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SBSTRACT

This investigation has extended the studies on the reastions of
organcmagnesius halides on epoxides, The objeat of this work was to
study the relative resstivity toward 1,2-spoxypropane of the organo-
nagnesium bond as compared te the magnesium~iodine bond, Tlde vas
asceomplished by varying the ratios of reacting materials, the reaetion
tines and the reastion temperatures, It was found necessary o saintain
eonstant temperature and stirring throughout the reastion period in
order to sbtain reproduscible results,

The Grignard reagents wore prepared using methyl, ethyl, n-propyl,
fiepropyl, nebutyl, s~butyl, and phenyl iodides, ilwse prepared were the
diorganemagnesiun compounds corresponiing to the Grignard reagente.

The ylelds of Qrigoard reagemts and diorgancmagnesium compounds were
dotermined uwsing the Gilman titration procedure, The Grignerd reagsnt
was analyzed for lodide iom content by the Volhard method,

The amalyred Orignard reagwmts wers treated with both one and two
mles of 1,2-epoxypropane under controlled conditions, widle the die
organomagnesium osmpounds were treated with two moles of 1,2-epoxypropans
under similar conditions, The aleohols produced by the above reactions
were isolated by distillation in all cases, In the reactions of organc-
nagnesiun iodides with ), 2-epoxypropane the le-iodoeZepropancl produeed
was net distilled, sinoe it decomposed markedly on heating, but was



deterninad by decomposition with alkald and the iodide ion produeced
was determined by the Volbard mathod,

In the resction of organomagnesium iodides with one mole of
1 ,2=spoxypropans, leiode=2-propancl is the main product, while the
sxpecied alocohol is produced %o the extent of only one or two percent,
The yield of l-iodo-2«propancl variss with time of reaction, The
percentage yield 48 of the order of 70805 at reaction times of one to
two hours, & longer time of reaction gave lower yiclde although only
in the cases of ethylmagnesium iodide =nd the sscondary alkylmagnesium
iodides was the yield decresased substantially,

¥hen the ratie of organomagnesium iodide to 1,2-epoxypropane was
112, e yleld of l-iodo=2«propanol was of the order of 95-100% at
short resction times (up to tlres hours) and decrsased o 70-80% after
12 hours, The ylelds of the alcohols produced wers of the order of
20+35% axospt the oase of s-butylmagnesium todide which gave only about
8% of Lemethylefehexanol,

The precipitate present before hydrolysis in the reastion of
organomagnesivm iodides with two moles of ) 2-cpoxypropans was analyeed
and the resulte indicated that the precipitate probably has a formala
corresponding %0 a ratio of one mole of organomagnesium iodide to two
moles of 1 ,2~epoxypropans,

The results presented show that the inftial remﬁon is vith the
nagnesimm~iodine bond and the reaction with the organomagnesium bond
18 slower than that of the magnesiupeiodine bond,
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INTRODUCTION



INTRODUCTION

There has been some interest in recent years concerning the
reaction of warious epoxides with organomagnesium halides, The results
of these studies have been interpreted in various ways and complete
agreenment has not been reached as to ths mechanism of the reaction,

The object of this work wvas to study the relative reactivity of
the organomagnesium and magnesiume-iodine bonds, The method used to
achieve this was a study of the reaction of organomagnesium iodides
with 1, 2-epoxypropane, The products of the reactions were isolated and
a meagure of the comparable reastivity of the two different bonds was
obtained from the ratio of the alcohol (eorresponding to organcmagnesiim
bond cleavage) to leiodo-2«propancl (corresponding to magnesiumeiodine
bond oleavage), The effect of changing conditions on the ratio of
products was studied by varying the length of reaction time, the re-
action temperature, and the amount of 1,2«epoxypropane per mole of

Grignard reagent,



HISTORICAL



HISTORICAL

There has been much controvsrsy over the constitution of the
Grignard reagent in solution singe it was first deseribed by Grignard (1)
in 1900, Both Grignard (2) and Blaise (3) have shown by analysis of the
residus remaining after evaporation of the ether molution that the
organomagnesiun halide retains one molescule of ether sven when dried
under redused pressurs, Baeyer and Villiger (L) on the basis of the
above data proposed that the formula of the Grignard reagent should

be (i), However, Grignard (5) felt that the formulation (B) was meore
nearly consistent with the products formed from suoh ¢ompounds when used

CaHy M c Mgl

a 5\0: gk aﬂe\c, g

Calis I Colls’ R
(4) (8)

in resotions, Later, in 1904, Tshelinzeff (4) on the basis of his
studies of ®dietherates” of isopropylmagnesium iodide proposed a formula
of type (C). In 1921 Meisenheimer and Casper (7) advanced the theory

CaHy  MgR (CaHe) L. R
AN Mg
Calls” T110(CaHe)y (Cae) 30 X
(c) (D)

that the Qrignard reagents be considered not as oxonium salts but as
complexss having a structure of type (D), Meisenheimer and Casper also



propesed that the reagtion of alkylmagnesium halides proceeds by
replacement of one of the coordinated ether groups by the campound
rescting with the alkylmagnesium halide, The intermediate (E) formed

(CaHe) g0 R?
3 .OH/

N —

(Cae)ad_ B
(CaMe) 30~ “x RgCO”

g Slﬁ

could then rearrange t0 give the magnesium halide salt of the product (F),

(Cafg) 0 R (Call,) 0, O=CeRy
Mg+ (Calg)0 — Mg R
RGO™ X CaHe) 0" X
(F)

The theory that the Grignard reagent might be othsr than the species
FMgX in solution was first advanced by Jolibois (8) in 1912, He had
found that disthylmagnssium was insoluble in ether but was seluble in
an ether solution of magnesium iodide to give a solution with all the
properties of ethylmagnesium iodide, On the basis of tlds and other data
he proposed that the Grignard reagent should be shown as RgigMgX;, There
was mush gontroversy over this formulation of the Orignard reagent and
it remained for Sohlenk and Schlenk (9) in 1929 to find that practically
all the halogen and part of the magnesium could be precipitated from a
solution of Orignard reagent in ether by the addition cf 1,h~ddoxane,
They believed on the basis of this experiment that the (rignard reagent
exigts in an equilibrium which may be formulated ass



2 RMgX RMg + MgX,
or
RMg Mgk, hMg + Mg+l

In 1931 Noller (10) proposed that the most probable equilibrium
contains no organomagnesiwm halide, i,e,:

RMgeMgX; — Rgilg + MgXy

Furtber work by Noller and co-workers (11) indicated that the dioxane
precipitation method was not valici 48 & means of sstablishing the
equilibrium presemt in a Grignard reagent solution, They found that

the diorganomagnesium content increased with 1&35 when the solution was
allowsd to stand in contast with the dioxane precipitate from the
original organomagnesium halide solution, Ths' gensral conclusion arrived
at was that further disproportionation of the precipitate may ocour on
extended centact with tle solution,

Sohlenk (12) in 1932 proposed the idea tlat the percent of die
organomagnesiunm and magnesium halide varies according to the organo
group present, Oilman and Fothergill (13) advanced the theory that
alkylmagnesium chlorides are mainly in the form of alkylmagnesium
ohloride, vidle alkylmagnesium iodides may be more in the form of di-
alkylmagnesium and magnesium iodide, However, Kharash and Reinmuth
(14, page 105) have listed data which indicate that in sowe cases there
is 1ittle difference between alkylmagnesium chlorides and alkylmagnesium
{odides as far as dialkylmagnesium content is soncerned and in other



cases the alkylmagnesiwa chloridss contain more di&lkylmga“iu than
do alkylmagnesivm iodides,

Asten and Bernhard (15) have moted the ready inflammability of
dialkylmagnesium solutions and the relatively great stability of the
corresponding aliyimagnesium halide solutions, Moreover, on this one
fast they base their gomolusion that the actual percentage of dialkyle
magnesium in selutiom is low, They further proposed that the equilibrium
be formulated as follows:

2 Mg — (RMgMgl)—— RMg + MgXy

In 1949 Stewart and Ubbelehde (15) advanced the theory that instead
of the Schlenk representation of the equilibrium present in solution or
the representation of Aston and Bernhard, it might be better to consider
the equilibrium as

nMgl, + CHEMgI +m{CyHs)0 — n Mgl CH¥gIm(CoHy) 0

where n is probably two, They further picture the complex as something
which can be represented in this manner:

cHy I I |
Mg’ [ Mg Mg J m(Cale) 20

~

s SR S

One of the earlisst woriers to study the sction of Grignard re-
agents on epoxides was Homry (17) who treated 1,2-epoxypropans with
alkylmagnesinm halides, He postulated that several different produsts
gould be formede<depending on the point of sleavage of the epoxide



ring and whether or not rearrangement oscurred during the reaction,

Product Type
o\.
RMgX + CHCHCH;, ———— cn,gmn.- —— CHyCHOHaR (1)
l - CH
| K
CH\CCHy ———> ca,gmB, (2)
Ce H

——> CHCHCH0= —— CHyCH-CHyOH (3)
R

l

CHyCHCH= —— CHaGR,CHOH (L)
R

In an attempt to prove his theory, Hanry treated ethylmagnesium
bromide with 1,2-epoxypropane and obtained a S0F yleld of 2epentancl
(reaction type 1), Other workers (18) have observed similar results
using other OGrignard reagents, Norton and Hass (19) in a similar re-
action of ethylmagnesium bromide and 1,2-epoxypropane isoclated 11% of
3epentanol , whioh would result from a reaction path according to type
(L), There is also work by Stsvens and MoCoubrey (20) who report that
the product of the reaction between t~butylmagnesium chloride and 1,2«
gpexypropans is 2,2-dimethyl~3-pentanol wilch would result again from
a typs (L) reaction, The majority of the reactions with 1,2-spoxye
propane, lowever, appear to follow a type (1) reaction path,

The logical conclusion as to the mechamism of the reaction based
on the data in the literature is that the products formed from the
reaction of epoxides with Grignard reagents are the result of ruclec~
piilic attack by a carbanion on ths least substituted carbon atom, |



Tids prebably occurs after the epoxide has coordinated with the mag-

nesimm (27).
0(Calg)s G- 0(Cath)a
() RMg=X + O — ReMgsX + (CaHg) 0
: 0%0355)2 Ce Q

+’) /é- - *4 ‘é*X(R)
(8) lslg ' o\('l: . x( )(R('))——»ég-got‘:.

