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T13SIS ARSTRACT 578,

TH3 RTACTION OF PROPYLEN3 OXIDS WITH VARIOTS QW

AILKYLMAGFSSITY CELORID:S

Ry
Harlan 3, Tiefenthal

This investigation has extended the studies that have been con-
ducted on the reactions of various alkylmagnesium halides with
ethylene oxide, propylene oxide and isobutylene oxide. It inveolved
the preparation of several Crignard reagents and corresponding di-
alkylmagnesium compounds, together with their subsequent reactions
with propylene oxide using various proportions and conditions,.

Grignard resapgents were prepared using ethyle, nepropyle, sec-
propyl=, n<butyle, sec<butyle, iso=butyl, and tert~butyl shlorides.
Yields wore deternined by the Gilmn | Gilman, H., Wilkinson, P, D,
Fishel, W, P, & Veyers, C. Fo, J. Am, Chem, Soce, 46, 160 (1923) ]
titration,

Sach Grignard reagent was treated in four wmys:

1, One mole of Grignard reagent was reacted with one
mole of propylene oxide without heating,
2. One mole of Grignard reagent was reacted with one
mole of propylene oxide and then refluxed with bensene,
S. One mole of Grignard reagent was reacted with two moles
of propylene oxide without heating.

4. The dialkylmagnesium compound was made from the Grignard

reagent and was reacted with two moles of propylene exide

without heating,
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Renctions 1 and 2 were allewed %0 stand ever might before hy-

drolysis, Reactiens 3 and 4 were allowed te stand until they gave a
__Q‘I/ugativo ¥ichler's ketene test [Gilm, He and Schulse, Fo,| Jo Ame

Chem, 80c,, 47, 2002 (1925)] e The ether selutions ef the products
of reactions 1, 3, and 3 were refluxed with sodium hydroxide te de-
oompese any l=ghloro-2-propanol presenmt, Amalysis for chloride ilea
concentration wag mmde by the Volhard method, The ether layers frem
all reactions were dried ever petassium carbomate and fraetiomated
through a helices packed, Fenske type columm,

The physical comstants of the aleochols were determined and the
3,5=dinitrobensoate derivatives prepared.

- PERCENT YIELDS OF ALCOHOLS AND l«CHLORO=2=PROPANOL

J —
r"‘"'—"""' TigT+ i1+ igtTe 5:,.
CH CH 2CH 2
origare roaput B | oagm | e &y
without with without without
prepared heat heat heat heat
f!'- ' -4 -4 Lo
E8 ool 2] e ol ]so -
LRI RE S51%3
8 EY L3¢ 7558
A 2% Lhal 249 |Ara]lld =<
leghloreethane 35 37 40 42 73 1] 60
l-¢hloropropane 50 28 35 3 64 a 19
2-chloropropane 55 23 83 8l 34
lechlorobutans 52 41 28 58 ™ 59 26
2-chlorobutane 54 10 24 18 e 30 9
lechloro=g-methyl-
propane 68 19 19 40 73 [ 33
2«chloro=2-methyl-
propane 85 0 3 26 61 15 ]
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A comparison of the results of this investigation with those
obtained from the reaction of propylene oxide with alkylmagnesium
bromides [Hulton, Re C. and Rostwick, C. 0., J. Org. Chem,, 13, 831
(1948) ] showed that,

1, In the 131 mole ratie reactions;

@. when heat was not used, the chlorine activated
the alkyl-magnesium bond to give higher ylelds
of alcohol and,

be when a bensene reflux was used, the chlorides
gave improved ylelds of the secondary alcohols,

2. In the 112 mole ratio reactiems:

a. the ylelds of the aloohols and l~halo=2-propancls
were increased in both ceses and,

bs these yiolds were essentially the same for the

corresponding alkyl group.
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INTRCDTCTICN

As with many other chemical reactions, chemists have made many
generalizations concerning the Grignard reagent and its reactions,
While it is true that its reaction with propylene oxide gives
secondary alcohols, these alcohols are not always the main product
of the reaction.

This study was initiated to investigate the reactions of vari=-
ous alkylmagnesium chlorides with propylene oxide and to compare
these reactions with those of the corresvonding alkylmagnesium

bromides with propylene oxide.
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HISTORICAL

Louis Henry (1) was the first to study the reaction of propylens
oxide with alkylmagnesium halides. He postulated that it is theo-
retically possible to obtain several different alcohols when ethyl-
magnesium bromide is allowed to react with propylene oxide. The
product obtained, according to Henry, depends upon how the oxygen-
carbon bond splits and upon whether or not rearrangement occurs
before the propylene oxide reacts with the ethylmagnesium bromide.

