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CLAIM TO OHIGINJ.~L RESEARCH-

Pro~ylene oxide has been treated with t-butyl 

magnesium chloride for the first tirJe. The re-

action was carried out over a wide range of tem~era-

tures, 0 0 -5 c. to 193 C., and over a wide ~eriod of re-

action times, from imrnediate decomposition to decom-

position following seven weeks standing. These al-

terations in the operating conditions had no effect 

on the product obtained. The i~ter-dependent fac-

tors of time and temperature exhibited their usual 

effect for reactions of this class. 

The product isolated as a result of the reaction, 

ethyl t-butyl carbinol, corresponds to the addition of 

propionaldehyde to t-butylmagnesium chloride. rrhe 

isolation of this product indicates that a rearrahge-

ment has taken place. This is the first time that a 

rearrangement has been observed to take plsce when pro-

pylene oxide is treated nith a Grignard reagent. 

A simple mechanism has been advanced that will 

successfully account for the products obtained. 



THE GRIGNARD REAGENT 

AND 

ETHYLEI\TE OXIDES 

INTRODUCTION 

Reactions of synthesis are of prime importance 

in organic chemistry. The reaction itself may be 

of practical interest by reason of its uniqueness, 

smoothness, and the high yield of product which may 

result from it. From a theoretical point of view, 

however, the mechanism of the reaction may be of 

greater importance. 

The discovery of a new synthetic method, whether 

by design or by accident, is followed by a period of 

expansion wherein the reaction is applied to a great 

many cases in order to determine the limits of the re

action. The present usefulness of the Grignard reaction 

is a splendid example of this process of development. 

The extent of a reaction's usefulness depends upon the 

variety of ways in which it may be applied, and the fun

damental nature of the Grignard reaction may be seen from 

the fact that new uses for it are constantly being deve-

loped. 
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It is the purpose OI the Historical Section of 

this work to trace in a general way the development 

of the use of the Grignard reagent and ethylene oxides 

in the synthesis of alcohols. The limitations of the 

reaction will be brought out and the mechanism arrived 

at, as a result of a cohsideration of these limitations 

will be given. Particular attention will be paid to the 

rearrangement of oxides inasmuch as this work indicates 

quite clearly that a rearrangement takes place when 

t.butylmagnesium chloride reacts with propylene oxide. 

The discussion is confined to the simple oxides which 

have a direct bearing on the problem at hand and, therefore, 

no attempt is made to discuss rearrangements in the field 

of terpene oxides and allied substances. Rather, the aim 

of this work is to present in as simple and straight for

ward .a fashion as possible the development of the Ethylene 

Oxide-Grignard reaction. 
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hiSTORICAL 

Organometallic compounds have been used in re-

actions of synthesis from the time of Frankland (1) , 

who prepared zinc diethy~. The field of alkyl zinc 

compounds was not an easy one in which to carry out 

work, and it is not at all surprising that compara

tively little work was done after Frankland's time 

until Barbier (2) prepared dimethylheptenol from methyl 

heptenone, methyl iodide, and magnesium in ether. 

(CH ) C ::.CHCH CH C CH 
3 2 2 2U 3 

0 

H
2

0 

(CH3 ) 2c~CHCH2CH2~(CH3 i 2 

OMgi 

> (CH3 ) 2c~CHCH2CH2~(CH3 ) 2 

OH 

It fell to his student Grignard (3) to resolve the 

reaction into two stages. First, the preparation of the 

reagent by treating magnesium with the halide in ether and 

subsequently treating the organometallic compound so pre

pared with the reactant. The Grignard Reagent, as it is 

now known, has been the subject of a wide variety of re-

search problems in almost every branch of organic chemistry. 

(1) Frankland Ann. '71 213-16 (1849) 
( 2) Barbier Compt.rend.l28 110-11 (1899) 
(3) Grignard Compt.rend.l30 1322-24 (1900) 
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Like any new discovery, it was hailed as a great 

advance in the science - and, unlike many discoveries, 

it was able to live up to its advance notices and, in 

most cases, far outstrip them. The reagent has its 

limitations, however, and it is perhaps fortunate that 

they do exist, for instance the failure of RMgX to add 

to the isolated ethylenic double bond broadens rather 

than narrows the reelm of Grignard chemistry. 

In this problem we are particularly concerned with 

the reaction of the Grignard rea-gent. u:pon ethylene oxides. 

Blaise (4) following Grignard's work (5) on the reaction 

of trioxy methylene with an organomagnesium compound, 

treated ethylene oxide with a Grignard reagent. ~s the re-

sult of the reaction, he ex~ected to obtain a primary alcohol 

containing two more carbon atoms th~n existed in the original 

radical. 

(4) Blaise 
(5) Grignard 

R· MgBr + 

Compt. rend., 134 
Compt. rend., 134 

551-53 
10?-8 

(1902) 
(1902) 
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The products of the reaction, however, were mainly 

the monobromhydrin of the glycol with only a small amount 

of the expected alcohol. Blaise accounts for the brom-

hydrin by assuming that the reaction took the following 

course rather than that previously outlined. 

) 
CH2- O:MgR 
I 
CH2 - Br 

HOH, 

Grignard, (6) noting that Blaise had formulated the 

reaction as taking place in a manner that would involve a 

splitting of the organomagnesium halide into ili.:g- and -X 

rather than R- and -i·:IgX as had previously been observed, re-

peated the work of Blaise and obtained th~ primary alcohol. 

Grignard's method of preparation was to add the oxide 

to the organomagnesium halide and then distill off the ether, 

thus removing any unreacted oxide. When the ether was removed, 

a vigorous reaction set in with the evolution of much heat. 

The reaction mixture was allowed to cool and then decomposed. 

The main product being the primary alcohol. 

(6) Grignard Compt. rend., 136 1260-62 (1903) 
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Grignard pictured the reaction as taking place in 

the following manner- first, the oxide replaces the 

ether in the organomagnesium complex, giving rise to the 

following structure. 

This constitutes the first phase of the reaction, 

the second phase, which takes ~lace when the ether has 

been distilled out of the reaction mixture, is the one 

in which the oxide ring breaks and the oxonium struct~1re 

is transformed into the intermediate, 

which on hydrolysis gives the alcohol. 

CH-R 
-~) I 2 + MgXOH 

CH2-0H 

Grignard found by treating the product of the first 

phase of the reaction with water that tbe oxide which was 

liberated, reacted with the magnesium salts formed by the 

decomposition of the organomagnesium halide to give the 

bromohydrin. 
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Thus Blaise had not carried the reaction to 
... 

com~letion before decom~osing the reaction mixture. 

The increased temperature used by Grignard causes 

the reaction to enter the "second phase" wherein the 

oxonium compound rearranges to give the magnesium 

halide alcoholate, which on hydrolysis yields the al

cohol. 

The structure of the oxonium compound put forward 

by Baeyer and Villeger (?) 

H ·C, MgR 
21 o" 

H c"' 'x 
2 

would account for the bro1nhydrin obtained by Blaise 

since it would tend to give this rearrangement product 

which on decomposition would give rise to the bromhydrin 

(?} 

H2roMgR ---t 

H2CBr 

Baeyer and Villeger Ber. 35 (1902) 
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Further evidence iri favor of Grignard's mechanism 

was brought forward by Henry (8) who concluded that the 

formation of the halohydrin was a result of the tempera

ture of the reaction and the pro~ortion of reagents. 

Ha1ohydrins have also been isolated by Ribas and Tapia 

(9) but this is the exception rather than the r~le. 

As we have shown, ethylene oxide itself gives pri-

mary a1cohols when treated with organometallic compounds 

in accordance with the procedure developed by Grignard. 

(CH3 ) 2c~cH-(CH2 } 2-CH(CH3)MgX 

(6) 

(6) 

(CH
3

) 
2

C=-CH-(CH
2

) 2- CH(CH
3

) -CH2CH20H (10) 

(11) 

(8) Henry Compt. rend., 145 154-6 (190?) 
(9) Ribas and Tapia, Anales soc. espan. Fis Quim 30 7?8,944 

(1930) 
(10) German Patent #423544 
(11) Hiers and Adams, J.A.c.s. 48 1089-1093 (1926) 



H 

HC~C ~H 
I ll 
HC~0/c MgBr 

I 
OCH3 
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(12) 

The only exceution is the case reported by vrnitmore 

(13), where t.butyl magnesium ahloride failed to react 

with ethylene oxide. 

Derick and Bissel (14) have shown that trimeth;Jlene 

oxide reacts with Grignard reagents to give primary alco-

hols containing three more carbon atoms than are found in 

the original radical. Thus, propyl~agnesium bromide with 

trimethylene oxide gives n-hexanol. 

But, there is also a case reported by Beremjo and 

Aranda (15) in which they obtained approxi-mately equal 

quantities of n.pentanol and trimethylene glycol brom

hydrin as a result of the interaction of ethylmagnesium 

bromide and trimethylene oxide. 

(12) 

(13) 

(14) 
(15) 

H2C~\H2+C2HsMgBr ~ 

. 0 -

CH20H 

n.CsHnOH+ 6H2 
I -
CH2Br 

Bogert and Haraman, Amer. Perfumer and Essential 
Oils Rev. 25 19-20 (1930) 
Whitmore, Homeyer, and Wallingford J • .h.C.s. 55 
4209~4214 (1933) 
Derick and Bissel, J.A.c.s. 38 2478-86 (1916) 
Beremjo and Aranda, Anales Soc. espan. Fis Quim 27 
798-800 (1929) 
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·The bromhydrin in all ~robability arises in the 

same manner as outlined by Grignard (6) for the simp

ler oxide. 

Larger oxide rings, tetramethylene and pentamethy

lene oxides, have not been reported to react with the 

Grignard reagent. If the reactivity of these alkylene 

oxides is compared with the properties of their cyclic 

homologues, cyclo~pentane and cyclo-hexane, it is seen 

that not only are the homologues formed with much greater 

readiness, but that reppening of the ring is more diffi-

cult. These facts are special cases of a general pheno-

menon, which can be expressed in the form that in simi-

larly constructed ring systems, the stabi~ity increases 

from the three to five-membered ring. The six-membered 

heterocyclic ring is characterized by very great stabil-

ity, being very little less stable than the five-membered 

ring. (16). 

The ethylene oxide ring which opens readuly under the 

influence of the Grignard reagent may be said to bear the 

same general relationship to the carbonyl group as the cy

clopropane ring does to the ethylenic double bond. 

(16) 
~ p 

Karrer Organic Chemistry 219 (Nordemann, N.Y.l938) 
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That the oxide ring is less active than the car

bonyl group has been shovm by Kohler (17), who observed 

that when organomagnesium compounds react 'Ni th oxide-

ketones t:i1e:r combine v,ri th the carbonyl group, and it is 

possible to secure the corresponding oxido-carbinol by 

carrying out the reaction at lov1 temperatu.re and d.eco~22-

posing the addition product immediately. 

If, however, the r.eaction ~-11ixture is allowed to 

warm up before decomposition, the addition product cleaves 

in the following manner 

C6H5C,\-JHC(C6H5) 2oMgX _,. C6H5CH=CHOMgX+ (C6H5) 2C= 0 

0 

and in the presence of excess Grignard reagent, these deri

vatives may be transformed into secondary and tertiary alco-

hols. Kohler also found that oxidoester were transformed 

into oxido-ketones by the Grignard reagent and, therefore, 

g~ve the same final products as those obtained with ketone. 

(17) Kohler, Richtmyer, and Hester J.A.c.s. 53 205-21 (1931) 
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-Substituted Ethylene Oxides. 

a certain number of substituted ethylene oxides 

react in the same way as ethylene oxide itself. Thus, 

~ropylene oxide was reported to undergo opening of the 

oxide ring between the 0 and the -CH
2 

to give a second

ary alcohol (18) 

CH -CH-rH 
3 \ 2 EM~~ 

CH3CH-CH2 \I 
CH3CH-CH2R 

0 0 ~ 

/\ 
MgX R OMgX 

CH -CH-CH R 
) 3 !H 2 

Theoretically, there are two possible ~roducts 

from a break of the oxide ring, but according to Henry 

(19), Tiffeneau and Fourneau (20), the secondary alcohol, 

A, alone resultst not the primary one, B. 

CH3-CH-CH2R (A) 

RMgX .. CH -CH-CH (' JH 
3 '\ 1 2~ 

0 CH31H-CH20H (B) 

R 

(18) Tiffeneau and Fourneau, Bull Soc. Chim.(3) 33 ?41 (1905) 
(19) Henry, Compt. rend., 145 453-56 (190?) --
(20) Tiffeneau and Fourneau:-compt. rend., 145 43?-9 (190?) 
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_ This work was checked by Levene and Jalti (21), 

who used this method to pre~are methybuty1 carbinol 

and methylbenzyl carbinol, and in this way they were 

able to relate configurationally 1-methylbenzyl car-

binol and 1-methylbutyl carbinol. 

H2C'\_ 

0 

HC/ 
I 

CH 
3 

Dextro 

C H IvigBr 
3 7 > 

C 
6
H _i ... ~gBr 

J > 

H C-C H 
2 3 7 

HCOH 

' CH 
3 

Levo 

Levo 

Levene and ~alti (22) further showed that ~ro-

py1ene oxide on condensation with iso~ro~ylmagnesium 

bromide formed methylisobutyl carbinol, having the 

same rotation as the methyl n-butyl carbinol derived 

from the same oxide. 

(21) Levene and Walti, J, Biol. Chem. 90 81-88 (1931) 
(22) Levene and Walti, J. Bio1. Chem. 94 367-?2 (1931) 



-14-

'Thus, these two carbinols are configurationally re-

lated on the basis of their mode of preparation. 

H C 
2'\ 

0 

HC/ 

I 
CH3 

Dextro 

H C-CH(CH } 
2 3 2 

ECOH 
I 
CH,.,. 

0 

Levo 

In a si:-::ilar r:lc:~~::e-r, buty le ne oxide was used by 

these aut~---··:-.::., ( 22) , to establish the co~1f:_f;urational 

relationshi~ of ethylisobutyl and ethyl-n-butyl carbin-

ols, 

H c-c H 
21 3 7 

HCOH n-C H MgBr 
( 3 ? 

i-C I-I l'.'IgBr 
3 7 

and also the previous conclusions of Levene and Stevens 

(23) , regarding the configurBtional relationshi~ of 1-ethyl 

benzyl carbinol and 1-ethyl-n-heptyl carbinol were substan-

tiated by means of the following direct evidence: 

(23) Levene and Stevens J. Biol.Chem. 87 375 (1930) 
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H2~-C3H? H2\ H2c-C6H
5 

I 0 
HCOH n-C

3
H MgBr 

HC/ 
C H M.oBr HCOH 

I ~ 7 6 5 ° 

I I 
C H C H C H 

2 5 2 5 2 5 
Levo Dextro Levo 

Levene and ~alti obtained only secondary alcohols 

as a result of the interaction of the Grignard and the 

two oxides. Kharasch (24), howeveF, reported the iso-

lation of primary and secondary alcohol from styrene ox-

ide and phenyl magnesium bromide depending upon the order 

of addition of the reactants. The isolation of primary 

alcohols as a result of the interaction of an oxide with 

an organomagnesium compound has also been reported by 

Hess (25) ~ who found that propylene oxide and pyrrl mag-

nesium bromide reacted to give. 

