodide was not allewed te stand for tny
period of time but was imnediately reacted with the ethylene
oxide. The preparatiens of the secw and iso=butyl magnesium
1odides tak® & longer time and they were sllowed to stend fer
forty-elght hours for the reaction to be more complete.

The Grigrard reagent was treated in thres differemt ways:
(A) reaction of one mele of sthylene exide with one mole of
reagent; (B) same as (A) but follewed by heating; (C) reastiem
of tw moles of ethylene exide with one mele of reaget, The
thres procedures mmtioned above will be described and the re-
sults nay be found in table IV under Tadulated Results.

III. Reaction of Ethyleme Oxide and Grignard Reagents.
Analysis of the Grignard reagent:

The Grignard reagent with its solvent wmas foroed through
A glass tube, vaich coxtained a smll glass wool plug, dy




Ae

nitrogen under pressure. The Grigrnard reagent was collested in
a dry nitrogen filled 800 ml, graduate cylinder snd measured.
Five milliliter samples wore pipotted out and amlyxed for the
organomagnesium content by Gilman's procedure (18). The samples
ware placed in 250 mle Erlenneyer flasks and covered with wtoh
glasses. Complete hydrolysis was carried out by the careful
addition of 10 ml, of waters To the hydrolyzed portion a
measured execess of 0,17 hydrochlorioc acid was added and them
heated on the steam bath until all of the basic mgnesium
chloride was dissolved. The excess acid was titrated with O.1N
sodium hydroxide using phenclphthalein as an {ndfoasor.

One milliliter was pipetted out and analyzed by the
Volherd method for the iodide ion (16).

Reactiom of One Mole of Ethylene Oxide with Ome ¥ole of Grigmard
Roagent,

The measired Grigmard reagent was added to a dry nitrogen
£illed one liter three neck flask. The three necked flask was
fitted with a reflux ocondenser, mechanical stirrer, a small
glass tube for the admittance of dry nitrogen, and a separatory
funnel equipped with an outer metal jacket to permit the use
of 4ry ioe as a cooling agent. The Grignard reagent was
cooled in an fce-salt dath («6° C.)s Fifty milliliters of
anhydrous ether was placed in the separatory fummel and sure
rounded by dry ices The ealoculated smount of ethylene axide
for the reaction was weighed cut and added to the separetory

=]lfw
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funnel. The seperetory funnel was stoppered by the use eof an
arhydrous eslcium ehloride tube. Ceutiously, the ethylens
oxide ether mixture was added to the Grignard reagent. The
eddition product that wes formed from the ethylene oxide and
Grignerd reagent was allowed to remin in the reacting flask
in the ioce=galt bath for five or six hours, then the ice bath
wag rsmoved and the stirring process contimed for an hour,
The addition product of the adbove reaction was hydrolyzed by
adding a aqueous solution of ammonium sulphate in chipped ice.
After hydrolysis the ether layer was decented. The pasgty
residue was extracted three or four times with small portions
of ether. If the ether~water sxtract showed dasic properties
(1itms), it was neatralized by & smell amcunt of dilute
hydrochloric acid and ice, and again extracted with three

(100 m1,) portions of ether. The ether extracts were combined
and dried over anhydrous sodium smalfate and then fractiomated
throuzh a short Fenske-type column,

Reaction of One Yole of Ethylens Oxide with Cre Yole of Grignard
Reagont Followed by Heating,

The preparation of the Grigmard reagent was accomplished
as outlined in IY A and B. Addition of the caloulated amount of
ethylene oxide te the Grignard reagent wes accomplished ms oute
lined in ITI A, After completion of the addition reaction the
reflux comdenser was set for distillation. The flask containing
the addition product was placed in a Glas-Col heating mantle |

—15-
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IV. The

and about three hundred milliliters of ether wms distilled off.
The alkyl magnssium iedide=ethylene oxide product was allowed
to cool and three hundred milliliters of anhydrous bensene was
added. The condenser was set for refluxing and a gentle reflux
continued for six hours with contimous stirring, The addition
product was hydrolyzed with aquesus ammonium sulphate, extracted
with ether, separated with the use of a separatory fumnel, dried
over anhydreus sodium sulfate and them fractionated as described
in III A.