If the carbon-oxygen bond splits and addition occurs before isomer-
ization takes place, the product would be CHSCHOHCHchZCH3 or
CH3CH,CH(CHz )CH,OH. If addition of the ethylmagnesium bromide takes
place after isomerization occurs, the product would be (CH3)2CCHCHZCH3
or CHzCH,CHCHCHyCHgz. The latter depends on whether isomerizetion
gives the ketone CH3COCHz or the aldehyde CH;CHyCHO. 1In carrying out
the reaction of propylene oxide with ethylmagnesium bromide, Henry
obtained a 607 yield of 2-pentanol.

Hess (2) found similar results using % -pyrridyl-megnesium
bromide and vropylene oxide. Levene and Walti (3) condensed optical-
ly active propylene oxide with methyl-, ethyl-, and propylmagnesium
bromides. They found that similar alcohols were produced and that
Walden inversion did not occur. Further evidence for this type of
addition is given by Newman (4) and Sharefkin and Ritter (5).

Newman prepared l-phenyl-2-propanol by using phenylmagnesium bromide
end propylene oxide. Sharefkin and Ritter prepared 4-(4-methyl-

phenyl)-2-butanol using xylylmagnesium chloride with propylene exide.



However, when Norton and Hass (6), carried out the reaction
by adding an equimolecular amount of propylene oxide to ethyl-
magnesium bromide and then heating, they obtained an 11% yield of
3-pentanol. This product indicates an addition which is the re-
verse of that reported by Henry.

It appears that the products formed during the reaction of
Grignard reagents with epoxides have been formed by carbanion at-
tack at the least substituted carbon atom,

OH

L‘ 7 sl C L ]

RMgX + Cg g,  ——> cm,tHCH, R
0

2
The reaction is not a simple one, however, as Huston and Agett (7)
have shown that dialkylmagnesium is probably an essential reactant.
They found that the addition of one mole of ethylmagnesium bromide
to one mole of ethylene oxide gave an addition complex which was the
same as that obtained by passing ethylene oxide into an ethereal
solution of magnesium bromide. The first mole of ethylene oxide ap-
peared to react almost exclusively with the magnesium bromide, in
equilibrium with the Grignard reagent and diethylmagmesium, and
formed an addition complex. Hydrolysis at this point gave 607

l-bromo-2~-ethanol and very little l-butanol.

2 CHSCHZ?JgBr ——— CHzCH, )2”g + "E;Brg
2 CHZICH2

2 H,0

2 HOCH,CH,Br ¢ rﬁg(ocrxzcnzgr)z



Grignard (8) proposed oxonium type intermediates for this re-
action, While his views wsre supported by ‘feisenheimer and Casper
(9) these oxonium salts probably do not exist for any great length
of time.

In order to obtain l-butanol, the mixture must be heated or a

second mole of ethylene oxide added:

(CHSCHZ)ZVg + m;(ocnzcxzwr)z — “'g(00}{2c:HchZCH3)2 + wgsrz

25,0

T &
ZHOCHZCHZCHchSv

or

" ) Ll
(CHzCHy )oMe 2CH,CH, — g(omzmzcnzcnz)z
0

2H20

H 4 {
2 OCHZCHZCH2C13‘4*

Fuston and Langham (10) have shown that when ethylene oxide is
reacted with ethylmagnesium chloride the intermediate compound lead-
ing to l-butanol (in 55% yield) is (C4H90)2Wg from (CZHS)zﬂg or

C T’!gCl.

4H90Mg01 from C_H

25
While studying the reaction of n-butylmagnesium bromide with
ethylene oxide, Cottle and Hollyday (11) obtained a mixture of 1-
hexanol and 2-hexanol. They attempted to explain these products by

proposing a mechanism involving the nucleophilic attack of the

carbanion of the Grignard reagent upon one of the carbon atoms of






ethylene oxide

- C
C4H9 + qsffﬂz — C4q9 nZCHZO

or on the BrCI’2 2O particls from the magnesium di-(1-bromo-2-ethoxide)

C4H9 + BrCFZCr{2 — C4H9CHZCH20 + Br.

However, neither of these nucleophilic reactions should give re-
arrangement and therefore would not account for the 2~hexanol pro-
duced. They also found that: 1. when the mixture from the reaction:
between ethylens oxide and n-butylmagnesium bromide was heated in
such a manner that a violent reaction took place, more 2-hexanol was
formed than in similar experimeunts when there was no violent reaction;
and, 2. an acetaldehyde resin was formed when the ethylene oxide and
magnesium bromide reaction product was heated in & bomb, This led
them to postulate that the BrCH2 2

a8 bromine ion and then rearrange to acetaldehyde. Further proof that

H,0  particle may, upon heating, loose

the addition complex decomposes on heating to form a carbonyl com-
pound was found by Huston end Bostwick (12).

Ch

"
(Bred, CHO) Mg —=— CH,CCHy + HBr 4 g0 4 CH,CH = CHBr.