(24) 
(25) 

and 

OH Pyrrl 

Kharasch, Clapp, J. Org. Chem.(3j 355-60 
Hess Ber. 46 3117 

{1938) 
(1913) 
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'Since there is some doubt as to whether ~yrryl mag

nesium bromide is a true Grignard reagent (26) , we 

must sccept these results with reservations. 

Pyrryl magnesium bromide shows no luminescence 

when treated with oxygen (2?}, but nearly all true 

Grignard reagents do. It will, however, give the 

Gilman test (28} for an organomagnesium com~ound, 

but it ~ay be that in the ryrryl magnesium derivative 

we have a special case. The position of the metal 

in the reagent is analagous to the position of the 

sodium atom in sodium malonate; that is, sodium malon-

ate will add 1-4 to C6H
5

CH:CHCOC
6
H

5
, magnesium enolates 

will do the same, thus (C 6H5) 2
CH-CH=C-C 6H

5 
will add to 

iMgX 
another mole of benzalacetophenone to give 

C H -CH-CH - COC H 
6 5 I 2 6 5 

(C
6
H5 )

2
CH-CH-COC 6

H
5 

so we might exJ?eCt that if the enolate adds to Iv~ichler 's 

ketone, :pyrryl magnesium bromide also would. 

(26} SidEWick, Organic Chem. of Nitrogen 480-481(0xford 1931) 
(2?) Me Cay and Schmidt, J.A.C.S. 48 1933 (1926) 
(~8) Gilman and Shulze, J.A.c.s. 47 2002 (1925) 
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The ~roducts obtained from the reaction of sub-

stituted ethylene oxides and the Grignard reagent will 

de~end~ according to Kayser (29), upon two things. 

A D 
c-c + R1\1gX 

B\/E 
0 

(I) The direction of the break:-The break may be un-

ilateral to give 

AB(OH)C-C(R)DE or AB(R)C-C(OH)DE 

or bilateral to give a mixture of these two alcohols. 

(II) The respective position of the substituents:-If 

the substituents are not modified, an alcohol of the 

type AB(R}C-C(OH)DE is obtained; if the position of one 

of the two substituents is modified, (rotation of one 

of the carbons with relation to the other one in the 

course of reaction ) , an alcohol of the type AB(R)C-CD(OH)E 

will be obtained which is an isomer of the preceding one. 

Therefore, in the most unfavorable case, that is to 

say, if the break is not unilateral and there is partial 

(29f Kayser, Ann. de Chim. (11) 6 212-214 (1936) 
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isomeriza-tion, an organomagnesium compound reacting 

on an oxide uill give rise to four alcohols, without 

considering secondary reactions due to isomerization 

of the oxide into a ketone or aldehyde. reduction, con-

densation, or ~olymerization. The four ~ossibilities 

are listed below: 

A D 
\ I 

D 
~\ I 

B-C-G-R 

I ' 
B-C-C-E 

I \ 
HO E HO R 

D 

/ - C - OH 

""E 
In addition to the two foregoing types of react

ions, (I and II, page 17), discussed by KayseF, the re-

sults of normal cleavage, a third general type was noted 

by Henry (30), who has shown that isobutylene oxide iso

merizes under the influence of the Grignard reagent to 

isobutenal, and this aldehyde reacts with the Grignard 

reagent in the usual manner to give the secondary alcohol. 

(30) Henry Compt. rend., 145 21 (1907} 
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RMgX -r (CH3 ) 2\ -/H
2

- [(CH3 ) 
2

cH - CHO] 

0 

-~~ {CH3 ) 
2

cE-CH(OH)R 

Similarly, Henry reported the isomerization of sym. 

dimethyl ethylene oxide to a ketone (31) , and the lat-

ter then reacts -as such with the Grignard reagent. 

RMgX + CH3- C~ -/HCH3 ---" (cH3-cH2-ccH3] 

0 
R 
I 

:ill CH3 - CH2 - I - CH3 

OH 

A particular case of a di-substituted ethylene 

oxide is furnished by cyclohexene oxide, studied by God-

chat and Bedos (32), (33), and later by Bedos, {34). 

These authors treated cyclohexene oxide with methylmag-

nesium iodide, and as a result of their work, stated that, 

" as the oxide is symmetrically substituted, it does not 

rearrange into a ketone but functions under the action of 

the Grignard reagent to give a secondary alcohol". 

(31) Henry Com~t. rend., 145 406-8 (lgQ?) 
{32) Godchot and Bedos Compt. rend., 1?4 461 (1922) 
(33) Gpdchot and Bedos Bull.soc.Chim.T4f 31 53? (1922) 
(34) Bedos Compt. rend., 1?? 111-13 {1923T 
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Godchot and Bedos (35) , also re~orted that 3-

methylcyclohexene oxide reacted in the same manner to 

give the secondary alcohol. 

However, the results of Godchot and Bedos, as shown 

in the preceding equations, have been shown to be incorrect. 

A synthesis of the two isomeric 2-methylcyclohexanols by 

reduction of a-cresol by Gough, Hunter, and Kenyon (36), has 

shown that neither of these compounds are comparable with 

the reaction product obtained by Godehot and Bedos. 

H H 
~c, 

HC~ C-OH 
I U 

c2 H 
H C/ 'C-OH cis and trans. 2

1 I 
HC~C/C-CH3 H2C ........_ / C -CH,.,. 

C' H 0 

H H2 

(35) Godchot and Bedos, Bull.soc. Chim. 3? 1451-66 
(36J Gough, Hunter, and Kenyon, J.A.C.S.2052-?l 

(1925} 
(1 926} 
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This phase of the problem was cleared up by God

chat and Cauqui 1, ( 37) , ( 38) , and Vavon and IEi t chovi t eh, 

(39), who showed that the reaction of organomagnesium 

halides with the oxides or 2-chloro alcohols of the cy-

cloheptane and cyclohexane series led to ring contraction. 

CHOH 

'\.CHCl 
/ 

CH2 

or CHOH 

C6H11 

Bedos (40), has further shown that when cyclohexene 

oxide is heated with magnesium bromide, etherate in dry 

ether cyclopentylaldehyde was obtained and that the yield 

of the aldehyde rose to 34% when two moles of the~etherate 

were used to one of the oxide. 

(37) 
(38) 
(39) 
(40) 

Godahot and Cauquil, Compt. rend., 186 375-77 
Godchot and Cauquil,Compt. rend., 186 955-57 
Vavon and Mitchovitch Compt. rend., 186 702-5 
Bedos, Compt. rend., 189 255-7 (1929) 

( 19 28) 
(1928) 
( 19 28) 
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Br 

H C - CH - C - OMgBr 
21 I H 

H2C\ /CH2 

CH2 

) 

The chlorhydrin, however, when treated in a similar 

manner gave only traces of the aldehyde, but if the chlor-

hydrin is treated with ethylmagnesium bromide to form the 

alcoholate 

and then heated with magnesium bromide etherate, the alde-

hyde was formed in 40% yield. That the foregoing reaction 

will also take place in the cold was demonstrated by Bedos 

who carried out the reaction in benzene solution at room 

temperature, in this case, the yield fell off to 18%. 
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The,magnesium complex obtained from the oxide 

and the chlorhydrin, reacted as vigorously as the free 

aldehyde when treated with the Grignard reagent, and 

gave as a product the cyclopentyl carbinol. 

On the basis of this work, the supposed cis-2-methyl

cyclohexanol of Godchot and Bedos, (32), was then in real-

ity, methylcyclopentyl carbinol arising from ring contrac-

tion of the cyclohexene oxide when treated with methyl 

magnesium oxide. 

It is interesting to note that cyclohexene oxide on 
.-

heating over Thorium oxide at 330° gives cyclopentyl alde-

hyde along with 1, 2-dehydro-benzene (41). 

Another example of ring contraction with cyclohexene 

oxide is found in the work or Clemo and Ormston, (42), 

(41~ 
(42) 

Bedos and Ruyer, Compt. rend., 188 962-4 
Clemo and Ormston, J.~.c.s. (1933) 362 

(1929) 



.who~observed that cyclohexene oxide when treeted with 

ethyl bromoacetate in the Reformatsky reaction gave as 

a product, the following cycl~pentylaldehyde derivative. 

Cyclopentene oxide, however, when treated in a 

simi+ar manner, did not give ring contraction but rearranged 

to the ketone cyclopentanone which gave the following pro-

duct. 

A further example of the extensive rearrangement of 

epo.xycyclohexanes has been given by Tchoubar, (43} , who 

obtained two trans bromohydrins as a result of treating 

1,4-dimethyl-1,2-epoxycyclohexane with magnesium bromide-

etherate in the cold. It was found that the bromhydrin 

with the tertiary hydroxyl was stable and by semipinacoline 

rearrangement gave 3-methyl-1-acetylcyclopetane. 

(43) Tchoubar, Compt. rend., 208 355-? (1939} 
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MgBr~ 

H 

H2C - 1 -~ -CH3 

HzC\ /C.H~ 
CH 
I 
CH

3 

The bro~ydrin with the secondary hydroxy~ gave, 

according to the author, two ~roducts, 1,4-dimethyl-2-

cyclohexanone by migration of hydrogen and 1,3-dimethy~ 

cyclopenty~ forma~dehyde by a semihydrobenzoin rearrange-

~gBr~ 

) 
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In considering the problem of the rearrangement of 

cyclohexene oxide, Bartlett and Berry (44) adopted the 

Blaise structure for the primary intermediate. 

This theory ~as, we have seen,critidi~edby Grignard 

who proposed that the oxide ring broke at a higher tem

perature and that the intermediate product had the follow-

ing formula: 

Further evidence in favor of the Blaise form was ad-

vanced by Ribas and Tapiar (45), (46), as a result of ex-

tensive experiments with ethylene oxide, epichlorhydrin, 

and 3-methoxy 1,2-epoxy-propane. 

These authors have suggested, CH2Br-CH20MgBr and 

(CH
2
Br-CH2o) 2Mg as possible intermediates in the reaction 

of ethylene oxide with the Grignard. 

(44) 
(45) 

(46) 

Bart1ett and Berry, J.A.c.s. 56 2683-85 (1934) 
Ribas and Tapia, Anales.soc.espan.fis quim.30,??8-9l 
(1932) 
Ribas and Tapia, Anales.soc.espan.fis quim 30,944-?0 
(1932) 



The intermediate proposed by Bartlett and Berry 

in the case of cyclohexene oxide follows the Blaise form 

in that MgR is attached t::> the oxygen while the halogen 

is attached to carbon, 

and they assume that this intermediate rearranges to 

cyclo~entylformaldehyde instead of re~cting through re-

~lacement of the halogen by the methyl grou~. 

On the basis of this work, Bartlett and Berry thought 

that halogen-free organomagnesium compounds would add 

"normally" to the cyclohexene oxide. They found this to 

be the case for cyclohexene oxide when treated with diethyl 

magnesium and dimethyl magnesium. The products of the re-

action were the corresponding 2-alkylcyclohexanols. 
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~ It is to be noted that the cyclohexanols obtained 

from this reaction exist principally in the trans con-

figuration. Cyclohexene oxide itself, is a cis modi-

fication (4?). The :predominance of the t-rans form is 

also observed when cyclohexene oxide is hydrolyzed to 

cyclohexanediol. 

It has been suggested that this latter :process in

volves a Walden inversion. (48) 

The reaction mechanism that Bartlett and Berry out-
~ 

lined in their paper (44) ~ was examined by Gottle and 

Powell, (49). These authors wished to determine whether 

or not 2,3-epoxybutane would follow the general reaction 

mechanism outlined by Bartlett and Berry for cyclohexene 

oxide. 

Cattle and Powell state, that if the mechanism as 

outlined by Bartlett and Berry for cyclohexene oxide (44) 

holds for 2,3-epoxybutane then, 3-bromo-2-butanol should 

react with a Grignard reagent and yield a tertiary alcohol 

(47) Bartlett, J.A.c.s. 57 224-27 (1935) 
(48) Boeseken and Van Griffen Rec.trav.chim.39 183-6 (1920) 
(49} cmttle and Powell, J.A.c.s. 58 2267-72--(1936) 
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as a result of a rearrangement of the bromhydrin to 

the ketone, butanone-2, since Henry (31), obtained 

tertiary amylalcohol when methy~agnesium iodide re-

acted with the same oxide. rrhe 3-bromo-2-butanol 

would be an intermediate in the reaction of !,3-e:poxy-

butane just as 2-chloro-cyclohexanol is in the reaction 

of cyclohexene oxide. 

RmgX 

CH - CH - CH - CH 
3 I I 3 

OH Br 

CH
3 

- C - CH - CH 
11 2 3 
0 

CH - C(R) 
3 , 

OH 

- CH -CH 2 3 
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As ~ result of their work, Cattle and Powell 

found that 3-bromo-2-butanol reacted Nith ethyl mag-

nesium bromide without the ap::glication of heat to give 

3-methyl-3-pentanol and butanone-2, which had been 

postulated by Henry (31) as the intermediate in the re-

action of the Grignard reagent with the oxide. 

CH -CH-CH-CH + C H MoBr 
3 I (. 3 2 5 o 

) CH3-cH2-r(CH3)-C 2H5 + 

OH OH Br 

CH C-CH -CH 
. .3 IJ. 2 3 

0 

The isolation of the ketone along with the ter-

tiary alcohol indicated that the reaction path as out

lined by Bartlett and Berry was applicable to 2 1 3-epoxy-

butane. The absence of any 3-methyl-2-pentanol which. 

would result from a replacement of the halogen by the 

ethyl radical, 

CH -CH-CH-CH3-t C H
5
MgBr--.;> CH -CH-CH-CH3 3 \ I . 2 3 1 I 

HO Br OH C2H5 

also indicates the general similarity of the reaction 

mechanisms, as the cyclohexene oxide intermediate was 
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was not reported by Bedos, (40), to react with the 

Grignard by halogen replacement. 

The fact that the bromide atom does not react 

1:li th the Gri~:nard reagent at the temperature used is, 

the authors think, due to the secondary nsture of the 

bromine atom, as ethylene bromhydrin is known to re

quire a higher temperature than was used here for the 

veaction of the bromine atom, (50). The magn-esium 

salt of 3,bromo-2-butanol, prepared from 2, 3-epoxy-

butane and magnesium bromide in ether-benzene solution 

decomposed :practically quantitatively at slightly above 

room temperature to give butanone-2. This would tend 

to indicate that the ketone, isolated as a result of the 

reaction of 3-bromo-2-butanol with the Grignard reagent, 

arose in a similar manner; that is, the Grignard reagent 

reacted with the 3-bromo-2-butanol to give the magnesium 

salt,. 

cH3~H - /HcH3 + RMgX -- c~- ~H - fHcH3 

OH Br OMgBr Br 

which then rearranged to the ketone. 