Reaction of Two Yoles of Zthyleme Oxide with One Mole of Grignard
Reagent,

The procedure was lin!.l'n.r to III A with an equivalent cal-
culated amount of two moles of ethylene oxide. In order te
have the reaction of twe moles of ethylene oxide with one meole
of the Crignard Reagent go to completion, it was necessary to
add the ethylene exide very slowly and stir the reacting mixture
briskly, The product was hydrolyszed immediately, extracted with
ether, dried, and fractiomated as descoribed in III A. The re~
sults of the various eondensations can be found in Table IV.
Reaction of Bthylene Oxide with Magnesium Iedide,

Jodosthoxymgnesium was prevared by the addition of
ethylene oxide to magnesium iodide. Analysis showed some
impurities. See Table III.

A one=liter three-necked round bottom flask was fitted

with a mechanical stirrer, reflux eondenser, and dropping

«)lGw




bottle (17)e Five hundred milliliters of anhydrous ether along
with one=fifth mole of anhydrous magnesium were placed in the
one=liter reaction flask described above. The magnesium ether
mixture was cooled in a salt-ice bathe To the mixture was added
one~fifth —wole of pure iodine, The system was protected from
molsture by the use of anhydrous calcium chleride. Nitrogen was
contimally fed into the system as previously desoribed. After
the reaction had gone to oempletlén the iodine dropping bottle
was rewved and & dropping funnel surrounded by dry ioce ws
attached to the flask. To the furmel was added one hundred
nmilliliters of anhydrous ether with twoefifths mole of ethylene
oxide. The ethyleme oxide-ether-mixture was sdded through the
separatory funnel to the reaction flask over a period of one
hour with contimious stirring. After eomplete addition of the
ethylene oxide the ice=salt bath was removed from arvund the
reaction flaske The stirring was comtimmed until the resction
flask and addition product reashed room temperature. ﬁo product
was hydrolysed with dilute hydrochloric acid and ice and exe
tracted with three ens-hundred milliliter portiens of ether,

The ether extracts were dried over anhydrous sodium silfate and
fractionally distilled. The ethyleme ledohydrin in the aquecus
layer was determined by a method described by Gomberg (18).

The aqueous portien was distilled until the temperature reached
about 60° when there was apparently no ether remaining in the
distilling flesk. The fedohydrin tends to decompose so & partial

l7=




vacuum was used until abont one~hslf of the iodohydrin was
distilled from the aqueous solution. This ameous solntion of
iodohydrin was neutralized with a saturatnd solution of seodium
carbonate. The Lodchydrin was ssnarated from the aqueous
solution with the use of a separatory funnel, and distilled at
B5% (25 rm.)e After determining the rafractive index of the
fodohydrin esolution, the amount of asthylene lodohydrin vms come
puted by reference to the curve obtained when plotting index of
refraction against pesrcent iodohydrine The lodohydrin extracted
from the ether and water laysr pave & yiocld of 8.3 percente

Ve The Reaction of Onme<half Mole of Ethylene Oxide with Cne Mole of

Bthyl Magnesium Iodide.

It was noted that a fine precipitate was formed whon
sthylene oxide vas allowed to react with the Gripuard Reagent,
Cloudiness appears when one-fourth mole of ethylene oxide is
added to one mole of the Grigrnard Reagemt, As the amount of
ethylene oxide is incrsased to one=half mole the ecloudiness
disappears with the formation of a fine precipitete. Finally
the precipitate dissolves as the remaining portion of one mole
of ethylene oxide wns added to the reaction mixture.

Ths preeipitate formed by the reaction of ons half mole
of ethylene oxide snd of one-mole of ethyl marnesium iodide
was separated with a high sneed esentrifuge.

