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INTRODUCTION

The author noted when tertiary butyl magnesium
bromide reacted with ethylene oxide that the expected
alcohol was not ovbtained. The main product of the
reaction was ethylene bromohydrin. The results were
the same whether the mixture was refluxed in benzene
or hydrolyzed immediately.

This anomalous Grignard reaction promoted the

investigation.



HISTORICAL

In the year 1902 Blaisse (1) reacted ethylene oxide
with ethyl magnesium branide. He obtained as the principle
product ethylene bromohydrin. The following scheme was for-

mulated by him to interpret the results:

c
|H2>0 + C,H%3r Br CH,~Ci, = O-1is Br
C; o

The product (I) would give ethylene bromohydrin upon hydro-
lysis. But according to this the Grignard reagent is broken
between the magnesium and the bromine. All previous cases
were explained by the separation of the alkyl group from
the megnesium halide.

In 1903 Grignerd (2) puvlished an article in which
he expressed his views on the mannervof the reaction. He
explained the formation of the bromohydrin obtained by
Blaisse through a secondary reaction in which ethylene oxide

formed an addition compound with the following formmula:

c c
Hz\o/ ol
L N

Br

(11)

This addition canpound was called an cxonium salt by Grig-
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nard. It would give upon hydrolysis the following:

CH2 023.5 CHz

7
| >o\ + 2R0H—> 2| 0 4 20575 + MBry + 15(0k);
CHy iBr CHs

The ethylene oxide in the presence of magnesium bdbromide
and water wuld give ethylene brauchydrin according to the

known reaction of Wurtz (3).

CHy
2]

b, 0+ ZHOH 4 LigBry —>= 20rSHyCHpOH + i(Gi)g

Consequently, the formation of the ethylene bromohydrin
was a secondary reaction. Therefore, after the ethylene
oxide was added to the ethyl megnesium bromide, Grignard
distilled off the ether on & water beth in order to heat
the mixture. After a large amount of the ether had been
removed a second reaction took place. The mixture begen
to bubble end swell. If it was not controlled very care-
fully an explosion took place with the evolution of a
great deal of heat. This reesction was called the second
phase by Grignerd. Upon hydrolysis the mixture then yielded
825 of normal butyl alcohol. This second phase of the
reaction could also be prcduced by distilling off some of
the ether and replacing it with benzene or toluene. The

new mixture was refluxed for several hours and then hydro-



lyzed as before. According to Grignard the mechanism of
the reaction was the rupture of the oxonium salt by heat

as shown below:

THZ N 0/02H5

<+ Heat —= Cz}%-CHZ-CHZOMgBr
CHZ/ N\ -

LigBr

(11I)
The product (III) upon hydrolysis would yield normal
butyl alcohol. The mechanism of the above reaction has
been generalized by Grignard, (2) L. Henry (4), Delby (5),
and others using ethylene oxide and different Grignard
reagents.

Meisenheimer (6) contributed analytical data in
confirmation of Grignard's ideas. He analyzed the pro-
duct which was precipitated when ethylene oxide was re-
acted at -21° with ethyl magnesium bramnide. The results
corresponded to the molecular addition between the Grignard

reagent and ethylene oxide. Lieisenheimer assigned the fol-

lowing formule to this product:

CHp Palls _CoHs
CHy r el

This was more in accordance with the ideas of former workers

than the first formula essigned by Grignard (3). This pro-



duct (IV) was kept for several weeks in a vaccum desiccator.
At the end of this period it was found to be unchanged.
When heated on a water bath it decomposed. Meisenheimer
also analyzed the campound formed in the second phase. The
analysis corresponded to the formula CpHg=CHp=CHo=0-ligBr.
This upon hydrolysis gave the expected nommal butyl alcohol.

In 1930 I. Ribas and E. Tapia (7) reacted the ether
solution of magnesium braaide with epichlorohydrin and the
following compound was fomed:

BrCHp-CHp ( OligBr ) CHoC1

Upon hydrolysis the bromochlorohydrin of the glyceride was
formed. In 1931 Ribas and Tapia (8) reacted ethylene oxide,
epichlorohydrin, and methoxyepoxypropene with one mole of

magnesium bromide. Products were obtained according to the

equations:
CHz\
! /0 + ligBrp —> BrCHaCH2QiigBr
CHp
(v)
CHZ\ HsC-Br
| 0 + MgBrg—s |
CH HC-OlgBr
I |
CCl HoC-Cl
Hp

(vI)



CHp ~ CHEBI’

l _ 0 + lgBrg —— s |

CH CHO.gBr

| I

cHo CHp

bCHg éCHg
(vir)

These were analyzed end compared to the caupounds that
were obtained by the following reactions as described by
Grignard (9):
BrCHp-CH,0H + CoHgigBr —= CpHg + BrCHpCHoOMgBr
CHgBr QigBr
H(|70H + CoHgllgBr ——CoHg + BrCHz-C':-CHzcl
CH5C1 !
CHgBr QMgBr
HLL,OH + CpllgllsBr —s> CpoHg + CHQBr-(l}-Cﬂaocﬂs
H

CH,OCH;

Much trouble was experienced in the analysis of the com-
pounds due to the ease of hydrolysis and to the difficulty
encountered in purifying them. Determination of the dbro-
mide ion of the precipitates showed that the compounds could
not bve considered as molecular addition products between
the ethylene oxide and magnesium bromide as described by
Grignard and Maeisenheimer. If the compounds were molecular

addition products they would have had all their bramine in



the form of the bromi&e ion, whereas it was found to con-
tain one half of the bromine in the ionic form.

The following equations show how an increase in bro-
miﬂe ion could be expected upon stending. This was true
if the magnesium hydroxide did not react rapidly in the nitric

acid used to neutralize it.

23rCHp-CHp=OiigBr + 2HOH —— 2BrCHpCHOH + ligBrp + Mg(OH),
CH

2BrCHo-CHo0H + ifg(OH)p —= 2] + 2I0H -+ LigBrp
CHp

It could be seen that one mole of magnesium bramide could
react with two moles of the oxide to form the following
compound :

Br CHg=CHp=0~15g= 0~ CHp=CHp Br

The product obtained from the reaction of ethyl mag-
nesium bromide with an equal molar quantity of ethylene

bromohydrin was analyzed:

Cotained Theoretical
Bromide ion 28,0% 27.4%
Magnes ium 8.2% 8.3%
Total Bromine 55,6% 55.0%

The theoretical calculations were based upon BrCH~-CH -O-MgBr
.86 moles of diethyl ether. The molecular weight equals 292.
The analysis of the product obtained by the reaction

of one mole of ethylene oxide with another of magnesium



bromide wes.given as follows:

Obtained Theoretical

Bromide ion 27.8% 27.0%
Magnes ium 7.8% 8.2%
Total bromine 54.9% 54,35

The theoretical amount was based upon BrCH_-CH.-0-ligBr
«91 moles of diethyl ether. Molecular weight equals 295.

The above results proved the identity of the products
obtained.