(50)-a-Grignard Bull Soc. Chem. (3) 34 
· -b-Conant and Kirner, J.A.c.s. 46 

This would account 

918 (1905) 
232-52 (1924) 



-32-

' for the isolation of the ketone since, unless there 

was an excess Grignard reagent, there would not be 

sufficient of this reagent present to convert all the 

ketone formed i~to the alcohol. 

Cottle and Powell, (49), state that although the 

Blaise theory is satisfactory in predicting the be

havior of 3-bromo-2-butanol, the fact that early workers 

in this field isolated only one alcohol as a result of 

the reaction between a Grignard reagent and an oxide in 

cases where rearrangement could occur does not agree l'li th 

later experimental evidence which indicate that more than 

one alcohol may be obtained. 

A case in ~oint, namely that of a sim~le oxide giv

ing more than one product~ has been reported by Ribas 

and Tapia, {46). These authors observed, as a result 

of the reaction of ethylene oxide and ethyl magnesium 

bromide (in a 2:1 or 1:1 ratio), the formation of n-butyl 

alcohol, in addition to the bromhydrin. The butyl alco

hol arising from the reaction of the dialkyl-magnesium 

compound present in the equilibrium mixture. 
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(C 2H5)2Mg+2C~ /H2 ~ (C4H90) 2Mg ___:;, c4HgOH 

0 

They have, however, not reported the isolation of 

any butanol-2, which would have resulted from a rearrange-

ment of the magnesium salt of the bromhydrin to acetalde-

hyde followed by reaction with the Grignard reagent. 

CH
2 

- CH2 I I 
OMgBr Br 

The failure of the ciagnesium selt to rearrange may 

be due to the fact that the Grignard reagent reacts as 

R2Mg, which would then give the normal product n-butanol, 

rather than the abnormal one, butanol-2. 

Ribas and Tapia, (46), found that in the case of 

epichlorhydrin and 1,2-epoxy-3methoxy propane, that the 

reactivities with magnesium bromide, diethyl magnesium, 

or diphenyl magnesium were of the same order of magnitude 

an~the composition of the products were correspondingly 

modified. 
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The oversight on the ~art of the early workers 

may, in some cases, be attributed to the relatively 

low efficiency of the fractionating columns in use 

at that time. This: fact, combined with the large 

amount of codistillation that can and does occur 

~ith similarly constituted compounds, probably ex

plains the failure to isolate the relatively small 

amounts of some of the products. 

The application of diakyl magnesium compounds 

has been successfully used in the synthesis of alco-

hols, as a means of avoiding the rearrangements that 

so often occur when ethylene oxides are treated with 

the Grignard reagent in the usual way. Diakyl and 

diaryl magnesium compounds have been prepared in a 

great many cases. These compounds were at first pre-

pared from the corresponding organomercury compound. 

R
2

Hg+Mg 

This method was not entirely satisfactory however, 

in that organomercury compounds are difficult to handle 

and the ors~nomagnesium compounds resulting from the 

reaction tend to be spontaneously inflammable in the 

"solid state. 
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~he discovery by Schlenk and Schlenk (51) , that 

Grignard recgents are equilibrium mixtures, 

from which the halogen containing compounds are pre

cipated by dioxane made the organomagnesium compounds 

more readily available and, hence ~ore widely used. 

Inde~endent evidence in favor of the equili~rium was 

presented by Co~e, (52), who detected the presence of 

R2Mg in a study of the reaction of dimethyl sulfate and 

the Grignard reagent. 

Schlenk, Jr., (53) on the basis of his work, made 

the general statement that the amount of dialkyl mag-

nesium increases -si th the molecular weight of the hydro-

carbon radical. This statement must be modified in view 

of the work of Noller and Hilmer, (54) to take into con-

sideration the structure of the hydrocarbon radical. 

Their results indicate that the amount of dialkyl mag-

nesium in the solution of tertiary butylmagnesium bromide 

(51) 
(52} 
(53) 
(54) 

Sch1enk and Schlenk, Ber. 62 920-4 
Cope, J.A.C.S. 56 15?8-81 
Schlenk, Jr., Ber. 64 ?34-36 
No1ler end Hilmer,J.A.C.S.54 2503-06 

(1929) 
(1934) 
(1931) 
(1932) 
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is ·lower than in any of the other reagents under ex

a~i~ation which included ethyl, propyl, and butyl Grig-

nards. 

t-Butyl 
Ethyl 
Isopropyl 
s-B,J_tyl 
n -p ro:pyl 
n-Butyl 
Isobutyl 

DIALKYL M.AGNESIU1v: Ji:QUIVAL~NT c1 

32 
51 
59 
62 
71 
74 
78 

These results may be compared to those obtained 

by Johnson and Adkins, (55) • 

ALKYL 1-lALIJE 

Ethyl "Sromide 
Ethyl Iodide 
Isobutyl Bromide 
n-Butyl Bromide 
n-Butyl Chloride 
n-Butyl Iodide 
t-Butyl Bromide 
t-Butyl Chloride 

DIALKYL ILAG~TESIUJVI % 

42 
7 

79 
82 
84 
76 
39 
62 

who found that t-butyl chloride when converted to the 

Grignard reagent contained a fGr higher percentage of 

dialkyl magnesium than the corresponding bromide. The 

amount of dialkyl magnesium compound depends both upon 

the solvent and upon the temperature. .a increase in 

temperature giving a larger amount of the halogen-free 

compound. 

(55) Johnson, Adkins J.&.c.s. 54 1943-47 (1932) 
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A f~rther increase in the amount of dialkyl magnesium 

com~ound isolatable from Grignard reagents treated with 

dioxane can be made if the Grignard reagent is shaken 

from four to ten hours before removing the halogen com

~ounds preci~ated by the dioxane, (56). 

The original work of Bartlett and Berry (44) on the 

action of dialkyl magnesium compounds with epoxides, has 

been extended by Norton and Hass, (5?), to cover a wide 

variety of types. Norton and Hass q_bote Houben-Weyl on 

the general situation in regard to s3.n:ple oxides. 

"'The reaction of e~oxyalkanes vJi th the 
the Grignard reagents may be surrrrnarized 
as follows: Epoxyethane and 1,2-epoxy 
propane are knowri to react by a simple 
splitting of the oxygen to carbon link
age, but the more highly substituted 
epoxyalkanes rearrange to produce alco
hols which can be obtained from the cor
responding aldehyde or ketone by use of 
the same alkyl magnesium. haliden. (58). 

This statement was and is true except for the case 

reported by Whitmore, (59), wherein ethylene oxide failed 

to react satisfactorily with t-butyl magnesium chloride, 

which coupled with the present work on propylene oxide seem 

to indicate that perhaps the degree of substitution of the 

alkyl magnesium halide has some bearing on vvhether or not 
• 

(56) 
(57) 
(58) 

(59} 

Noller and White~ J.A.c.s. 59 1354-56 (193?) 
Norton and Gass, J.A.c.s. 58 2147-51 (1936) 
Houben-Wey1,2nd.edition Vo1.::tV.p.?81{G.Thiem,Leipzig 
(1924) 
Homeyer, Whitmore and Wallingford,J.A.C.S.55 4209-14 
(1933) --
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a rearrangement takes place. 

Norton and Hass, (5?}, have ~repared a series of 

carbinols by the action of dialkylmagnesium and alkyl-

magnesium compounds on ethylene oxides - and conclude 

J..• "Dialkylmagnesiurn com:pounds react with 
epoxyalkanes to form addition products 
which yield alcohols when hydrolyzed. These 
alcohols are the result of a splitting of 
the oxide linkage and not a rearrangement 
such as occurs with alkylmagnesium halides~ 

2. ffDiethyl magnesium reacts with the follow·
ing compounds''. 

H2C\-/CH~H3 + R2l\fg 

0 

H2C- C(CH3 ) 2 
_,_ R2Mg ~ 

\I 
0 

CH
3

CH-CHCH
3 + R Mo ~ 

\I 2 0 

0 

Cis A 

H
2
C- C{CH3 ) 2 I I 
c2H

5 
OH 

CH3CH-CHCH3 I I 
c2H5 

OH 

stereoisomeri.c 

CH31H1HC~ 
c

2
n

5 
OH-

I 

II 

III 

mixture. 

IV 

Trans A different racemic mixture. 
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{QH3 ) 2c - CHCH3 + R:zMg ~ (CH3 ) 2c - CHCH3 \I I I 
0 OH C2H5 

{CH3) 2c -C(CH3 ) 
2 + R2Mg ~~ (CH3 ) 2c - C(CH3) 2 \4)/ I I 

OH C2H5 

3.nwhen there is a difference between 
the two carbon valences holding the 
e~oxy oxygen ato~, the primary valence 
breaks rather than the secondary or 
tertiary, and the secondary rather than 
the tertiary."" 

V 

VI 

The results obtained by Ccttle and Powell, (49) , 

in their work on 2,3-e~oxybutane substantiate the gen-

eral statements made by Bartlett and Berry, (44) and 

confirm the work of Horton and Hass, (5?) in that 2, 

3-e~oxybutane yields secondary alcohols when treated 

with diethyl and dimethyl magnesium. Cattle and Powell 

were also able to isolate secondary alcohols along with 

the tertiary when 2,3-epoxybutane was treated with a 

series of ethyl Grignard reagents. 

R11gX SECONDARY ALCOHOL 'J:!ER1'IARY ALCOHOL 

c2H
5
MgCl 2?% 30% 

c
2
H5MgBr 2% 31% 

C2¥5
Mgi trace 2?% 
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The tertiary alcohol arises from the inter-

action of the organometallic comDound and the ketone 

formed by rearrangement of the oxide, while the se

condary alcohol is the result of a reaction of the 

dialkylmagnesium with the unrearranged oxide. The 

following table taken from Schlenk, (53) gives the 

relative proportion of RMgx and R2Mg in the case of 

the three reagents listed above. 

GRIGNARD REAGEl'TT 

c
2

H
5

Iv1gCl 

C2H
5
MgBr 

c
2

H
5
Mgi 

RivlgX 

257b 

41% 

43% 

R2Mg 

42.5% 

29.5% 

28 r=r".i • ::r;v 

It will be seen from this table that the ethyl 

magnesium iodide which gave only a trace of the se

condary carbinol has the lowest percentage of R2Mg, 

while the chloride which gave the greatest percentage 

of secondary alcohol, has 1~ ~ore R2Mg. The small 

amount, 2%, is in agreement with the amount of R2Mg 

present, it being only slightly higher, 1%, than in the 

case of the iodide. 
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Cattle and Powell, (49) attribute the low per-

centage of secondary alcohol in p&rt, to the fact that 

aqueous potassiara iodide has been shown by Bronsted, 

(60) to add to glycid and epichlorhydrin faster than 

the bromide, which in turn, was faster than the chlor-

ide. This may be the case, but the relative percent-

age of ffiii~\. and R2Mg seem to have a direct bearing here. 

The eQuilibrium ~osition of the Grignard reagent 

is not the only factor influencing the course of the re

action for Cook, Hewett, and Lawrence, (61) found that 

benzylmagnesium chloride reacts with cyclohexene oxide 

to give as a product, 2-benzyl-cyclohexanol~ while at 

the same time, benzylmagnesium. chloride reacted with 

2-chloro-cyclohexanol to give a product, which was not 

2-benzylcyclohexanol, and by analogy with other cases, 

was most probably benzylcyclopentyl carbinol. 

(60) Bronsted, J.A.c.s. 51 428-61 (1929) 
(61) Cook, Hewett, and Lawrence, J.C.S. (1936) ?1-80 
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--

H2c- CH-CH(OH) 
I I I 

H2c, ..,;CH2 c6H5 c 
H2 

Cook, Hewett, and Lawrence, {61) also report that 

phenyllithium reacts with cyclohexene oxide to give 2-

phenyl-cyclohexanol, also~-naphthyllithium gave 2-

(A naphthyl}-cyclohexanol. 
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These results corroborate the conclusio~s of . 
Bartlett and Berry, (47), that the presence of halide 

is necessary for the molecular rearrangements which 

occur under the influence of the Grignard reagent. The 

abnormal results obtained with benzylmagnesium chloride 

cannot be ascribed to the equilibrium, 

2RMgX R
2
Mg + MgX

2 

for although it lies mainly to the right, it is not suf-

ficiently different from the equilibrium position of 

phenylmagnesium bromide and ~-phenyl-ethylmagnesimn bro

mide, both of which give ring contraction, (61), (62) to 

account for the difference. 

HALIDE GRIGNARD REAGENT 
YIELD % 

Benzyl Chloride 
Phenyl Bromide 
jtPhenylethyl Bromide 

93.6 
94.7 
91.6 

% PRESENT AS R2Mg 

?3.4 
75.8 
?6.0 

These results would lead one to conclude that the 

dibenzyl magnesium is more reactive towards cyclohexene 

oxide than the benzylmagnesium chloride portion of the 

(62) Robinson, J.c.s. (1936) 80. 
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Grignard eQuilibrium mixture, whereas in the other 

cases, the organomagnesium halide is more reactive than 

the diaryl magnesium compound. The isolation of 

2-chlorohexanol in 20% yield in the case of benzyl, Grig

nard would incicate that some of the benzylmagnesium 

chloride had reacted with the cyclohexene oxide. 

Styrene Oxide 

The problem of simple alkyl ethylene oxides has not 

been ~ursued further, but the reaction of phenyl-ethylene 

oxide, (styrene oxide~ has received considerable attention 

and there have been several interesting facts brought to 

light. 

Styrene oxide was found to react with the Grignard 

reagent as if it were ~henyl-acetaldehyde. {63) 

' 

Since the oxide is a mono-substituted ethylene oxide, 

ring o~ening can give rise to two ~roducts. 

(63) Tiffeneau and Fourneau, Compt.rend.,l46 69?-99 (1908} 
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·Th~reforet the mechanism arrived at, as a result of 

the work with 2,3-epoxybutane and 3-bromobutanol-2, 

{64) will not be a~plicable, since 2,3-epoxybutane 

could only give one product as a result of ring open-

in€ with magnesium halide-etherate. 

The oxide ring of styrene oxide when opened by 

the magnesium halide-etherate could give rise to two 

isomeric halohydrins. 

> 

CH CH- CH ~ 
65- "'I 2 

0 

C6H5 - YH - yH2 

OH I 

c6H5 - CH - CH 
I l 2 

I OH 

(I) 

(II) 

Golumbic and Cattle, (64), assumed that the mag-

nesium iodide bond of an alkylmagnesium iodide would 

add to styrene oxide to give the magnesium derivative 

of iodohydrin II. 

