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INTRODUUTION

Work in this laboratory has revealed that the
reaction between Grignard reagents and epoxy compounds
is not a simple general reaction as is usually indicated.

Henry (1) has shown that in the reaction between
isobutylene oxide and methylmagnesium bromide the
product formed is that product which would be formed if
isobutylene oxide rearranges to isobutyraldehyde and
methylmagnesium bromide then adds to it. Norton and
Hass (2), on the other hand, have shown that when
diethylmagnesium solution is allowed to react with
isobutylene oxide the expected product, dimethyl propyl
earbinol, is formed. When isobutylene oxide was made
available to us, we decided to investigate these

reactions.






HISTORICAL

‘In 1907 Henry (1) reported that when isobutylene
oxide 1s allowed to react with methylmagnesium bromlde;
3-methyl-2-butanol is the urinciral product formed.
This is the product which would be formed if the 1iso-
butylene oxide isomerizes to 1sobutyraldehyde and then
reacts by the regular addition with methylmagnesium
bromide., Henry suggested that this isomerism is
influenced by the presence o magnesium.

In 1936 iiorton and Hass (&) reported that when
isobutylene oxide is allcwed to react with diethyl~
magnesium, the proauct is z;ﬁethyl-z-pentanol. This
is the product which would be forred by breaxing the
bond bcetween the oxymen und the primary carbon as in
the reaction of ethylene oxide with Grignard reagents.

In 1902 Bluisxe (3) allowed ethylene oxide to resct
with ethylmagnesium bromide. The principle product
after hydrolysis was ethylene bromohydrin,

Grignard (4) studied this reaction and found that
when the reaction mixture was heated by distilling off
some of the ether, a violent reaction took place. After
this "second phase" good yields of n-butyl alcohol

were obtained,






Se
Meisenheimer (5) in 1920 analyzed the precipitate
which is formed when ethylmagnesium bromide and ethyleme
oxide are allowed to react at -21°C. This analysis
corresponded to the molecular addition of the Grignard
reagent to the ethylene oxide. He assigned the following

formula to this product:

CHp [C2Hg KCgHs
| To———-Mg==--
CH Br CoHy

Huston and Agett (6) have shown that ethylene
bromohydrin is the product formed by hydrolysis of the
intermediate formed in the reaction between ethylene
oxide and an alkylmagnesium nalide., They showed that
when dlalkylmagnesium ;s added to the magnesium zlco-
holate of ethylene bromchydrin, a primary alcohol is
formed.

Huston and Bostwick (7) have shown that the predom-
inating produet in the reaction ietween one mole of
propylene oxide and one role of alliylmagnesium bromide
is the magnesium <lcoholate of projyylene bromohydrin.
with equal rolecular quantities of these reagents the
addition product is quite .table, giving small ylelds
of the alcohols. Vhen two roles of epoxide were used
however, much better yields of the alcouols viere obtained,

They were able to chow anelrtical evidsnce for
the presence of a product gimiler to the addition

rroduct s!own belovi:






‘.

ORg-GH- GHy Oy Gi-CligBr

o Nade— lgs

cns-cggbgsg cns—¢n-cxzn

In his studies of the reaction of cyclohexene
oxide with Grignard reagents which gives alkyl cyeclo-
pentane carbinols, Bedos (8) has shown that cyclo-
pentane aldehyde can be isolated in good yields and
is probably an intermediate in the reaction.

Cottle and Hollyday (9) suggest that the primary
alcohols usually formed in the reasction between Grignard
reagents and ethylene oxide can be explained by the
nucleophylic attack by the carbanion of the Grignard
reagent upon one of the epoxide carbon atoms:

Calg + Cﬁa\dCHaﬂ C4H90H20}120

‘or by the neucleophylic attack of the carbanion upon
the bromohydrin:

C4H, + BTCHgCHp0 — C,H CH,CH,0” + Br~

9 49 22

However, neither of these reactions explain the forma-

tion of 2-hexanol which is also formed in the reaction.
When Cottle and llollydey heated a mixture of

ethylene oxide and magnesium dbromide, a violent re-

action took place and an acetaldehyde resin was formed.

They reason that since a higher yield of 2~hexanol
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is obtained when the reaction mixture is heated, acet-
aldehyde is the intermediate which makes the formation
of this alcohol possible.

Huston and Bostwick (7) refluxed a mixture of
propylene oxide and various alkylmaegnesium bromide
etherate solutions with benzene. These reagents,
which give the expected secondary alcohols at room
temperatures, gave large amounts of tertiary alcohols
when heated. These are the alcohols which would be
formed if propylene oxide rearranged to acetone and
the Grignard acted on it. Even when this reaction
was run at room temperature and none of the tertiary
aleohol was recovered, acetone and polymers of acetone
were identified among the reaction products. Huston
and Bostwick have proposed that-o-gg§-CH; is the
intermediate which rearranges to acetone through an

intermediate protonized double bond.