\ |
(++) (+)C= - (++4) (K)XaCw

It is aleo possible to have rearrangement,

R ( ) - ( §
"Mg~0 :g-n R =CH (+)(=) =~C-H
X T Mg=0-0(+) — XMge0 = C
X .
n(")l.g.a
X~Mg=0-C=R

The reastion is not, however, as simple as 1t would appear, for
Haston and Agett (21) have shown that dialkylmagnesium is probably an
sasential reactant, In their studies they found that the addition of
one mole of ethylmagnesium bromide to ethylene oxide gives an addition
complex whioh was identical with that obtained by passing ethylens oxide
into an ether solution of magnesium bromide, Apparently the first mole
of ethylens oxide reacts only with the magnesium bromide present in the
Grignard reagent to form an addition complex by means of the following

reastiont



2C3RMgBr — MgBry + (CaHlg) Mg

N
‘ 2 CHgCHy
Mg(OCHCHeBr) 5 + (CaKg) Mg

2
2 HOCH CHgBr (60%)
In order to obtain any nebutyl aleohol it was necessary to heat the
reaction mixture or else add a second mole of ethylene oxide,

(Ca¥g) Mg + Mg(OCHCHBr) ; —2— Mg(CCHCHCR,CHy), + Mgbr,

2 HO
nebutyl alcohol

or

/o\
(Callg) Mg + 2 CHy=CHy — > (n=C Ho0«) Mg
2 H n-butyl alecohol

Both Huston and Adgett (21) and Huston and Langham (22) bave shown
that the reaction of ethylmagnesium halides with ethylene oxide leads
to an intermediats compound having the smpirical formula (C H,0) Mg from
diethylnagnesium, or an intermediate compound having the empirical
formula C B LMgX from sthylmagnesium halides, Both of these inter-
mediates upon hydrolysis give good ylelde of l-butanol,

Haston and D'drey (23) as well as other workers (21, 22) have
reported that the reagtion of organomagnesium halides gives as a by~
product small amcunts of acetaldehyde, Cottle and Hollyday (2k) in
studying the reaotion of n-titylmagnesiums bromide with ethyleme oxide
found that an acetaldehyde reoir was formed upon heating the preduct



of the etlylene exide~magnesium bromide reaction in a bomb, To account
for this they postulated that the BrCH CHyO« ion may, when heated, lose
a bromide ion and rearrangs to acstaldehyds,

Additional proof of the formation of a earbonyl compound upon
heating the addition complex was furnished by Huston and Bostwick (25),
vio also found upon reacting organomagnesium bremides with 1,2-epoxy-
propane that acetone was a byprodust in all of the reactions,

(BrCH.C;l:D-)aHg—“—ﬁ cn,ch, + Br + Mg0 + CHyCHeCHBr
c

Howsver, Haston and Tiefenthal (26) found no evidence of asetone when
they treated alkylmagnesium chlorides with 1 ,2-epoxypropans,

Huston and DtArcy (23) found upon studying the reaction of alkyl-
nagnesium lodides with equimolar amounts of ethylene oxide that the
reagtion was predominately at the alkylmagnesium bond although as the
alkyl group increased in complexity the ethylene fodohydrin was produced
in proportionately larger amounts, IHnston and Langham (22) found in
their studies that when alkylmagnesium chlorides were treated with an
equimolar amcunt of ethylens oxids there was g significant reaction at
the alkylmagnesiux bond which in eome casss exseeded ths amount of re-
action at the magnesium~chlorine bond, Huston and igett (21), however,
found that on treating alkylmagnesium bromides in a one %o one ratie
with sthylens oxide the imitial reaction was predominately at the
magnesium-bromine bond,
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In almost all oases when the ratio of reactants was one mole of
Grignard reagent to two moles of ethylene oxide, the ylelds of the
aleohol and ethylene halohydrin were insreased appreciasdbly,

HBuston and Tiefenthal (26) found that when alkylmagnesium chlorides
were treated with 1,2-epoxyprepans in equimolar quantities the yleld of
leohloro~2«propancl ranged from 35«55% and the yielda of the aloohols
varied from O-i1%, In the reastion of alkylmagnesium bromides with an
squizolar smount of 1,2-epoxypropane, Huston and Bostwick (25) found
that the l-bremo-2<propanol was produced in yields of S0-67% while the
yields of the alcolols ranged from L-13%, The most striking thing
apparent when comparing the yields was the much larger over-all yields
of alcohols with ths alkylmagnesium chlorides, In all cases the addition
of two moles of epoxide to one mole of alkylmagnesium halide inoreased
the ylelds of both l-halo«~2-propancl and the alcohols appreciadly,

Wotis and co-worlers (28) have studied the relative reactivity of
some alkylmagnesium halides by allowing them to react with l-hexyne and
measuring the volume of alkane evolesd,

CeHoCSCH + iMg=X —— C HyC=0MgX + RH (gas)

They found that methylmagnesiwm iodide and methylmagnesium bromide are
of about the same order of reactivity vhile methylmagnesium chloride
reacts almost three times as fast, The same order of rsactivity holds
for the ethylmagnesium halides except that ethylmagnesium chloride reacts
only twice as fast as the other two (see table below), This would seem
%0 indicate that the alkylmagnesium e¢hlorides should give better yields



of aleohols tham the other alkylmagnesium halides, and, in general,
this is true, One would also expeot that the yields of alcolols from
the reaction of alkylmagnesiumbromides and alkylmagnesium iodides
would be of the same order of magnitudas,

Iable SRofmo 28)

Helative
m!gx Heaotivity
CHMGI 6
CHyMgBr 6
CE,MgC1 16
C aHgMgBr 100
CaHeMeCl : 155

In studying the reaction of alkyl lodides with magnesium in ethasr
Oldham and Ubbelohde (29) noted that organiec iodides are capable of
reacting to give various products,

(1) RT + Mg — RMgI
(2) 2RT + Mg—— Ay + Mgl,

(3) 2RI + Mg —— RH + RE + Mgl,

The authors came to the conclusion that reactions (2) and (3) are side
resctions which ooour more readily with organoiodides than with any
other halide and that ope must be very careful to have an excess of
magnosium present in the reaction at all times,

Later, Mackle and Ubbelohde {30) studied the reaction of methyl
fodide with magnesium and found the following reactions occurring,



2 CHyI + Mg + (Cgale)a0 — > CaHg + MgIp*(CaHg) 0
2 CH,I » Mg Mgl, + 2CH~

CHy= + Etz0 — > 2 CH, + CHCH + CgH,

They also found that the following reactions ococur in the presence of
iodine,

Cﬂ,ﬂgl + I. _ CH’I + Mg]f,

2 CHMgI + I, ——— CaHg + Mglg

It is also well lmown that appreciadble guantities of biphenyl are pro-
duced in the preparation of phenylmagnesius halides, The reaction to
give biphenyl presumably goes by a free radical mechanism (1L, page 59),
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MATERIALS

1,2«spoxypropane (B.p, 33-3&00). Dow Chemical Company, Used without
further purification,

Alkyl Iodides,
Methyl, Ethyl, nePropyl, n«Butyl, s-Butyl Iodides, Fastman white
labal products.
i~Propyl and Phenyl Iodides, Columbia Organic Chemicals Company,
Dried over ashydrous sodium or magnesium sulfate, redistilled, and
stored over freghly scraped copper wire,

Amponium iodide, Bakers' Analysed LReagent,

Magnesium Turnings, Merck and Company, Especially for Grignard reactions,

Anhydrous Diethyl Ether., Dried over sodium ribbon for at least ons wesk,
Dioxane, Purified according to directions of Fieser (LL),
Sodium Hydroxide, C, P,

Sodiwm Sulfate. Ainhydrous,

Kagnesium sulfate, Ainhydrous,

Solutions!:

Silver Kitrate, ximately 0.1 K, Prepared from Balers'
Analytiocal Grade ver nitrate,

Potassium Thiooyanate, Approximately 0,1 N, Standardized
against thes silver nitrate solution,

Sodium Hydroxide, Aipproximately 0,1 N, Standardized against
potassium aeid phthalate (Bakers' Analytical Crade),