(64} Golumbic and Cattle, J.A.c.s. 61 996-1000 (1939} 
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_'In su:p:port of this asswnption, they found that 

styrene oxide and iodohydrin II reacted with methyl 

magnesiun1 iodide in the same manner to give 1-:pheny1 

pro:pano1-2. 

Distillation of the ether from the respective re-

action mixtures :produced no explosive reactions, such as 

had been observed by Grignard, (65). 

The difference is, the authors think, attributable 

to the reaction of the secondary iodine atom at tempera-

tures below that used to distil1 offthe ether. They 

are inclined to agree with nibas and Ta:pia, (46) that the 

explosions were due to a 'llurtz-ty:pe reaction of the alkyl-

magnesium bond with the organic halogen of the halohydrin 

derivative rather than to a cleavage of the oxide ring as 

had been proposed by Grignard, (65} 

(65) Grignard, Bul1.soc.Chim. (3) 29 944-48 (1903) 
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~he reaction of iodohydrin I with methylmagnesium 

bromide to give the same alcohol, 1-~henyl-p~o~anol-2, 

as obtained with styrene oxide and iodohydrin II, was 

not foreseen by the authors, and no attem~t to ex~lain 

the mechanism by which it occurs. 

Styrene oxide may be com~ared to propylene since 

they are both mono-substituted ethylene oxides. Styrene 

oxide, however, due to the phenyl group it contains, 

might be expected to show different reactions than are 

found in the case of propylene oxide. The :position of 

the break in t~e oxide ring 

R - CH - CH2 
" I 0 

will depend on the nature of the R group. -ilhi tmore 

and Bernstein, (66) have shown that the methyl grou:p is 

less electronegative than the phenyl group. The de-

com~osition voltage of the Grignard reagents also indi

cate the same general relationshi~, (6?). 

(66) 
(6?) 

Whitmore and Bernstein, J.A.C.S. 60 
Evans, Lee and Lee J.A.c.s. 5? 

2626-28 (1938) 
489-90 (1935) 
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• , Evidence of the difference between the phenyl 

grou~ and the methyl group is furnished by thE reaction 

of styrene oxide and propylene oxide with hydrogen halides 

and organomagnesium compounds. Styrene oxide reacts with 

hydriodic acid to give a primary alcohol~ whereas propylene 

oxide gives a secondary alcoh~l ~hen treated with hydro

chloric acid, (68). 

+ HGl CH CH CH Gl 
3' - 2 

OH 

The reaction of styrene oxide :Ji th dimethyl magnesium 

gave as a product the ~rimary alcohol, 2-phenyl-prop~nol-l. 

(64) • 

--:> C6H5 - IH - CH20H 

CH3 

Whereas, propylene oxide when treated with dimethyl mag

nesium gave the secondary alcohol, butanol-2t (57). 

(68) Henry, Rec. trav.chim. 22 319-48 (1903) 
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·CH3 - C\. -/H2 + (CH3 } 2-Mg - CH3 - rH - CH2 - C~ 

0 OH 

Kharasch, (24) has observed that styrene oxide 

when treated with ~henyl- and p-anisylmagnesium bra-

mide gave primary alcohols. The isolation of ~rimary 

alcohols, rather than secondary ones in the case of the 

reaction of styrene oxide and an organomagnesium com-

pound, agrees with reduction data, for styrene oxide 

gives a primary alcohol on reduction, (63) whereas, pro

~ylene oxide yields a secondary alcohol, (69). 

Kharasch and Clapp, (24} in their study of the action 

of Grignard reagents on ~tyrene oxide, used the following 

as a working hypothesis -"that the reaction product would 

depend upon two factors: (I), the identity of the Grignard 

reagent, and (2), the order of addition of reagents. The 

first factor, ~resumably of minor importance, has not been 

investigated as yet." 

They state that the second factor should dominate the 

course of the reaction and the results obtained, seem to 

bear out this claim, for on addition of the oxide to the 

GFignard, a primary alcohol was obtained whereas, addition 

of Grignard to the oxide gave a secondary carbinol. 

(69) Beilsteints "Handbuch der Organischen Chemie~ 
4th edition, Vol. XVII p.6 
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C5H5 - C'-/H2 .,. c 6H~gBr 
0 

Oxide added to Grignard 

Grignard added to oxide ) C6H CH CH -CH(OH}C 6H 
5 2 2 5 

The yields in both cases were about 90%~ and the products 

were identified by synthesis in unimpeachable methods. 

This work shows then, that for this example at least, the 

order of addition of the reagent has a definite bearing 

on the product. 

The fact that Kharasch and Clapp, (24) isolated a 

primary alcohol and Gollli~bic and Cattle, (64) also obtained 

a :primary alcohol when they treated styrene oxide with di-

methyl magnesium, indicates that styrene oxide is a special 

case for it does not agree with the conclusion put forward 

by norton and Bass, (57), ttthat when there is a difference 

in the two carbon valences, the primary valence breaks 

rather than the secondary or tertiary und the secondary, 

rather than the tertiary." 

A further example of a substituted styrene oxide is 

given by Poctivas and Tchoubar, (?0) who have studied the 

(?0) Poctivas and Tchoubar, Compt.rend., 205 287-88 (193?) 
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action of c2H
5
MgBr and MgBr

2 
on the oxide of dimethyl 

styrene. 

There are, as they state, two possibilities, a 

"normal tt· breaking of the oxide ring or a rearrangement 

to a ketone or an aldehyde. The second phase of the 

reaction will depend on the ease of isomerization of the 

oxide, and on the part played by the magnesium halide 

etherate which is present in all organomagnesium com-

pounds. Dimethyl styrene oxide is capable of two re-

arrangements, for it can rearrange by a semi-hydrobenzoin 

rearrangement to phenyldimethylacetaldehyde, (?1) or by 

a semi-pinacolin rearrangement to give phenyl-2-butanone-3. 

(?2! 

c6H5 - C~-~C(CH3 ) 2 
0 

) 

CH3-CH(C 6H5)-fr-CH3 
0 

II 

III 

Tiffeneau and Levy, (?3) have studied the action of 

c
6

H
5
MgBr on the oxide and obtained a tertiary alcohol, 

(C6H
5

) 2CH- C(OH) (CH3}2 which is the result of ring opening. 

( ?l} TTrr·eneau and Orekhoff, Bull, Soc. Chim. ( 3) 29 809-20 
(1921) 
(?2) J. Levy and Tabart, Bull.Soc.Chim.(4) 49 17?6-88 (1931) 
( 73) Tiffeneau and Levy, Bull.Boc ... C·him. (4) 49 161 ?-61 ( 1931) 
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However, Poctivas and Tchoubar, (70} found that the 

oxide with \:igBr 
2 

etherate at temperatures below 100° 

affords mainly (90%) phenyldimethylacetaldehyde (II) 

and a little, (10~), 2-phenyl-butanone-3 (III). 

The action of ethyl magnesium bromide on the oxide 

gave 1-phenyl-2, 2-dimethylbutanol-1 (IV), and 3-phenyl 

-2-methyl :pentanol-2 (V) in nearly equal portions. 

C
6
H

5 
CH - C (CH ) + c2H

5
MgBr 

"/ 3 2 
0 

C6H5~H-,(CH3)2 
OH c2H5 

IV 

+ 
c

6
H

5
CH- C (CH

3
) 

2 I I 
c2n5 OH 

V 

The alcohols were characterized by oxidation, 

(Cro3 ) , of the mixture which gave benzaldehyde and benzoic 

acid as from the butanol, 
CH3 
I 

c
6
H CH - CCH2CH3 0~.) 

5 l I 
OH CH

3 

and Propio:phenone as from the Pentanol 

yH3 r6H5 
CH3~ CHCH2CH3 . Ox.~ 

OH 
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but there was no acetophenone obtained in the oxi

dation as was the case when the product of interaction 

of the aldehyde and ketone with the Grignard were oxi-

dized. 

The alcohols IV and V could then, only erise from 

a reaction of the oxide in its unrearranged form. 

C
6
H

5
CH(C 2H5}-C(OH1QH3 ) 2 

~ 

<-

1 
C 6H5 - CH - C - ( CH3 ) 2 

"'I 0 

c
6
H5-CH(OH)-C(CH3) 2C2H5 

\-I 

Thus. the rate of isomerization of the oxide by MgBr2 is 

slower than the rate of the reaction with c2H5MgBr. 
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Ace~ylenic Grignard Reagent 

Ethylene oxide has been treated with acety1enic 

Grignards by Iotsitch, (74), who prepared 3-pentynol, 

and Faucounau, {?5), Danehy, Vogt and Nieuwland, (?6), 

(??), and Bachmann, {?8), have slso used this reaction 

to prepare 3-nonyn-1-ol, and 1-p~enyl-1-butyn-4-ol. 

Secondary reaction products have been reported in many 

cases, (76). 

(74) Iotsitch, J.Russ, Phys.Chim.Soc .. 39 652 (190?) 
(?5) Faucounau, Compt. rend., 122 605-7(1934) 
(76) Danehy, Vogt and Nieuwland,_J.A.C S. 56 2790 (1934) 
(77) Danehy, Vogt and Nieuwland,J.A.C;S. 57 2327 (1935) 
(78) Bachmann, J.A.C.S. 57 382-3 (1935) 
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SID.IllVIARY 

,There are then in general, three paths that may 

be-followed when an ethylene oxide reacts with an or

ganometallic compound. 

I. Ring cleavage at (a) with addition. 

II. Ring cleavage at (b) with addition. 

III •. Rearrangement to an aldehyde or ketone by MgX 
2 

followed by addition. 

The results then depend on the relative rates of 

ring opening and isomerization, and these in turn de-

pend on the structure of the oxide and the structure of 

the organometallic compound. 
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DISCUSSION 

The use of the Grignard Reagent and Ethylene 

Oxides as a method of synthesis for alcohols is, as 

we have seen in the historical part of this thesis, 

almost as old as the Grignard Reagent itself, and has 

been the means of synthesizing a large number of primary 

and secondary carbinols. The reaction is comparatively 

simple and straightforward in the case of the simplest 

oxide, ethylene oxide, and organomagnesium compounds 

such as, methyl, ethyl-propyl, and phenyl-magnesium 

halides. However with more complex cases, anomalies 

occur with the result that often products are obtained 

which bear no direct relation to the original reactants. 

'R V + RMgX- RCH2CH20MgX- RCH2CH20H 

CH2. 

The present investigation was to be a study of the 

reaction of d-propylene oxide and tertiary butyl mag-

nesium chloride, thereby, expecting to obtain an optically 

active methylneopentyl ~arbinol after the manner of 

Levene and Walti, (21). 
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CH
3 

I CH H 
I 3 t 

-t CH3- c;-MgCl CH_-C-CH -C-CH 
-0 l 2 l 3 

CH 3 CH3 OH 

This method is based on the condensation of opti

cally active ethylene oxides with ale~hatic or aromatic 

radicals by the Grignard reaction. 

In order to a~ply the above reaction for the cor-

relation of the configuration of secondary alcohols to 

that of ~ro~ylene oxide, it was necessary to demonstrate 

first, that the reaction proceeded in a manner leading 

to secondary carbinols, and second, that the reaction 

took place without Walden inversion. This was done by 

Levene and Walti, who found that d-pro~ylene oxide when 

condensed with propylmagnesium bromide gave 1-methyl-

butyl carbinol which indicates that the reaction pro-

ceeds without an inversion as may be seen from the fol·low-

ing set of figures. 
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COOH 1H20H ~ I l 0 
HCOH ---4 HCOH ~ RC~ ) 

I I t 
CH3 CH 3 

Levo Levo 

CH 
3 

Dextro 

H21-C3H7 

H COH 

' CH
3 

Levo 

In this set of subatances, the configuration had 

previously been established by Levene and Haller, 

(?g) • 

The methylbutyl carbinol, the propylene glycol 

and the propylene oxide are each correlated to lactic 

acid in an identical manner. \di th this information, 

then Levene and Walti, (22), and later Levene and 

Macker, (80), were able to apply the above method of 

synthesis for the elucidation of the configuration of 

other carbinols. 

(79) Levene and Haller, J.Biol.Chem.79 475-88 (1928) 
(80) Levene and Macker, J.Biol.Chem.90 669-75 (1931} 
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• - This method would then make it possible to re

late the configuration of methylneopentyl carbinol to 

the known series, and enable us to study the effect 

of removing th·:: center of asymmetry in the molecule 

one carbon atom. away from the branching of the chain. 

It is well known that branching of the chain next 

to the as~mnetric center, (81) ,(82) ,(83), affects the 

optical rot8tion. It is important also to see whether 

or not the fully branched chain group like the tertiary 

butyl would· resemble the isopropyl group when once re-

moved from the asy~netric center. This would be equi-

valent to studying the effect of the neopentyl group, 

which is already known to have chemical peculiarities. 

Thus, ~hitmore, (84) ,(85) ,(86}, has shown that neopentyl 

halides are remarkably inert and that when these halides 

are hydrolyzed, rearrangement occurs almost exclusively. 

It is of particular interest, therefore, to se3 if there 

is any parallel between their constitution and optical 

rotatory power, a study already started by Levene and 

later continued Vy Stevens in regard to branched chain groups. 

(81) 
(82) 
(83) 

• 

(84) 
(85) 
(86) 

Stevens, J.A.C.S. 54 3?37-38 (1932) 
Stevens, J.A.c.s. 55 423?-40 (1933) 
Stevens, Higbee and Armstrong, J.A.C.s. 60 2658-60 
(1938) 

·;rhitmore and Fleming,J.A.c.s. 55 4161-62 (1933) 
Whitmore, Wittle and Popken,J.A.C.S.61 1586-90 (1939) 
Whitmore and F1eming, J.c.s. (1934) 1269 
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It might be ex~eEted that grou~s with quaterna~y 

carbon atoms which influence to such a great extent 

neighboring re~lacement reactio~s, as with neopentyl 

alcohol, should likewise exert an influence on the op

tical rotation. A positive and definite direct corre

lation could be then used to check a similar correlation 

by Freudenberg's Rule, and so show whether or not Freu

denberg's Rule is valid with highly branched chain com

pounds. 

The reaction of mono-substituted ehtylene oxides 

depends, as we have seen, to a great extent u~on the sub

stituent or group surro~nding. the oxide ring. 

Thus, styrene oxide, exce~t for the one case re

ported by Kharasch, (24), allnost always rearranges when 

treated with the Grignard retigent, while the :propylene 

oxide gives normal addition products with :primary and 

secondary Grignard reagents. 

That the order of addition can affect the mode of 

reaction has been shown by Kharasch, who uses this as a 

premise in his work with styrene oxide. Kharasch found 

that when styrene oxide was added to phenyl- and p-anisyl-
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magnesium brontides, normal addition occurred whereas if 

the order of addition of the reagents was reversed, a re-

arrangement took place. 

In view, however, of the many exceptions frequently 

found in the reaction of Grignard reagents and oxides as 

mentioned above, we felt that we should investigate the 

reaction of t-butylmagnesium chloride with the more read-

ily accessible rsc3~ic pro~ylene oxide. This was parti-

cularly advisable because little or no successful work 

has been reported with tertiary Grignard reagents and oxides. 