In the same article Ribas and Tapia tried to isolate
the addition compound that had been described by Meisen-
heimer (10). They reacted ethyl magnesium bromide with
ethylene oxide at a temperature of =200 C. The reaction
mixture was allowed to stand for two hours at the above
temperature. The product was filtered and carefully dried
between filter papers. The analysis of the product resulted

in the following:

Time in hours Percent Bromine
before titration Ion
immediately 14.9, 14.6
12 14,1, 17.0
24 16,8, 16.0
36 18.7, 20.0

In 1932 Ribas and Tapia (11) published another article
in which they studied the nature of the precipitates when
ethyl magnesium bromide was treated with variable quantities

of ethylene oxide. They concluded that the precipitate was
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a mixture of these two compounds:

BrCHZ-CHZ-O-hk-O-Cliz-CHZBr
and

BrCH,~Cl,-0-lgBr

A study was made of the ether solution from the
reaction of one mole of ethyl magnesium branide and one
mole of magnesium bromide. This solution was reacted
separately with ethylens oxide and benzophenocne. Normal
butyl alcohol and diphenyl ethyl carbinol were obtained
respectively.

The principle reaction was formulated by them in
the following equations:

(2CoHpMgBr === MgBrp + (CoHploMg) + 4 E:a;o —_—
2

(BrCHp=-CHo-0)oMg + (CoHs=CHp-CH2-0)2Mg + 4 HOH —>
2lig(OH) 2 + 2BrCHp=CHp=OH <+ 2CpH5CHpCHoOH

In 1928 Godchot and Cauquil (12) showed that the
reaction of cyclohexene oxide and methyl magnesium bdbromide
was an abnormal one. Formerly the reaction was thought

to have gone as:

CHg CHp H
/ N\ 8 /
HzC ¢ HaC C —OH
[ | 0 + Clgilgl —— |
\ / \ /
CHz CHZ H
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The product was thought to be eis=-2-methylcyclohexanol until

it was shown to be unlike the two isomeric 2-cyclo-hexanols
prepared from the reduction of o-cresol. It was found theat the
supposed cis=2 methylcyclohexanol was in reality methyl cyclo-

pentylcarbinol, which resulted from the followin; series of

reactions:
CHp CHp
H c/ \C/H H c/\c HX
2 2 -
[ (Do +Mgx, |
Hot &7 HE,C  C =HGisX
\/ H \/
CH, CHp
CHp
7\
HoC  C-HX
HOR >
Hzc\ /C-HOH
CHy
Heat N T A
ea R
> HyC CHCHO HoC ¢’—¢-cx
CHyp CH,

The primary product of reaction between a Grignard
reagent and cyclohexene oxide was thelmlohydrin derivative,
which geve the smaller ring when heeted. ‘/hen cyclohexene
oxide wrs hcated with magcnesium bromide the cyclopentane
eldehyde wes obtained (13).

Consequently when the dimethyl magnesiun was reacted
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with the cyclohexene oxide the product was 2-methylcyclo-
hexanol, the expected campound.

It has been observed in this laboratory that when
tertiary butyl magnesium bromide reacts with ethylene oxide
that the expected alcohol was not obtained. The main pro-
duct of this reaction was ethylene bramohydrin. This had
been observed by Whitmore (14) when he reacted tertiary
butyl magne sium chloride with ethylene oxide and obtained

ethylene chlorohydrin as the main product.



EXPERIIENTAL

IO
The following bromides were prepared from the correspond-

ing alcohols (Eastman Technical) by the action of sulfuric
acid and hydrobraomic acid (15):

Ethyl bromide

N-Propyl bromide

iso-propyl bromide

N-butyl bromide

iso-butyl bromide

sec., butyl bromide

N-amyl bromide

iso-amyl bramide

1 bromo 2 methyl butane

2 bromo pentane

N-hexyl bromide

2 bromo hexane

2 bromo 4 methyl pentane

Tert. butyl bromide

Tert. Auyl branide
2 bromo 3 methyl butane was prepared from the corresponding
carbinol (16) by R. L. Guile.

Bromocyclohexane, phenyl branide, ethylene chlorohydrin,

and benzyl chloride were Ezstman Technicel. They were frac-
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tionated and dried over calcium chloride. The dioxane was
Eastman Technicul end this was fractionated and dried over
sod fum,

Ethylene oxide was obtained from Dow Chemical Company
and was fractionated end dried by passing it over soda lime.

The ethylene dibromide was obtained from the ection of
branine with ethene (17). It was fractionated and dried
over celciwa chloridc.

Ethylene bromohydrin was prepared by the action of mag-
nesium bronide with ethylene oxide in a&n anhydrous ether sol-
ution, It was purified by frectionation.

iagnesium turnings, prepared for Grignard reagents,
were used after drying over calcium chloride.

The anhydrous ether was dried over sodium for one week
before it was used in the reactions.

Grignard reagents prepared and studied were:

Ethyl mesnesium bromide
Propyl megnesium bramide
Iso=-propyl magnesium bromide
N-butyl magnesium bromide
Iso=-butyl magne sium bromide
Sec. butyl megnesium bromide
Tert. butyl megnesium bromide.
N-anyl magnesiwa bromide

Iso amyl magnesium bromide

2 methyl 1 bromo-magnesium butane



2 bromo magnesium pentane

S methyl 2 bromomasnesium butane
N-hexyl magnesiwa bromide

4 methyl 2 bromomegnesiuwn pentane
2 bromo-magnesium hexane

Phenyl magnesium broaide
Brouwo-megnesium cyclohexane

Dibromo-maznesium ethylene

II.

The Grignerd reegents were prepered as follows:

In a dry1 two liter three neck flask, fitted with a
glycerine sealed stirrer, efficient reflux cc.aenser and
dropping funnel, were placed twenty-four grams (one mole)
of magnesiwa turnings and a crystal of iodine. The flask
was heated with a sxall fleme until the iodine veporized.
It was then alloved to cool while one mole of the halide was
weighed out. Two mls. of the halide was added to the re-
action flask and the remeinder-was mixed with two hundred.
mls. of anhydrous ether. After the reaction mixture stood
for a few minutes a few mls. of anhydrous ether were added
and stirring was started. The reaction began &almost im=-
mediately and after it had reacted for & few minutes, or if
the reaction becamne too vigorous, fifty mls of anhydrous

ether were placed in the flask. The remaining halide ether

lme flask was dried in an oven for twenty-four hours end
then rinsed twice with anhydrous ether. The reaction must be
protected frou carbon dioxide, water vapor and oxyzen of the
alir.
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solution was then placed in the dropping funnel. It was
added at such a rate that gentle reflux took place. After
all the halide ether solution had been added the mixture
was stirred for two hours and allowed to stand overnight.

Bach Grignard reagent was treated in three different ways.
First, the Grignard reagent was reacted with one mole of ethy-
lene oxide and then refluxed with benzene. Second, the Grig-
nerd was reccted with two moles of ethylene oxide with no
heating. Third, the reagent was treated with dioxane (18)
precipitating the halides. The ether soluble dialkyl mag=-
nesiuwn compound was then reacted with two moles of ethylene
oxide.

A typical run for each of the three reactions will be

described.

III A. Reaction of one mole of a Grimnerd reagent with one

mole of ethylene oxide with heating.