IHEORETICAL

In the reaction between isobutylene oxide and
diethylmagnesium an.addition product is formed which
hydrolyzes to 2-methyl-2-pentanol. This addition
product could be formed by going through an inter-
mediate addition compound by the electrophylic attack
of the magnesium on the epoxide oxygen:

CHg~ 0\ ~CHy + (CoHg) olig — | CHy~ c\—d/cﬂ

lig(CgHg) o
As a result of this electrophylic attack on the oxygen
atom, one of the carbon-oxygen bonds is so weakened
that the nucleophylic carbanion whieh is formed is

able to add to the electrophylic, primary carbon

atom:
GHg CHz + _ GHg
CHS—C\—“",CEZ CH C“ CHz CpHy| —> Cﬂg ¢—CHgC 2H5
") 0!
Mg(czﬂs) Mg C Hg 1 Mg-CoHy

This is a slow reaction taxing six days or longer
to be completed.

It is suggested that the reaction of isobutylene
oxide with magnesium bromide to form an addition

product which can be hydrolyzed to isobutylene broro-
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hydrin takes place through the same type of intermediate

products:

C: CH,
on - c?%— T NgBT ,—> cna-c\% CH, | — cna-:?és;
i lig Br, Mg Br
o83 gg(?ﬂ; B[ — CHg gﬁngg?‘
g-Br Jig-Br
This reaction is very repid, giving bast results if
the reaction is kept cooled wirth salt and ice and
hydrolyzed after two hours. The diffcrence in reactivity
could te due to the fact that the magresium~bromine
bond ionizes more eesily t:en the alkyl-magnesium
bond.
The magnesium aleoholate was prepared by two
dirferent methods. Isobutylene oxide was sllowed
to react with magnesium bromide:
CHz gns )
CHg c\;,criz», Hg Br, —> [cuz— C;Zg;] g ig,

It was also prepared by dro-ping dimethylmagnasium

g (CgH) §54
CH;- C—"CHoBr + (C H_) Jig—> | CH- ¢~ 0- Mg
Stu B 2’52 [ LIRS P

into isobutylene bromohydrin:

The precipitate formed in each casc was anaiyzed,

and the halogen cortent vas lov indiczting that the
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addition products were not pure. Each of these
produets gave isobutylene bromohydrin as the main
product when hydrolyzed. However, isobutyraldehyde
and isobutyl alcohol are also found in the hydrol-
ysis mixture. These products indicate that the

addition compound is uastable and undergoes re-

arrangement:
OH:-:. CHz _
CHz~¢ - ms — 2 | CHF = O|+MgBr,
CHgmj CHg'
CHs _ |
ana- 2| — CHz~ CI-I—Z’Cﬁo
i CH+ | E

- CIig +
This is similar to the tramsformation of 0-Cli-CHg

0
to CHg‘é‘CH3 which liuston and Bostwick (7)) show &s

one of the intc<i.edlates in the deconpocsition of
a siniizr magnesiw. divro onydrin slceohoiate. They
propose that this trencfoiration requires ths inter-

mediate forueticn o) & protonized donble bvond. It

should be noted, Lovever toat the ion (Lur éc %.
CHz
QI%5
must undergo 2 prelimincry rearra:; ement to CH3 ¢+
1iCOo—=
H

before the hydrogen can oiift to its ,osition on

the branched crbon.
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The addition of isobutylene bromohydrin to diethyl-
magnesium gives, on hydrolysis, 2-methyl-3-pentanol.
This alecohol is also formed if diethylmagnesium is
allowed to react with isobutyraldehyde., It appears
reasonable to conclude, therefore, that the intermediate

CHg
cusg-— CHgBr
Vg
0
CHzG— CH,Br
CH,
3
CHz +
w111 dissociate to form CHz G—CHp in the absence of
. 0=

added CpHglMgBr of MgBrz.

The reaction between one mole of ethylmagnesium
bromide and either one-half or one mole of isobutylene
oxide produces an addition product which on hydrolysis

gives 2-methyl-3-pentancl.

Cﬂa gHe CHzH
(:H3 q-o Hy+ 0255MgBr—>~ CHBPI- HO +C HeMgBr ——’CI%? g02H5
ligBr

This is a comparatively fast reaction, being completed
in twelve hours or less.

We have shown above that the magnesium alcoholate
of isobutylene bromohydrin rearranges spontaneously
to isobutyraldeliyde. This rearrangement must take

place in the reaction between Grignard reagents and
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isobutylene oxide, since isobutyraldehyde was found
among the re.ction products in every case.