The addition produst of one half mole of ethylene oxide

and one mole of ethyl masnssium iodide ms analvzed for the

«]l8~



magnesium and 1odide content. The results are recorded in
Table II.

A portion of the precipitate was hydrolyzed as desoribed
in IITA. Welther the n~butanol nor jodohydrin were present,
indicating that there was not a breeking of the alkylmegnesium
or megnoaiua iodide boud.

A wolghed sample of the etiyylene oxide ethyl magnesium
fodido addition pruduct was placed in a five hundred milliliter
round bottom flask with two hundred and fifty milliliters of
dry other. ‘he apparatus was set up as described in the follow=
ing paragraphe

A five hundred milliliter round bottom flask was placed
in a Glas=Col mantles The round bottom flask was connected to
a reflux condenser, which at the top was oconnected with conw
densin:; bulbs surrounded by chipped dry ice in a large thermos
bottles The temperature in the thermos bottle was ﬁimmd
at =109 to «15% ¢, The ethylene oxide ethyl magnesium iodide
addition product was now heated gently allowing the ether to
reflux, The refluxing was contimied for two hours, after which
time the condenser water was partially shut off to permit the
temperature to rise to the boiling point of the ethylene oxide,
Bthylene oxide with some ether collected in the condensing bulbs,
As the ocondeneing bulbs became full their aontents were emptied
into an irlenmeyer flask (570 ml.) kept cool by refrigeration,

Year the end of the refluxing and ocondensing of the ethylene

oxide the water in the reflux condenser was shut off., The
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balence of the ethylane oxide with some ether wes collected in
the bulbse About fifty nilliliters of eliher and the ethyl
megnesium iodide rommined in the flask,

The ethylene oxide etler solutioa vas i‘mctionat;d twice
and the perceutage ol ethylsne oxide rscovered from the ethylene
oxiduv=ethyl magnasium fodids aldition product was calculated as
shown in Tabls II.

VI. Preparution and Analysis of the Iutermodiate Froduct from the
Reaction of Zthylene Cxide and Crignunrd Juajonte

The alkyl-magnesium fodile wes prepared by the procsdure
described in II Ae With mole to mole ratios of ethylene oxide
and the Grignard reagent no prucipitation took places Howsever,
vhen e second rwole ol ethylene oxide was added a precipitate
formede The reaction mixture, was ceutrifuged for ten to fifteem
minutes at abeut 2000 r.p.ms to separate the precipitates After
washing with ether and centrifuging again, the precipitate was
transferred to a sample bottls and placed in a vacuun desiccator.l
The ether was ocompletely ramoved by svaporation with a water
pamp for three hours, and the oil pump for ten hourse The total
fodine was determined by a Parr bomb fusion (19).

In the Parr boid cup were placed two-tenths grams of the
saxple, soventy~five hundreiths graas of powdered potassium

nitrete, four-tenths grams of finely ground sucrose, and

1 thie procedure should be carried out rapidly as the addition
product precipitate hydrolyzed quickly,




fourtzen grams of sodium perorxide., The cun was assembled with
the top bains tichtened down and the contentr. mixed thoroughly
by shaXing. The sample wnz ignited over a Meker burner for
about two mimutes, After allowing the bomk to cool, it was opened
a:! tho cap and cun transforred to a covered six hundred milli-
litar besker. Two hundred n*111liters of distilled water wes
alled coutiously to the beaer and ite contente. The excess
sodium raroxide wrs desomnosel by bniling after which the cap
and cip were rinsel and rcwwoved. The resulting solution was
coolsd and carefully acidifisd with concentrated nitric acid,
The solution was boiled to remove all hydrogen peroxide. After
the cooling of the acidified asolution, & measursed excess of 0.1W
gilver nitrate vns eddeds The eilver nitrate was added in small
gratities with vicorous shakiag as the silver iodide formed
will occlude both the ledide soluticn end silver nitrate. The
solution wns hzated to commlete the formation of silver iodide
and the supernstant liquid becomes colorlesss The vercemt of
fodins was thon determinel by the Volhard method for lodine (16).
The magnesium in the Griznard addition product was deterw
mined by decomposing a weighed sample into 20, with the use
of a Yoker bumer. The decomposition was carried out in silica
cruciblos, which wers heated until thoy wers brought to a
constant welghts A weighed zanple was placed in the ocrucible,
and the crucible and content heeted cantiously to prevent