The Grignard reagent that has been previously prepared
was cooled in an ice salt bath. One hundred mls. of anhydrous
ether that had been cooled to zero degrees was placed in a
dropping funnel fitted with & tight cork. One mole (44 grams)
of ethylene oxide was measured out in a flask previously cal-
ibrated and cooled to zero degrees. It was poured irmediately
into the dropping funnel. The funnel was corked and the con-
tents mixed. Addition of the ethylene oxide ether solution
to the Grignard reagent was started cautiously. (If added to

fést, a very vigorous reaction takes place.) The ice salt
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bath was removed as soon &s &ll of the ethylene oxide had
been added and the contents were allowed to come to room tem-
perature with vigorous stirring. The reflux condenser was now
set for distillation.l A water bath kept at fifty degrees2
was used for the removal of about two hundred und fifty mls.
of ether, until the contentns become pasty. Now the con-
denser was set for reflux and two hundred and fifty mls.
of anhydrous benzene were added. The water bath was heated
until the benzene solution refluxed gently. Heating was
continued with stirring for six hours and the mixture allowed
to stand overnight., It was hydrolyzed with one hundred mls.
of water. The magnesium hydroxide precipitated as a thick
paste and the benzene solution was decanted. The paste of
magnesium hydroxide and water was extracted three times with
amall portions of ether. It was then neutralized with dilute
hydrochloric acid and ice. This solution was extracted three
tines with small amounts of ether. The ether extracts were
combined, dried over anhydrous sodium sulfate and fractionally

distilled.

III B. Reaction of two moles of ethylene oxide with one mole

of Grignard reagent.

The Grignard reagent that was prepared a&s in II was

lAll precautions for ether distillation are used.
2If the temperature of the contents is raised above fifty

degrees a very vigorous reaction takes place with decompo-
sition.
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cooled in an ice salt bath. One hundred snd fifty mls. of
anhydrous ether cooled to zero degrees was poured in the
dropping funnel, The‘tunnel was corked and the liquids
mixed. Addition of the ethylene oxide solution to the
Grignard was quite slow due to the vigorous reaction. The
ice salt bath was renoved as soon as all of the ethylene
oxide was added and the contents were allowed to come to
room temperature with stirring. After standing overnight
the material was hydrolyzed as described in (A). The com-
bined ether extracts were dried over anhydrous sodium sul=-
fate and fractionated. The alcohols may be freed of any
ethylene bromohydrin by extraction them twice with water.
This was avolded if possible due to the large loss of al-
cohol. However, where the boilings point of the alcohol and

the ethylene bromohydrin were close together it was essential,

III C. Reaction of two moles of ethylene oxide with one mole

of dialkyl maznesium.

Dioxane was added through a dropping funnel to the stir-
red Grignard reagent at such a rate that gentle reflux took place
(18). The addition of dioxane was continued until no more halides
were precipitated. This could easily be seen by stopping the
stirrer and letting the white precipitate settle. To the clear
ether solution one drop of dioxane was added. If a white pre-
cipitate was formed it was necessary to add more dioxane.?!

1mhe yield of the dialkyl magnesium compound was diminished to
a large extent if a great excess of dioxane is added.
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The mixture was then quickly and carefully poured into dry
centrifuge tubes and corked. The white precipitate of the
halide was thrown down so that the clear ether solution of
the dialkyl magnesium compound could be decanted into a
flask fitted as previously described for a Grignard reaction.
The total volume of the ether solution was measured. A two
ml. aliquoit was removed and hydrolyzed with ten mls. of water.
The magnesium hydroxide was titrated with standard .1 N HCl
solution using phenolpthalein as an indicator. The best re-
sults were obtained if a measured excess of the standard .1 N
acid was added and then back titrated with standard .1 N
NaOH. From the data obtained one can quickly coapute the
yield of the dialkyl magnesium compound. It was now possible
to add the theoretical amount of ethylene oxide (two moles),
which is weighed and added as previously descrived in III B.
The solution was stirred for three hours and allowed to stand
overnight. It was then hydrolyzed with enough water so that
the magnesium hydroxide becomes a thick paste. The ether so-
lution was decanted and the paste of magnesium hydroxide was
extracted three times with small portions of ether. The com=-
bined ether extracts were dried over anhydrous sodium sulfate
and fractionated.
The following alcohols were prepared by the three methods

described:

normal butyl alcohol

normal amyl alcohol

iso amyl alcohol

3,3 dimethyl butanol 1
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$ methyl pentanol 1
iso hexyl alcohol
normal hexyl alcohol
normal heptyl alcohol
3 methyl hexanol 1

iso heptyl alcohol

4 methyl hexanol 1
normal octyl alcohol
3,4 dimethyl pentanol 1
S methyl heptanol 1
benzyl carbinol

2 cyclohexyl ethanol 1

$ phenyl propanol 1

IV. Preparation, analysis and identification of the inter-

mediate compound that was fomed in the reaction of ethy-

lene oxide with Grignard reagents

A, Beaction of one mole of ethylene oxide with one mole

of ethyl magnesium bromide.

The preparation of the Grignard reagent and the addition
of the ethylene oxide was accomplished as previously descrived
in III A. The mixture was stirred for two hours at room tem-
perature and was allowed to stamd for one hour. The white pre-
cipitate settled out and the ether solution was quickly decanted.
The precipitate was washed four times with one hundred ml. por-

tions of anhydrous ether. The washed solid was quickly trans-
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ferred to a weighing bottle which was immediately placed in a
vacuwn desiccator.1 The desiccator was first evacuated with
a water pump for three hours and then with an oil vacuum pump
at two mm. pressure for twelve hours. All of the ether was
removed. The following analysiswkre mades

Total bromine by Parr bamb (19).

In a Parr bomd fusion cup were placed fourteen grams (14 g.)
of sodium peroxide, seventy-five hundreths grams (.75 g) of
powdered potassium nitrate, four-tenths grams (.4 g) of finely
powder cane sugar, and two-tenths grams (.2g) of the sample.
The Parr bomb was assembled and the contents were carefully
mixed by shaking. The sample was ignited by heating two to
three minutes with a bunsen burner. The bomb was allowed to
c00l, opened and the fusion cup placed in a six hundred ml.
beaker. The top was thoroughly rinsed off in the beaker with
distilled water. A cover glass was then placed on the beaker
and two hundred mls. of water were added. As soon as all of
the material had dissolved from the fusion cup it was removed
and rinsed with distilled water. The solution was boiled until
all of the hydrogen peroxide was expelled and all the sodium
peroxide decanposed. A measured excess of standard .1 N silver
nitrate vas added to the hot solution which is then heated for
fifteen minutes to insure complete precipitation of the silver

bromide. The solution was cooled and cerefully acidified with

1The white solid hydrolyzed immediately if exposed to the moisture
of the air.



concentrated nitric acid. Hydrazine sulfateubs added until
all reaction ceases and no more nitrogen is given off. The
solutionyhks cooled and the bromine determined by the Volhard
method for bromine (21).

Total magnesium was determined by decomposing a weighed
sample with a Meeker burner. The results compared with the
method of converting the magnesium to magnesium sulfate ,
dried and weighed as such (3). The former method ufs much
faster; ignition capsules were ignited to a constant weight.