The following series of reactions shows the
action of ethylmagnesium bromide on isobutylene oxide

to produce 2-methyl-3-pentanol:

Cﬂs g—-caz

CHz
I CHg G— CH, + C,H.lMgBr —>
3 “50 2 2f5 Gaﬁs'hs Br

1%
CHg~ c\§§ FBy| — | CEg G cr—I‘2 CHgER:
CoHg Mg-Br: Mgc 285

o R CHg + :
x| ong§ 2 ompn| —> oz oy + Cgigignr

CH, + GH,  _ GH,
117a | CHz & ScH, |~ |or- C—Pcns l = loHs6-¢=0
3 2| 3 4 2 % ] i on

Hy CH, H
IV | CHz C=0 +C H .Lg Br|—- CHz C= G- OMgBr
b:d b4 C2H5

CHy

B
vV CHxz —c ~0ligBr + H,0 — CE, ¢—C~OH+ YgBr (OH)
£ Eolg & Sh  dEg
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The above reaction takes place any time that
isobutylene oxide is allowed to react with an alkyl-
magnesium bromide solution.

The products formed when one~half mole or one
mole of isobutylene oxide is allowed to react with
one mole of Grignard reagent are 2-methyl-3-pentanol,
isobutylene bromohydrin and isobutyraldehyde.

Besides these three products, when two moles of
isobutylene oxide are allowed to react with one mole
of Grignard reagent, 2-methyl-2-pentanol and the
trimer of isobutyraldehyde are formed. The 2-methyl-
2-pentanol is formed because the excess epoxide
present allows the reaction shown in the following

equation to compete with the normal reaction.

CHy
CHz ~CHyBr
S i
A, 2 CHS‘ \—o'/CHB + Czﬂg-(gBr—» ng
CHzG— CH,C
Sy 2 285

One molecule of tre epoxide reacts with the magnesium-
bromine bond while a second molecule reacts with
the ethylmagnesium bond.

The formation of the trimer of isobutyraldehyde
may be ettributed to the accwiulation 6f the aldehyde

by rearrangement of the ion (CHs)z—Q-Cﬁ; (See reactions
o












DISCUSSION
The formation of a coordination compound is
gonerally regarded as the first step in all Grignard
reactions (10). For simplicity we have omitted the
ether when we show the complsx in step I. This com-
plex is undoubtedly the same type as that proposed
by leisenteimer (5) for ethylene o-ide which includes

ether:
fa)
\JH;?:,‘.\ , 02H5 (C ,)Hs
CH.l: g = % 0~
3¢~ > Br 4

The electrophylic attack of macsnesium on the
oxyren upsets tiie electronic equilibrium so that
one of the carbon-oxy:cn bonds is weakened., If an
alkylmagnesium bronide is the reagent, the bromide,
being partially displaced from the ma: nesiwi, attacks

the primary carbon nucleophilically.

g3 H 81—{3 or £80
S N Qo/ 2 v :(.)_' %B‘.r: S .’9: 2

The ma:nesiuvm alcohiolate of the bromoLydrin is thus
formed &s shoun in step III.
If this bromohydrin alcoholate 1s stable under

the conditions of the reaction, &s is the case with
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+the ethylene bromohydrin alcoholate (6) and the
propylene bromohydrin aleoholate (7), the bromohydrin
is the product formed. Isobutylene bromohydrin al-
eoﬁol&te is not stable even at room temperature.

It und rear: t as shown in steps III

and IIIa. This is true whether the reaction is
carried out with molw equivalents, or whether an
excess of either Grignard reagent or epoxide is
present. This is indicated by the alcohols which
are formed and by the isobutyraldehyde found in every
reaction. It is even true when no Grignord reagent
is present as evidenced by the isobutyraldehyde and
isobutyl alcohol found when the magnesium alcoholate
of isobutylene bromohydrin is hydrolyzed. Consider=-
ing this evidence we can say that the rearrangement
is catalyzed by the megnesium~bromine bond even when
this is formed by the decomrosition of the magnesium
alcoholate.

’e obtained the trimer of isobutyralidehyde as
the main product when vie heated the ether solution
of the magnesium elecoholate of isobutylene bromo-
hydrin before hydrolysis. This indicates that heat
promotes rearrangement.

Cottle and Hollyday (¢) have rrorosed the fol-

lowing mechanism for the aldehyde formation in the
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reaction between ethylcne oxide and butylmagnesium
bremide: |

(BrCH,0) + RO —> RON -+ (BrCH,CHO)®

(BrCHgCHO)® —>  Br + (CH,CHO)™

(CHgCHO) + ROH —> CH,CHO + RO~
After proposing this mechanism, they suggested that
the removal of the second proton from ethylene bro-
mohydrin would only be accomplished with ruch dif-
ficulty that such a mechanism seems unlikely. The
fact that isobutylene bromohydrin rearranges to an
aldehyde also makes this seem unlikely as a general
mechanisn since thers is no hydrosen on the curbon
atom to which the oxygen is sttached as in ethylsene
bromohydrin.