3

Huston and Brault (13) have shown that the magnesium di-(l-bromo-2-
methyl-2=-propoxide) rearranges spontaneously to isobutyraldehyde.

Actually, Fuston and Postwick found acetone among all of their



reaction products and Euston and Brault found isobutyraldehyde in
all of their reactions.

Yorton end Eass (€) reported a 23% yield of 2-pentanol when
they reacted diethylmagnesium with propylene oxide. Other reported
reactions of evoxides with dialkylmagnesium compounds indicate only
simple addition products even when the reaction mixture is refluxed

(7, 14, 15, 16 and 17.)
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II.

EXPIRITMNTAL

Materials

Propylene Cxide (B.P. 33.4-34.4°C,). Furnished by the Dow
Chemical Company. Used without further purificationm.

Bthyl Chloride. Secured from the Ohio Chemical Company.

Alkyl chlorides. Sscured from the Columbia Chemical Company.

Magnesium. Secured from the Dow Chemical Company special
for Grigrard reactions. Dried at 50° C. before use.

Anhydrous Diethyl Bther. Dried over sodium wire for at least
one week,

Benzene., Thiophene free and anhvdrous. Dried over sodium
wire for at least one week.

Dioxane. Purified by refluxing over dilute hydrochloric acid,
drying, refluxing over sodium and distilling.

Potassium Carbonate., Anhvdrous, C. P.
Ammonium Chloride. C. P.

Silver Nitrate solution, aporoximately 0.1 N. Prepared from
Bakers' Analytical Grade AgNOg.

Potassium Thiocyanate solution, approximately 0.1 N. Standard-
ized against the silver nitrate solution.

Sodium Fydroxide solution, appnroximately 0.2 ¥. Standardized
against sulfamic acid.

Sulfuric Acid solution, approximately 0.15 N. Standardized
against the standard sodium hydroxide solution.

Preparation of Gripnard Reagents

A, Preparation of Ethylmagnesium Chloride

Two and one-quarter moles (54.7 g.) of magnesium turnings

were placed in a dry, three-liter, thres-necked, round-bottomed



B.

flask which was placed in an ice, salt bath. The flask was
fitted with a glycerol sealed stirrer, a dry ice condenser
(fitted with a calcium chloride:soda-lime tube) and an inlet
tube for ethyl chloride. The ethyl chloride inlet tube ex=-
tended as near the bottom of the flask as the stirrer would
allow. Six hundred milliliters of anhydrous ether were added
to the flask and the condenser was then filled with a dry
ice and acetone bath, ¥thyl chloride was bubhled into the
flask through a potassium hydroxide pellet tower and then
through concentrated sulfuric acid for two hours while the
mixture was stirred. The stirrer was then stopped and the
mixture allowed to stand for an hour. During this period
the reaction usually began but in those cases in which it
did not, a charge of ethylmagnesium bromide was added to
start the reacticn. Stirring was resumed and ethyl chloride
added at a rate sufficient to maintain gentle reflux. After
most of the magnesium had reacted, addition of the ethyl
chloride was discontinued and stirring maintained for one
hour. The stirrer was then stopped and the reaétion mixture

allowed to come to room temperature by standing overnight.

Preparation of Cther Grignard Reagents

Three and one-quarter moles (79.0 g.) of magnesium turn-
ings were placed in & dry, three-liter, three-necked, round-

bottomed flask which was vlaced in a container so that



c.

external cooling was possible when nseded. The flask was
fitted with a glycerol sealed stirrer, a bulb condenser
(fitted with a calcium chloride:soda-lime tube), and a
Eershberg dropping funnel. Four hundred milliliters of anhy-
drous ether and ten to twenty grams of the alkyl chloride
were added to the flesk, The reaction was started by the
addition of a charge of the alkylmagnesium chloride prepared
in a test tube. The rest of the three moles of the alkyl
chloride was mixed with an equal volume of anhydrous ether
and added at a rate sufficient to maintain a gentle reflux.
External cooling was used only when necessary. After addi-
tion was complete, stirring was continued for an hour and

the mixture allowed to stand overnight.

Analysis of the Grignard Reagent

The Grignard reagent was poured, under a stream of
nitrogen, into a graduated cylinder and the total volume
measured. Two milliliter portions were then taken and
analyzed by the Gilman procedure (18) using methyl red as
the indicator. The solution of the Grignard reagent was
then divided into four approximately equal parts and each
was treated in a different way. A typical run for each of

the four procedures will be described.



IITI. Reaction of Prooylene Oxide with the Grignard Reagsnts

A. Reaction of one mole of Propylene Cxide with one mole of
the Grignard Reagent without heating

Approximately one quarter of the total Grignard solu-
tion was placed in a one-liter, three-necked, round-bottomed
flask., The flask was fitted with a bulb condenser, a glycerol
sealed stirrer and a dropping funnel. The condenser and the
funnel were fitted with calcium chloride:soda-lime tubes to
protect the solutions from atmospheric moisture and CCZ'
The required amount of propylene oxide was weighed out and
placed in the dropping funnel along with an equel volume of
anhydrous ether. This solution was added dropwise with
stirring as fast as possible and still maintain a gentle re-
flux, After the addition had been completed, the mixture
was stirred for an hour and allowed to stand overnight.