A weighed sample was placed in each and carefully ignited with
a small flame (care must be taken not to heat so fast that

the sample catches fire). The temperature was gradually raised
until the full heat of the Mesker burner was used. The sample
was ignited at this temperature for one hour. They were then
allowed to cool to almost room temperature and placed in a des-
iccator for fifteen minutes. The crucible was weighed and ig-
nited for ten minutes at the highest Mesker burner temperature.
It was again allowed to cool as above and weighed. This pro-
cess was repeated until the crucivle attained constant weight.
Generally, two ignitions were all thaﬁwere necessary. From the
data it is possible to0 calculate the’percent magnesium in the

sample. By this fomula the amount of magnesium was obtained:

¥t 120 x .6052 x 100 w & ppomesium,
wt. of sample

Total carbon and hydrogen was determined by Pregel micro

method (20). A low percent of carbon was found due to the for-
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mation of magnesium carbonate in burning the sample since

it was impossible to heat the combustion tube hot enough to
decompose the carbonate thet was formed as the sample was
burned. The sample was removed from the tube and the cearbon
dioxide ocontent determined by loss of weigh upon ignition.
The total weight of carbon dioxide was obtained from this loss
and the increase in weight of the ascarite tube. The percent
carbon was calculated from this equation:

Total wt. of carbon dioxide x .2727 x 100 = 4 ¢
wt. of sample

Branide ion was determined by dissolving a weighed sanmnple
(.2 to +4 grams) in thirty ml. of 1:6 nitric acid. The bromine
ion liberated was determined by Volhard method (21).

Hydrolysis of the precipitate yielded ethylene bromohy-

drin.
Analysis
H 3.14% 2.94%
Total bramine 56.405 58.95%
Mg 8.83% 8.93%
Braunide ion 27,305 29.42%
The theoretical values are based on the formla
(Br-CHpCHp=0) oMg.

B. Reaction of one mole of ethyl magmesium bromide with

one mole of ethylene bromohydrin.
One mole (125g) of ethylene bromhydrin was addcd drop

by drop to the stirred Grignard reagent that was prepured as
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previously described. The reaction mixture was stirred for
three hours and allowed to stand overnight. The clear ether
solution was decanted from the white precipitete which was
then washed four times with one hundred ml. portions of an-
hydrous ether. The precipitate was placed in a weighing bottle
and the ether removed by means of a vacuun desiccator as des-

crived in IV A,

Analysis
Found  Theory
Total bramine 64.20%  70.10%
Bromide ion ! W04 .65
Mg 11.72%  10.655

The theoretical is based upon the formula:

Br-CHgCHp-0-1gBr

C. BReaction of one mole of nomal amyl magnesium bromide with

one mole of ethylene oxide.

The procedure was the seme as IV A, The white precipi-

tate was analyzed and found:

Found Theory
c 17,3735 17.62%
H 3.21% 2.94%
Total bromine 56.235% 58.75%
Mg 9.12% 8.955%
Bramide ion 27.90% 29.37%

The theoretical is based upon the formulas

(Br- CHchZ—O ) 2”8
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D. Reaction of one mole of magnesium bromide with one mole

of ethylene oxide.

One mole of magnesium (R4g) and five hundred mls. of
eanhydrous ether were placed in a three liter three neck round
bottom flask fitted with reflux condenser, glycerine sealed
stirrer, and dropping funnel. One mole (160 g) of bromine
was alloved t0 drop in the ether macnesium mixture at such a
rate that gentle refluxing takes place. After the addition of
one half of the bramine, two hundred cnd fifty mls. of anhy-
drous ether were poured throu-h the reflux condenser. The
reaction was stirred for two hours after all of the bromine
had been added. One mole (44g) of ethylene oxide was added
to this ether solution cooled to zero degrees, as in IV A,

It was stirred an additional two hours and allowed to stand
overnight. The ether solution was then decanted from the pre-
cipitate which was washed four times with small portions of
anhydrous éther. The precipitate was now dried and enalyzed
as in IV A, The coubined ether was solutions and main ether
solution were combined «nd the totzl bramine contained in them

as bromide ion was determined by Volhard method (21).

Analysis
Found Theory
Total bromine 56,735 58,755
M3 8.615 8,92
Bromide ion 26,840 29,375
Total bromine in ether solns. 41,245 50,007

Theoretical based on the fomula (BrCHyCHo-0)glig
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E. Reection of one mole of mma:mesium broanide with two

moles of ethylene oxdide.

One mole of masnesium branide was prepared and two
moles (&8 g) of ethylene oxide were addeu vo it as in III A.
The mixture was stirred for two hours end then refluxed for
cne hour. It was allowed to cstand overnight. The ether sol=-
ution wes uecented from the white rrecipitate which was washed
four tizes with small portions of anhydrous ether. The pre-

cipitate was dried and analyzed as in IV A,

Analysis
Four.d Theory
Total bromine 56.01% 58,75%
Mg 8.685 8.95%%
Bromide ion . 28.46/7 29.57%
Total bromine in ether solns. 6.927 00.00%
F. Reaction of one molg of tertiury butryl marsnesiwa brogide

with one mole of ethylene oxide.

The white intermediate compound was prepzred from one
nole of tertiary butyl magnesium bromide to vhich one mole of
ethylene oxide was added as in III A, The ether solution wes
refluxed for two hours and then dzcanted from the white pre-

cipitate which was washed, dried, and analyzed as in part III A.

Analysis
Fourd Theory
C 17,01 17.62;
H 2.815 2,947

+

mi

9,215 8.935
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Total bromine 554345 58,857
Bromide ion 29,527 29,415
The theoretical values are celculated from the formulas:

(Br-CHoCHo-0) 2lig

G, Reaction of one mole of ethyl marnesium bromide with one

mole of ethylene chlorohydrin.

One mole (80.5 g) of ethylene chlorohydrin was added to
one mole of ethyl masmesium branide at such a rate that gentlg
reflux took place. The mixture was refluxed for two hours after
the addition of the ethylene chlorohydrin was campleted. The
precipitate was washed, dried and analyzed as in IV D. The per-
cent bromide ion that wus liberated upon plecing a weighed
saaple in 1:5 nitric acid was determined by Volhard ilethod (21).

In order to determine the percent bramine and the percent
chlorine in the precipitated silver halide from the hydrolysis
of the sample in 1:0 nitric acid the following procedure was
used. Five graas of the sample were placed in thirty mls. of
1:5 nitric acid. The silver halide was precipiteted by the
addition of an excess of .1 N silver nitrate., It wes filtered,
washed with distilled water, acetone, anhydrous ether, and
then dried for two hours at one hundred and fifty degrees. A
weighed saxiple was placed in a chlorinatingz tube and cautiously
heated as chlorine sas was passed over it (22). For the first
half hour the precipitate was not heated enoush to melt it.
After, the temperature was raised so that the precipitzte melted.

The chlorine wes replaced with sir and the sample allowed to



co00l., It was placed in a desiccator for fifteen minutes
and then weighed., This procedure was continued until the
sample attained constant weight. Percent bromine and chlor-
ine contained in the halide was calculated from the follow=-
ing formula:

Y = 4.224 (P-Q)

X = P-Y

-= wt. of silver chloride and silver bromide
-- wt. of silver chloride after conversion.

wt. of silver chloride in original sample
-=- wt. of silver bromide in original sample.

H o g
!
|

Total chlorine end total bromine Iin the sample were found
by decanposing a weighed sample by Parr boamb., The halides
were preciplitated with an excess of silver nitrate and analyzed
as described for the determination of bromineand chlorine in

the presence of the other.