Furthermore, it is known that tertiary Grignard reagents 

are peculiarly ~rone to react differently from most other 

Grignard reagents, for exam~le, as in the addition oft. 

buty1magnesium chloride to ~~-unsaturated aldehyde and ke

tones where the tertiary grou~s yield considerably more 
.. ~~-

1,4-addition than primary or evep. secondary Grignard~re-
-' / . ,_ 

f!ge n t s , ( 8? ) • We expected .. then anomalies might occur, 

and so proceeded directly to the general study of tertiary 

Grignard reagents with dl-propylene oxide. 

fS?) Stevens, J .A.C .s. Q1 1112-16 (1935) 
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~he only previous reports of tertiary butyl mag

nesium. halides and oxides are those of 'ilhi tmore, (13) , 

and Chaletski. (BB}. IThitmore reported no success 

with ethylene oxide and the tertiary Grignard, and 

Chaletski found that the disubstituted oxide, methyl 

~henyl ethylene oxide, rearranged to the aldehyde. 

The rearrangement of the disubstituted oxide, as ob-

served by Chaletski, is not unusual nor could it be 

attributed entirely to the tertiary Grignard for pre-

vious workers as far back as the tim~ of Henry had ob-

served that disubstituted oxides tended to rearrange 

even when treated with simple Grignard reagents. It 

was necessary, therefore, to start from the beginning 

in our study. 

From previous work, it can be seen that ~Le re-

action can take several courses. 

(88) Chaletski J.Gen. Chem. U.S.S.R. 6 1-14 (1936) 
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'tAl. The oxide ring openiLg at (a}, would give as a 

product, methylneopentyl carbinol, (4,4-dimethyl pen

tanol-2) , 

CH 
I 3 . 
C - CH

2
CHOHCH 

' 3 CH3 

which is the desired product. 

(B). The oxide ring could break at (b) to give methyl 

t.butyl ethanol, (2,3,3-trimethyl butanol-1), 

which would correspond to the primary alcohol obtained 

by Kharasch, (24), as a result of adding styrene oxide 

to phenyl·magnesiUm..ldromide. 

(C). The oxide might rearrange to pro~ionaldehyde under 

the influence of the Grignard Reagent and the product 

would then be ethyl t-butyl carbinol, (2,2-dimethylpen-

tanol-3). 
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CH 
I 3 

CH3 - C - CHOHCH CH 
I 2 3 
CH

3 

(D). The fourth and last possibility, pentamethyl 

ethanol, (2,3,3-trimethyl butanol-2), 

CH CH3 I 3 ' CH3 -c - c -
I I 
CH3 OH 

would result from the oxide having rearranged to the 

ketone, (CH3COCH3) rather than to the aldehyde. 

The rearrangement of the oxide to the aldehyde 

CH - CH - CH ~ CH
3

CH2 - CHO 
3 "'\ I 2 

0 

might be expected to occur since we have seen that there 

is a tendency for other oxides to rearrange to aldehydes 

under the influence of the Grignard reagent. The final 

~~educt of the reaction would then be the same as if pro

pionaldehyde had been treated Tiith t-butylmagnesium chlo

ride; thus, Tiffeneau and Faucouneau, (63), reported the 
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resu~t of the addition of methyl- and ethyl-magnesium 

bromide to styrene oxide, and tbese products could only 

arise as a result of the rearrangement of the oxide to 

phenyl acetaldehyde. 

C6H5C' -/H2 - f 6H5CH2CHOr,.RMgX ~ c6H
5

cH2CH(OH)R 

0 

Kharasch and Clap:p, (24), and later Golumbic and 

Cottle, have confirmed Tiffeneau's results, in that they 

hav~ also obtained products arising from a rearrangement 

of styrene oxide, to the aldehyde under the influence of 

the Grignard reagent. 

Further evidence thst the rearrangement of the oxide 

to an aldehyde, merits consideration is found in the fact 

that pro:pionaldehyde, (89) and acetaldehyde, {90) ,(91), 

results from the pyrolysis of the corresponding aldehyde. 

Ipatiew, (92), found both propionaldehyde and acetone among 

the pyrolysis products of propylene oxide, but as yet, 

there is no record of :propylene oxide rearrangement to the 

ketone under the influence of the Grignard reagent. 

{89) 

{90) 
(91) 
(92) 

Hurd, Pyrolysis of Carbon Compounds,l?? Chemical 
Catalog Company, New York. (~929) 
Nef. Ann. 355 200 (1904) 
Peytral, Bu11.soc.chim.(4) 39 206-14 {1926) 
Ipatiew and Leontowitsch, Ber.36 2017 (1903) 
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Tl].ere is,, of course, no reason why this reaction 

could not occur, for Tiffeneau and eo-workers, (71), 

(72) ,(73), have observed that certain styrene oxides 

can be made to rearrange to either the aldehyde or the 

ketone depending upon the reagent used to bring about 

the isomerization. Although, the reaction with MgX 

is not exactly similar, the possibility that such a re-

action occurs must not be overlooked. 

Of the four possible products, (A) methylpentyl 

carbinol, (B) methyl t.butyl ethanol, (C) ethyl t.butyl 

carbinol, and (D) ~entamethyl ethanol, all but methyl 

t-butyl ethanol were known es a result of :previous work. 

Methylneopentyl carbinol has been prepared by Jhitmore 

and Homeyer, (93) by tr:e reduction of methylneo:pentyl 

ketone obtained from the dichromate oxidation of the di-

isobutylene. 

CH
3 

CH
3 I I 

-C-CH -C:.O 
I 2 
CH3 

CH
3 

CH
3 I I 

CH -C -CH -CHOH 
3 I 2 

CH 
3 

(93) Whitmore and Homeyer, J.A.c.s. 55 4149-5 (1933) 
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Whitmore and Homeyer re~ort the carbinol as 

boiling at 137-13?.5°C (?36mm) naphthylurethan m.86.5 

to 87°C., 3.5 dinitro benzoate m.95.2-95.7°C. Ethyl 

t.butyl carbinol has been prepared by Favorski, (94) and 

also by Ginnings and Hauser, (95), as a result of the 

action mf t.butyl magnesium chloride on propionaldehyde. 

) 

Favorski reported the boiling point of the carbinol 

as being 132-l35°C but Ginnings and Hauser, report it os 

being l34.?-l35.1°C.,(?60 mm), however, neither of these 

authors report any derivative. 

The product resulting from a rearrangement of the 

oxide to the ketone namely, pentamethyl ethanol, 

1H3 CH CH 
I 3 I 3 

CH
3

-y-MgC1 ~ CH3-COCH3 
) CH3 - C - C - CH3 

r ' 

(94) 

(.95) 

CH3 
CH3 OH 

Favorski end Aschmarin, J.~rakt.chem.(2) 88 675-?9 

(1913) 
Ginnings and Hauser, J.A.C.S. 60 2581-2 (1938) 
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has been prepared by several previous workers by the 

action of t.butylmagnesium chloride on acetone, (96), 

by the action of methylmagnesium iodide on pinacolone 

(97),(98),(99), and by the action of methylmagnesium 

iodide on tetramethyl ethylene oxide, (lOO). These 

authors all report a boiling point in the range of 130 

to 132°C. at atmospheric pressure. It is a tertiary 

alcohol and has a pronounced tendency to form a crystal-

line hydrate. The presence of the alcohol is readily 

discernable due to the tendency of this hydrate to crys-

tallize out at room temperature, even from ether solu-

tions. 

The primary alcohol, methyl t.butylethanole, which 

would result from ring cleavage at (b) has not been 

(96) Henry, Compt. rend., 
(97) Butlerow, Ann. 
(98) Richard, Ann. de chim. et 
(99) Henry, Rec. trav. chim. 
(lOO) Henry, Rec. trav. chim. 

) 

143 

CB3 
I 

CH3-C -CH-CB20B 

. I 6R3 
CH3 

20-22 (1906) 
177 176-86 (1875} 
phys. ( 8) 21 323-406 

26 107-116 
26 414-437 

( 1910) 
( 1907) 
(1907) 
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reported' as such in the literature. Therefore, it 

was necessary to synthesize this isomer by an entirely 

different method in order that its physical constants 

might be determined. 'J:lhe synthesis was accoml_)lished 

by the following series of reactions. Pinacolone was 

treated with methylmagnesium iodide and the product, 

pentamethylethanol, (b.l30-l31.2°C. at ?57 mm) 

CH3 I 
CH3 CH3 
a ' CH - C - C - CH + CH_Mgi 

. 3 I 11 3 ~ 
CH3 - C - C - CH 

I I 3 

CH3 0 CH3 OH 

This carbinol was, as we have seen, one of the 

possible isomers and it was observed to form the charac-

teristic crystalline hydrate with great ease. The 

pentamethyl ethanol was dehydrated by cisti1lation in 

the presence of iodine, (101}, to give the olefine, 
0 

methyr t-buty1ethylene, (b.78.0 C. at ?50 mm). Hydro-

gen ~romide was then added to the olefine in the presence 

of a peroxide, (ascaridole), using the technique developed 

by Kharasch, (102), and used by Michae1 and Weiner, (103), 

with trimetbylethylene. 

(101) 
(102) 

(103) 

Hibbert, J.A.c.s. 37 1748-63 (1915) 
Kharasch,Kleiger and Mayo, J.Org.Chem._!_ 428-35 
( 1939) 
Michae1 and Jeiner, J.Org.Chem. 4 531-42 (1939) 
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- . 
CH3 CH3 CH CH 
I I -H2o f 3 I 3 

CH
3 - c - c - CH

3 CH - c - C =CH 
I I I2 

3 
J 

2 
CH3 OH ·CH3 

HEr 

Peroxide 

The olefine had previously been prepared by Richard, 

(98), and Favorski, {104), who report .essentially the 

0 . 
same boiling point, ?8-80 C. at atmospherlc pressure, but 

no reference exists to the bromide which was found to dis-

til at 73-?5°C. (45 mm). The bromide was converted to 

the Grignard reagent in the usual way, and this treatment 

with oxygen gave the desired carbinol. 

CH -3 

CH3 I 1 - CH2Br ~ RMgX 

OH 
' 

CH CH I 3 I 3 
C - C - CH20H 
I I 
CH H 3 

It was found to have a boiling point of 159.5-162°C. 

(104) Favorski, 
(1918) 

J. Russ.Phys.Chem.soc. 50 43-80 



-71-

25 
·(a1T ?61 mm.} nd 1.4288 (*). The only ~revious re-

ference to this alcohol, or what might be this alcohol, 

is one by Faget, (105}, who isolated from wine fusel 

oil an alcohol of the same emperical formula, (C 7H16o), 

b.l55-160°c. 

In order to study the reaction of t-butylmagnesium 

chloride with propylene oxide, we ~roceeded in the usual 

way, treating the previously prepared Grignard reagent 

with the oxide at o0c. It was soon found, as reported 

by Levene and Walti, (21), that the reaction proceeded 

very slowly and that considerably more time was necessary 

than the seven days, which they allowed fa~ the reaction 

in the case of phenylmagnesium bromide and the oxide. 

It was finally found necessary to let the reaction mixture 

stand for seven weeks, at 20-25°C. to obtain an appreciable 

yield of products arising from the addition of the Grignard 

radical to the oxide. 

( *) Thanks are due to Mr. J. Calder, {Honor Student of McGill 
Uni versi ty}

1 
who prepared this alcohol. 

(105) Faget, Ann. lli 355-357 ( 1862) 
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"The first attempt to prepare the carbinol by the ad

dition of propylene oxide to t-butylmagnesium chloride, 

gave excluding fore-runs of low boiling material, a 

fraction in the range 135-13?°C. (760 mm.~. Although 

the fraction obtained was too small to permit of its 

identification after being purified through the_phtha

late, the boiling point, (135-13?°C) s was close to that 

reported by ··Vhi tmore and Homey er, ( 93) , for methylneo-

pentyl carbinol. It was thought, therefore, that normal 

addition had taken place and a pre:par~tion on a larger 

scale would give enough of the carbinol to :permit of a 

definite characterization. 

The reaction was carried out a second time using 

larger amounts, of starting materials and permitting the 

reaction mixture to stand for several days before decom-

:posing the Grignard adfition product. i1. carbinol was 

obtained which, on purification through the ~hthalate, 

boiled at 135-137°0. (??4 mm.). A second :portion of the 

same reaction mixture yielded a carbinol boiling at 130 

to 133° c. without being put through the :phthalate. This 

fraction was later found to contain chlorine, and it is 

probable that the boiling point was due to the inclusion 

of some of the lower boiling propylene chlorhydrin. 
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The high boiling fraction gave a 3,5-dinitro 

benzoate which was recrystallized from ethyl alcoho~ 

and then from methyl to a constant melting point of 

92.5-93°0. and not 95.2-95.7°0. as reported by Nhitmore 

and Homeyer, (93). This indicated t~at the product 

of the Grignard rea~tion was not methylneopentyl car

binol, the desired product, (see A page 63) in s~ite of 

the similarity of the boiling points. 

Since the product obtained might well be the re-

sult of a rearrangement of propylene oxide to propion-

aldehyde with subsequent addition of the Grignard re-

agent to give ethyl t-butyl carbinol, it was,therefore, 

decided to prepare this carbinol by the direct·addition 

of propionaldehyde to t-butyLmagnesium ~hlori~e and to 

compare the resulting product with that obtained from 

the reaction of the Grignard reagent with propylene ox-

ide, as described above. The product obtained from the 
0 propionaldehyde reaction was found to boi~ at ~32-135 c., 

a value which corresponds to that reported by Favorski, 

(94), and by Ginnings and Hauser, (95). 

As no derivatives of this carbinol had previously 

been prepared, we undertoom to prepare the 3,5-dinitro 
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and 'the naphthylurethan. They were found to melt 
0 0 

at 92.5-93 C. and 107-108 c. respectively. The melt-

ing point of the 3,5-dinitro benzoate agrees with that 

obtained from the product of the reaction of t-butyl 

magnesium chloride and propylene oxide. A mixed melt-

ing point showed no depression. The same was also 

found to be true when a mixed melting point of the two 

naphthylurethans w~s taken. This, then indicated 

that the product isolated as a result of the interaction 

of t--butylmagnesium chloride and :propylene oxide under 

the foregoing conditions was ethyl t-butyl carbinol. 

At this point, it was realized that this method 

would not be satisfactory for preparing methylneopentyl 

carbinol unless it were possible to prevent the rearrange-

ment of the oxide by changing the conditions. 

The conditions under which the reaction was carried 

out were varied in several ways. The aldehydet result-

ing from a rearrangement of the oxide, may be competing 

with the unrearranged oxide in the reaction with the 

Grignard. If such is the case, an increase in tempera-

ture should favor one or the other. 