The mixture was then hydrolyzed, without external cool=-
ing, by adding a saturated solution of ammonium chloride
dropwise, with stirring, at a rate sufficient to maintain
gentle reflux (19). About one hundred milliliters of this
solution were required to reach a point where a clear
separation occurred. The ether solution was decanted from
the precipitated magnesium salts and the dense precipitate
was washed with one or two portions of ether,

The combined ether solution was then placed over 40

grams of sodium hydroxide pellets and 150 milliliters of

~10-
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water were added slowly, with stirring. This mixture was
then refluxed, with stirring, for seven hours to convert
the l=-chloro-2-propanol to propylene oxide and sodium
chloride. It was then allowed to stand overmight and come
to room temperature. The layers were sevarated and the |
water layer extracted with ether. The combined ether solu-
tions were placed over anhydrous potassium carbonate to dry
and the water layer, containing the sodium chloride, was
diluted to one liter for analysis. Two milliliter portions
were titrated for chloride ion by the Volhard method to give
an accurate measure of the yield of l-chloro-2-propanol,.

The dried ether solution of the products was distilled
at atmospheric pressure through either a 9.0 inch or a 16,5
inch Fenske-type column packed with 3/%2 inch glass helices
and fitted with a total reflux, partial take-off type head.
Heat was supplied by a Glas-col mantle. All like runs were
combined after one fractionation and a refractionation made
before physical constants were determined and derivatives
made.

Reaction of one mole of Propylene Oxide with one mole of the
Gripnard Reagent followed by refluxing with Benzene

Approximately one quarter of the total Grignard solution
was placed in a one-liter, three-necked, round-bottomed flask
fitted as described in III A. The addition of the propylene

oxide was carried out as described in III A. and allowed to

-]l



C.

D.

stand overnight. The flask was then placed in a Glas-col
mantle, the condenser set for distillation and a thermometer
fitted so that the bulb was immersed in the liquid. Approxi-
mately one-half of the ether was removed by distillation and
then twice this amount of anhydrous benzene was added to the
distillation flask. This solution was then distilled until
the temperature of the liquid reached 75° C. The condenser
was then reset for reflux and the mixture refluxed with stir-
ring for seven hours and allowed to stand overnight. The
mixture was hydrolyzed, extracted, dried and fractionated as
described in IIT A, The analysis for chloride ion concentra-
tion was also carried out as in III A.

Reaction of two moles of Propylene Oxide with one mole of
Grignard Reagent

The ether solution of propylene oxide was added to the
Grignard resgent as in III A, The reaction mixture was
stirred for an hour after addition was completed and then
allowed to stand until the test with !'ichler's ketone was
faint or negative (20). By this time the reaction mixture
had set-up like a gel but was easily hydrolyzed, extracted,
dried and fractionated as in III A. The analysis for
chloride ion concentration was also carried out as in III A.

Preparation of Dialkylmagnesium reagents and their reaction
with two moles of Propylene Oxide

Apnroximately one quarter of the total Grignard solu-

tion was placed in a one~litsr, three-necked, round-bottomed



flask fitted as described in III A. Slightly more than an
equal molar amount of dioxane was mixed with two hundred
milliliters of anhrdrous ether and added dropwise, with
stirring, so that a gentle reflux wes maintained. When addi-
tion was completed, the stirring was continued for an hour
and the mixture allowed to stand overnight. The solution
and precipitate were then poured into centrifuge bottles
under a stream of nitrogen and stoppered tightly. They were
then centrifuged at 1500 r.p.m. for 15 minutes, the ether
solution decanted into a graduated cylinder under a stream
of nitrogen and the total volume of the solution measured.
Two milliliter portions: were taken and analyzed by the
Gilman procedure using methyl red as the indicator.

This solution was then poured under a stream of nitro-
gen into a one-liter, three-necked, round-bottomed flask
fitted as in III a. The calculated amount of propylemne oxide
mixed with an equal volume of anhydrous ether was added drop-
wise, with stirring. The stirring was continued for an hour
and the mixture allowed to stand until the test with Michler's
ketone was faint or negative.

Hydrolysis was carried out as described in III A. In
some of these reactions there was a quantity of solid material
in the bottom of the flask which did not hydrolyze. It was
found to contain magnesium and chlorine. The chlorine might
have come from the ammonium chloride used for hydrolysis.

Analysis showed that this solid contained 20.0 percent magnesium,.

-]13-



The ether solution of the products wes placed over
anhydrous potascium carbonate to dry. The dried solution
was then fractionated as described in TII A.