Analysis
Found Theory
Total bromine 40,21% 43.53%
Total chlorine 18.91% 19,29%
Mg 15.84% 13,235
4 bromine in halide from hydrolysis
of sample 98.,7% 100,00%

The theoretical values are based on the formula Cl-CHpCHp-O-ligBr

V. Reaction of one mole of magnesium bromide with one mole

of ethylene oxide. The precipitated product of this reaction

reacted with one mole of ethyl magnesium bromide.

The product of the reaction of one mole of magnesium bro-
mide with one mole of ethylene oxide was prepared as in part

IV D. The white precipitate was washed three times with fifty



ml, portions of anhydrous ether and suspended in a two

hundred ml. portion of anhydrous ether by stirring. Ome

mole of an ether solution of ethyl magnesium bromide was

added at once and stirred for one hour. Three hundred mls.

of ether were removed by water bath and replaced with benzense.
After refluxing for six hours and standing overnight the mix-
ture was hydrolyzed, extracted, dried, and fractionated as in
III A, PFifty-four grams (54 g), a seventy-three percent yield,

of normal butyl alcohol was obtained.

VI. Reection of one mole of ethylenc oxide with one mole of

propyl marmesium dbromide,

(A) The precipiteted product of this reaction

is placed with the ether solution from the re-

action of one mole of ethyle oxide with one

mole of normal amyl magnesium bromide.

(B) Also, the ether solution of (A) is reacted

with the precipitated product of (B).

Normel propyl magnesium bromide was treated with one mole
of ethylene oxide eand the precipitate was filtered and washed
three times with anhydrous ether. The ether solution was placed
in a flask with the precipitate from the reaction of normal

amyl magnesium bramide with one mole of ethylene oxide.

1Special flasks for these reaction were prepared from two liter
three neck round bottom flasks. A stopcock was sealed into the
bottom of the flasks in such a menner that glass wool filters
were placed in the opening. By use of these flasks it is pos-
sible to remove the ether solution fran the precipitate with-
out exposing the precipitate or ether solution to the moisture,
oxygen, and carbon dioxide of the &ir.
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After removal of ether and replacing with benzene and reflux-
ing for six hours, hydrolysis gave 6l1% yield of normal anyl
alcohol.

Similar ether solution from normal amyl magnesium
bromide and one mole of ethylene oxide was added to the pre-
cipitate formed from normal propyl magnesium bromide and one
mole of ethylene oxide. After removael of ether and refluxing
with benzene, hydrolysis gave 465 yield of normal heptyl al-

cohol.

VII. Hydrolysis of the reaction mixture froum the one mole

of maznesium bromide with two moles of ethylene oxide.

One mole of magnesium bromide was reacted with two moles
(88 g) of ethylene oxide as in section IV D. The reaction
mixture was stirred for six hours after the addition of the
ethylene oxide and then gently refluxed for one hour and
allowed to stend overnigh¢. The reaction mixture was hydro-
lyzed with fifty mls. of water and the ether solution decanted
from magnesiuwm hydroxide solid. The magnesium hydroxide was
extracted three times with fifty ml. portions of ether.
The combined ether extracts were dried over anhydrous sodium
sulfate and fractionally distilled. A 61% yield of ethylene

bromohydrin based on two moles of ethylene oxide was obtained.

VIII Reaction of one mole of tertiary butyl magnesium bdbromide

with two moles of ethylene oxide.

The Grignard reagent was prepared end reacted with two

moles of ethylene oxide as in IV A. The mixture was allowed
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to stand overnight and the ether solution was decanted from
the white precipitate into a one liter erlenmeyer flask which
was stoppered tightly. The flask wes allowed to stand for three
months in the open. The contents of the flask were then hydro-
lyzed with fifty mls. of water., The ether water solutions were
separated by means of a separatory funnel. The water solution
was extracted thrce times with small portions of ether «nd
the combined ether extracts were dried over anhydrous sodium
sulfate for one week. The ether solution was fractionated.
Two mein fractions were collected:

980 = 1040 —=-mmmmem - 8 grams white solidl

140° « 143% -=-=---—- 13 grams colorless liguid.

A 3,5 dinitrobenzoate for each fraction was attempted. The
solid did not form a benzoate. The liquid formed a 3,5 di-
nitrobenzoate with a lI. P. of 839,

The alcohol was anslyzed for carbon and hydrogen by
Richard Jackson (19). The 3,5 dinitrobenzoate was analyzed

for nitrogen by Pregel micro method (31).

Analysis
Found Theory
c 69.01% 70.5%
H 15.80% 13.72%

Calculated for formula CGHiP

N 9,547 9.46%
Calculated for formula 013316°6N2

1Probably the hydrate of the alcohol 3,3 dimethyl butanol-|
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IX Preparation of 3,5 dinitrobenzoates of the alcohols (23)

One half gran of 3,5 dinitrobenzoyl chloride was placed
in a test tube with one ml. of the alcohol «nd the mixture
wes boiled gently for five minutes. The mixture was cocled
and the ester was extracted with a solution made up of one
part diethyl ether and five parts of petroleum ether. In
this solution the 3,5 dinitrobenzoic acid and 3,5 dinitro-
benzoyl chloride were inscluble. The solvent was evaporated
and the ester was recrystallized from five to ten mls of ethyl
alcohol water mixture of such strength that the ester dis-

solved in the warm solution but crystallized out upon cooling,

X Preparation of the phenyl and alpha-napthyl urathanes of

sane of the alcohols (24)

One gram of the anhydrous alcohol was placed in a test
tube and five-tenths ml. of phenyl isocyanate or alpha-nanthyl
isocyanate;was added., If a spontaneous resction did not teke
place the mixture was warmed on the steam bath for one hour?,

It was then cooled and dissolved in five @ls. of petroleun ether
or carbon tetrachloride. The hot solution was filtered znd cooled
in an ice bath., If the crystals didn't form upon cooling the
sides of the beaker may be scratched with a glass rod which
promotes crystal formmation. The crystals were collected and

dried by suction filtration. They were agein recrystallized

from petroleium ether or carbon tetrachloride, filtered, dried

lthe isocyanates are powerful lachrymnators.
Zmeke certain no moisture can enter.



on & porous plate and the melting point determined.

XI Proof of structure for 5,4 dimethyl pentanol-l.