+ -
The transformation of CHg=¢-0 to CH,~C=0 sug-
Cllg CHg

gested by Huston and Lostwick (7) can be &p,lied to
the transformation of is.butylene oxide to isobutyr-
eldehyde, as we have shown in reaction IIIa.

Step IV is the normal addition of the Grignard
reagzent to the aldeiyde, and step V is the hydrolyzis,.
~eaction i sioows how both Z2-met:iyl-O0-p ntanol
and 2~-methyl-2-peatancl can be formed in the rcaction

between one mole of ethyliagnesium bromide and two

moles of isobutylene oxide., If the brocwohydrin .16-
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oholate rearranges as we have shown before, isobutyr-
aldehyde is formed. Since the reaoction between the
epoxide and the ethyl megnesium bond is a slow react-
ion, some is available to react with the aldehyde
and form 2-methyl-3-pentanocl.

The reactions, when the ethylmagnesium bromide
was dropped into the epoxide, show that an addition
product like that in reaction A is formed only if
excess epoxlde 1s used.

“hen one mole of the Grigauard reagent was dropred
into one mole of isohutylene oxidc, 2-methyl-S-pen-
tanol and some polymer were formed. .hen one mole
of the Grignard reagent is drogped into tvwo :woles
of isobutylene oxide, on the other hand, isotutyl
alcohol, Z-methyl-2-ventanol and polyuer are Iormed.
No 2-methyl-o-pentanol was isolated, The forwm..tion
of polymer in the Torrer case as contrasted with
no nolymer in the normal sddition indicavss thot,
glthou;h the rearrangement is sponteneous and does
not need Grignard re.gent to cetalyze it, if insuffi-
cient alkyl group is present, the aldehyde polymerizes.
An addition product similer to tihet in recction A
rust be formed vilen two roles of cpoxide were used.

This is indicated by the tertiary alcohol forned.
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The bromohydrin alcoholate rearranged and polymerized
since there was no alkyl group present to react with
it.

Isobutyl alcohol was present every time polymer
was found. This indicates that if much isobutyral~
dehyde is present, reduction takes place. Conant and
Blatt (12) have shown that reduction is a common reaction
between branched aldehydes and Grignard reagents.

The polymer of isobutyraldehyde which is formed
in these reactions is of uniform composition, rrobably
the trimer. It distills at the boiling point of the
trimer of isobutyraldehyde until the distilling flask
is dry. When heated with a drop of sulfuric acid, it
decomposes into isobutyraldehyde.

Gaurizehi and Garzino (11) have shown the struc-
ture of isobutylene bromohydrin by preparing the sodium
sulfate and comparing its melting point with that of
(0H5)20(0H)CH2305Na whose structure was known. Ue
prepared a bromohydrin by the action of methylmag-esium
bromide on bromoacetone. The 3,5-dinitrobenzoate of
this preparation gave no melting point de;ression
when compared with the same derivative of the bromo-
hydrin prepared by the action of magnesium bromide on

isobutylene oxide.
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The yields of alcohol are in good agreement with
the results expected from consideration of sterie
effects; the yields are lower as the alkyl groups
become more branched., The action of diisopropylmagne=
sium on the epoxide is the major exception to this rule,
This reaction was carried out three times and no 2,4-
dimethyl-2-pentanol was detected. When tert-butyl-
magnesium bromide was allowed to react with the
epoxide, some polymer was formed but no alcohol was
found., This was the only case that polymer was formed
vhen one-half mole of epoxide was added to one mole
of Grignard reagent. The fact that polymer was formed
indicates that the alkyl group was not recctive enough
to add to the aldehyde before the aldehyde polymerized.

The polymer of isobutyraldehyde is formed only
when the magnesium-bromine bond is present to catalyze
the rearrangement to isobutyraldehyde, and then only
when there is not enocugh magnesium-alkyl bond to react
with the aldehyde. The only excertion to this rule is
the reaction of tert-butylmagnesium bromide with iso-
butylene oxide. In this case one must assume that
steric considerations slow the addition of the alkyl-
magnesium to the carbonyl to the extent that none of

the expected alcohol is formed.






I. MATERIALS:

Isobutylene oxide furanished by the Shell
Chemical Company was purified before use by
redistillation.

Alkyl bromides were all dried over anhydrous
caleium chloride and fractionated before use.

Magnesium turnings were dried overnight in
an oven at 110°C.

Bromine was dried by shaking over concen-
trated sulfuric acid.

Anhydrous diethyl ether was redried over
metallic sodium before being used.