Sulfurie icid, .ipproximately 0,1 N, Standardised against the
sedium hydroxide solution,



EXPERIMENT AL
I, tion of Re. ta

Fifty grams (2,1 m,) of magnesium turninge wers placed in a dry,
o liter, three-necked round bottomed flask which was fitted with a
mereury sealed stirrer, a Hershberg dropping funmel, and a Craham
(spiral) condenser, The condenser and dropping furmel were fitted with
drying tubes filled with a mixture of calcium chloride and soda lime,
The flask was swept with "water pumped® nitrogen dried by bubbling
through concentrated sulfuric asid, The flask was placed in a container
80 that external cooling could be applied if desired,

One lundred milliliters of anhydrous ethyl ether and five to ten
grams of the organic iodide were added t0 start the reaotion, Then
five hundred millfiliters of anhydrous sthyl ether wae added to the
flask and the remainder of the two moles of organic lodide was mixed
with three hundred milliliters of anhydrous ether and added at the rate
of one to two drops per second through the dropping fummel, In most
cases external cooling was used in order to prevent too vigorous reflux-
ing and also to cut down the time necessary for addition, The normal
alkyl iodides and phsnyl icdide were added at the rate of two to three
drops per sesond while the secondary alkyl iodides were added at the
rate of about one drop per ucoud.‘ After addition was complets, stirring
vas continued for an hour and then the (rignard reagent was analysed
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ascording to the prooedure described in (II) and then allowed to react
vith 1,2-epoxypropane immediately, illowing the Oprignard reagent to
stand overnight did not appre¢iasbly increase the yields,

II, Aimalysis of the Orignard Heagent

The Orignard reagent was transferred through a glass tube fitted
with & glass wool filter by means of nitrogen pressure into a graduated
mixing eylinder which had been fitted with an inlet tube, a safety tube,
and an outlet tube reashing to the bottom of the cylinder, The voluse
of the solution was measured and a one milliliter aliquot was taken and
analysed by the Gilman procedure (31) using phemolphthalein as the
indicator, Ainother one milliliter aliquot was taken and analysed for
iodide by the Volbhard method (32), The ether solution of the Grignard
" reagent was then divided in such a way that from one-third to one~half
mole of organcmagnesium iodide was placed in each reastion flask and
then each portion was treated with eithsr one or two mole~equivalents
of 1,2-epoxypropane,

The volume of the diorganomagnesium solution remaining after
precipitation of magnesium iodide and organcmagnesium iodide with
1,kedioxane was measured as described in (IXIC), i one milliliter
aliquot was taken and analyzed by the (ilman procedure, The ether solu-
tion of diorgancmagnesium was then divided into two egual portions and
esach portion vas treated with two u.olmqnivﬂwta of 1,2~spoxypropane,

For ylelds of organcmagnesium icdides and diorganomagnesium com-
pounds see Table I,
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11X, REesctiops of the Grignard Reegent

A, Reaction of one mole of Grignard reagent with one mole of 1,2«epoxy~
prepane,

ibout oneethird of a mole of the Orignard reagent (based on the
Volbard titration) was transferred by means of nitrogen pressure to a
dry enw-1iter, three-necked, round bottomed flask which had been swept
with dry nitrogen., The flask was fitted with an A1lihn (bulb) condenser,
a glyosreol sealed stirrer, and a dropping funnel, 4 thermoneter was
suspended through the cendenser by means of a nichrome wire so that the
bulb of the thermometer was coversd by the solution in the flsek,
Both the condemser and dropping funmel were fitted with drying tubes
£111ed ﬁth a mixture of caloiuwsm chloride and soda~lime to protect the
reaction from both water vapor and ecarbon dicxide, The amount of 1,2«
spoxyprepane negessary to react with the amount of f{odide ion ntﬁtod
in the Crignard reagent in a mole per mole retio was weighed out and
mixed with an oqual volume of anhydrous ether, The resulting solution
was then added to the Grignard reagent. The reaction temperature was
maintagned at 15°C, by external cooling and the reaction was stirred
oontimwusly throughout the entire reaction time employed, Aftsr addition
of the epoxide was completed (wsually 12415 minutes), the reactien
sixture was maintained at the desired temperature by placing the flask
in a constant temperature water bath (contrelled to 21°C,) and stirring
wvay contirued for the duration of the Mtion.

At the oend of the reaction pericd, the reastion mixture was hydro-
lysed by dropwise addition of a saturated solution of ammonium ic¢dide,
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External cooling by means of an ice bath was found to be nscessary,
From forty to sixty milliliters of ammenium iodide solution were
required to cause cmplete precipitation of the magnesium salts and
leave a clear ether solution, It was usually nscessary to stir the
reastion mixture quite vigorously during hydrolysis in order to get a
smoeth decomposition, The clear ether solution was decanted from the
precipitate and the precipitate was washed with four portions of ether,
Water vas then added to the precipitate until it was a pasty mass and
this paste was extraoted once with ether,

The combined ether solution of organic reaction prodnctp was then
dried over anhydrous sodium sulfate, The ether was removed by distill-
ation through an 18" Vigreux column until the temperature of the pot
had reashed about 50°C, (The careful control of pot temperature was
necessary te prevent decomposition of reaction products,)

The residus remaining after removal of the ether was placed in a
five hundred milliliter, three-necksd, round«bottomed flask equipped
with bulb condenser and & glycerol sealed stirrer, Slightly more than
She calculated amount (based on the amount of iodide present) of sodium
hydrexide pellets was added and the mixture was stirred for fifteen
sinutes, during which time a dense precipitate of sodivm icdide had
usually appeared, Sixty to seventy milliliters of water were added in
portions, and the resultant mixture was refluxed for five to six hours
in order to e¢onvert the leiodo-2epropanol present into propylene exide
and sodium iodide, Stirring was continuwous during both the period of
addition and the peried of reflux, The resastion mixture was allowed to
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ool 10 room temperature, the layers were asparated, and the water
layer was extracted with ether, The combined ether portions were dried
over anhydrous sodium sulfate, The water layer which contained the
sodim lodide produced in the reaction was boiled to expel any dissolved
organic material and diluted to five hundred milliliters, In order to
detearmine the yleld of l~iodo-2~propanol, a two milliliter aliquot of
the solution was analymed for iodide ion by the Volbard procedurs,

The ether was removed from the dried mixture of organis products
by distillation through an 18" Vigreux column, stopping the distillation
vhen the pot temperature had reached 50°C, The residue was then freo-
tionated through either an 8,0 inch helix packed column or a 9,0 inch
Vigreux column fitted with a total reflux, partial takeeoff type head,
Heat was supplied to all distillations and reactions by Glas~col mantles,
ifter the inmitial fractionation, all similar runs wers combined and
refrastionated before any attempt was made to determine the physical
constants and make derivatives, For ylclds see Table V,

Basides l-fodo-2«propanol and the alcohols, several by-products
wers isolated from the reaction mixture, Those identified are listed
in Teble II,

Note: In order to determine the importance of res all of the oxygen
from the reaction flask it was decided to set up identical reacticns as
desoribed above--except that ons flask was flushed with dry nitrogen
while the second was flushed with dry air, One~half mole of ethylmagnese
jum iodide was placed in each flask and caused to react with one mole of
1 ,2«spoxypropane for 16 hours under the wonditions deserdibed above, Upon
vorking up the reastion mixture it was found that the yleld of l-icdo«2e
propanol from the reaction carried out under nitrogen wus 68% while the
yield of 2-pentanol was 285, The yield of l~iodo-2-preopanol from the
reaction carried out under dry air was 65% and the yleld of 2-pentanecl
vas 27%. These results would seem to indicate that the presence of oxygen
had vory little effect on the course of ths reaction,
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B, Reastion of one mole of Grignard reagent with two moles of
1,2-epoxypropane,

The calgulated amount (in a ratio of two moles of the spoxide to
one of the Grignard reagent) of 1,2-epoxypropane in ether was added to
the Orignard reagent as described in procedure (IIXei), The addition
usually took about thirty minutes, After addition ths reaction was
plased in & constant temperature bath maintained at 15°¢.2°C, and
stirred throughout the course of the reaction, The reaction was usually
charagterized by a wiite precipitate which became more dense as the
reaction progressed and in some cases actually becams a gal which was
very hard to stir,

The reastions were usually set up in a series of five and at five
definite tine intervals one of the five reactions was processed as
follows, The reaction mixture was hydrolysed with seventy to ninety
williliters of saturated ammenium iodide, The hydrolyzed reaction was
then processed as desaribed in (IIX-i), PFor yields see Table VI,

Besides l-iodo~2«propancl and the alcohiols several by-produots were
isclated from the reaction mixture, Those identified are listed in
Takle II,

C. The preparation of dialkylmasmesiuim and diarylmagnesivm from the
corresponding Grignard reagents (10),

ibout one mole of Urignard reagent was placod in a dry oms liter,
three-nagied, round dbottomsd flask widekh had been swept with dry nitrogen
and seb up as desoribed in (IIX-i), .ippreximately two to three tenths
mole in excess of the calculated amount of dry 1 Ledioxane (on a mole
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per mele basls) was diluted with about one minxired milliliters of
anhydrous ethyl ethor‘ and added dropwise so that a gentle reflux was
maintained, Stirring was contirucus during addition and was continued
for 812 hours after addition was complete, Then the thiock selution
was transferred by means of nitrogen pressure to 250 ml, centrifuge
bottles, stopperad tightly, and centrifuged at 1L400-1500 r.p.m, for
fifvseen to twenty minutes, The clear supernatant ether solutlon was
transfarsed by nitrogen pressure to the mixing oylinder deseribed in
(II) and the volume was measured, One milliliter aliquots wers analyzed
by the Gilman procedure using phenolphthalein as the indicator,