Fifteen grams (15g) of the alcohol 3,4 dimethyl pentanol-l
was mixed with a hundred mls. of water end three grams of sodiun
carbonate in a three liter three necked flask., A potassium
permanganate solution madc up of forty grams of potassium per-
mangenate and & liter and a half of water was added with stir-
ring to the flask. The mixture was cooled to four degrees with
an ice salt bath and then allowed to come‘to room temperature.
After the mixture had been stirred for twelve hours the mangan-
ese dioxide was removed by suction filtering. The solution
was evaporated to one hundred mls. on the steam bath. It was
cooled, covered with a layer of ether and ecidified with dilute
sulfuric acid. The acid solution was extracted three times
with ether and the combined ether extracts dried over anhydrous
sodiun sulfate. Upon fractionztion thrce grems of an acid
boiling at 210" was made by refluxing one gram of the acid in
a small flask with the theoretical amount of thionyl chloride.
The mixture was heated gently under & reflux condenser for
thirty minutes using a water bath. The cooled residue was
trested with approximately two moles of the aniline dissolved
in about thirty mls. of benzene, the mixture was refluxed for
thirty minutes. Finally, the benzene solution was transferred
_to a small separatory funnel and washed with two mls. of water,
five mls. of dilute hydrochloric acid, five mls. of dilute

sodiun hydroxide, again with two mls of water, and evaporated

to dryness. The anilide was recrystallized from very dilute
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alcohol. 1Melting point of the anilide of the acid was 67°,
The corresponding acid was prepared by means of the ma-
lonic ester synthesis (27). Two hundred mls. of absolute al-
cohol were placed in a five hundred ml. three neck round bot-
tomed flask &nd eleven grams of metallic sodium cut in small
pieces wre added. Considerable heat was evolved and the
flask was placed in cold water. The reaction was completed
by refluxing on & water bath for thirty minutes. Through a
dropping funnel one half mole (80 g) of malonic ester was
added with efficient stirring. The reaction mixture was stir-
red for one hour end then thrce fifths of a mole (80.6 g) of
2 brano 3 methyl butane was added. The solution was heated
by means of & water bath (70°-80°), From time to ti.e the
solution was tested with lituus and when it becane neutral
the reaction was considered complete. The &lcohol wes removed
under reduced pressure, the salts dissolved with weter, and
it was then extracted with three fifty ml, portions of ether.
The combined ether extracts were dried over anhydrous sodium
sulfate and fractionally distilled. The fraction boiling at
2350-2450, geventeen grams, was collected and saponified with
fifty percent potassiun hydroxide. The alkaline solution
was extracted once with ether end then acidified with dilute
sulfuric acid. The acid solution was extracted three times
with ten ml. portions of ether. The combined ether extracts
were placed in a fractionating column and the ether removed.

Carbon dioxide was given off guite rapidly as the temperature
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was raised to 150°-170°. The decarboxylated acid wasfraction-
ated and the fraction boiling et 210°-214° (three grazs) was
collected. The anilide was made as vefore (26). :lelting
voint of the anilide 67°, A mixed melting point with the anil-
ide obtained froan the oxidation of the alcohol showed no de-
pression.

The amide of 2,4 dimethyl pentanoic ecid was vrepared dby
the followins nrocedure (28). One crem of the acid was heated
under a reflux condencer with five ml. of thionyl chloride for
fifteen to thirty minutes. The reaction mixture was poured in%o
fifteen mls. of concentrated amonia (caution). The precipi-
tated amide was filtered and purified by recrystallization from
alcohol or water. l%eltins point of the amide 95.5°.

T..e acid was analyzed for carbon and hydro~cn (uacro me-

thod) by Richard Jackson (29).

Awuiysisg

Found Theory
Cerbon 64.69  64.61,
Hyirogen 10.805  10.767q

XII Proof of structure for 2,3 dimethyl butsnol-l

Five grems of 3,9 dimethyl butanol-l were oxidized &3 in
XI, corresronding molar quentities beins used. One gram of an
acid bvoiling 177%-184° at 740.mu pressure was obtained. The
amide of this acid wes prepared by refluxing one gram of the
acid with five ml. of thionyl chloride for thirty minutes. The
reaction mixture was coolcd end poured into fiftecen mls. of con-

centrated aumoniwn hydroxide. The mrecipitatecd anide was filtered
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and recrystallized from & watcr alcohol mixture. Xelting point
of the anide 131°,

Tertiary butyl acetic ecid was prepared by the follow=
ing method (&0). Ninety grams of diisobutylene (bv.p. about
lOOvdegrees)were coubined with & solution of two hundred and
seventy graus (270 g) of crude sodium dichromete in three
hundred mls (300) of water. To this was added over a two day
period a mixture of two hundred sixteen mls. (216) of concen-
trated sulfuric acid in two hundred &nd sixty wmls. of water.
The mixture was stirred and additional eisht da;s, making ten
days in all. Finally, the mixture was fractionated and a yield
of twenty graus (20 g) of 2,2 dimethyl pentanone-4 was obtained
boiling at 122°-126°,

One hundred gra.s (100 g) of finely crushed ice and a
solution of fity-two grams (52 g.) of sodium hydroxide in two
hundred mls, of ice cold water were placed in a three neclt flask
fitted with a glycerine seal stirrer, a droppins funnel, and a
therwometer. The {lask was surrounded with #n ice salt bath.
Twenty-four mls of bromine was then added throush the droppring
funnel over a period of one how. The sodium hydroxide solution
was constantly sffrred. After all the bromine had been added
seventeen grams (17g) of 2,2 diuethyl pentanone-4 were cdded
in ten minutes throush the droppins funnel. The mixture was
allowed to come to0 room temperature with stirring end it was
allowed to stand overnight. The thermoneter was replaced with
a condenser arraned for distillation. The cooling bath was

removed and the flask heated with & bunsen burner flarne. Stir-
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ring was continued throughout the distillation whid#was
stopped when no more oil came over. After the residue in the
flask had cooled it was ecidified with sixty mls. (60 mls.) of
concentrated sulfuric acid. The wmixture wes then steam dis-
tilled until no more o0il came over. The oily layer was se-
paerated fran the water layer, dried and then fractionated.
The fraction boilins vetween 178°-148° at 740 ma was collected.
It weighed ten grams (10 g) ,

The amide was made as in XII. lklting point 151.5° cor=
responds to thet prepared by Whitmore (14).

A mixed melting point of the anides of the ecids prepared

was taken and there was no depression.



THEWRETICAL

Until very recently the mechenism of the reaction of
ethylene oxide with a Grignerd reagent was thought to have
been through the formation and splitting of en oxonium szlt

by heat (2):

0 HoC CoHg
/N >°/
Cszngr + H2C _— CHZ _— Hzc \ ‘&3r

HyC

o ///
l/\

sz

+ Heat — 021{5- CHZ CHz- C-McBr

CoHg=CHpCHp=0=3igBr + HOH —= CpHg=CHoCEoUSp0H + MgBrOH

The mechanixm was given analyticel support by llessen-
heimer (6). He assigned the following fomula to the molecular

addition compound:

HpC CoHs CoHg
I /
N o .
HpC / llBr \02H5

This idea remained unchenged until Ribas and Tapia (%),
(7), t8), (11) published their series of articles. According

to them the main portion of the reaction goes as follows:

Reaction of two moles of ethylene oxide with one mole of sthyl

magnesium bromide.
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H
(2C HyligBr == (CoHy ) g T1is3r,) + 4

+  (CyHgCH,CH,0) Hiig

20\
|)0 — (Br-CH,~CIL,-0) 1%

HyC (1)

(Br_CHz-CHZ-C)zMg -+ (CZH50H20H20)21‘53 + 4 IOH — 23r-CHZCH20H

1+ 2 CpHCHoCHoOH + 2 Lig(OH)p

Reaction of one mole of ethylene oxide with one inole of ethyl

masnesiumn bromide.

. 20\ L0
(2C5He g Br 25 (CH ) lig UigBrp) + 2 ", c! /o — (Buﬂﬁ})lzo)zbg

+ (CoHg)k

(BrCH,CH,0) 5l +(CyHp)5iig + Heat —= (CoH CHoCH,=0)5M0g + MgBry

(CoH;CH,C,0) ,ifg + 2gBry+ 2 HOH —= 2 CoHg CH,CH,O0H + LgBro+1g(0H),

(I) was said to be a mixture of BrCHCH,-O-iigBr and
(BrCHsz‘-O—)LMg, althoush ell of their analytical data confirms
the formula BrCH,CH,~O-sgBr with fractional parts of ether ab-
sorbed.