-75-

Accordingly, the reaction was carried out with benzene 

(b.80 'b.) and decalin, (b.l73-196 <.{}.) as the solvent 

but the increased temperature of operation made possi

ble by the use of these solvents did not alter the mode 

of addition. Since the order of the addition of the 

reagents might have some influence on the product in 

a manner si~nilar to that observed by Kharasch, (24), in 

his work with styrene oxide, the order of addition was 

reversed, but here again the only product isolated was 

ethyl t-butyl carbinol. 

It remained then to see if there were some small 

amounts of normal addition product which had escaped de

tection in the smaller runs. With this in view, the re

action was carried out on a larger scale, but the desired 

methylneopentyl carbinol could not be isolated even though 

the reaction mixture was allowed to stand for seven weeks 

before working it. The object of letting the reaction 

mixture stand for such a long period of time was to permit 

the primary addition complex of the Grignard and the oxide 

to assume its final structure. This period of standing at 

room temperature takes the place of the higher temperature 

of reaction used by Grignard, (6). Since our previously 

described experiments in benzene and decalin did not prevent 
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·the rearrangement of the oxide to the aldehyde. 

It was hoped that a long period of standing at room 

temperature, {20-25°C.}, might permit the isolation 

of at least a small quantity of methyneopentyl car

binol, which we had not been able to obtain by allow-

ing the reaction mixture to stand for shorter petiods 

of time. 

As we have seen, no previous case of rearrange-

ment has been reported with propylene oxide and the 

Grignard reagent, although the substituted oxide 

methylphenyl ethylene oxide had been found to rearra...1ge 

when treated with the t~bu-tylmagnesium chloride, (88). 

Whitmore, (13), reported no success when ethylene oxide 

was allowed to react with the t-butylmagnesium chloride 

and he suggests, {106), that tertiary Grignard reagents 

will not react with ethylene oxides to give carbon 

chain lengthening. He does not state, howevert whether 

or not any 3,3-dimethylbutanol-2 was isolated as a re

sult of the reaction of t-butylmagnesium chloride with 

ethylene oxide. This product would be obtained if the 

ethylene oxide rearranged to acetaldehyde and then re

_acted with the Grignard reagent. 

(106) Whitmore, "Organic Chemistry" 124 (D.Van Nostrand, 
New York) 1937. 
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) 

CH3 

CH3-C--CH(OH)CH3 
CH3 

The situation is,therefore, o~en for discussion 

and probable mechanisms for the production of the ~r6dact 

obtained may be advanced. 

'eVe have seen that in the case of t-butylmagnesium 

chloride, the position of the equilibrium favors the form-

ation of the dialkylmagnesium compounds, there would then 

be a correspondingly large amount of magnesium halide 

etherate present. The rearrangement of cyclohexene oxide 

and dimethylethylene oxide, as well as others, has been 

shown to be brought about by magnesium halide-etherate, 

therefore, it is to be expected that the rearrangement of 

propylene oxide to propionaldehyde is also to be brought 

about by the same mechanism. 

The question of whether or not a rearrangement will 

occur, depends upon the relative rates of reaction of the 

organomagnesium compound and the magnesium halide-etherate 

with the oxide. 
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' Other Grignard reagents were not observed to cause 

a rearrangement of propylene oxide for Levene, (21), 

(22) ,{80), used this method to configurationally re-

late a series of straight and branched chain carbinols. 

There are marked differences in the reaction 

rates of Grignard reagents with a particular reactant, 

just as there are marked differences in the rates of re-

action of a particular Grignard reagent with a series 

of reactants having different functional groups. 

The relative reactivities of some Grignard reagents 

have been determined in a variety or ways.* The several 

series do not give wholly concordant results but the 

following table gives the results obtained by Gilman, (107) 

in the series established by the reaction with benzonitrile. 

) 

The time in hours for complete reaction of the organo-

metallic compound with an excess of the nitrile are given. 

* A summary of the methods used with references is 

given in Gilman's"Organic Chemistry'' Vol.I :p.433 (Wiley, 

New York, 1938) 

(10?) Gilman, St.John, St.John and Lichtenwalter, Rec. 
trav.chem. 55 577-85 (1936) -



'GRIGNARD REAGENT 

C6H
5
MgBr 

c~~gBr 

n-C4H9MgBr 

n-04HgMgCl 

n-C 4H9Mgi 

sec.-C4H9MgBr 

t.-C4H9MgBr 
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TI1v1E IN HOURS 

0.31 

0.85 

4.5? 

?.35 

?.50 

11.65 

25.5 

It will be seen that n-butylmagnesium bromide 

reacts faster than the corresponding· chloride, there

fore, it is likely that t-butylmagnesium chloride would 

be even slower than the t-butylmagnesium bromide which 

is given in the table. 

Although the reaction with the oxide may not be 

exactly similar to that with the benzonitrile, the com

parative reaction times will be of the same general order 

and the reaction of the t-butylmagnesium chloride with 

the oxide would be extremely slow. 

The slowness of this particular Grignard reagent 

in adding to the propylene oxide would allow sufficient 

time for the magnesiu~ chloride-etherate present to add 
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· to the oxide 7ri th the consequent production of the 

chlorhydrin. Propylene oxide when treated with 

primary and secondary Grignard reagents was not ob-

served to Give rearrangement products. This may be 

attributed to the more rapid reactions of the Grignard 

reagent with the oxide. 

Further evidence that the t-butylmagnesium chloride 

tends to be sluggish in its reactions is found in the 

fact that there is a tendency for products other than 

those resulting from addition reaction, to arise when 

reactants are treated with the tertiary Grignard, for 

example, isobutyraldehyde gives reduction as well as 

addition vv-hen treated vJi th t-butylmagnesium chloride and 

ninacolone when treated in a similar manner gives no addi-

tion whatsoever, (108). 

Propylene chlorhydrin was found to be present in 

all cases and in one, it constituted the major portion 

of the product. 

(108) Gilman, ttQrganic Chemistry", Vml.I, ::p.556 (Wiley, 

New York, 1938) 
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The isolation of the chlorhydrin indicates that 

the magnesium chloride-etherate present in the Grignard 

reagent has added to the oxide, giving rise to the mag-

nesium salt of the chlorhydrin which on hydrolysis, gives 

the chlorhydrin itself. 

c~ - CH - CH + MgC12 ) CH - CH - CH2Cl 
" / 2 

3 l 
0 OMgXCl 

HOH 
> CH3CH - CH2Cl 

I 
OH 

The magnesium salt, once formed, would rearrange 

to the aldehyde under the influence of the Grignard re

agent just as the magnesium salt of 3-bromo-2-butanol 

rearranged to butanone-2 when treated with the Grignard 

reagent, (49). 

CH
3

CH - CHCH3 + RMgX 
I I 
OMgBr Br 

CH3yH - CH2Cl + RMgX 

OMgCl 
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The rearrangement of this magnesium salt when 

treated with the Grignard reagent may be considered 

to follow along the same line as that observed by 

Golumbic and Cattle, (64), in the case of the iodo-

hydrins of styrene. They observed that both the 

iodohydrins C6H5CH(OH)CH2I and C6H5CHICH20H, when 

treated with the Grignard reagent in a manner similar 

to that used in this work, gave the addition product 

that corresponded to that obtained by t~e addition of 

:phenylacetaldehyde to the. Grign.s.rd. 

As we have seen the rearrangement of the iodohydrin, 

with the :primary alcohol, to the aldehyde through the 

magnesium salt, follows that observed in the case ofthe 

3-bromo-2-butanol. 

In this work, we have observed the formation of 

1-chloro-2-pro:panol, {CH3-CH(OH)CH2Cl) ~ which we have 

attributed to the hydrolysis of the corresponding mag-

nesium salt. By analogy with styrene oxide, we must 

consider the possibility of the formation of the other 

chlorhydrin as well. Thus, propylene oxide when treated 
'i-

with an organomagnesium compound would, as a result of 

· the action of magnesium halide-etherate, give the two 
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.isomeric chlorhydrins. 

CH3 - CH - CH2 + MgCl.-

" I G 
0 

The failure to iso~ate any of the chlorhydrin 

which would correspond to the hydrolysis ~roduct of II 

may be attributed to the similarity in boiling ~oints 

of the two chlorhydrins, (CH3CHOHCH2Cl., 1.27-128°C., 
0 

CH3CHClCH20H, 1.33-134 C.} but it is more probable that 

this compound II when formed, ,~rould rearrange to the al-

dehyde and react as such with the Grignard reagent to 

give rise to the ethyl-butyl carbinol. The isolation 

of n-:pro~yl alcohol, which corres~onds to ring break in 

the same position as that necessary for the formation of 

the magnesium salt of the chlorhydrin II, would indicate 

that the ring ~robably does break in this position. 

I 

The formation of l-~ijenyl-2~~ropanol, (C6H5CH2CH(OH)CH3 ), 

observed by Golumbic and Cottle, (64), as a result of the 

interaction of c6H5CHOHCH2I with CH3CHOHCH2Cl and 

.. t-C4Hg11gCl. 
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C6H5rHCH2I + CH3Mgi 

OH 
CTT n.,. 
I o 

CH -C - M.o-Cl 
3 I 0 

CH3 

From the equations above, it will be seen that 

in order to give the product obtained, a rearrangement 

of the following type must have taken place. 

It can be thought of as taking place in the follow-

ing way. 

Preliminary loss of X in the basic medium followed 

by a migration of the group, R, to give an unstable in

termediate which then, adds the -X or an -OH to fill the 

vacancy left by the R group. 

RCH - CHi!- RCH - CH2 + -X 
I ~ I 
OMgX OMgK 
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Then having this unstable structure, it would 

tend to s~lit out MgX2 (or MgXOH) and thus give rise 

to the aldehyde. 

( )( l 
RCH2 - ¥H (OH) 

_ --"'- oMrK 
_ .. .: Li:~ 

RCH2 - CHO 

The aldehyde would then react with the Grignard 

reagent as soon as it was formed either to give the 

addition product, (ethyl t-butyl carbinol), or by re

duction to give n-propanol ~hich was also isolated. 

The same mechanism will apply to iodohydrin, 

Thus, we can account for the formation of the 

chlorhydrin and this ethyl t-butyl carbinol by the 

action of magnesium-chloride-etherate on the oxide 

giving rise to the magnesium salt of the chlorhydrin 

which, then rearranges to the aldehyde and then reacts 

as such with the Grignard reagent. That all the mag-

nesium salt of the chlorhydrin is not rearranged may be 

attributed to the relative slowness with which the ter-

tiary Grignard reacts, and the stability of the chlor-

hydrin, since it contains a primary chlorine. 
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~he failure to isolate any of the chlorhydrin cor

res:ponding to a rirg break at (a) 

has been attributed to the greater ease \Yi th which the 

magnesium salt of this chlorhydrin, containing as it 

does a secondary chlorine, would rearrange to the alde-

hyde. The formation of the n-:pro:panol isolated has 

also been accounted for. 
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EXPERI:MENTAL. 
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.Description of Apparatus-

One of the most commonly used methods of sepa

rating li~uids is by fractional distillation. The 

successful separation depends to a large extent upon 

the type of e~uipment used, and the care taken in 

controlling the operating conditions. 

In an investigation such as the one under con

sideration where li~uid products are obtained whose 

boiling points lie in the same range, and whoee struc

tures are closely related to one another, an efficient 

fractionating column is a necessity if there is to be 

any degree of separation attained. This type of mix

ture whose components tend to codistil the fractiona

tion must be done very carefully. 

The performance characteristics of any fractiona

ting column used must be known in detail. It is essen

tial that the operator be accustomed to the type of 

column used and, it may even be said, to the particular 

column used if the maximum separation is to be obtained. 

Constant attention is necessary in any fractionation as 

small changes in pot and jacket temperature can markedly 

alter the column efficiency. 
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The fractionating columns used in this work were 

of two types. The first type for fractionation of re-

latively large amounts of material was of the Whitmore 

and Lux type, (109), being a total condensation variable 

take-off column equip~ed with an electrically heated 

jacket, as described by Lauflin, Nash and Whitmore, (110). 

The jacket in this case was equipped with a two-stage 

electrical heater rather than a three-stage heater as des-

cribed by t~ese authors. The IR eking consisted of glass 

helices and they were inserted one at a·time to obtain an 

even distribution, thereby, avoiding the :possibility that 

the column might have a variation in the heignt equal to 

a theoretical plate. The two columns of the type that 

were used had 18 and 24 theoretical plates. 

The second type of column used for relatively small 

samples, was a modified Podbielnic:,k. The column had a 

gold plated l'·l'ichrome wire spiral (Brown and Shar:pe gauge 

No.20) for :packing. The spiral had from six to seven 

turns per inch and was fitted into a tube 3.5 mm. inside 

diameter. 

(109) 
... (110) 

Whitmore and Lux, J.A.c.s. 54 3448-52 (1932) 
Lauflin, Nash and Whitmore,-y.A.c.s. 56 1395-96 (1934) 



.. 
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The head was a simple distilling head of suf-

ficiently larger bore than the main column to take a 

standard thermomenter. The column was provided with 

a vacuum jacket and equipped with a Nichrome ribbon 

wound around the column itself as a means of supplying 

the heat necessary to distill high boiling fractions 

as the vacuum jacket was not efficient enough. 

A column of this type must be operated very care

fully and the rate of distillation must be kept down 

or the efficiency of the column will be lost. The 

column described has a 34 inch spiral and about 14 

theoretical plates when operating at maximum efficiency. 

The columns described above were quite satisfactory 

but a more efficient colurnn would undoubtedly give 

cleaner cuts and facilitate the separation of the fore-run 

into its various components. 

NOTE- An excellent discussion of fractional distillation 

with references is to be found in Morton's, "Laboratory 

Technique in Organic Chemistry". (McGraw-Hill, New York 

1938) 
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The Action of t-Butylmagnesium Chloride on Propylene 
Oxide. 

(AlPreparation of Tertiary Butylmagnesium Chloride. 

The Grignard reagent was prepared after the 

manner of ~.fhi tmore and Badertscher, (lll) , with some 

variations. The reagent was in general prepared im-

mediately ~rior to use, although sometimes it was stored 

for various periods of time. The activity of the re-

agent did not appear to decrease markedly on standing. 

One sample that had br-:en stored for two years and used 

at various times as a starter for other preparations, 

developed large clear crystals as distinct from the fine 

grey precipitate. The dark black colour remained in the 

solution although it seemed to be lighter after standing 

for some time. 

is as follows: 

A typical preparation of the reagent 

In a 3 liter 3-necked round bottomed 

flask fitted with a Hershberg stirrer, a Freidrich con

denser and a dropping funnel are placed a few crystals 

of iodine and then 98 g. (4 moles) of fresh magnesium 

turnin~s {Mallinckrodt or Eastman Grignard magnesium 

was found to be quite satisfactory. 