D, The reaction of diorganomagnesium compounde with 1,2-epoxypropane,
The supernatant ether solution (containing for the most part
diorganemagnesium compounds) was then transferred by means of mitrogen
pressure to a one liter, three-necked, round bottomed flask set up as
in (III-.), The caleulated quantity of 1,2-epoxypropane was dissolved
in an squal volume of anhydrous ether and added dropwise with stirring
at 15°C, (maintained by cooling in an ice bath), Addition usually was
cozpleted in about ten minutes, Ths reaction flask was then placed in
a gonstant tempsrature water bath maintained as in (III-3) and etirred
untdl the test with Michler's ketone (L2) was negative, by which time
the solution had become milky, In all cases another similar reaction
was allowed to run at least twice as long in order to see if any

appreciabls increase in yisld of the alcolol was obtained,
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The hydrolysis of the reaction mixture was carried out as described
in (ITI-A) with about 25-35 ml, of the saturated ammonium iodide solu-
tion being used, The hydrolyzed mixture was worked up, dried over
anhydrous sodium sulfate and fractionated as deseribed in (III-1),

For results see Table VI,

w, aration of l-iodo=-2« 1 from 1,2 ane and Magnesium
odide

A, Preparation of magnesium iodide in ether (16),

Thirteen grame 0,53 m,) of magnesium were placed in a dry one
liter, three-necked, round bottomed flask swept with dry mitrogen and
equipped with condenser, glycerol sealed stirrer and dropping fumnel,
About five grams of iodine was dissolved in 50 ml, of ether and slowly
added to the magmesium with vigorous stirring, The reaction was often
difficult to start, but once started it was necessary to keep the
initial amount of iodine low in order to prevent too vigorous a reaction
from taking place, It was found best te have an ice bath handy to cool
the flask rapidly if necessary, Once the reaction had started LSO nil,
of anhydrous ether was added and the dropping funnel was replaced by a
powder addition funnel, The remainder of the iodine to make 0.5 mole
vas added slowly by means of the powder fumel whils stirring the re-
action mixture vigorously, It was necessary to cool the flask inter-
mittently to prevent the ether solvant from refluxing too vigorously,
4ddition was usually completed in about two hours, Stirring was con-
tinued for about one hour and the reaction mixture was allowed to stand
overnight,
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B, Preparation of leiodo-2~propanol,

The magnesium iodide etherate (0.5 m,) was transferred by means of
nitrogen pressure %0 a dry nitrogen-swept one liter, three-necked, round
bottomed flask equipped as in (YII-i) and one mole (58,0 g,) of 1,2~
epoxypropane in one mlundred milliliters of anhydrous ether was added
over a period of one hour with stirring, .\ dense white precipitate
formed as the oxide was added, Ths reaction was placed in a constant
temporature water bath maintained at 1521°C, and stirred for twenty-four
hours at that tempsrature, The reaction was hydrolyzed as in (III-)
using about eighty to ninety milliliters of tle saturated ammonium
lodide solution, which oonx:letély precipitated the magnesium salts,

The ether solution of organic reaction products (mainly l~iodo«?-propancl)

vas drisd over anhydrous sodium sulfate and the ether was removed by

distillation, The amount of l-iodo-2-propanol present in the residue

was then determined by means of the method discussed in the following

section,

C, The physical properties and the method of determination of yields of
l«iodo~2-propanol,

It was found that the leiodo-2epropanol was difficult to distil
since a large portion of ths l-lodo=-2-propanol decomposed during distille
ation, Therafore instead of isolating the l-lodo-2-propancl a method
of analysie which would allow datamiﬁatdon of ail the l-iodo-2-propancl
present in the reaction mixture was needed, 3ince the alkali deconpo-
sition procedurs has been ﬂxmi to be an acoeptable method for dotorminae
tion of l=iodo«2«propanol it was decided to use it as the method for
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deteraining the yield of this sempound, Consequently, the hydrolysed
reaction mixture was processed ascording to the procedure described in

(IXIe4, pagel7) and the yleld of l-iodoeZepropancl was determined by
means of alkali decomposition and titration of the iodide ion which wae
produced, This was done by means of the Volkard procedurse as in
(I1T-A, pagel8),

The maximum yield of lelodo=2<propanol from the reaction of magnes~
ium lodide with two moles of 1,2-epoxypropane was of the order of 75;83%
based on the amount of iodine used in preparing the magnesium lodide,

A quantity of leiodo-2«propancl was distilled (L1-43°C, at 3 mm,)
and the physical properties were determined,

Refractive Index Dengity
Found Lit, Found Lit,
na 12,5k X193 4 1.8999
n 11,517 m 1.5365

The molecular refrastion at 30°C, was detormined and found to be 30,L0
(eale'd,s 30,39), The values found for both the refractive index and
density remained constant upon repsated distillation of the compound,

In order to dotemine the purity of the leiodo~2~propancl the
perosnt 1odine was determined by both alkall decomposition and Parr bomd
fusion, Both methods gave the same results,

1-iodo-2-propanolt Calc'd,s 68,28 Ij Founds 67,9% I,



2l

The precipitate present before hydrolysis in ths reaction of
nagnesim lodide with two moles of 1,2«epoxypropane was analysed by the
procedure in (V),

Caletd, for (C,He0I)gMgs 6,19% Mgy 64.36% I,
Foundt 6.11% Mgy 62,038 I,

D, Attempts to prepare derivatives of l-iodo=2<propanol,

An attempt was made to prepare the 3,5«dinitrobensoate of l-10do«2e
propanol aceording to the procedure dessribed in (VI-A), Two initial
t4rials (one with pyridine and one without) failed to produce a derivative
which could be recrystallized to a constant melting point, 4 third
trial was made using the procedure desoribed by Stewart and VarderWerf
(LS). This prosedure also failed to give a pure derivative, . fourth
¥rial was made using the procedure desoribed in (VIeA) with the expeption
that no pyridine was used and ths reaction was heated only one~half
bour, Then 4t was allowed to stand overnight, This procedure gave a
derivative which, after recrystallisation to» & constant melting point,
melted at 83 .5-815.0°C. in analysis of this derivative resulted in ﬁht

following valuves,

3,5«dinitrobenzoates
Unknown 1-iodo=2«propanel l-chloro~2=-propanol
£ found % cale'd, % cale'd,
c L1, 73 31,55 11,65
H 3.18 2.38 3.2
N 9.7 7.38 9.70
Halogen  12.k9 33,38 %X 12,28 £ C1
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The derivative gave a positive gqualitative tast for chlorine and
a negative test for iodine,

From the andlysis and the qualitative tests it is evident that
balogen exahange eccwred during the reaction of the 3,5«~dinitrobenzoyl
chloride with l«iodo«2«propanal, It is interesting that the melting
points of the 3,5-dinitrobenzcates of l-iodo-2epropamol and l-ghloro-
2epropansl have besn reported as being very nearly the same (LS),

An attempt was made 40 prepare the phenyl urethane of leiodoe2e
propano) ascording to the progedure descrided by Moflvain (33). The
resulting sompound was & viscous oil wvhich refused to crystallise,

In a further effort o prepars a derivative of the leiodo-
2epropancl an attempt was made to prepare the Xepaphthyl urethane
aseording to the procsdure described in MoElvain (33), The produet
resulting from this reaction was recrystallized from ligroin until a
constant meliing point was obtained, The melting point of this
derdvative was 131,8-132,9°C,

A=naphthylurethane
% caletd, % found
c 47.50 48,00
R 3.97 ka2
N 3.5 3.87
I 35.60 34,97
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The reaction mixture comtaining one mole of orgunomegmesium iodide
and twe moles of 1,2-epoxypropane was stirred at 15°c. until the reaction
gave a negative test with Michler's ketone, The precipitate was then
eollectad on & im.:-.a glass filter funnel (the precipitate was forced
over into the fumnel through a glass tube by means of nitrogen prsssurs),
The precipitate was gquickly freed from most of the ether by means of an
aspirator; then placed in a vacuum desicoator and, in order to remove
the last traces of ether, was dried at 20 mm, for one-half hour and then
dried at 3 mm, for anothsr half hour, .