Dioxane was purified by refluxing over
dilute hydrochloric acid, drying, refluxing over
sodium and distillinge

II. ATTPARATUS:

The apparatus deseribed below was used for
all of the reactions., The Grignard reagents and
the magnesium bromide etherate solutions were also
prepared in it. A one liter three necked, round

bottom flask was fitted with a reflux condenser,






III.

a glycerine sealed stirrer, and a Hirshberg
dropping-funnel. All of the etherate solutions
were protected from atmospheric moisture and
carbon dioxide with calcium chloride and soda=

lime filled tubes.

REACTION OF ISOBUTYLENE OXIDI WITH ONE~HALF, ONE
AND Tw0 MOLES OF ALKYLMAGNESIUM BROMIDE SOLUTIONS

A+, creparation of Grignard reagents.

One and one~tenth moles (26.5 g.) of magne=-
sium turnings were placed in the flask. Approx=-
imately ten milliliters of & mixture of one mole
of the alkyl halide and an equal volume of anhy-
drous ether were dror-ed into the flask and the
mixture stirred until the reaction was started.
Four hunared milliliters of snhydrous ether were
then added to the flask and the remainder of the
alkyl halide solution was added dropuise. sifter
the alkyl halide addition was complete, the
stirring was continued for two hours.

The primery alkyl Grignard reagents were
prepared by adding the alkyl halide at such a
r.te that a gentle reflux was mainteined.

The best yield of isopropylmarnesium bromide

was obteined when the iscopropyl bromide was added
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slowly enough at room temperature that the
reaction mixture did not werm up encugh to cause
the ether to reflux. About twenty-four hours
were taken to prepare one mole of isopropyl=-
magnesium bromide.

Tert-butylmagnesium bromide was most success-
fully prepared when thevteaction flask was cooled
to -10°C with ice and salt and the tert-butyl
bromide wa: diluted with twice as much ether
as usual. The addition of the magnesium-ether
slurry was made over a twenty-four hour period.

Methylmagnesium bromide was prepared in
escentially the same ap-aratus. The dropping
funnel was replaced by a tube leading from the
tank of methyl bromide gas to below the surface
of the ether. All of the ether was placed over
the magnesium, the stirrer started and the methyl
bromide was bubbled into the ether at such a
rate that a gentle reflur was maintained.

The Crignard solutions were decanted from
the excess magnesium into a graduated cylinder.
Two milliliter iliquots were removed and analyzed
by Gilman's titration in the following way:

The aliquot was hydrolyzed with water, an excess
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of stendard hydrochloric acid added and back
titrated with standard sedium hydroxide solution
to a phenolphthalein endpoint.

B. Reaction with isobutylene oxide.

The Grignard reagent which had been pre-
pared and analyzed as described above was placed
in a clean dry apparatus. The flask was cooled
by surrounding it with crushed ice and salt.
The calculated amount of isobutylene oxide was
mixed with an equal volume of anyhdrous ether,
placed in the drop:ing funnel and allowed to
drop slowly into the cooled Grignard solution.
“hen the addition was complete, the teriperature
wes raised to room temperature.

The mixture was hydrolyzed after standing
tventy-four hours. In the cace of Grignard
solutions, use of iichler's ketone showed that
no Grignard reagent was left ufter twelve hours.

The reaction was hydrolyzed by cooling the
mixture with ice and then adding 175 to 225
milliliters of saturated ammonium bromide solu=-
tion dropwise. The ether solution was decanted

from the bisic precipitate and dried over an-

hydrous sodium sulfate.






C. Analysis of the reaction products.

1. Decomposition and analysis of the
bromohydrin.

The dried products of hydrolysis were
reflured over a mixture of forty grams of
sodium hydroxide and two hundred milliliters
of water for two hours with vigorous stirring.
The mixture was cooled, the layers were
s=parated, and the aqueous layer was ex-
tracted three times with twenty-five milli-
liters of ether. The ether extracts were
re~dried over anhydrous sodium sulfate.

The aqueous layer was diluted to one liter.
Five milliliter aliquot portions were
removed and titrated for bromide ion by
the Volhard method.

2. Alcohol distillation.

The dried ether solution containing
the aleoholic products was distilled at
atmospheric pressure. The results of these
distillations are collected in Tables I
and II.

3. Alecohol derivatives.

The 3,5-dinitrobenzoates were prepared

using 3,5-dinitrobenzoyl chloride and

pyridine (13).






Alpha=-naphthylurethans and phenyl-
urethans were prepared from the corresponding
isocyanates using a drop of 5% trimethyl-
amine-ether solutlon as catalyst (14).

The acid phthalates were prepared by
refluxing the aleohol with phthalie an-
hydride in pyridine. (15).

Isobutyraldehyde was identified in the
fraction boiling between 55 and 85°C. of every
reaction. This was shown by preparing the
2,4~-dinitrophenylhydrazone and comparing it
with the same derivative of pure isobutyral-
dehyde. M.p. 183°C. (16).