The following series of reactions are the result of work
accaaplished in this labvoratory. Vhere R is used it refers to
any alkyl or aryl grouping other than a tertiary alkyll or ben-
zyl group

1Tertiary butyl group did react under certain conditions as seen
in the experimental pasrt to give the expected alcohol.
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™o moles of ethrylene oxide with one mole of Grismard.

H,C
(2BR SRyl + MeBrp) + 4 . C|>0 ——= (BrCH,CHy=0) 5l
2

(BrCH,CH,=0)5ig + (RCH,CH,=0),big+4 HOH —= 2BrCH,CH,0H

+ 2RCHoCHoCH + 2 Mg(OH),

One mole of ethylene oxide with ore mole of masnesium bromide

HoC

| >
/
H,C

2 0 «+ 2ilg3rp — (BrCH,CH,0)0l8 4 1gBry

(BrCHoCH,O)plfs 4  MgBrp + 2 HOH —= 2 BrOH,CHyOH + ligbry

+ 1% (CH)y

T™wo moles of ethylene oxide with one mole of mazgnesium bromide.

HpC
2 | >0 + ligBrp ——— (BrCHoCHo-C)olig
¢

(BrCHaCHp=0)pilg + 2 HOH —=RBrCHoCHOH ~+ 1Mg(OH)p
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One mole of ethylene branohydrin with one mole of Grisnard

R4gBw+ BrCH,CHoOH —w R 4+ BrCH,CH,O0MgBr

BrCH,CH,O.gBr + 1 HOH —= Br-CH,CH,~OH + lBrOH + RH

One mole of ethylene chlorohydrin with one mole of Grisnard.

RisE-+ C1CH5CHo,0H —— RH + C1CH,CHpOMgBr

C1CH,CH,O.ugBr + 1 HOH —»CILCH,CHOH + MgBrOH 4 RH

T™wo moles of ethylene oxide with one mole of dialkyl mesnesium

HyC
Rl + 2 |30 — 5 (RHCHC)Rg
HpC

(RCHCH50)olls + @ EOH —=> 2 RCHpCHoOH + Mg(OH)p



DISCUSSION

The intemmediate compound that is formed in the reaction
of a Grignard reagent with one mole of ethylene oxide is (BrCHZCHZO)ZMg
and not the oxonium salt, ~

HaC CoHg Fols

| Jo—1m----0_

H,C Br CoHg
descrived by Grignard end Meisenheﬁner (2), (6), This intermediate
compound was prepared by two methods. First, by the reaction of
one mole of magnesium bramide with one or two moles of ethylene
oxide. Second, by the reaction of one mole of various Grignard
reagents with one mole of ethylene oxide. Analysis agree with
the molecular formula C4HgOpBroMg.,  When two moles of ethylene
oxide react with one mole of magnesium bromide the resulting
yield of ethylenebromohydrin is sixty percent based on the two
moles of ethylene oxide used, Whereas, if the oxonium compound
or BrCH,CH,~Q.gBr were formed, fifty percent would be the maxi-
mun yield possible, Furthermore when the Grignard reagents are
crossed as in the experimental part VI the products could not
have been formed from the oxonium salt, If the intermediate
compound were the oxonium salt the resulting alcohols in each
instance would have been the opposite. This also proves that
the dialkyl magnesium compound must have been contained in the

ether solution that was crossed with the precipitates. This is



in agreement with the equations that are proposed by us in
the theoretical part.

Ribas and Tapia (3)submit the following experimental
evidence as a basis for their proof that the oxonium selt is
not formed. When the intermediate compound is hydrolyzed in
1:5 nitric acid approximately one half of the total bromine
is given up in the fom of the bromide ion. The oxonium salt,
according to the formula assigned to it, would have all of the
broaine given up. They therefore claimed that the intermediate
compound was BrCHpCH5-0-ligBr. It can be seen that this com-
pound would yield one half of the total bramine as the bromide
ion on hydrolysis with 1¢5 nitric acid. The intermediate com-
pound when hydrolyzed in 1:5 nitric acid gives 27% - 30% bramide
ion. If the compound is BrCHpCHy-O-ligBr, one half of the total
broaine should be freed as bromide ion. Theoretically this
ghould be 35%. This value has never been attained in any of
the experimental results. The percent bromide ion that is ob-
tained, 27% - 30%, is in agreeasent for the theoretical of
(BrCH2CH2-0)2MMg if one half of the total bromine is freed upon
hydrolysis (29.3,:). Ve therefore conclude, with the supportof
the analytical data, that one molecule of ethylene oxide is
attached differently, so that onc half of the bromine is liber-

ated as the bromide ion upon hydrolysis.
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In a later paper Ribas znd Tapia (11) stated that they
believe that the intermediate compound was a mixture of
BrCHZCHz-O-MgBr and (BrCHZCHz-O)ZMg. However, all of their
analytical date was in support of the BrCHpCH,O0-ilg3r

It is & known fact that the reaction of one mole of a
bromo Grignard with one mole of ethylene oxide will yield only
ethylene bromohydrin unless heat treated or allowed to stand
for a long period, (1), (2). It has been shown in this paper
that ethylene oxide will react in the cold, without standing,
with the dielkyl macnesiwn compounds, Also, the reaction of
two moles of ethylene oxide with one mole of a Grignard reagent
yilelds the expected alcohol without heating. If the intermediate
compound is & mixture of the two compounds, BrCHZCHZ-O—MgBr aend
(BrCHZCHz-O)ZMg then the followins reactions would tske place
when one mole of ethylene oxide reacts with one mole of a Grig=-
nard reagent:

HyC
: : 2 ’ .
(2RilgX Z¥Rys + lgBm) 4 2 c)>o——-: Rylig + (BrCHyCH,0) 5idg

and
c
(2REX TTRylg + IBrp) + 2 . C)) 0 ——= BrCH,CH,0LgAr
2

H,C
+ Rig + | >o



The dialkyl megnesiwa campound and the ethylene oxide
that are found as products in the second series of reactions

would retcct as follows:
Roilg + 2 |\ 0 —n (RCHZCHZO)zi.;’g and (RCHZCHZO)ZI‘,’g 4+ 2HOH —
RCHoCHo0H +  45(GH)

Therefore one would find measurable amounts of the alcohol.
Absence of the alcohol makes it sean very improbable that there
could be a very large percent of the single compound present.
If the bromine ion produced by hydrolysis (275 = 3075) is due

to the single compound then the mixture, as proposed by Ribas
and Tapia, would be about eighty percent BrCHsCHoOLig3r. The
unused ethylene oxide would react with the dialkyl magnesium
compound to produce the alcohol, contrery to results.