The dry precipitate wvas analysed for magnesium by igniting weighed
samples to magnesium oxide, The precipitate was also analyzed for iodine
by the alkall decomposition procedurs and Volhard titration of the iodide
present in an aliquot, Some precipitates showed a tendemcy to ignite
if exposed to the air for periods longer than five minutess particularly
the precipitates derived from the methyl and ethyl Orignard reagents,
Therefore, it was necessary to male rapid weighings on these substances,
For results seo Table VII,

VI, Determination of a Mass Balance the Reaction of n-Pro 8
W—ﬂ———_____—_—wm : :

A, Reaction of one mole of n-propylmagnesium iodide with one mole of
1,2«epoxypropane,

The reaction was set up as in (IXI«i) with the exception that a
trap immersed in a Dry lse-isopropyl alcohol mixture was connscted to



the condenser in order o c¢ollect any gases evolved during the course
of the reastion and during hydrolysis, The reaction was carried out
at 152°C, for 24 hours and hydrelysed by addition of ise cold 25%
sulfurie acid drepwise (80 ml,) until all the magnesium salts had pre-
cipitated, (Sulfuric acid was used to avoid addition of iodine to the
reastion mixture,)

The reaction was then weried up as deseribed in (III«-i) with the
exception that the precipitated magnesium salts were dissolved in aoid
and titrated for i1odide ion by the Volhard method, The ethar solvent
was removed and titrated for epoxide content by the method listed in

Siggiats Quantitative Organic Analysis Via Fumstional Groups (L3), The

results are listed in Table VIII,

B, Reastion of one mole of n-propylmagnesium iodide with two moles of
1 ,2-epoxypropane

The reaction flask was set up as described in (VII-i) and the re-
astion was allowed to proceed in the mammer dessribed in (IXI-B) wish
the exssption that the reaction was hydrolyzed and worked up as desoribed
in (VIII«A), The results are listed in Table IX,

VII, Preparation of Derivatives
A, 3,5«Dinitrobeunsocates (33,3L),

One milliliter of the alcolwl was placed in a dry ten ml, round
bottomed flask and to 4t was added about one gram of 3,S5«dinttrobensoyl
ohloride and two milliliters of anhydrous pyridine, The flask was fitted
with a small reflux condenser leoosely steppered to prevent moisture
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from entering the flask and heated on the steam bath for one to two
hours,

The reaction mixture was ramoved from ths steam bath and allowed
t0 cool, afier which it was poured into water in order to hydrolyse any
excess acid chloride, The water<organic mixturas was extracted with
ether and the water layer was diecarded, The ether extract was washed
twice with fiva percent sulfuric acid, twice with ten percent sodium
sarbonate solution, and once with water, Then the ether was evaporated
and the regidue was dissolved in hexane, The resulting solution was
decelorized by boiling with Norit. and the Worit was removed by filtra-
tion, The 3,5~dinitrobenzoates wers allowed to crystallize at room
tsmperaturs and then recrystallised from hexane to a constant meliding
point,

B, Phenylurethane
The phenylurethane of l-phsnyl-2-propanol was prepared according
to the procedure deseribed in Mcklvain's Characterization of Organis

Cempounds (33).
VIII, Caloulation of Yields

The aloohol was isolated by fractionation (III~a, page 18). The
percent yleld of each aloohol was caleulated by taking the ratio of the
moles of alcohol produced to the moles of organic radical present in
the unreacted Orignard reagent, |
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The yields of l-iodo-2-propancl were determined by allaline
decomposition and titration of the iodide ion produced using the Volhard
wothod, The percent yleld of l-iodo-2«propanol was caloulated by talking
the ratio of the moles of lodide iom found to the moles of iodide ion
found in the unreacted Orignard reagent,

Tields of l~iodo-2~prepancl were reproducible to within three
peroent or less except in the cases of the methyl and s<butyl Grignards
which were reprodugible to within about four percent, At longer ree
action periods the ylelds were scmewhat less reproducible than at
shorter reaction periods, Yields of the alcohols wers reproducible to
witiin twe to tlree percent in mosgt cases~shere again depending on the
Grignard used, The ylolds of the aloohols from the methyl and ethyl
Grignards were reproducible to the sxtent of about three to five

perosnt,



TABLES AiND FIGURES



TABLE I

YXELDS OF GRIGNARD REAGENTS* AND DIORGANCMACWESIUM® COMPOUNDS
b e e e e e e e e e et et et oo e e

Al ottt drg1 Todina M
Mothyl 100 100 18.3
Ethyl 9697 100 k1.5
nePropyl 93 100 6L.3
1~Propyl 13-79 100 18,0
n=Butyl 90=94 100 k1,5
s-Butyl 66-75 100 50,8
Phenyl 91«94 99 13.6

1 Caloulations based on amount of orgamic iedide used,
3 Caloulations based on amount of alkylmagnesium iodide used,



TABLE II
TH: REAGTION OF ORGANOMAGNESIUM YODIDES WITH 1,2~EPOXTPROPANE
(By-products Isolated frem the Reactien)

Grignard Reagent | Byeproducts
Methyl Acetone,* isopropyl alcohol”
Ethyl ' doetone, isopropyl alcohol
n-Propyl icetens, isopropyl alsoho), nepropyl aleohol,"
nepropyl iodide,® isopropyl iodide (1)

1ePropyl Acetone, Lsopropyl alcohol, isoprepyl iodide®
nButyl Acetone, isopropyl alcohol (trace) , nebutyl

. aloohol
s-Butyl Agetone, s-butyl iodide,” sebutyl alcohel’
Phenyl icetons, bensene,” diphenyl®

3 Identifisd by meanms of 2,L~dinitrophenyl hydraszone,

% Identified by means of 3,5-dinitrobensoate,

3 Jdentified by means of boiling points and refractive index,

¢ Tdentified by means of boiling point and melting poinmt,
Traces of unsaturation were found in all reactions and were
tested for with bromine in carbon tetrachloride,



32

*sauoy $2 303
puwys 0y pemoTTv Uoyy ‘sanoy eAl) 103 Jemys Jo juted Suyyrroq v pexuyIeW ¢
‘potsed uoTioesl eqy Jo 388 6q3 jnoydnosyy eJnjesedmes
=O0J je pueys weyy ‘epyxode JO UOTIPPE JO3JT JROY 6UO JTI® O} PEROTIY ¢
*potJed uopaoves sy nOHSNOIY IUTIITYS pue (D ST) SunjwIedmey UeISUO)

2 eS¢ of 2°s€ 8" 1T - - - 3
V1 5 of - 0°2 - -- - A3
1€3 ¢ &g 1S - o' €Y -- - - Ana
T sa 47 - (st)oz - - - oz
183 81y of - 06 - - -— ™R
™t sayg of - A - - - a3
T 839 9¢ - 0°0s - - - Hy3a
1Y sIq 9t - 0°8S - - - 3w
1 84y 9f - 0" 09 8Ig 112 -- o' N2 “q7
1 s 2 - 0°62 8Ig 12 - 8°92 4033
2 3q QYT 2°1¢ g8°6¢ - - - H“qys
122 8y of g €t 9°td - - — T4A933
132 8ay gn ' L2 L &N - - - Az
T2 sy SN 6°62 o'zl - - -— Aq35
132 saq £2 2 62 g°ol say &1 s$°g2 2°€9 2L et
T2 sayq 61 €22 1765 81y g1 0°tE Lol A
182 8ay QY (“€2)T°S(E°WU)T" 18 sy g1 292 148 TA3eR
11 say - (0°LS)L €9 sy 12 - o°LL oK
16 ¢ sy €2 -~ (9°g9)2*0oL s 12 - 1L HeR
I3y sepyxody ouyy upapdy owgy, wpapdy quadwey
30 omwy uopIoeey ‘OTY ¥ -OPOI §  uoRowey ‘oly § ~-opol ¢ preuStan
. 2POTTOINIO) 0§ ¢ PeTTON3UOD
uno«a.n.ﬁom naomﬁunoo

ROILOvVEY SHl WO SROLLIQHOD GATIOUINOD 40 LOHLH ZHI
ANVLOULXXOLI~¢ T HIIA STCICOI RAISIRDYNONTORO 40 ROILOVIH ML

III F764VY



33

TABLE IV

THE KEACTION® OF ORGANOMAGNESIUM IODXIDES WITH 1, 2«-EPOXYPROPANE
THS EFFECT OF CONTROLLED CONDITIONS ON THE REACTION

= , : , ———
Conditions Controlled® Conditions Not Controlled”

Reastion ¥ Toddl ) o 7

Time

v} ohk,5 1,0 67.0 9.9
1/h br 100 .0 1.9 100,0 12,1

3/l b 98.7 16.3 88.0 12,1

3 hrs 86.L 22.9 73.0 k.7
18 hrs 10.7 33,0 68,0 32,4

% Ono mole of ethylmagnesium fodide and two moles of 1,2~epoxypropane,

8 Constant temperature (15°C,) and stirring throughout the reastion
period,

? Allowed to stir ome hour after addition of epoxide, then stand at
room temperature throughout the rest of the reaction perioed,
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TARLE VIIX
RESULTS OF MiSS BALANCE
One Mole n-Prepylmagnesium lodide and One Mole 1,2-epoxspropane

"

%o Account For Foursd

1, nePropyl Iodide 26,4 g, Todine inmaiul salts)
a, 76,5 g. Iodine 38.0 g, Iodine (1-iodo-2-propancl)
b, 2k.2 g, n-Propyl Residus 17.0 g, Propane (trase of propens)

2, 35.h g. Bpoxide 29,0 g. Epoxide (1~iodo-2-propancl)

22.3 g. Organic Residue
135.8 g, Total 132,7 g, Total

Total Resoverys about 97%

Brealdown of Organic Residue gllo Clear Cut rmz

BaP, Co  Amount _TFrobable Constituente
50-78 7.0 g, Aocetone,? unsaturates,® trage of {odine®