(111) Whitmore and Badertscher, J.A.c.s. 55 1559-156? 
(1933) 
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~he turnings were washed with two 50 ml. portions 

of dry ether to remove all traces of grease. It 

was found that freshening the surface of the mag

nesium by grinding under ether in a mortar materially 

reduced the induction ~eriod. Magnesium so treated 

was placed in the flask and then the flask was gent~y 

heated, to vaporize the iodine, and allowed to cool be

fore adding the halide. (The purple iodine vapour 

serves as a good indicator for the dryness of the appa

ratus, a brown colour develops if the glassware is not 

thoroughly dry, usually in the neck of the ~lask and 

on the condenser. This fault may be remedied by rins

ing out the apparatus with dry ether.} An alternative 

procedure may be followed to avoid the use of iodine, 

which according to Grignard, {112), promotes coupling. 

The alternative procedure consists in starting the re

action with a little methyl iodide - no more than 2 ml. 

dissolved in 10 ml. of dry ether are necessary to start 

the reaction. 

(112) Grignard end Tcheoufaki, Compt.rend., 188 35? 1929. 
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The reaction having started, twenty-five to 

thirty mls. of a solution of four moles, (400 mls.) 

of the chloride in five hundred mls. of dry ether is 

added from the dropping funnel, followed by the addi

tion of two hundred mls. of ether. (This is most 

conveniently added through the condenser. If the ad

dition is not too rapid, there will be no plugging of 

the condenser) • 

The initial reaction is allowed to subside and 

the halide addition is commenced. A~~roximately half, 

{500 m.ls.) of the ether halide mixture is added drop 

by dro~ at a rate just sufficient to kee~ the ether re

fluxing slowly. ~hen this amount of ether halide mix

ture has been added, the remainder diluted with some 

three hundred mls. of dry ether, is added at the same 

rate, (three to five mls. ~er minute). 

The ether volume may need to be sup~lemented by 

further additions to replace losses due to leakage th~ough 

the condenser. Efficient stirring is essential and 

stirring should be continued for an hour at least after 

the last of the halide mixture is run in. 
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There is no need for cooling the reaction and 

an ice bath is unneccessary except as a precaution

ary measure in case the reaction starts with violence. 

Once the reaction is proceeding smoothly, it should 

be.allowed to reflux by the heat of the reaction, or 

refluxed gently on the water bath. 

crease the yield, (113). 

(B) Preparation of the Carbinol-

This does not de-

Run #1- 'I1his was a trial run carried out at 0°C. using 

one-fifth of a mole of Grignard and one-sixth of a mole 

of propylene oxide, dissolved in 200 mls. of dry ether. 

The reaction product was decomposed immediately using 

ice and ammonium chloride. The ether was separated, 

washed twice with water, dried over anhydrous potassium 

carbonate and fractionally distilled. After removal 
0 

of the ether, a fraction in the range of 70-90 C. was 

obtained. The main portion of this fraction came over 

at 80-85°C. The other main fraction distilled at 135-

13?00. As the fraction was quite small,. (1 gram), and 

as it contained some unsaturated substance, an attempt 

was made to purify it through the phthalate. 

(113) Gilman and Zoellner, J.A.c.s. 50 425-428 {1928) 
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1he ~hthalate, however, did not crystallize and there 

was not sufficient carbinol present on decomposition 

to permit identification. It was found that small 

runs tended to give a considerable amount of coupling 

prod~ct which was absent from the product in large 

runs. 

Pre~aration of the Phthalate-

The general procedure for the preparation of the 

phthalate was as follows: 

One equivalent of carbinol~l.2 

equivalent of phthalic anhydride and 1.4 equivalents of 

dry pyridine were allowed to stand overnight in a stoppered 

flask, followed by heating on the water bath for an hour. 

The reaction mixture was allowed to cool, poured into ice 

water and acidified with dilute (1;~} sulphuric acid. 

The cold acid solution now extracted three or four times 

with chloroform, and the chloroform extract washed with 

very dilute sulphuric acid. This washing shonld be re

peated until the odor of pyridine is absent from the chloro

form iaye~. 

The chloroform is evaporated in vacuo leaving the 

~hthalate, the anhydride, unreacted carbinol, and any other 
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~ubstance present as a viscous residue. The residue 

is dissolved in excess sodium carbonate solution and 

extracted with ether three or four times to remove the 

anhydride,. unreacted carbinol, and the extraneous 

material, thus, leaving the phthalate in solution as 

the sodium salt. To this alkaline solition is now added 

cold dilute 20% sulphuric acid until the solution con

verts the sodium salt to the acid salt which is extracted 

with chloroform, dried, and the chloroform removed at re

duced pressure, (15 mm.). If the :phthalate fails to 

crystallize, the carbinol may be recovered by ~he addition 

of excess sodium hydroxide solution followed by steam dis

tillation, and the distillate extracted with ether, dried, 

and distilled. The purification through the phthalate 

gives as a product, a carbinol of carbinols, if there are 

more than one present in the starting material, free from 

any other type of compound. 

Run #2-

0ne mole, (58 g.) of propylene oxide, dissolved in 

150 mls. of dry ether, was slowly added to 1.5 moles of 

t-butylmagnesium chloride cooled in an ice bath. The 

reaction mixture was allowed to warm up to room tempera-
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'tute as the ice melted and then left to stand over-

night. In.the morning, the mixture was stirred for 

thirty minutes and tested for excess Grignard reagent, 

using the method of Gilman, (ZI) and Shultze. _/The 

test indicated that there was Grignard reagent ::present. 

The reaction flask w~s now sto~~ered and allowed to 

stand for ten days before decom~osition. 

(a) Three hundred mls. of the ethereal solu~ion was de-

composed in the usual manner with ice and amm.onium chlor

ide at -5°C. A camphor-like o~or, which might be clas

sified as a musty odor, was observed, there was also ob

served an tta:p:ple-like odor" which indicated the presence 

of unreacted propylene oxide. 

Distillation gave a fraction boiling in the range 

of 80-84°. The material in the flask tended to darken 

markedly so the distillation was discontinued and this 

material, (10 g), was put through a phthalate purifica-

tion. Some difficulty was encountered in the recovery 

of the carbinol, but the addition of a few mls. of ether 

enabled the distillation to take :place smoothly. 

( J.l ) ·}ilman and Shul tze, J .A. C .s. 4? 2002-5 ( 1925) 
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The ether extract, when dried and distilled, gave 

a fraction, (5 ml) boiling in the range of 136-137°C. 

at 774 mm. The 3,5-dinitrobenzoate of this fraction 

melted ~DDrly at 85-88°C. and after repeated recrystalli

zation from ethylene alcohol and methyl alcohol. A melt-
~~. 

ing point of 92°-92.5°C. was obtained. 

(2b) The remainder of the Grignard reaction mixture was 

decomposed after standing an additional ten days. This 

time, the decomposition was carried out in a 2 litre erlen-

meyer flBsk surrounded by an ice-salt bath, and the decem-

position was carried out as rapidly as possible to minimize 

0 
losses, for although the carbinol boils at over 130 , the 

vapour pressure at room temperature is such that it evapo-

rates very rapidly. 

The product of the decomposition was distilled and 
0 0 

fractions obtained in the range 80-85 C., 100-110 c., l25-

12?0C. and 130-133°C. The 80-85°C. was found to consist 

of n-propanol, (3,5-dinitrobenzoate~ m.?3°). The boiling 
' . 0 

~oint lies closer to that of isopropyl alcohol, (b.83 C.) 

but the lowering of the boiling point may be due to a eo

distillation of propylene oxide ether and alcohol. 
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The 100-ll0°C. fraction soli~ified in the side 

arm of the column, which as characteristic of hexa-

methyl ethan with which it was found to be identical, 

The fraction distilling at 125-12? 0 was 

later identified as propylene chlorhydrin. 

fraction feiled to give a :positive iodoform reaction, 

and was found to contain chlorine probably due to the 

chlorhydrin although it could not be identified as such. 

Owing to the small amount of carbinol :present, 

sodium chloride was added to the reaction flask. This 

"salting" effect :permitted a maximum recovery of the car-

binol. The ether extract, when dried and distilled, gave 

a fractiOni (5 ml.), at boiling :point in the range of 

0 
136-137 C. at 7?4 mm. The 3,5-dinitrobenzoate of this 

fraction melted :poorly at 85-86°C. and after repeated 

recrystallization which indicated that the product was im-

:pure. 
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RUN #3 

Propylene oxide, (l mole), dissolved in dry ether 

and kept at 0°C. was added to an excess of the Grignard 

reagent and which was kept at 0°C. to 5°C. by an ice 

salt bath. Vfuen all the oxide mixture had been added 

to the Grignard reagent, the reaction was stirred for 

some time, and three hundred mls. of dry, thiophene free 

benzene were added. The ether was distilled off up to 

55°C. and the benzene solution was then refluxed for 

one hour. The decomposition with ice and ammonium 

chloride required the addition of more benzene as the 

reaction mixture tended to collect as a stiff, jelly

like mass. Excess ~~onium chloride was added and the 

solution filtered to facilitate handling. 
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Tne benzene ether extrect was dried and fractionated. 

The results of the fractionation following the removal 

of the ether and the benzene were as follows: 

BOILING POINTS VOLillv1E 
at ?5? mm. in mls. 

110- 29° 30 mls. 
130-132° 20 mls. · 
132-133° less than 1 ml. 
133-134° less than 1 ml. 
134-135° less than 1 ml. 
135-136° less than l ml. 
136-137° less than l ml. 
over 13? 0 very little 

0 
The fraction 110-129 C. was found to consist mainly 

of propylene chlorhydrin, (b.l27-128°C.). The main 

fraction, l30-132°C. gave a 3.5 dinitrobenzoate that 11elted 

at 92.5-93°C. and was identical with the same derivative 

' 
prepared from ethyl t-butyl carbinol. The higher boiling 

fraction, of which so little was obtained, was later ~ound 

to be due to the increased tem~erature in the still pot, and 

column jacket which tended to drive out some of the normal 

hold-up of the column. 

Run #4 

Two hundred mls. of an ether solution of t-butyl mag-

uesi~m chloride containing 0.5 mole of reagent was added to 
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•two hundred mls. of dry decalin and the ether removed 

by distillation. To the decalin solution was added 

an equimolecular ~uantity ·or propylene oxide dissolved 

in dry decalin. The reaction mixture was then heated 
0 at a temperature of 135 C. for two and one-half hours. 

During this time, the reaction mixture jelled and it 

was impossible to stir the mass. There was little ten-

dency for the propylene oxide to distill out of the re-

action mixture indicating complex formation of the oxide 

and the Grignard. On standing overnight, the mass set 

to a solid. The solid exhibited little tendency to re-

act with water or air inasmuch as the jelly-like rrass 

could be handled without any heating effect being noticed 

and on immersion of samples in water, no decomposition 

was observed over a period of an hour. 

In an attempt to put the jelly-like mass in solution, 

100 mls. of benzene was added and the mixture was allowed 

to stand on the steam bath. Another portion of benzene 

was added, ~nd the reaction mixture transferred to an oil 

bath and heated to 105°C. The mass softened but the 

stirrer co~ld not be operat~d. The mass was, therefore, 

transferred to a 2 liter flask and another portion of the 
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. h€nzene was added. There was no indication that the 

substance would go into solution and in view of the di

fficulty encountered in decomposing the previous run with 

benzene as the solvent, it was decided to steam distill 

the mixture. . 0 
Benzene was dlstilled off up to 110 c. at 

which point, distillation ceased. The remainder of the 

mass was then steam cistilled. The distillation was ac-

complished by first adding water drop~ise to the reaction 

mixture, stirring and heating at the same time. Finally, 

the stirrer could be removed and the actual distillation 

commenced. The ether-benzene-decalin fraction was sepa-

rated and dried, and then fractionated. The following 

sample.s were obtained: 

TEMP.°C. 

80-81° 
98 0 

120-130 
132 
132-5° ' 
135-136°:' 
136-140° 

VOLUlVIE 
in mls. 

0.5 
0.5 

small 
12 
l 
5 
2 

0 
Some distillate above 140 C. was obtained, but it con-

sisted of a hydrocarbon fraction. 

{Note). The various fractions obtained from 132-140°C. in 
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~his run were combined, and carefully refractionated 

through a 20 plate column, and one fraction compound 

of ethyl t-butyl carbinol {b. 132-133°C.). The 3,5 

dinitrobenzoate melted at 92-92.5°C. after repeated 

recrystallization from ethyl and methyl alcohol. 

Run #5 

Pro~ylene oxide, {2.75 moles) dried over aluminum 

oxide, (114), and dissolved in dry ether, was added drop

wise with stirring to a 4 mole run of tertiary butylmag-

nesium chloride at roolli temperature. The reaction mix-

ture was allowed to stand overnight and stirred the fol-

lowing day for an hour. After standing for five days, 

1500 mls. of the ethereal solution were s~honed out and 

decomposed. The following day, two liters more of the 

ethereal solution were syphoned out and decomposed. 

In these decompositions, a large amount of gas was 

given off, which at first was thought to be due to excess 

Grignard reaction, but in view of later work. it was re

cognized that a ~rtion of i~, at least, wqs the result 

of reduction of the oxide with the consequent formation 

of isobutylene. 

(114) ~llen and £ibbert, J.A.c.s. 56 1398-1403 (1934) 
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The ether extract from the decomposition was 

washed, dried, and the ether removed by distillation, 

under a 12 ~late column to reduce losses of higher 

boiling material. The ether distillate contained 

propylene oxide, but no se~aratic~ was possible due to 

the similarity of boiling points. It was noted that 

the oxide-ether mixture necessitated more careful con-

trol of the heating d~ring the fractionation to avoid 

flooding. Following the removal of the majority of 

the lower boiling material, the flask was changed for 

a smaller one and the distillation continued. 

The higher boiling fractions are cistilled through 

a Claisen flask to remove them from the decomposition 

products that were accumulating in the flask, (diffi

culty was encountered in gettinc; the material to distil). 

The material continued to decompose on distillation, snd 

gave a fraction boiling at 33°C. After several hours 

heating, a fraction boiling at 127-128° was obtained. 

It was identified as propylene chlorhydrin. The dis-

tillate composing the 33°C. fraction was identified as 

:Propylene oxide, arising from the. decomposition of the 

chlorhydrin by the high temperature necessary to distill 

it. 
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Tem~eratures given below indicate the operating con

ditions: 

Bi-..TH 

112°C. 
140 " 
155 " 
1?0 ft 

185 " 
200 " 

VAPOR 
over liauid 

l02°C. 
112 " 
120 " 
128 " 
129 tt 

VAPOR AT COLill~J HEAD 

33-34°C. 
tl tt 

" tt 

55 small fraction 
llO-l23°C. l.lg 
125-128°0.5 .. 5 g. 

The distillation did not proceed smoothly due to 

the decomposition that took place. Distillation would 

cease, the tem:p.er:.: ture of the bath would be raised and 

distillation would cornme:r~ce again more of the 30-34 °C. 

material, (pro];>ylene qxic2e),. resultir..g. 