IV. Reaction of one mole of Propylene Cxide with one mole of Bthyl-
megnesium Chloride followed by violent decomposition

The ethylmagnesium chloride was prepared and the propl-
ens oxide added as in the regular 1:1 reaction. After the
mixture had stood overnight the apparatus was arranged for
distillation and thermomsters were placed in each of the
three necks of the flask (one was immersed in the liquid,
one was near the goose-neck leading to the condenser and the
third one registered the temperature of the vapors in the
flask.) The distillation was started and the ether began to
come off when the tamperature of the solution had reached
37° C. 'ost of the ether had been distilled by the time the
temperature of the liquid had reached 60° C. but it was
necessary to increase the temperature of the liquid 8o 84° C.
before the following violent decomvosition occurred. At this
point the black, tarry looking mass swelled rapidly (almost
violently) to a puffy white solid with the evolution of a
dense white gas that carried over into the receiver. The
hottest temperature recorded was near the bottom of the flask
where it reached 280O C. At the same time the temperature
near the goose=-neck reached 120° C. The reaction flask was

then set up for refluxing and a volume of dry benzens equal

-]l



to the amount of ether which had been removed, was added.
The resulting mixture was refluxed for seven hours with
stirring and allowed to stand overnight. The benzene solu=-
tion of products was hydrolyzed, extracted, dried and frac=-
tionated as in IIT A. Analysis for chloride ion concentra-
tion was made by the Volhard method. The results of
magnesium analyses on the white puffy solid, and the yields

of l-chloro-2-propanol and 2-pentanol may be seen in Table I.

V. Preparation of the 3,5-Dinitrobenzoates of the alcohols (21)

Two grams of the alcohol were placed in a large test tube
containing five grams of 3,5-dinitrobenzoyl chloride. A large
excess of anhydrous pyridine was added. The test tube was
fitted with a calcium chloride tube to protect the contents
from moisture. The mixture was then placed on the steam bath
and allowed to heat for an hour with occasional shaking,
following which, it was poured into water to hydrolyze any
remaining 3,5-dinitrobenzoyl chloride. The water mixture was
extracted with ether and the water layer discarded. The
ether layer was then washed successively with 5 percent sul-
furic acid, 10 percent sodium carbonate and finally, water.,
The ether was evaporated on the steam bath and the residue
taken up in hexane. This solution was boiled with Norite to
decolorize the solution which was then filtered. 'there

vossible, the 3,5-dinitrobenzoate was allowed to crystallize

-15=



at room temperature. Otherwise, the solution was placed in
the refrigerator. The esters were recrystallized from hexane
in a similar manner.

As each alkylmagnesium chloride was treated in four dif-
ferent wmays, a total of four esters of the same alcohol were
prepared in most cases. These were made using the alecohol
fraction obtained from the combined fractionations of all
like runs.

The melting points of these derivatives were compared
with those given in the literature. Further proof of the
identity of these alcohdols was obtalined by taking mixed melt-
ing points of their derivatives with those of corresponding

authentic compounds.

Vi. Calculation of percentage yields

The percentage yields of the alcohols were based on the
titrated Grignard reagents.
The percentage yields of l=chloro=2-propanol were based

on the titrated Grignard reagents.
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TABLS I

ANALYSIS OF SOLID R=SIDUE FRO' VIOLENT DECO*POSITICN

Run Percent Percent Percent
1-Chloro-2-Propanol Alcohol Yagnesium

1 6.4 37.0
2 10.9 42.9
3 0.0 45,5
4 18.7 41.0 19.5
Analyses for “agnesium 18.9
20.5
Content 20.1
20.4
18.9
Average 19.5
Analyses of Solid Residue 18.9
16.9
For Magnesium Content after 20.9
23.9
Sxtraction with Tther 21.9
21.8
Average 20.7
Cig

There is definite evidence, however, of the presence of a

l-chloro-2-provancl intermediate.
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TABLS IT

PARCENT YISLIS CF ALCOHOLS AND 1-ClILCRO-2~-PROPANCL RAS3SD UPCY THS

TITRATED GRIGNARD RIAGINTS

RMgCl ¢ | RgC1 4 | R'gC1l <+ Ro''g +
CH3Q%§HZ CH3Q% 2 ZCHSQ%;HZ 2CH3Qng2
Without With Without ‘Nithout
heat heat heat heat
Bthylmagnesium chloride
2-Pentanol 27 42 56 60
1-Chloro=-2=~-prooanol 35 40 73
n-Propylmagnesium chloride
2-Hexanol 28 31 62 19
1-Chloro=2=propanol 50 35 64
sec-Propylmagnesium chloride
4-Mothyl-2-pentanol 23 30 46 34
1-Chloro=2-propanol 55 53 81
n-Butylmagnesium chloride
2-Heptanol 41 58 59 26
1-Chloro-2-propenol 52 28 77
sec-Butylmagnesium chloride
4-ethyl-2-hexanol 10 16 30 9
1-Chloro-2-propanol 54 24 69
iso-Butylmagnesium chloride
5-Yethyl-2-hexanol 19 40 62 33
1-Chloro-2=-propanol 58 19 73
tert-Butylmagnesium chloride
4,4-Dimsthyl-2-pentanol 0 25 15 0]
1-Chloro-2-provanol 65 3 6l