7885 645 g, 4<Propyl aleshol,* t-propyl ledide(1)%

85-98 4,65 g, n-Propyl alcohol,* unsaturates,® n-propyl fodida®
98125 0.50 g. trece of iedine

125+136 1,10 g, 2-hexancl,® trace of iodine

residue 2.6 g, tar

} Jdentified by meane of the 2,l-dimitrophenylhydrasons,

8 Tested for by means of bromine in carbon tetrachloride,

3 Tested for by means of the Beilstein test,

4 Jdentified by meana of the 3,5-dinitrobenzoate,

8 Identified by means of boiling point and refractive index,
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TABLE IX
RESULTS OF MA3S BALANCE
One Mole of n~-Propylmagnesium Iodide and Two Moles of 1,2-epoxypropans

-

ze Lce&mt Tor Found

a, 76,2 g, Todine 12,1 g, Todine (magnesium salts)

43.6 g. Jodine (1-iodo-2-prepanol)

b, 24.2 g, nPropyl 2,0 g, Prepane
residue

2, 61.8 g. Epoxide 1 b g. Bpoxide (titrated epoxide i:i::ﬁ:g
25,7 g. Epoxide (1l~fedoeZ-propancl)
50,05 g, Organio Residue

168,2 g. Total 147.85 g, Totad
Tatal Recoverys about 88%

Breakdown of Organic Residue

ng,’c. Amount Probable Constituents
5080 13,1 g. Aocetons,® unsaturates,® trace of iodine®
80-85 2,85 g, i-Propyl alcohol,¢ i-propyl iodide (?7)%
85-100 5.6 g. n=Propyl alcohol,® n-propyl iodide®
100-127 3.6 g. traces of 2-hexanol¢ and iodine®
127-132 1.7 €. 2-hexanol,¢ trace of iodine (?)
2-1)2 12,1 g, 2-hexanol
2-180 L2,0 g, unsaturates, trages of iodine
vacuum 1.7 g. ‘trace of iodine
residue 5.0g. tar

3 Identified by means of the 2,li-dinitrophenylhydrasons,

8 Tested for by means of bromins in carbon tetrashloride,

3 Tested for by means of the Beilstein test.

4 Identified by means of the 3,S-dinitrobensoates,

s Identified by means of the boiling point and refractive index,



TABLE X

PHYSICAL CONSTANTS OF THE ALCORDLS

39

iloohel 3.p."c, nd? Refersnce
(itm, Pressure)
2-Butanol 91-99 1,3937 33,47,38
2-Pentanol 17-19 1,106l 33,26,19
2-Hexanol 137-139 1.4182 26,37
L-MetyL-2-pentancl 126-130 1,128k 26,38
2-Boptanol 157159 14228 26,37,39
i-Mothyl-2-hezanol 151153 1.42k7 26,40
1.3264 36

1~Phenyl~2-propanol 201214

# All boiling points uncorrected,

All boiling points agreed with the values reported in the
1iterature to within one to tao degrees,



TABLE xI
DERIVATIVES OF THE ALCOHOLS

loohod Derivatives Melting Point’C,  Reference
Yound" e,

2<Butancl 3, 5=dinttrobentoate 75-76 16 33,35
2ePemanol 3,5-dind trobengoate 60,5-61.5 62 33,26,39
2+Hezanc), 3,5-dini trobensoate 37,5-38,0 38 26,11
Lemethyl-2-pentanol 3,S-dinitrobenvoate 62,563,5 6Le65 26,33,
2-Foptanol 3,S-dinitrebengoate 18,8-49.85 L9 33,39
LeMothyl«2-loxanol 3,5~dinitrobonsoate SOsS51 50«81 Lo
lePhenyl«2«propanol Phenylurethane 87.6-88,2 88,2-88,8 36

* A1) melting points wncorreated,
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DI SCUSSION



DI CU3SION

When organic halides are emused to reasct with magnesium in the
pressnce of ether, an organomagnesium halide (Orignard reagent) is the
product, i survey of the literasure (1L, page 32) has shown that, in
general, the Grignard reagents derived from organic chlorides are pro-
duced in better ylelds than those derived from orgunic bromides, while
organis iodides give the poorest yleld of Orignard reagent, In the
course of thie work it has been found that, if they were properly
purified, the organic iodides gave good ylelds of organcmagnesium
iodides (Table I), Only in the case of i-propyl and s-butyl Grignard
reagents vas the yield below 0%, The yleld of iodine (Volhard method)
was found to be 100% for all cases except the phenylmagnesium iodide
and n this case it was 998, This indicated that even if part of the
Grignard reagent decomposed the halogen remained in the ionic form
presumably as magnesium iodide,

The ylelds of diorganomagnesium compounds remaining in solution
after the presipitation of the organomagnesium iodide and magnesium
iodide are listed in Table I, It is felt that the yields listed are
probably net the maximum possible since both the temperature of the
reastion mixture and the time of digestion of the precipitate with the
ether solution have heen reported to affect the yleld of diorganoe
magnesium ecmpounds (see HISTORICAL, page ), No attempt was made to
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f£ind the optimunm conditions for the separation of the diorgancmagnssium
oompounds from the magnesium Lodide and organomagnesium iodide,

In order to study the effect of oxygen on the course of the re-
astion of organomagnesium fodides two different portions of ethyle
nagnesium fodide (0.5 mole each) were caused to reast with one mole of
1,2=epoxypropane; one under a dry nitrogen atmosphere and the other under
an atmosphere of dry air, No significant differences in yields of
either leiodo~2-propancl or 2-psntancl were found, This would seem %o
indicate that oxygen does not effect the courss of the reaction studied,

In studying the reaction of etlylmagnesium iodide with 1,2-epoxy-
propane the initial reactions vers stirred for one hour after addition
of the epoxide, and then allowed to stand at room temperature for the
duration of the reastion pericd, The products isolated were l-lodo-~
2-propanol, 2-pentancl, and several by-products (see Table II),

When the reaction mixture of ethylmagnesium iodide and: 1, 2-epoxy-
propans was stirred contimiocusly during the course of the reaction and
whsn the reaction was maintained at a constant temperaturs of l5°C.,
there was a definite decrease in the quantities and numbers of by-
producta, Only trages of agetons and isopropyl alcohol were found and
the lov boiling fraotion (below the boiling point of 2-pentancl) was in
general substantially ‘dnmuod in volume, Possibly mtrolling the
Semperature at 15°C, slows down the decempesitien of the iodokydrinm
intermediates present, It is also possible that continuous stirring
may prevent "hot spots" and local action which could result in dedompo~-
sition of the intermediates and polymerization of 1,2-epoxypropane
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initiated by cations formed according to the following reaction scheme,

CHy CHy CHy
(THE) Mo — > ICH,CR-0Mg-0-CR-CH" &+ 1”

g GFs CHy
Icn,bzi' + OMg <— ICHCH-Mg® + @odH-CH."
0 CHy
ICHCH-CHy + H" CHGCH, ¢— (HO-CuCH,
)

Trages of polymers were observed when the reactions were allowed
to stand at room temperature, Isopropyl alcohol could be formed in
the reacticn by reduction of the acetons by hydrogen, hydrogen iodids,
or colloidal magnesium all of which are undoubtedly present in the
Orignard reagent. A4ilso it could conceivably be produced from the iodo-
hydrin intermediate by reductien,

GHy OH
(ICHCHe0-) Mg 1) Ha or M CHyCECHy

In all of the reactions of organomagnesium iodides with 1,2-epoxypropane
under controlled conditions traces of agetone were found and in most
reastions (phenyl and s-butyl Grignards were exceptions) isopropyl
alcohol was found, In the case of the reastion of phenylmagnesium iodide
with 1,2-epoxypropane, benzene and diphenyl were isolated in considerable
amounts, These results wers mot unexpsated (Ses HISTORICAL, page 12).

The case of the reaction of n-propylmagnesium iodide with 1 ,2-epoxypropane
was studied more closely than the other reactions of organomagnssium
dodides with 1,2-epoxypropane for the purpose of determining a mase
balance, In carrying out the reaction of nepropylmagnesium 106‘140 with
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one mole of 1,2~epoxypropane (Table VIII) it was found that om hydroe
lysing ths reaction mixture substuntial amounte of propane were formed,
Presumably the fomation of propane eould have taken place according
to shs following reaction,

n-CyyMgl + HOH — > ne«CyHpH + Mg(OHM)X

“hen nepropylmagnesium iodide was treated with two moles of 1,2*090:3’-
propans enly a trace of propans was found, Frenﬁhiadaummdmw
the conclusion that in the case of the reaction of one mole of organo-
nagnesiwm iodide with one wmole of 1,2-epoxypropane most of the 1,2~
spoxypropane is tied up as the iodohydrin intermediate or in some other
way 90 that it 1s not free to attack the organomagnesiux bond, Moreover,
12 the iodohydrin intermediate decomposes (as it ebvicusly does since
the yield of 1-iodow2-propansl decreases with time) the epoxide in what-
sver form 4t may be does not reast with the organomagnesium bond to
produce an alcohol,

The data in Table IH sumariges the results obtained under con-
trolled gonditions (1.e,, constant temperature and contimuous stirring)
and the results obtained whan the oonditions were not oontrolled, This
date indicates the meed for carefully gontrolled reaction eonditions,