ignition and loszs by spattering. In & few mimtes the
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tevarzture wms grodually incroesad until the meximm hant
of Uhie "urwr wum avtaluels The hoatisg wmes continued Jor one
houry tis crucitle »as *hew »Hlrcad Lla 8 dogsicoutor, eilowsd %o
oool, and woighed, Thws cmuellly eul codora mers rehavied

until a consimrs wolzhit way olAaliels 123 prceat of mpavziun

was onlculated from sie folloviing equation:

Wo of 0 x 0.,6082 x 1008 o wp

Vs a i & e w—

woe 07 iﬂE‘lE‘I‘B

Vile Deterrinatlion o yleids of Ltnylene Iodohyirin and Alconcle
The etaylenc ledalnydria and alsenrsl terasl Ly tio ruactlon

- of alkyl srpaesium lodide and ethylene oxida wore diellllel undoar
reduced provsurss e ethylwae fodaljdria 2al eleschol were ¢ole
lectol togobther, weighod, e rlacad in a ene liter tires neckad
flaske The flack ves filted w1l & stirtor, sanl condanzor, To
the etiyleno fodchyrdrin, alcoiol mizture wue addel Jorty yras
of sodiua hydroxide with vizorous etirring for thirty mimxbtes,

ard thon one hundred £if4y millilite. s of wnier was tdiod sloty

over a period of unimely wlimles, with conlirmued stirding, The
rogulting mixture was allowed o cool, efser wiicu b wee ¢hHe
sorved that two lgyere Led scparsiode hae vebtor layor was
e&xtrocted with anlydrous buazaiwe Tuo solvenls sl etbtmchts
were coningd urr;d driui cvar enhydrous sodiwa gulitatis: Tho
sodium hydrexide leyuy was boilol o ool any iwaces of Lenzene,
cooled, arnd diluted to one litere iive miililiters of this

squoous aolution was titratal for iollls 101 by Yolinigrs
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agoiiol {1C)e The icdenydrin yield wea found by taking the
ratio ol G:9 7wia o fodiie ion ounri in the mnualysia of tie
hydeslyzad roactioz mixture 2o tha 'wmiag of iodlla lon Toum
in tae vmrvactxd rigxed roagonts

{ne eihor~bonsens s3lution of tho alochol wes distillad at
atmozohoric pressurse The yield of aleonol wus calc:lated by
toking <wns ratio of the weiput of aloghol ohtainad by dlsvillae
tien to the diflarsnce in the weijht of the original organie
radical presont lecs tne uarzaciod urisrard reagenie.

VIIT. Ifauuiricazion ol the Alcchol.

ine alcoaole wers ldentiriel by mkiag the 35,5 dinitrobene
zoétes (297,

Onzennl’ crea ef 3,5 dlnitroloazoyl ciloriie vas mixed
withi one millilives of the elechicl in & tose Sube and the mixe
turao toilud gantly for five mimiters Ten milliliters of dise
ti11led wmtur s addsl and the scluetion cooled until vhe vrew
elpitate oolidiliesse "he preciziictu was collactzd on a filter,
wnoied with tee milliliteres of wo pwr eent sodian carbonace
soluticn end recrystalllised froa ton mIi1lilitors of & wmixture
¢? gcrancl and wuber of suchk compesiticau thel thu ester wea
disseolved in the not golutica uut wns semrated oui in znmll
oryeoels upon coclings The crystals werq rancvad by vacuus
£iltretion and dried on a porous plate,