-18-




PHYSICAL CCYSTANTS OF THZ ALCOHOLS

TABLE

ITI

20

ALCOHOL n}) B.P. °C. Ref.
2-Pentanol 1.4068  120,1/743 mm. 12, 22, 23
2-Hexanol 1.4140 139.2/743 mm. 12, 23, 24
4-"ethyl-2-pentanol 1.4132  131.4/745 mm. 12, 24, 25
2-Heptanol 1.4218  158,8/745 mm. 12, 23
4-Methyl=-2-hexanol 1.42;6 152.2/744 mm, 12, 286, 27
5-""ethyl-2-hexanol 1.4194 150.4/744 mm. 12, 28, 29
4,4-Dimethyl-2-pentanol  1.4241 135.4/742 mm. 12, 30
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TABLE IV

3,5=-DINI TROBENZ0ATSS OF THE ALCOHOLS

ALCOHOL ".?p, °c. Ref.
2=-Pentanol 60-61 12, 31
2-Hexanol 36=37.5 12, 24
4-""athyl-2-pentanol 60.5-61.5 12, 24
2-Haptanol 47,5-48,5 12, 31
4-"sthyl-2=-hexanol 50-51 12, 26
5-’ethyl=2=hexanol 34,5=35,5 12, 29
4,4-Dimethyl-2-pentanol 93-94 12, 30
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TEBORITICAL

Previous work has shown that the reactions of ethylene oxide
with alkylmasnesium bromides (7) and ethylene oxide with the corres-
ponding alkylmagnesium chlorides (10) are fundamentally different,
It is also true that there are fundamental differsnces betwsen the
reactions of propylens oxide with alkylmagnesium bromides (12) and
propylene oxide with the corresponding alkylmagnesium chlorides.

"hen ethylmagnesium bromide and ethylene oxide are reacted in
a mols per mole ratio without heating, the only product reported was
l-bromo-2-ethanol (32). Blaise proposed that the Grignard reagent
was broken between the magnesium and bromine bond according to the

following scheme:

?Hz\
0
CHE"

+ CZHSMgBr — BrCHZCHZCCZHS
This product would give l=bromo-2-ethanol on hydrolysis, Grignard (8)
proposed that an oxonium salt was formed. This salt would hydrolyze
as follows:

fH§\~ ~C215 fo\\

0 ¢ 2HOH ——p 2 O ¢ 2CH_, ¢ “gBr_ ¢ Yg(OH)
cny” rgar ited 26 2 2

A VWurtz typs reaction would then follow, giving l-bromo-2-ethanol.

CH
2 | N\
cury”

O 4 2HOT 4 *gBr, —3 2 BrH,CH,0H + g (01),

2
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Grigznard found that heat produced a "second phase" reaction giving
a considerable quantity of the expscted l-butanol., He proposed that

the oxonium salt was runtured as follows:

cH CH
27672772
cag” Nresr

The product would give l-butanol on hydrolysis. ™eissonheimsr and
Casper (9) presented analytical data supporting Grignard's views.
Ribas and Tapia (33) proposed that the addition product consisted
of a mixture of (BrCHZCHZO)Z“g and BrCHZCHZOHgBr. However, their
analytical data supports the formula BrCHZCHZOVgBr. Huston and
Agett (7) showed that the intermediate compound is (BrCHZCHZO)Z“g,

and is formed by the following scheme:

ZCZHs"gBr‘;=:::ﬁ (CoHg)o™e ¢ 1gDry
2052/0&2

2 BrCi, CH o O %t q.CH. ). 0

BrCHyCHyCH ——— (3BrCi 0}120)2 s

When ethylmagnesium chloride and ethylene oxide wers reacted in
a mole per mole ratio without heating, a 557 yield of l-butanol was
obtained along with 227 l-chloro-2-ethanol (10). Huston and Langham
have shown that the intermediate compound leading to l-butanol may

have consisted largely of either

C4H90"gCl produced from
ca
202H5?g01 + 2 | ?::0 —_— 2CH 01 gCl———
CHy Rearrangement

(C4Hg0)y ™% + MrClye—
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or

(C4h90)2 g oproduced from

CH
2\
(CoZe)o e ¢ 2 o
2-°5/2 & gH§/

Hyvdrolysis of either intermediate would give l-butanol. Huston and
Langham further showed that (ClCHZCHgo)ng was the intermediate
precursor leading to l-chloro-2-ethanol.