In the reaction between one-half mole of
tert-butylmaznesium bromide and one mole of
isobutylene oxide no 2,4,4 trimethyl-3-pentanol
was found. <~bout eight grams of potymer were
recovered. No polymer was found in any of the
other reactions bstween one-half mole of epoxide
and one mole of Grignard reagent.

when two moles of i:tobutylene oxide were
allowed to react with one cole of a Gri nard
reagent, isobutyl alcohol and a pulymer were
isolated. The isobutyl alcohol was identified
by its boiling point, 106-108° and by preparing
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its 3,5-dinitrobenzoate, which gave no depression
in melting point when mixed with the same derive
ative prepared from known isobutyl alcohol.

The polymer was found to contain no halogen.
When heated with a drop of sulfuric acid, it
slowly depolymerized into isobutyraldehyde.

Its physical properties, B.p. 127%. ;

17mm
nf01.4270 indicate that it is the trimer of

isobutyraldehyde. n5'1.4329 (17); B.p.105-108°C (29)

IV. REACTION OF ISOBUTYLENE OXIDE WITH DIALXYL=
MAGNESIUM SOLUTIONC.

A. Preparation of Dialkylmagnesium.

One mole of Grignard reagent was prepared
in the manner described in IITA. A mixture of
110 milliliters of dioxane and 100 rilliliters
of enhydrous ether was slowly added to the
Grignard reagent to precipitate the bromine-
containing com ounds. This mixture was allowed
to stand from three to five days before the
dioxane precipitate was separated from the
dialkylmagnesium by centrifuging. The dialkyl
concentration was determined by the Gilman

method.
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B. Reaction of isobutylene oxide with dialkyle
magnesium,

The dialkylmegnesium was cooled and a mixture
of the calculated amount of isobutylene oxide in
anhydrous ether was slowly dropped into the cooled
dialkylmagnesium.

Since this was a much slower reaction than
those involving the Grignard reagent, these
reactions were allowed to stand from one to three
weeks before they were hydrolyzed with saturated
ammonium bromide solution in the same manner as
reaction III B. The ether solution of the products
was dried over anhydrous sodium sulfate.

The dried mixture was distilled, and the
results are shown in table I.

Ditertiarybutylmagnesium was prepared by
using tert-butyl chloride because better yields
of tert-butylmagnesium chloride are abtained than
of tert-butylmagnesium bromide.

Dimethylmagnesium was found to be so pyro-
phoric that it was not possible to handle it in
the scme manner used with all the others. The
dimethylmegnesium was separated from the dioxane
precipitate by adding an excess of ether, allowing
the precipitate to settle and decanting the super-
natant ether solution., As this dialkylmagnesium
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was not analyzed, no quantitative information is
available for the reaction between dimethylmagnesium
and isobutylene oxide.

V. REACTIONS OF ISOBUTYLENE BROMOHYDRIN WITH DIETEYL=-
MAGNESTUM

A. Preparation of isobutylene bromohydrin.

The apparatus for the reaction wes the same
as that used to prepare the Grignerd reacents
except that all connections were ground glass
joints and a mercury sealed stirrer was used.

One and one-terth moles (26.5 g.) of magnesium
turnings were placed in the flask with 500 milli-
liters of anhydrous ether. OCne mole (26 ml.) of
bromine was slowly dropped into the flask. After
the bromine addition was co'plete , the solution
was refluxed for an hour and alloved to stand
over night.

The mixture was decanted from the unreacted
magnesium into a graduated cylinder and an aliquot
was titrated for bromine by the Volhard method.

The ether solution was placed into another
clean, dry flask and then cooled in a mixture of
salt and ice. The calculated amount of isobutylene
oxide in an equal volume of ether was dropped

slowly into the magnesium bromide solution.
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The solution was kept cool and stirred for
two hours after which it was deeomposed in ice.
The basic salts were dissolved in dilute hydro-
chloric acid. The ether layer was separated,
sheken with five percent sodium bicarbonate
solution and then with water and dried over
anhydrous sodium sulfate. The ether fraction
was removed until the boiling point rose to fifty
degrees, after vwhich reduced pressure was used and
the isobutylene bromohydrin fractionated at 14 to
16 millireters. Fifty-six grars were recovered
betueen 58 and 60°C. This rerrescnts a 36.6%
vield.

A precipitate forms in this reaction, In one
case this precipitate was renoved and washed with
anl ydrous ether by centrifuging and dried in a
vacuum desiccator. This prrecipitate wes analyzed
for bromine and magnesium.

l. Analysis of the preci; itate.

lagnesium was determined by decomposition
of weighed samples with bleker burners and
weighed as ligO. The percentage magnesiun was
calculated from the formula:

Wt. of g0 X 0,6032 X 100 21 £
“t of sample % agnesium
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Bromine was determined by the Volhard
method. Weighed samples were hydrolyzed in
fifteen milliliters of water and enough nitrie
ecid was added to dissolve the precipitate.
Seven grams of sodium hydroxide were added
and the samples were refluxed for one hour.
The samples were then cooled and diluted
with one hundred and fifty milliliters of
water, made acidic with dilute nitric aecid
and titrated with one-tenth normal silver
nitrate and potassium thiocyaznate, using the
ferric alum indicator.