Tho 3,5«dinitroboagoate of lebutanol

folting roint o the estor 683.80
¥ixed melting point 6397
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For a mixol melting point the 8,5 dinitrohensonte of a
Inown sarmle of pure lebutancl was mede and its moliing polmnt
doboraineds Than egial emcunts of tha crrstals of the knuwm
end ulrwam diaitrobounzoats derivebive wore {iorougily mixed
by ecrusliing in & mortar end the moliing peint of the mixture
wa dotornined. |

IZe Identification of withylens Iodohyirine

Sthylone dodohydrin wms promred (21) by & meliflel mathod
of tha promration of ethylens bromchydrine The product dicwsd
the saus proparties as the eliylene {olohydric ohiained in the
condunsations end thet rerortod by “utlorow end Coiookin (21)e

The Bolliiy volnt of eliylans loduhylrin is 176-177°, at
Lhis tanperature there was & groat deal of docoripositions
Tousvery 3f dlelllled with the use of a vacuun, the 4iutillate
W e claa.r ab 35"/25 mue JI{ &t ws stopperad tightly 4n & dark
botile $% will rommin cluar for a pericd of 4wo or blrue duyse
its doneiby et 20° . 15 24005,

A farGaer test to provo the prusence of elhylune fcdohydrin

mde by woing lead hydrexids bo sus 17 ncoteldaliyde was
Loruwed, the rowli was posisivo.

Ths formmbion o acubulddi;Cv wie aisy ghown Ly propgaci-g
the Z,4~=Ainttrophon;limeone for comarigen of @ sarlo of thw
dsrivative made with & knom sanpls o acebeldohy ies floa VITI)

U5l ap noist of doeriveSive 10F.9 Ca
"ixsd meliing voint 157,59 Ce

wZlw



The methyl ether of etliyylene lodohydrin was prevered.
he methyle2=-icdoethyl ethar obtalinel had a boiling point of
135.2% C. at 750 mm. Butlerow and Ossokin (21) remortel ths

boiliny point of methyleZ-icdostivl ether as 137.8% at 750 rm.
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DISCUSSION

It is renerally accepted that the formation of a coordination com=
pound must be the first step in all Crigmard roactions (2), (3), (10),
(7), {23)s ‘elsenheimer (6) proposed the ether is held on the Grignard
reagont by subsidiary valences

CoHs CoFe

Ro”
CF, CH

T W 2
Cl'{s

R.Cy~ o\tzﬂs
Barlier work by Huston, Apgett, and Langhanm (2), (3), also Schlenk
and Schlenk (9), and Ribas and Tapia (8), indiceted that the reactions
which take place when one mole of ethylene oxide is alded to one mole |
of ethylmagnesium bromide or ochlorilde may be represerted by the follow=
inz equationss
II, 2 HgHEr ——> (02;{5)2."3 4 Mgirg
IITe  “g3rg ¢ 2(CHy)e0 —> (BrCT,0E,0),%
If the products of reaction IY and III are heated it is found that
the amount of n-butyl alcohol is increased.
IVe (Czﬂs)l‘ﬂg 4 (BrCH 0N 0)a%g —> (C Hg0)g ™z 4 Yhrg
Fhen the coordinetion eompound, (C,Hg0)z¥gs is hydrolyzed n-butyl
aleohol resultse The aloohol is also formed whan two moles of ethylene
oxide react with ons mole of ethylmaznesium bromides
(CoRiglg™z ¢ 2(CHp)g0 —p (CyHg0)g'g
If the addition products of this reaction are hydrolyzed a mixture of
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n-butanocl end etihylenebromchydrin was obtainede The latter was derived
from reaction ITI.

The elactrophilic attack on the oxyren by mmgnesium causes an un-
balanced electronic equilibrium so that one of the carboneoxygen bonds
wag woakonsd. The following reaction of ethyl marnesium lodide shows
the marmesium attacking the oxygen of the enoxide, thus the lodide was
partially separated from the megnesiume The lodide vas now in the

position to attack the primary carbon of epoxide nucleophilically.