Yhen ethylmagnesium bromide was reacted with propylene oxide in
a mole per mole ratio without heat, the intermediate reaction products
were reported, by Huston and 3ostwick (12), to be predominately of the
magnesium di-(l-bromo-2-propoxide) typs, (BrCHzggg)z-“g. The mechan=-

ism proposed for this reaction was:

CHgz
(Rig3r =2 R}, = "53rp) 4 CHSCEICHZ —> (BrCpCHO),™g (1)

Cils
(RCHZCHo)zug (11)
CHz CH

BrCH, CHO? *gOCHgHzR (111)

cH
BrCH, cné"ga (1v)

CHz
RCH, CHO™g R (V)
R 'g3r (V1)
Ry'g (vir)
Mg3r, (viIT)

When the ratio of reactants was 1l:1, the first, fourth and seventh

intermediates were present in large amounts.
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“lhen ethylmagnesium chlorids and vropylene oxide wnare reacted
in a mole per mole ratio without heating, a 377 yield of the 2-pentanol
was obtained along with a 357 yield of l-chloro-2-provanol. The re-
sults of the reaction of alkylmagnesium chlorides with vropylene oxide
in a mole per mole ratio without heat, indicate that the alkyl-magnes-
jum bond is ruptured more easily when the alkylmagnesium chlorides are
used than when the alkylmagnesium bromides are used.

If the mole per mols reaction mixture of ethylmagnesium bromide
and ethylene oxide was refluxed with benzene, the yield of l=butanol

was greatly increased at the expense of the l-bromo-2=-ethanol.

ar heat .
Rszgi-(?rCHzCHzO)zug == (ROE,CT,0),g + gir,

(RCHZCHZO)ZHg + 20,0 ———p 2RCH,CHL,CH + 21@;(0}1)2

There was but slight reaction between R,™g and (CICHZCHZO)zﬂg when
ethylmagnesium chloride and ethylene oxide were refluxed with benzene.

When proprlene oxide and ethylmagnesium bromide in a 1:1 ratio,
were refluxed with benzens, there was only a slight increase in the
yield of 2-pentanol.

When propylene oxide and ethylmagnesium chlorides in a mols per
mole ratio, were refluxed with benzene, the yield of 2-pentanol was
increased and the yield of l-chloro-2-propanol was decreased. (Table
I1). This increase in alcohol yield was probably due to a slight
interaction of the marnesium di-(l-chloro-2-propoxide) with the di=-
ethylmagnesium. The rest of the l=-chloro-2-proovanol intermediate

apparently decomposed to prooylene oxide.
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Excessive heating of the marnesium di-(l-bromo-2-propoxide) from
the vropylene oxide and ethylmagnesium bromide reaction mixture
cansed the formation of acetone along with a complete loss of l-bromo-
2-propanol and only a slizht increase in the yield of 2-pentanol.

Excessive heating of the magnesium di-(l=-chloro=2-propoxide)
from the propylene oxide and ethylmagnesium chloride reaction mixture
gave no evidence of acetone formation but there was a great loss in
the yield of l-chloro-2-propanol and only a slight increase in the
percent of 2-pentanol formed (Table I). The strong heat generated
during this reaction decomvosed the l-chloro-2-pronanol intermediate.
The product of this decomposition was evidently propylene oxide since
no evidence of either acetons or propionaldehyds was found among the
products. The slight increase in alcohol yisld was probably due to
a s8light interaction of the Q;gnesium di=(l=chloro-2-propoxide) with
the diethylmagnssium. This was also found in the benzene refluxed
reactions.

One mole of alkylmagnesium bromide reacted with two moles of

ethylene oxide to give increased yields of both l-bromo-2-ethanol

and the l=butanol:

R, # B + 4(CH,),0 ——> (BrCH,CHy0),"g 4
(RCH,CH,0),"g
(BrCHZCHZO)Z‘g + (RCH CHL0) e 4 4E,0 —

23rCHE,CH,0H 4 23CH,CH,0T 4 2‘5;(0}?)2
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The same scheme may be used to represent the reaction of one
mole of alkylmagnesium chloride with two moles of ethylene oxide if
it is assumed that diallkylmagnesium leads to the formation of the
alcohol.

*hen two moles of ovropylene oxide were reacted with one mole of
alkylmagnesium bromide, the first three intermediates, in the
mechanism proposed by Huston and Bostwick, were present in large
amounts. This gave increased yields of both l-bromo-2-propanol and
the alcohol.

The reaction of one mole of alkylmagnesium chloride with two
moles of proprlens oxide also gave greatly increased yields of both
the l-chloro-2-propanol and the alcohol (Table II).

“hen two moles of ethylene oxide were reacted with one mole of
dialkylmagnesium, the expvected alcohol was obtained in good yield
except when tertiary alkyl groups wefe involved.