IY 45 apparent from the wide variance of ledohydrin ylelds that wany
factors are probably influencing the course of the reaction when the
reaction conditions are not eonstant, and for this reasdu: tho reagtion
mixture was stirred oontinuously and the temperature and length of re-
action time were controlled as earefully as possible, "“hen this was
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done resulis were reproducible to within 2«5% depending on the
Grignard reagent used (see BXPERIMENTAL, page 29),

VWhen wm-im iodides were caused to resct with 1 ,2«epoxy~
propans the ylelds of the aloohols were similar no matter whether the
conditions were comtrolled or not (Tables IIX and IV), Howsver, the
yialds of leiedo-2-prepancl varied noticeadly, This variance was
oxtreme in the caze of the ethylmagnesium iodide at short reaction
periods (Table IV) and for this added reasen both temperature and re-
astion time were controlled as closely as possible and the reactien
mixture was stirred oontinuously during the eourse of the reactien,

The effect of heat on the reaction of alkylmagnesium iodidee with
1,2-epoxypropane was studied in the ease of ethylmagnesium dodide, It
was found thut heating st the reflux temperaturs of ether for five bours
caused marked lovering of the ylelds of l-iodo-2-propancl buy did nov
appreciebly increass the yleld of 2-pentanel (Table IXI), This is in
agreement with the werk of Huston and Bostwick (25) who forrd aimilar
tendencies exhibited in the case of alkylmagnesium bromides, On the
other hand Haston and Tiefenthal ‘(26) found that heating materially ine
ereased yields of alaohol while decreasing ylelds of l-ghlorco-2-propanel,

The yields of leiodo«2-propanol from the reaction of organomagnesium
iodides with 1,2~epoxypropane (Table v)' are similar at lov temperature
(5%.) and short reaction times, Prom his we might infer that there
is relatively little difference between the magnesium-iodine bonds in
either case, “hen the tempsraturc was increased to 15°C, for one hour
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the yields were still sinilar emsept in the sase of a-dutylmagnesium
deodide, where the yields of l-iodo«2.propanol were lower, However, as
the reaction time inoreases (temperature oonstant at 15°C.) the ylelds
of leiodo~2-propancl decrsase in no regular manner, The decrease in
yield does, however, become more rapid with insreased size and branch-
ing of the alkyl group. It would seem possible then that the alkyl
group might play seme part in the decomposition of the iodohydrin
intermediate,

Similar reactions at 25°C. shov that at higher temperature the rate
of decomposition of the iodohydrin intermediate is speeded up, as might
be expected, exoept in the case of the methyl Grignard reagent which
shows little change in yleld of iodohydrin with either time or tempera-
ture, It is apparent from a study of the series of reactions of one
mole of organomagnesium iodide with one mole of ) ,2-spoxyprepans which
were hydrolyzed at one, two, four, and six hours that the methyl and
phenyl Grignards show little change in yleld of Sodolhydrin with time,
On the other hand the nepropyl and n-butyl Grignards shov an increased
yield of leiedo«2-propancl at two hours and then a decrease indicating
that the reasticns are slower than those of the methyl and ethyl
Grignards with 1,2-epoxypropane, The isopropyl and s~butyl Grignards
show a mariked decresase of lodohydrin yield imdicating tiut the maximum
 yleld was probably reached before the first reactiom in the series was
hydrelysed,

The curves in Figure I based on the reaction of one mole of argﬂno—

magnesium fodide with ome mole of 1,2-epoxypropane, represent the



decomposition of l-iodo-2-propanel with respect to time, Based on the
comparisons of the l-i0do-2-propancl produced in the reagtion of one
mole of organcmagnesium iodide with one mole of 1,2-epoxypropans, one
can say that the methyl Grignard reagent is unique in that it shows
1little change with time, and that phenyl, n-propyl, and n-butyl Grignard
reagents are somevhat similar, Bthyl, on the other hand, is very un~
usval in that it has 80 wide a range between the maximum and final yleld,
Isopropyl and s~butyl alse exhibit similar ourves, In gensral ome can
say that after about twelve hours the rate of decomposition of iodohydrin
intermediate seems to decrease and almost level off exsept in two cases
(ethyl and n-butyl), Yields of alcohol in all cases were of the order
of one to two percent,

It would be difficult to compare the results of this investigation
with that of previous workers (25,26) since all experiments reported
here were carried out under conditions of constant temperature, continue
ous stirring throughout the course of the reaction, and controlled
reastion t.j.nu, while those of the previous workers were not run under
suoh conditions, |

The results of a series of reactions of erganomagnesium iodides
vith two moles of 1,2«-spoxypropane are sumsarized in Table VI, 4 series
of five reactions was set up and one reaction was hydrolysed at each of
five set time intervals, In all cases except the reastion of Asepropyl
and s-dutyl Orignard reagents with two moles of 1,2-epoxypropans the
iedohydrin yield exhibited an inerease and then a decreaset t¢he maximum
yield of fodohydrin in several cases being close to 100f, Ths reastion



of isepropylmagnesium fodide with two moles of 1,2-epexypropane showed
100% iedohydrin yield at gero time while the maximum yield of lodo-
hydrin from the reaction of s-butylmagnesium iodide with two moles of
1,2-spoxypropans was only 855, Here as in the reaction of one mole of
organomagnesium iodide with one mole of 1,2-epoxypropane we find
decomposgition of the ilodohydrin intermediate occurring with time, In
all ceses the aloohol yield increases steadily until about 18 hours
when thers is a tendency for the ylelds of the aloohols to lavel off,

The time necessary for the rsaction of the organomagnesium iodides
with two moles of 1,2~epoxypropane to give a negative test is very
interesting (see Table VI), The relative times for obtaining a negative
test sesm t0 depend on the nmumber of carbone present in the alkyl groups
with the lenger chain normal alkyl groups reacting at the alowest rate,
On this basis methyl (negative at eight hours), ethyl (negative at 6.7
hours), and phenyl (negative at 9.5 hours) bave about the same order of
reactivity, wiile the n-propyl (negative at 12 hours) and the nebutyl
(negative at 25 hours) react somewhat more slowly, The isopropyl
(negative at S hours) and s-butyl (negative at 4.5 hours) tend to react
more rapidly to give a negative test but not necessarily to give tle
best yields of the alcolwl, Presumably there would be more possibility
for side reactions with a more reactive hindered allyl group,

It 18 interesting to mote also tnat in ths reastions of the di-
organcmagnesiums with two moles of 1,2-epoxypropane all the reactions
gove & negative test with Michler's ketons at about the same time
(a1l kylmagnestome L 56,0 hrs,; diphenylmagnesiums 7 hrs,), This
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would seem to indicate that there is relatively little difference be-
twesen the organcmagnesium bond in the cases studied,

The effect of standing after obtaining a negative Michler's ietens
tost vas studied for each Orignard reagent, IS was found that in almost
all cases tiere was an inorease in aleohol yield with increased time
although only with a-propylmagnesiuc iodide did the increase appear to
be substantial, The phenylmagnesium iodide actually exhibited a de-
erease in yield with increased reastion time but the small difference
in yield (three percent) could be due to experimental error,

The reastion of diorganomagnesium with two moles of 1,2-epoxypropane
gave ylelds which wers of the same order as those ocbiained for the
reaction of the alkylmagnesium lodide with 1,2-epoxypropane, Four of
the diorsu;ongmaitm ocmpounds (ethyl, nepropyl, isopropyl, and phenyl)
vhen reacted with two moles of 1,2-epoxypropane gave larger yields of
the expscted aloohols than did the organomagnesium iodides upon stand-
ing for perieds of time up to double the time necessary feor the test
with Michler's ketons to become negative, On the other hand three of
the diorgancmagnesium compounds (metiyl, mebutyl, s-butyl) when reacted
with two moles of 1,2-epoxypropane gave lower ylelds of the expected
aloohols than did the corresponding alkylmagnesium iodides, There is
some basis for expecting this lowersd ylelde-at lsast in the case of
the dimethylmagnesium-~since Wright (LS) has come to the conclusion
that dimethylmagnesium ie less rsactive toward carbony? groups than
methylnagneaium iodides, The reaction of dinormalpropylmagnesium with
~ two weoles of 1,2-epoxypropans showed the greatest inorease in aleoohol
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yield on standing (from 12% at six hours to 33% at 12 hours), but a
similar reastion allowed to run for 24 hours give only a 38% yleld of
aleohol, It appears from this fact that there was very little reaction
oceurring during the period from 12 te 24 hours,

From the data discussed above one can at least dravw the conclusion.
that in the reaction of organomagnesinm ilodides with 1,2-epoxypropane
the first reaction (fast) is te give the iodohydrin intermediate, This
reaction is accompanied by little if any precipitation of solid material,

0(Caty)a o 0(Cals) s
Mgl  +  CHCH-CHy, —— Mgl + 0(Callg)s
0(C,Hs) b o(c
( ann 3 CH,CH"CH‘\ E( 8”5)3
RMgOC T
:,gog&n.x
C(Callg) s

() (soluble)