Cale'd for CeHlsoaMgBr : Mg, 7.31; Br, 48.78
Found : ¥g, 7:67; Br, 42.30

In another experiment the reaction was re-
fluxed over night before hydrolysis. When this
reaction was hydrolyzed, dried and distilled as
usual, the only product found was the polymer of
isobutyraldehyde.

B. Addition of one mole diethylmagnesium to two
moles iscbutylene bromohydrin.

One-fourth mole of diethylmagnesium was
prepared as described in IIIA. It was analyzed
and the calculatcd amount of isobutylene bromo-

hydrin in an equal volume of ether was placed in
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a 500 milliliter reaction flask. The dlethyle
magnesium was placed in the dropping funnel. The
flask was cooled with salt and ice and the :4ddition
started. A precipitate formed immediately. VWhen
the addition was complete, the solution was stirred
for two hours. OSome of the precipitate was removed
and washed with ether by centrifuging. Thke
precipitate was dried in a vsouum desiccator
and enalyzed for magnesium and for bromine. The
solution was hydrolyzed with saturated ammonium
bromide solution as usual, s=zparated from the
precipitate and dried over anhydrous sodium
sulfate,

Cale'd for CgljgOpligBry
Found

g, 7.31; Br, 48.78
g, 9.40; Br, 42.91

e ae

l. Analysis of the hydrolyzed solution.
The dried solution was fractionated.

Isobutyraldehyde, isobutyl alcohol and 1iso-

butylene bromohydrin were identriricd.

C. addition of one mole isobutylene Lromohydrin
1o one mole diethylmagnesium.

One~fourth mole of dicthylmaguesiun was
prepared as al.ove, analyzed anc placed in the
reaction flask. The calculated amount of iso-
butylene bromohydrin as placed in the drorping
funnel and dropped clowly into the cooled diethyl-
magnesium. A precipitate formed which was sepa-

rated and analyzed as above,
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Cale'd for C,,H,.OzMg
Found 12726

Mg, 10,73
Mg, 9.64; Br, 5.95

*y oo

FREPARATION OF ISOBUTYLENE BROUIOHYDRINM
Isobutylene bromohydrin was pripared by
the action of methylmaguesium bromide on bromo-
acevone.
Bronocacetone was propared by Levene's
procedure (18)3:

A three liter, three-necked, round-
bottom flask vas provided with an efficient
meéhanicuf:stirrer, a reflux ccndenser,

a therrometer, and e Z50 rwilliliter sep-
aratcry funnel, the stew of which reached
near’y to the hottom of the fleck. This
or-aratus .es pleced in & v2ter toth, 800
milliliters of water, 250 nilliliters of
scetone nnd 186 millilitzres of placial
acctic aclid ware placed in tha flask,

The stirrer was started anud the tomperature
of the water bath raissd to 70-80°C. Then
174 miliiliters (3.6 roles) of bromine

vere carefully added theouzlb tlhe soparztory
funpnel. ..fter the bromine oddition was
completed and the solution was colorless,

1t was diluted with 400 mill litsra of
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eold water, cooled to 1o°c. made neutral
to congo red with solid anhydrous sodium
carbonate. The oil which separated was
fractionated and the fraction boiling at
40-42°C was taken. Yield 119 grams (25%).
One~half mole of methylmegnesium bromide
was prepared and analyzed as described in IIIA,
One-half mole (68.3 g.) of bromoacetone
was placed with an equal volume of ether in
a three liter, tlree-necked, round bottom flask
and cooled to 0°C with salt and ice. The Grignard
reagent was added dropwise from a separatory
funnel. The reaction mixture was hydrolyzed
immedietely after the additién was completed
with saturated ammonium bromide solution. The
ether solution was dried over anhydrous s.dium
sulfate and fractionated., Twenty milliliters
of isobutylene bromohydrin was obtained. B.p.lsmm47°c.
The dinitrobenzoate of this alcohol was
prepared and it was shown by the mixed melting
point rethod to be the same as the bromohydrin
obtained by the action of magnesium bromide

on isobutylene oxide. ke 120°¢.
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vII. sngmon OF ETHYLMAGNESIUM BROMIDE TO ISOBUTYLENE

A. Addition of W bromide

o one mole .