The reaction of benzyl megnesiun chloridc witﬁethylene
oxide is very interesting. Then one moie of benzyl magnesium
chloride reacts with one mole of ethylene oxide the alcohol is
obtained without heating or standins. The wmount of ethylene
chlorohydrin produced is small. ‘Then two moles of ethylene
oxide are used and the amount of benzyl magnesium chloride is
again one mole, the yield of the alcohol is practicelly the
same as when one mole of ethylene oxide is used and the aaount
of ethylene chlorohydrin produced is agein small. It appears
thet the benzyl magnesium chloride is the only Grignard reagent

studied which reacts faster with ethylene oxide than do the
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magnesium chloride or the dialkyl magnesium produced from it.

The only product that is obtained when tertiasry amyl
magnesium bronide, tertiary hexyl magnesium bromide, or the
Grignard that is produced when one mole of ethylene dibromide
is reacted with two moles of magnesium, is ethylene bromohydrim.
Fran this we conclude that the dielkyl megnesium compounds
formed from these Grigmard reacants do not react readily, if
at all, with ethylene oxide or (BrCHCH,0)olig.

A technigue for reacting tertiary butyl marnesium bromide
with ethylene oxide was devised and small yields of the alcohol
3,3 dimethyl butanol-1l were obteined.

A proof of structure of 3,3 dinethyl butanol-l and 3,4
dimethyl pentanol-l was obtained b oxidizing the &lcohols
with alkeline potassium permancanate to the corresponding acid.
Each acid was then synthesized. Derivatives of the acids were
made, enalyzed, melting points determined, and mixed melting
points of the derivatives of the correspondinc acids showed no
depression.

The equations outlined in the theoretical part give very
good evidence for the support of the Schlenk equilibrium of a
Grignaerd reagent:

2 8gX =T X, + Ry
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SULL.IARY
The intermediate compo;nd formed in the reaction of
one mole of ethylene oxide with one mole of the Grignerd
reagent is (BrCHlCH,_-O)ZLIg. All Analyticel data support
the molecular formulabut the structural formule is not
definitely established in as much as one half of the
branine is liberated upon hydrolysis.
The reaction of one mole of ethylene oxide with one mole
of & Grignerd resgent tekes place in two steps as:
2B Rolls + ligBro) + 2 zzz;;o — >  (BrCHyCHR0) ol
2

4 Rolis

(3rCHyCH0) o + Rouis & Heat —a (3-CHpCHpO) piks +1%3ry

(R=CHoCHo0) olig + fBrp+2HVH —w 2RCHpCHoOH 41 (Uil) o4 1isBrp

One wmole of a Gricnsrd reacent will react with two moles
of ethylene oxide &t roan temverature eaccording to the fol-
lowing equations:

3¢

2L
(2RBR==Roils + M%p ) + 4 ; g>o — (BrCHCHLO) 2ig +
2

(BrCHchQO)z?.Ig -+ (A-C{zc}izo)é.:g + 4HOH —= 23rCH CH0H +

RR-CHCHOH 4+ 2ig(0H)

ks
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Dialkyl magnesiwa compounds react with two moles of
ethylcene oxide at room tcumncrsture to formm the exrected

alcohol.

Tertiary eyl cnd tertiury hexyl Grignerds end the CGrig-
nard formzd fro: the action of ethylene dibromide do not

react with ethylene oxide to fonma the expected &lcohol.

Tertiary outyl G6risnerd reegcent did react with ethylene
oxide to produce the alcohol in suell yields.

3enzyl magnesiwa chloride reacts with one mole of ethylene
oxide at% rooa tanperature to form the alcohol.

Ldditionel evid.nce is given in suprort of the equilibriua
euation (2RiX @2 1gXy+ Rplg) as proposed by Schlenk (52).
Proof of structure of two alcohols, 3,3 dizethyl butanol-l
and 3,4 dinethyl pentanol-l wes given and derivatives prre-
rered.

A nuaver of primary elcohols were prepered by the reaction

of a Gricnerd resgent with ethylenc oxide.
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Table 1
.Alcohol B.P. at
7 (o}
740 mn. n?®  ¢*t Derivative
Nomal butyl (¢3) 116°%-118° 1.3993 .007 a-naphthyl urathene
710 ($5)
Nomal amyl (lZ) 1359-137° 1.4100 .816 a-naphthyl urasthene
65.5° (35)
Iso emyl (%) 130° 1.40€1 .812 a-naphthyl urathzne
679 (25
Lormal hexyl (oo) 1500-155° 1.4121 .e18  a-naphthyl ursthane
520  (&g)
3 methyl pentanol-1l (04) 1£18152° 1.4112 .e23  a-naphthyl urathane
: 580 (56
Iso Hexyl (o3) 1500-152° 1.4122 .P15  e-naphshyl uratiens
€c®  {g6)
3,9 diietlhyl butanol-1l 15 R-14:° 1.4160 .814 3,5 dinitrobenzouie
£5.5°
Hormal heptyl (29) 1750-174° l.4251 .8B1l6 a-naphthyl urathare
62° (6)
3 methyl hexenol-1l (38) 1610-1¢2° 1.4213 .817 a-naphthyl urathane
459-47°  (38)
Iso heptyl (3%) 1680-169° l.4251 ,.819 9,5 dinitrobenzoate
54,5°  (&8)
4 methyl hexanol-1 (28) 1689-163° 1.428% .21  a=narhthyl urathane
o 50°  (¢8)
Normal Octyl (u3) 190°-193 1.4008 .824 a-naphthyl urathene
66° (s6)
4,4 dluethyl Peatanol-l (39) 160°-162° 1.4261 .819 eamide of the acid 95.5°
enilide ™ " n ¢7°
3 methyl heptanol-1 (40) 101°@ 26 ma  1.4293 .821
Benzyl carbinol (&7) 2170-219° 1.5258 1,027  a~nephthyl urcthane

B-cyclohexyl ethyl

game thenyl propyl (<1)

869-90° @ 17 tm 1.4695 .9185

25,0255

1.5861 1.006

119° (s6)

3,5 dinitrobenzoate
70.5°

phenyl urethane
47° (96)



Halide

Table II

Ticlds of Alcohols

O C.
Roug+ 2 HoC-ClHy XX + 2Hp&-Chis
no heat

& yield of % brouwo- % yield .

0

RicX+ Rliod—CHo

heat

7
'}o brouno=

> yield

el cohol Liylrin alcohol _hdrin alcohol
Bthyl bromide 88 45 72 11 79
Propyl drouide 30 43 75 6 76
Iso propyl bromide 85 45 70 7 74
N=butyl bromide 82 4l 71 5 70
Sec.butyl bromnide 70 51 65 9 65
Iso butyl bromide 80 41 69 3 64
Tert. butyl dbrauide 9 50 none 60 none
Neamyl dbromide 75 40 60 10 €9
Sec. auyl broaide 6C 44 50 5 5d
Iso amyl bracide 70 41 56 4 59
l-brauo 2 methyl butane 68 15) 53 9 £8
Tert. anyl bra:ide none 48 none 42 none
Tert. anyl chloride none chloro-  none chloro-  none
hydrin hydrin
ob o9

N hexyl drowide £0 X0 47 4 49

2 bromo J wethyl 3uteane 45 41 46 10 40

2 brou:io Pentane £5 47 40 6 43
Tert. Hexyl bdbraaide 42 48

Phenyl brouide 72 50 b5 42 58
Cyclohexyl bromide 60 42 45 8 50
Ethylene dibromnide none 68 none 51 none
Benzyl chloride 5 79 3 73
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