The intermediate (A) is somewhat unstable and will decompose on
standing. The rate of its decomposition is much greater at higher
temperaturs, The produets of its decompesition may be acetone, isdpropyl
aloohol, propylene oxide, or unsaturates, “hen a sscond mols of the
epoxide is present the slower reaction to give the alocohol intermediate
will oceur in appreciable amounts and a thick white precipitate 1s

formed Guring the course of the reaction,
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O(ca&)a o(caﬁ)n
an‘z . C&dﬁﬂ.—)ﬂ’cwcﬁﬂ.x + 0(Caly)s
: o
0(C2He) 2 CHyGHCH,
RCHoG BeO wMgOeC HC HoX
Chy CEy
(1insoluble)

It 4s interesting to note that it was necessary to have the second mole
of epoxide present in order to get any appreciable amount of the aleohols
and that only in the resetien of organcmagnesium iodides with two moles
of 1,2-epoxypropane did a heavy precipitate appear, It is also note-
worthy that in the resction of diorgancmagnesium with two moles of
1,2«epoxypropane a white precipitate gradually appeared, which continued
20 increase even after a negative Michler's ketone test was obtained,
Figure II 45 a series of graphs showing hov the ylelds of l-iodo-2~
propanol and the alcohols vary with time, Since only four points were
available these graphs can do no mors than give an indication of the
overeall rate of inarease of the alocohol yield and decreoase in fodo-
hydrin yleld, In general methyl, isopropyl, and sebutyl show about the
same type of curve for rate of production of the alcohels while all the
rest are somewhat alike, In all cases there is a tendency for the rate
of production of the alcohols to level off after 18 hours or less,
The graph of iodohydrin ylelds shows that in general ethyl and neprepyl
probably form mere unstable intermediates than the rest, for they do
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not level off after about three hours as the rest do, ill of the other
surves are essentially similar after three bours although the initial
rate of decomposition of lodohydrin intermediate varies,

The reaction of magnesium iodide with 1, 2-epoxypropane could,
theoretically at least, produse l-iodo-2«propancl or 2-iodo-l-propancl
or a mixture of the two, Both 2«icdo«lepropancl and l-iodo-2-propanel
bave oharacteristic absorption bands in the infrared spectrum, The
primary alcohol gives an absorption peak at adout 980 oa-."x vhile the
se¢ondary aloohol gives an abnorpﬁon psak at about 935 “..x.' From
the relative heights of oach of these peals the percentage of eash of
the teomeric halohydrins present in a mixture could be determined (LS),
Fron an examination of the infrared abcoWn spectrum of a pure sample
of the preduct obtained from the reastion of magnesium iodids with two
moles of 1,2~epoxypropane it waas determined by means of the method eited
above that at least 90% of the fodohydrin was present as 1-i0doe2e
propancl, and actually the valus was probably closer to 100X (see
Figure IXI),

The physical properties were determined and it was found that thers
was some disagreemsnt with the values listed in the literaturs, Beth
the refractive index and the density found wers higher than those
reported by Stewart and Vanderverf (see EXPESRIMENTAL, IV-B),

An attempt was made to prepare the 3,5-dinitrobenszoate of the
l-iedo-2-propanol but the only product obtained from the reaction of
3,5«dinitrobentoyl ehloride with l-iodo~2-propancl was the 3,5-dinitro-
bengoate of lechloro-2«propancl, It is believed that halogen interchange
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eccurred during the reaction of the asid chloride with the fodohydrin,
8inge the melting points of the two derivatives are sssentially the
ssme, one eannot use this oriterion to differentiate between them, The
work does, however, tend to indicate that the iodine 4s in the l-position
of the halohydrin,

The precipitate present in the reastion of organemagnesium iodides
vith two moles of 1,2«epoxypropans has been analysed (see Tadle VII)
for all cases exsept the reaction of n-butylmagnesium iodide with two
moles of 1,2-epoxypropane whish set to a gel that retained ether so
tenaciously that the preeipitate began %o decompose before all the ether
sould be remeoved,

The results of the analyses seem te indicate that the formula of
the precipitate is prodably (i), It is, of course, possible that tie
agtual species present ocould take several forms (B, C, D) and any one
or all of these might be present,

0 0
1ML+ 20 R,CHEH, m;g-o-gg':n,x acx.bg';o-qu mn,gg;o-ug.o-cma.x

CHy
N é
CH,CHOH, CHyCHOH,
(1) (B) (c) (D)

e 2
(RMg*2 CH,CHOH, + MgI,e2 CHyCRIH,)
(E)
Meoreover, part of the preecipitate might be the result of the epoxide

reacting with the other two species present in the Schlenk equilibrium (E),
However, since the reaction of l,2-epoxypropane with magnesium iodide
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(slightly ecluble in ether) gives a dense precipitate and the reaction
of alkylnagnesium iodides with one mole of epoxide is fast and gives
no preeipitate, one would probably be able to state that most of the
precipitate is in the form of (D) or pessivly (B),

It is imteresting that a recaloulation of the theoretisal molecular
weight of the presipitate in soms cases gives a hetter ccwparison of
the caloulated persentage of magnesivm and lodine with that astually
found, This recaloulation is based on the fact that in some Orignard
reagents the titrated alkyl (R(')) percentage is muoh less than the
titrated iodine percentage and therefore some of the iodine must be
present as magnesium lodide (in exsess of that produced by means of the
Sehlenk eguilibrium) instead of organomagnmesiums iodide, Accordingly,
it vas assumed for the s-butylmagnesium iodide, for example, that seventy
percent of the iodine was present as s-butylmagneaium iodide (alkyl found
vas 68=75%) end the other thirty percent of the iodine was present as
magnesiwm fodide, This means that fifteen pereent of one mole of (F)
and seventy percent of one mole of (0) vmld be considered to be
present in the precipitate,

MgTa+2 CHCEHy o= HomNgl 2 CHCIOR,
(F) ()

In the oase of the precipitats from the reaction of ethylmagnesium
iodide with two moles of 1,2«-epoxypropane the poor agreement of the
magnesium analysis (9.67%) with the saloulated (8,22%) was not explainable,
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i1l repeated analyses for magnesium for this precipitate gave the same
results, In goneral it was felt that of the two analyses performed
(magnesium and iodine) the magnesium analywes were the most agourate
since the mmaller percentage of magnesium resulted in a greater sensi-
tivity,

Al attempt wae made t0 run a mass balance on the reastion of
ae-prepyimagnesivm iodide with 1,2-epoxypropane, ZThe results of the re-
astion of n-propylmagnesium ieodide with one mole of ‘epo:d.de are listed
in Table VIII, .ibout 97% of the reacting materials were recovered with
81% being definitely identified and the remaining 16i being qualitatively
identified (see Table VIII), It 1s evident from the results indicated
in the table that most of the n-propyl residue is reduced to give propane
during hydrolysis, ilso much of the lodine is logt to the magnesium
salts during hydrolysis,

The reaction of n-propylmagnesium lodide with two moles of epoxide
was also studied and the resulis of the mass balance are given in Tm. X,
Hore only 88% of the reacting mmu were recovered with 67% being
definitely identified and the remaining 21% being qualitatively identi.
tied (see Table IX), It is evident that a small portion of the Lodine
is lost to the magnesium salts and that about 20% of the epoxide is un~
reacted, It is also apparent that lodine 1s not limited to the formation
of leiodo«2«propanol sinee traces of iodine could be found in moat of
the fractiens,

Physical constants and derivatives of the alcohols produced in the

reaction of organcmagnesium ifodides with 1,2-epoxypropane were determined
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and are listed in Tables X and XY, Thare appears to be some error in
reporting the melting point of ths 3 ,Sdhutrc'ﬁbomate of h-nt;xyl-2~
hexanol in earlier studies (25,26) of the reaction of organomagnesium
halides with 1,2-spoxypropane, The melting point of 50-51°C, obtained
for the 3,5-dinitrobensoats of the Lemethyl-2<hexamol from the reastion
of s=butylmagnesium Lodids with 1,2~spoxypropane checks with ths value
reported in the literaturs (LO) for this derivative,
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SUMMARY

1, It has becn showm that oxygen probably has little effect on the
course of the reaction of organomagnesium iodides with 1,2-epoxypropane,

2, In order to get repredusible resulis in the reaction of organo-
magnesium lodides with 1,2-spoxypropane it was found necessary to control
the reaction condition carefully with respect to temperature, reactien
time, and stirring,

3, It was found that refluxing the reaction mixture containing an
organcmagnesium iodide and 1,2-epoxypropans gave no appreciable increase
in the yleld of the aloohol and that the yleld of l-iodo«2-propaniol was
greatly reduced,

L, The results presented show that in the reaction of organomagnesium
iodides with 1,2-spoxypropane the reaction at the organomagnesium bond
is slov and that an initial fast reaction takes place at the magnesiume
icdine bond,

5. “hen organomagnesium iodides are caused to react with two moles
of 1,2~spoxypropane the ylelds of both the aleohol and l-iodo«2«propancl

are inoreased,

6. The physical properties of l~iedo-2-propanol have been determined
and the o(-naphthyl urethane has been prepared,



7. inalysis of the precipitate present before hydrolysis in the
reastion of organomagnesium iodides with two moles og 1 ,2=epoxypropans
indicates that the precipitate probably has a formula sorresponding to
a ratio of one mols of organomagnesium iodide to two moles of 1, 2«spoxy-

propane,

8. Mass balances were determined for the reaction of nepropyl-
magnesium fodide with both one and two moles of 1,2-epoxypropane,
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