When two moles of propylene oxide were reacted with one mole of
dialkylmagnesium, the expected alcohol was obtained, except when
tertiary alkyl groups were involved. The yields, however, are much

less than when ethylsne oxide was used.
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DISCT'SSICN

Wthen propylene oxide was reacted with various alkylmagnesium
chlorides in a mole per mole ratio, without heating, the principal
product in most cases was l-chloro-2-pronanol, (Table II). A compari-
son of similar reactions of vrovylene oxide with various alkvlmagnesium
bromides (12) shows that the yield of l-chloro-2-prooanol was only
slightly less than the yield of l-bromo-2-propanol. It also shows that
when the alkylmagnesium chlorides were used the yields of alcohol were
considerably greater than when the alkylmagnesium bromides were used.
These facts point out that the alkyl-marnesium bond is much more
easily broken when the alkylmagnesium chlorides are used than when the
alkylmagnesium bromides are used. These facts also show that the ease
of rupture of the magnesium-chloride bond is not greatly diminished
when the alkylmagnesium chlorides are used.

“hen the mole per mole reaction mixtures of propylene oxide and
alkylmagnesium chlorides were refluxed with benzens, the yields of
alcohol were increased in all cases. The increase in alcohol yield
was most evident in ths iso-butylmapnesium chloride and tertiary-
butylmagnesium chloride reactions. In most cases, with the exception
of those in which ethylmagnesium chloride and secondary-propyl-
magnesium chloride were used, the yield of l-chloro-2-propanol was
greatly reduced. The greatest reduction in the yield of l=-chloro-

2 -propanol occurred when iso-butylmarnesium chloride and tertiarv-

butylmagnesium chloride were used.
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lhen the ethar was complstely distilled from the reaction mix-
ture of prooylene oxide and ethylmagnesium chloride in a mole per
mole ratio and the temberature in the reaction mixture had rsached
24° C., a violent reaction took place. The rssulting white solid
was then refluxed with benzene. This reaction caused almost a com-
plete loss of l-chloro-2-nropanol and & yield of alcohol very similar
to that obtained in the benzene refluxed reaction (Teble I). Yo
evidences of acetone or propionaldehyde were found in the final re-
action mixture or in the material that distilled over during the
violent reaction. Therefore, as the yield of l-chloro-2-nropanocl was
sm™ll, it is assumed that the intermediate leading to its formation
was decomnosed to give propvlene oxide.

When one mole of alkylmagnesium chloride was reacted with two
moles of proovvlene oxide without heat, the yield of l-chloro-2-propanol
was at least 60 percent in all cases and the yields of the alcohols
were greatly improved. A comparison of these results (Table II) with
those obtained when propylene oxide and alkylmagnesium bromides were
reacted under similar conditions and in like proportions (€), shows,
with the excention of the iso-butylmarnesium halide reactions, that
the yields of alcohol and 1-halo-2-pronanol for corresvonding alkyl-
magnesium halides are, within experimental error, identical. These
facts, when comnared with the results of the mole ver mole reactions,
show that when alkylmagnesium chloridss ars used the alkyl-magnesium
bond is ruvtured much more easily than when the alkylmagnesium

bromides are used.
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Yo precinitate wns obtained in any of the 1:1 ratio reactions
but all of the 1:2 ratio reactions formed a gol-like solid before
becoming nezative to the Michler's ketone test.

In the reaction of one mole of dialkylmagnesium with two moles
of propylene oxide the expected alcohol was obtained in all cases
excenpt when di=-tsrtiary-butylmasnesium was used. The yields of the
elcohols were considerably less than those obtained when ethylene
oxide was used (7). TYuston and Agett allowed the reaction mixture
to stand only three hours before hydrolysis., The reactions of the
dialkylmagnesium.compounds with propylene oxide were allowed to
stand until a negative Michler's ketone test was obtained., Therefore,

a compariscn of these results is not entirely valid.
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STTARY

1. Yo evidence of the formetion of acetone was discovered in
any of the reactions of vroovlene oxide with the various alkylmegnes-
ium chlorides. Iio evidence of the alcohol that would have resulted
from the reaction of acetone with any of the various alkylmagnesium

chlorides was found.

2. Data is presented which shows that the alkyl-magnesium bond
of the alkylmarnesium chlorides was ruvtured with greater ease than

the alkyl-mermesiur bond of the alkylmapgnesium bromides.

3. The results obtained by refluxing equal molecular quantities
of propylene oxide and alkvlmapgnesium chloride show that increased

amounts of the alcohols are obtained by forcing the reactions.

4, The reaction of two moles of propylene oxide with one molse
of the various alkylmagnesium chlorides greatly increases the yield
of l=chloro-2-pronanol as well as the yield of the alcohol. These
results are very similar to those obtained when the corresponding

alkvlmagnesium bromides are used,
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