One mole of ethylmagnesium bromlde was
prepared and analyzed as in IITIA, A mixture
of the ecalculated amount of isobutylene oxide
in an equal volume of anhydrous ether was placed
in the flask and cooled with salt and ice.
The ethylmagnesium bromide was placed in a
separatory funnel and slowly dropped into the
flask, After the addition was completed, the
reaction was stirred for two hours. It was
hydrolyzed and dried as usual,

The bromohydrin was decomposed as in section
IIT and the bromine titrated. Yield: 27.26%
bromohydrin.

The drled ether solution was distilled.
Yield: 13,7% 2-methyl-3-pentanol; 3 g. polymer.

B. Addition of ome mole ethylmagnesium bromide
Yo two moles isobutylene oxide.

One mole of ethylmagnesium bromide was
prepared, anslyzed and allowed to drop into a
mixture of two moles of isobutylene oxide
in an equal volume of ether as above.

The reaction products were analyzed similarly.
Results: 63, 15% bromohydrin; 5.8% isobutyl alcohol;

8,57 2-methyl-2-pentanol; 11 g, polymer.
No 2-methyl-3-pentanol oould be detected.
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2.

Isobutyraldehyde is an intermediate in the
formation of isopropyl alkyl carbinol by the
action of alkylmagnesium bromide on isobutyle

ene oxide.

The magnesium alcohclate of isobutylene bromo-
hydrin undergoes rearrangement to isobutyraldehyde
to a slight extent at o°c and to a greater extent

when heated.

Isobutylene oxide does not rearrange to isobutyr-

aldehyde when treated with dialkylmagnesium,.

The megnesium-bromine bond it necessary to catalyze
the rearrangement of isobutylene oxide to iso=-

butyraldelyde.

The addition of two wmoles of alkylmagnesium
bromide to one mole of isobutylene oxide »roduces

both the alcohol formed by the rearrangement of
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alcohol formed by the direect addition of an
alkylmagnesium to the epoxide.

The structure of isobutylene bromohydrin is
shown to be (CHg)gC(OH)CH,Br by its preparation
by the action of methylmagnesium bromide on bromo-

acetone,
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Table II
Physical Constants of the Alcohols

Aleohol n20 B.p. %
l-Bromo~-2-methyl-2-propanol  1,4710 49.5
(16mm)
3-Methyl-2-butanol 1,3973 110-112
(745mm)
2-iiethyl-2-butanol 1.4020 102
(740mm)
2-Methyl-3-pentanol 1.4168 127-128
(740mm)
2-}ethyl-2~pentanol 1.4125 117-118
(740mm)
2-Methyl-3-hexanol 1.4178 142-145
(740mm)
2-Methyl-2-hexanol 1.4175 139-140
(740nm)
2,4-Dimethyl-3-pentanol 1.4250 137-138
(740mm)
2-Methyl-3-heptanol 1.4259 165-167
(740mm)
2-liethyl-2-heptanol 1.4248 65
{15mm)
2,4,4-Trimethyl-2-pentanol 1,4038

55
(15mm)

Ref.

19

20

21

22

23

25

22

22

26

26






Table III

Derivatives of the Aleohols

1-Bromo-2-methyl-2~propanol

3,5-dinitrobenzoate
3-liethyl-2-butanol

3,5~-dinitrobenzoate
2-liethyl-2-butanol

3,5-dinitrobenzoate
2-lfethyl-3-pentanol

3,B6-dinitrobenzoate
3-nitrophthalate

2-l‘ethyl-2-pentanol

3,5-dinitrobenzoate
benzoate

2-Methyl-3-hexanol

3,5~-dinitrobenzoate
acid phthalate

2-ilethyl-2-hexanol

5,5-dinitrobenzoate
phenylurethane

2,4-Dimethyl-d-pentanol

5,5=dinitrobenzoate
phenylurethane

2-llethyl=-3-he;tanol

$,5~dinitrobenzoate
acid phthalate

M.P. %C

163

116

85
150.5

72
182-183

59-60
59-60

141-142
44-45

75
94-94.5

55-54
47-48

Ref.

20

a7

12

20












Table IV
Analyses of New Derivatives for Nitrogen
by Seminiero Kjeldahl (30)

Aleohol % N Calc'd % W Found
1-Bromo-2-methyl-2-propanol

3,5-dinitrobenzoate 8.04 8.11
3-Methyl-2-butanol

3,5-dinitrobenzoate 9.93 10.13
2-Methyl-3~-hexanol

3,5-dinitrobenzoate 9.80 9.60
2-Methyl-2~hexanol

%,5-dinitrobenzoate 9.03 8.68
2,4-Dimethyl-3-pentanol

3,5-dinitrobenzoate 8.03 9.27
2-Methyl~3-heptanol

3,5-dinitrobenzoute 8.64 8.44
2=Methyl-2-heptanol

3,5~dinitrobenzoate 8.64 8.40
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