-

i " H A X X
HC == C1 HC e C  #13 HC == C =1
\r¢/ 1 QR { =
0 0
o ) 101t i '
Caig"el 275 1 e

If Yodohydrin alecholate has the greater stability under the cone
ditions of the reection, then the iedohydirin was the chisf product formed
upon hydrolysis« This faot has been verified by 'mston and Agett (2)
and Huston and Langhanm (3).

Most of the published daba indicates preater reactivity of epoxides
with the halogen-magnesium bond than with with alkyl.magnesium bond i€
the temperature was kept low during addition of the epoxide and the re-
action mixture was not heated bifore hydrolysis. This greater reactivity
wap indeated by lorge ylelde of Lromchydrin and emall ylelds of aloochol
when the ratic of reactants wme 11 (1).

Muston and Bostwiek (10), amd Buston and Brault (11), have recorded
in their experimmtation rearrangement of the addition preduct.

2T




Acctaldciyde vas oblainad 4n very euell exunis, the foratlon of which
may be &mialnel by the followleog machanisn us pronoseld by Cogtle and
Follyday (£4)e The roactlca tales pluce bolwsen ellylece oxilde end

Yty mepgnesiva brondides

™o Invectisetors furthor sugrestod et tie resovel of the cecond proton
froa elliylune broachydria vwoald only bo acconpliishoed under sch difficulty
that sach a zecharlsn sosme most unlikelye

whoen & 14} molser ratio of eblylens oxids end ethylmagnosiva iodide
wme roscted without heating, and then hydrolysed, tho yiolis were 53.7
porocent of ne=butanol end 29 per cont of fodohydrire Consideruble
ethylene icdohydrin was lost by decopositions ‘hese reesults wure the
actual awiunts af products resovered iz the etheor layer,

A precivitate was not formed §if equal molewular quantities of
ethyleno oxideo and the alkyl mesnesium lolides were roacteds Illowerer,
from the results shown in Tablo IV, and ohservirg the amount of de=
comoeition with the alkyl marmesiuam io0dido and etliyylene oxide, one can
assume tho reaction follows the same course as that of the other
halogens.

The schome of reactioms are as follows:

A\
Coflg el ¢ (C7)p0 g CpligMiL.CH 001
or

Czﬂs*.«goc'zzf:f?zx
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ydrolysias of tha intormediate product would yield the desired
ne-butenol,

vhan the molar raile of ethylane oxilo to ethylmajmesium 1odide
was incrasod to 231, a rotel incraase 11 tho anount of nebutancl core
responding to 72 peorcmt end 40 porcot of the ethrlas fodohydrin,
Py analrcis of the procipyitate formod &2 racorded §n Terla I, 1t woalld
sem2 evidont that the {ntermelinte for the formtion of the 2lcolol is

(c 4oyt This Intorwdiste eould not he iscleted in & pure form as

PR
1t axplodos whon exposed to alr for ary poriod of time,

The intamelilate product, z‘ i mg-v mny 8ti1) he considerel ond es
the solutica bocomos depleted of marmmsium dodide, the desemposition
of the abera intormadlate prodict ocours aceording to the emaliom

L G L M Y &
Ty thils schowm of ranction 40 webatansl csuld L9 fomed elther fron
btoxy magmsaiun 10llda of diabiyYiasna-icie

Lecomling to Schled: (25), ahout cigty-five psrcent dlssociation
takes plac? whon the ethylmeznasian ckleride diccocietcs into dlcthyle
mernesium and megnesium chloride, ™he reaction of ebhyleno oxide with
diethylmaonosing eprears more probables

Tollur and Cestro (20), have piven eridence that the (CglpN)a™g

corbinss Wl h varying eamounts of magnssium chlorides Thay have sujpested

e



that 4 CA‘!gr’ (1 16 the produoct of oxzidatisn, it should have the
prop:rty of forming a comlox with marmoeslum chlorids, probebly by
virtuo of the unstarel electrons on tho oxyson atoms Thus the tuwo
additlon prolacts should behave elirv. Tuis was further verifiol by
IMiston anl Lang:an (3)e In eugsrinuniicg with two molcs of cliyluae
oxide to ons mule of etirylmmznosiun lodile samll qQuartities of g
neglum dodido wes laslatod and arnalyazede

In expirinentiang with the $0lllos usirg cne-lalf rola of ethylaze
oxide and one mole of etlylmgnaciun 1ciide (Table II) in tw experie

nortal sondensatlens the {olide content was found o he Tled porcunt

73
'y

ﬁ'

and the za;ne2lum covtent Cod porcunte This presipliale (64'?9.
i? heatoed as directed in Section 7 ancis & recovery of 23 porcud of
the epoxlide, indlcalirg thuat nelthor the allylaagnesiva or mocaeslan
1odids bound lave hesn abtackede (G) 7o salsiantiata thia boliuf it

wes found that wiea tho precipltats was hydrolysad wlith 2iluts eaacuisa
gulpiate soluticn no nebutancl or 1ciohydrin was prozant.

Thers are two posaicls 1ulermeliales for eliylens iciohydiriag

I, 1, ¢ (cz—':g)zo — IC, 00,001

or

Ile "RIg 4 2(CR),0 — (:;t:«,c::af})z“

I? the raaction follows II cae obtalus reuvilis as showm in Table I3l
EBvidence o Table III shows ths inbtervasdiate producy (i g lil a\)g
leads to chw formation of ethyleme fodohiydrine

w30



Recorded in Table IV are the percentaze ylelds of the varlous
Grignard reagoents reacting with ethylense oxides It shows the genoral
mechanics of the reactions. The branciing of the ecarbon chain ia the
Grigrard rea:sent teuis te descreasa the yioll of the aleoshsle I¥ was
not possible to cerry out ths roaction of tertiary butyl magnesiun
iodide with the epoxide, due to the decomosition of t=butyl iodide.
However, from the sxporimental data ani the work of Euston and
Lancham (3) and *hitmore (27), the tertiary hutyl magnesiun 4odids would
yield only sethylems iodohydrine Then methvl marmesinm iodide wasused
either in the 1;1 or 112 mole ratio pgreat care mst ba used with the
addition prolucts. Vvhem allowed to bscouns dry, or separated fronm its
solvent by decantation, the additlon rroiuct will exnlods with grost

violance.
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1,

2e

3.

L

be

Ce

7.

The eliyl wrnarium {oildae rosct in a woy giniler to the eliyy
oiloiticn, M3 role of eihylone wrids el oma role of Trigaard ro=
arauts formud by vlie treetnad of eliyl chlorides with memesiun is

bolwaaa thie eliyieao exide and 5p g, er gl

Annlytical results from condamasation of two molua of ethylens ovide
with one mwle of marnesiun indlde fniicetss the fomatliou of

(:t“r'gr::fan )z o

In ths cordnraiion of two moice of ethylene oride snd cne wie of

allnl mrnesiun dodida, rasuits poiat to the formation of ( \”-4?7:-30)2?33.
v

Tife aldition wroduct i foraed in a similar method &s the ¢nlurides,

from 512,{5~x51 it e (‘41’?0‘ rY waicn rearvacses giving (('4’!9(; )aqg end

-
'J’ °
-

Anelvticel roslis further show Ltlat the combinel formula of the 251

ratio ia (i"é?.’g’) )21.»:;:-2‘&;-312.

The percentage yleld of the aicohol and ehylons lodohydrin is ine
croased considerabiy witn the aidivion of two moloa of ethylene

oxide and one mole of slkylmacnasiua iodides

Tio precinitrte was formeod vher one rwle of the eoxldo vas uveed to

one mole of the Oripnary roaront,

The addition products belwoun etinylene exide and aliyirn-nesiua
iodile are not stoble.



8s It was shcwn that one=half mole of the epoxide doea not react fully
with one mole of alkylmarnesium iodide, and that “elserheimer's
surrested subsidiary and principal valence oan be used in explaining

the additlion product formed when the epoxide reacts with the Grignard

rearsnte.
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TA3LE I

ATALYSYS CF AMITION PROYKT TROT 2(C%),0 and CoHglel

o — - [Spesymay

Condeneation Wo. % Jodine 7 Yarmsgiun
1 45.50 9,50
2 47.72 B.6€b
3 45.22 8,00
4 47435 Be7D
6 4€.21 BeB7
6 49453 9.28

Pased upon the production of 023502{2C1-f20'ﬁgocz-lzcz1’21'
Theoretical Mg £.907%

I 47.23%

T Qg pl 2P lapA $Nat @ wlbaprsy o A 0-..,. e D TaL IR

((‘4 1) and dielodollethawrnomesinn (0 L)
-3

’:2,,'13 ,‘..sq 4--»‘4 "‘"? bl o gam- ammnam? ,.,,‘ C " 6

tiono

\)’t,
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TABLE II

ATALYSTS OF ADDITTON PRODTCT TR0 4(C7,)a0 AND Cplg™s

Condencation Yoo % Iocine 7 ecnesiun
1 E%.8 10,00
2 66.1 9.85
Theoretioal B3¢7 10.7

Theoretical formula

szls
| C}

/
M ew o
»;g o\L .

I
Recovery of ethylene oxide
1 93%
2 91,47




TABLD III

ATISYSIS GF ARDITICK FIODTCT FEOT 2(C7%)g0 ATD Wig

Cordonsation Yo, % Iodina 7% Yarnesiua
1 60438 T.t3
P4 62,90 Te€2
3 1.21 6.91
4 63636 6.42
b 60451 6.76

Bassd upon the protiction of (Icuzcnzo)zug
Theoretical Mg 6.55%

I 69,307



TAZLE IY

PIICTUATY YTLTOE OF ALCP 0T KT IR IR
SATTY TROT TS TITIATED CLIGUARD B OATEOS

B 514("’ Jas W rIl2((‘2’° I 4 {07 )e0
Yo Yoo ¥y rak Tent
“lylmgnesiom Iodide
1« roranol B4 €47 ixplodad
Todohydrin . fopd axe
Sthylmarcvegiam Iodlde
l-itanol £3.7% 727 4077
jodshydrin g8y7 407 13,5
ne"rovlaagnesinm Iodide
l=®mtanol 3Ca8:: 61.57 §5:7
Iodchydrin 3 63 167
j-Prcnylmmrnosiua Jodide
$=tethylelebutancl 324C° 40,87 807
Iodohydrin 21.87 517 10,47
nefutylmgresiun Yodide
l-Tlaxanol 35.27% €4 05' 3C.21
Todohydrin 24,87 66,17 22427

SuMathylelenentanol

Tolohydrin

4Mothylmlerartanel

Iodohydrin

s=utylwernesiun Iodide

107 571
. ~.7
2C.20 47"

i-Butylmapmnosium folide
1R .51 Ce37

39,17 64,37

«37=



TABLE V

PUYSICAY, COSTAXTS OF THE ATCOYOLS

Alcohol Nzo B.P.%C, Ref.
D

l1~Propanol 1,32543 97.19 18
l-Butanol 1.39931 117.7 18
1-Fertancl 1.40063 137.9 1le
3=Mathylelwbutarol 1.4084 132, 28
l=fexanol 1.41¢1 167.6 19
3=Motliyl=l=Paontanol 1.4115 152.4 28
4-Megthyl~l~Pentanol 1,4490 152, 28

w3l



DERIVATIVIE OF THS ALCCHACLS

-6
a3

E

TAD

VI

1-1.?.00‘ Ref,

l<Propanol

3,5~dinitrobenzoante 74 18
l=Futanol

3,5=-dinitrobenzoate €4 16
l.Pentanol

3,5=-dinitrohbenzoate 46,4 18
$=rtsthyl=l=bu tanol

3,5~dinitrobengoate 61 28
l.ifexancl

3,6~dinitrobenzoate 65G.4 28
3=Methylewl=Pcrtanol

3,6=dinitrobenzoate 38 28
4-Vethylel="entanol

72 28

3,5-dinitrobengocats

=39
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