Distillation of the chlorhydrin was accompanied 

by extensive decom:position the f:!.rst three times. Data 

for the final distillation are given below 

The weight of the sample previously collected at 

0 
125-128 C. was -55 grams. 

BATH TEl/fP • COLUMN JAC~T TAKE OFF 
Bottom Top Yield 

155° 
162° 
175° 

126° 
126. 5-?,0° 37g 
127° 5g 

Low boiling material 
Residue 
TOTAL 

5g 
0c 
~ 

49g 



-105-

This re:presents a loss of 6 grem.s of material, 

with 42 grams collected at 126.5 - 7.06 at 755 rmn.. 

The 3, 5-dini trobenzoate of this material t:rice re

crystallized froffi ethyl alcohol melted at 69°C. 

This :rn.eltir:g :paint agrees with the mel ti.ng :point of 

a similar derivative :pre::pared from the l27-130°C. 

fraction of :previous runs. 

All these various fractions were found to contain 

chlorine, and a carbon and hydrogen analysis iLc: ica ted: 

semi lLicro 

micro 

c 40.94% 
49.19% 
42.22%-

H.S.l?% 
H.l5.45% 
H.8.25% 

Whereas actua1ly, the percentages are: 

c 38.09'% H.7.30~0 

which indicates, that although the fraction is mainly 

pro:pylene chlorhydrin, there is some other material pre

sent which cannot be separated from it by fractionation • 

.Evidence of im_pu.rity is obtained also from the refractive 

ir~dex of the material ~Nllicb was 1.4332 at 20° as coml=Jared 

to the value given by Heilbron, (115) ~ for 1-chloro iso-
• 20 
pro:py1 alcohol, nd 1.4392. 

{115) Heilbron Dictionary of Organic Compounds, (Eyre & 
Spottiswoode, London, 1934) 
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RUN #6 

Addition of Grignard reagent to oxide -1 mole of 

tertiary butylmagnesi~m chloride was added to 0.8 moles 

of propylene oxide dissolved in dry ether and cooled to 

0°C. 

The addition product was decomposed after standing 

four days at room temperature. The decomposition was 

carried out in the following manner: The Grignard ad

dition was forced over by nitrogen pressure from the re

action flask into a 2-liter flask containing an ammonium 

chloride-ice mixture. This flask was fitted with a 

stirrer, and an efficient reflux condenser through which 

ice water was circulated. The condenser was connected 

to a trap cooled in a dry ice-acetone bath. The lig_uid 

collecting in the trap was sealed in a bomb tube for fur-

ther investigation. The nitrogen pressure was regulated 

through a by-pass so that a constant stream of Grignard 

addition product was being added to the ice-aw~onium chlo

ride decomposition material. 

The ether extracts were washed and dried, but still 

contained ammonia. 
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The trap~ing system used, ~revented the ammonia from 

esca~ing from the system as it had ~reviously done. 

The ammonia. was distilled out of the solution under a 

12 ~late column. The first ether fraction, (28-32°C.} 

was found to contain ammonia which would account for the 

low boiling point. Also, the receiver, cooled in dry 

ice acetone, was found to contain some small solid par

ticles which melted on warming up to room temperature. 

These were identified aE ice ~articles which 11ere forzen 

out by the low temperature of the bath. The ether was 

removed and a fraction in the range 82-84°C. was obtained. 

The material in the flask tended to turn brown End gave 

signs of decomposition so .the whole was converted into a 

:phthalate. The phthalate was steam distilled from an al-

kaline media to regenerate the carbinol. 

The receiver was cooled in ice and two traps were 

used in an attempt to separate any low boiling material. 

The first tra~ wa.s cooled in a calcium chloride-ice mix

ture while the second trap was cooled in dry ice-acetone. 

The characteristic "apple-like" odor of propylene oxide 

could be detected through the dry-ice trap. Other than 

small amounts of ether found in the first trap, no noticea

ble amount of material was recovered from either trap. 
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The steam distillate was extracted vri th ether and 

distilled, only a small amount of material, less than 

1 cc, was recovered from the distillate. More sodium 

hydroxide was added to the reaction flask and the steam 

distillation continued for several hours - but no fur-

ther material was recovered. The products of the re-

action could not have esca~ed and we were forced to con-

elude that no reaction had taken place other than ~ossi

bly some reduction of the oxide by the Grignard reagent. 

This was borne by Ghe fact that the material collected in 

the dry-ice trap during the decomposition of the Grignard 

oxide addition product consisted of ammonia and an unsatu-

rated material which boiled between 6° - 10°C. This 

material most ~robably consisted of isobutylene (b.pt.-6°) 
. 0 the unsaturated portion, and 1sobutane, (b.~t. -10 } from 

unreacted Grignard. 

RUN# 8 

To a six mole run,(l50 g. of Mg and 552 g. of t-C4H9Cl) 

of tertiary butylmagnesium chloride, was added 220 grams 

(3.8 mole) of propylene oxide. The reaction mixture was 

allowed to stand for seven weeks, at room temperature, with 

occasional shaking, at the end of which time, it was decom-
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-posed in two portions -using the technique outlined 

in the previous case; that is, blowihg the ethereal 

solution into the decomposition mixture with nitrogen 

under pressure. The procedure was modified inasmuch 

as the ethereal solution was retained in a graduated 

dropping funnel to give better control of the addition 

to the ice and a~~onium sulfate that was used for de

composition. 

The aroL1onium sulfate was used rsther than the 

chloride in an attempt to cut out possible chlorhydrin 

formation due to interaction of the halide and the oxide. 

Hsving decomposed both portions, there remained some 

crystalline magnesium etherate in the flask. This was 

decomposed by adding ice and the aM~onium salt and ex-

tracting with ether. The ether extracts were then com-

bined. The water layer which contained some undissolved 

sulfate was acidified with dilute sulfuric acid at o0 c. 

extracted twice with ether and this ether added to the main 

volume, {total volume five liters). The ether extract was 

then treated with one liter of 10% sodium hydroxide (2.8 

moles Na6H) , the purpose of the hydroxide being to hydro

lyze any chlorhydrin that might be present and convert it 

to the glycol, (b. 189°C.). 
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The flask containing the mixture of ethereal 

solution and caustic was shaken thoromghly, placed 

under a 20 plate column and the ether distilled off. 

The receiver was cooled in an ice bath and protected 

with a dry ice-acetone tra~. The material collected 

in the trap consisted of ammonia, some ether and an 

unsaturated substance, (isobutylene). The ether dis-

tilled contained some lower boiling material 32-33° and 

the "apple-like" odor of propylene oxide was noted. 

The ether fraction having been removed, the remain-

der of the material was refluxed for five hours at a tern-

0 perature of 125-135 and allowed to cool. The next step 

in the process was steam distillation, whereby the soluble 

glycol remained behind. 

The reaction mixture was steam distilled directly 
. r . 

from the flask with the addition of excess caustic to the 

already alkaline li~uor. The possibility of loss was mini-

mized by the use of the Frudrich condenser, backed by a 

dry ice-acetone trap, on the three-necked flask used as a 

receiver. Some two hundred and fifty mls. of material 

were separated from the water layer and dried. 
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It possessed the characteristic camphor-like odor 

that had been observed in previous preparations, 

and was halogen free. The water layer was extrac-

ted twice with halogen free,ether and both portions 

of ether were dried over anhydrous carbonate. The 

product was next distilled from a modified Claisen 

flask. The ether washings being used to rinse out 

the flask in which the product had been dried. The 

ether was distilled off and the remaining distillate 

collected in & three-necked flask which was to be used 

for the fractionation. The temperature rose gradual-

1y during the fractionation, from 55° to 13?0 at which 

point the material in the still pot commenced to fume 

and noticeably darken. The pot tem~erature at this 

point was 165-170~ The residue, (42 g), which gave an 

acid reaction was transferred to another flask, some 

potassium carbonate added, and stored for further in-

vestigation. 

The fractionation gave 39 grams of material boil-
0 

ing at 137-138 at 762 mm. The fore-run after the re-

moval of the ether consisted of the following amounts: 



762 mm. 

80- 86 
86-100 

100-110 
110-12:2 
122-130 
132-134 
l34-l35 
135-135.5 
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VOLUME 

18 mls. 
12 " 
10 n (solid in C02) 

5 tt 

3 tf 

0.5 tt 

3 " 
10 ~ 

There was a definite change in the odor of the 

product st 80° and up. The fraction in the lower range 

69-?8° had a definite benzene-like odor. The fraction 

0 
coming over at 100-110 solidified qn immersion in a 

dry-ice bath but not on i~nersion in a freezing mixture. 

It is probable that it contains some water. 

0 

Derivatives were ::pre:pared of the 137-138 C. fnaction. 

0 

The 3,5-dinitrobenzoate melted at 92.5-93 c. which checks 

with that obtained from ethyl t-butyl carbinol. The 
0 

na:phthylurethan was found to melt at 107-108 c. which 

agrees with the same derivative, :pre:pared from ethyl t-butyl 

carbinol. A.n.alysis of the naphthylurethan of carbinol 

C - ?5.7%, H. 8.13% as against C - 75.4%, 

H. 8.3% found. The high boiling residue (42 gl from· the 

previous distillation was combined with the residue from 

the Claiser flask distillation and put through a phthalate 
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,.:Purification. It was ex~ected that if any of the 

product resulting from a oxide ring break to give a 

primary alcohol were :present, it would be found in 

this fraction. There was, however, no fraction boil-

ing above 135°C. at ?55 mm. obtained; hence, we may 

conclude that the ~rimary alcohol is absent. 

PREPARATION OF METHYL NEOP~NTYL CARBINOL. 

Preparation of Carbinol from Diisobutylene-

An attempt was made to :pre:pare the carbinol by the-

oxid~tion of diisobutylene and reducing the ~tone so 

formed to the carbinol, {93). Yields on the oxidation 

step were very low and this ~rocess was abandoned in 

favor of the preparation from neo:pentyl ethylene. 

(a) Preparation of Neopentyl Ethylene: Neo:pentyl ethyl-

ene was :prepared after the manner of Nhitmore and Homeyer, 

(116), 1 mole (85 mls) of allyl bromide (b.70-?l°C.), at 

?67 mm. diluted with 125 mls. of dry ether was :pla2ed in 

a one liter three-necked flask fitted with a mercury sealed 

stirrer, a thermomenter, and a graduated se::pareting funnel. 
0 

The flask was cooled in an ice-salt bat~ at about -10 c. 

while 2 moles of a filtered ethereal solution of tertiary 

-butylmagnesium chloride were added slowly. 

of the solution was kept below 5°C. 

The temperature 

(116) ~hitmore artd Homeyer, J.A.c.s. 55 4555-9 (1933) 
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Stirring was continued for several hours on 

completion of the addition, and the :presence of ex-

de ss Grign~rd was determined by tne Gilman test, (114}. 

After standing for ten days, with occasional stirring, 

the addition :product was decomposed ·with ice and 

ammonium chlor_ide, the ether layer separated~ {washed 

with ammonical ammonium sulfate solution to remove mag-

nesium salts) and dried over calcium chloride. The aq_u-

eous layer was steam distilled and the distillate ex-

tracted with ether, washed and combined with the first 

ether extract. 

The ether was removed under a 14 :plate column, and 

the fractionation continued under the same column. The 

rraction 70-?2°C. (?55 mm.) was collected as neopentyl 

ethylene. It was found that this fraction contained 

halogen so it was heated with an excess of NaOH solution 

for six hours, separated, washed and dried over anhydrous 

:potassium carbonate. Analysis indicated that some halo-

gen containing compound, {allyl bromide b.?l°C. was still 

present. The heptene was freed from the halogen con-

taining material by :prolonged shaking with silver oxide. 

The halogen free heptene was then converted ~o the iodide 

by treatment with anhydrous hydrogen iodide as described. 
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{b) Preparation of 4,4-dimethyl-2-iodpentane: The 

hydrogen iodide was prepared after the manner of 

Hauben, {117) J by dropJ:.')ing iodine dissolved in tetra-

1in to boiling tetralin. The HI so generated was 

passed through a red phosphorus and glass wool filter 

(cooled in an ice bath), through a thirty inch phos

phoric acid anhydride drying tube, then led below the 

surface of the sample. The sample was kept at 0°C. 

during the addition of the iodide - &nd the addition 

was carried out in the dark. 

The iodide obtained after passing HI through the 

heptene until saturated, was washed with sodium bisul-

fite to remove any excess hydrogen halide. At this 

point, some Skelly solve B from which all unsaturated 

material had been removed, was added to facilitate th~ 

handling. The solution was then dried over sodium 

su1f2te. The iodide had previously been prepared by 

Kharasch and Hannum, (118), in a similar manner and they 

reported the boiling point as 5?.6°C. at 15 mm. This :pre

paration had a boiling point of 52-58° at 7-12 mm. The 

iodide ~as slightly pink after standing, but the addition 

of a few drops of mercury clarified it. 

(117) 
(118) 

Houben, Baedler and Fischer, Ber. 69B,l?66-88 (1936) 
Kharasch and Hanclum, J.A.C.S. 56 1782-84 (1934) 
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(c) Conversion of the Iodide to the Carbinol-

(1) Ten grams, (0.044 moles) of the iodide so pre

pared were treated with ?.4 grams, (0.044 moles), of 
0 

dried silver acetate at -5 C.followed by filtration 

to remove the silver iodide, and saponification with 

sodium hydroxide. The ether solution following steam 

distillation was dried and fractionated but no fraction 

boiling over 100° was obtained. 

(2) Ten grams of the iodide were converted to the Grig-

nard reagent. The Grignard reagent so prepared was con-

verted to the carbinol by ~assing in dry oxygen gas for 

several hours until no.more oxygen was absorbed. The 

addition product 7ras decomposed with ice and a~onium 

chloride and the whole steam distilled f•Jllowing the ad-

dition of excess sodium hydroxide. The distillate was 

extracted with ether, separated, dried and distilled. 

A fraction was obtained which had a boiling point of 
0 

13? C. at 755 mm. The distillation was carried out in 

a modified Podbielniak column. The carbinol was con~ 

verted to the 3·,5-dinitrobenzoate which on recrystalli

zation from alcohol was found to melt at 95-96°C. sub-

stantially in agreement with the derivative ~re:pared by 
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~y Whitmore, (93), from methylneopentyl carbinol, 

(3,5-dinitrobenzoate, 95.2 - 95.? 
0 c). ...'-i. mixed melt-

ing point of this 3,5-dinitrobenzoate with a similar 

derivative prepared from ethyl t-butyl carbinol, (93.5-

930C.) was taken and the melting ::point obtained -,vas 

Another mixed sample method at 89-90°C. 

PREPiillATION OF ETHYL T~R'i:'I.lliY BUTYL CJl1BINOL-

(a) Pro:pionaldehyde v:as :prepared by dichromate :mxi-

dation of normal propyl alcohol using a reflux conden-

ser through which chloroform was circulated as a separator 

the chloroform, (b.61°C.) served to condense the propyl 

alcohol, (b.9?°C.), and return it to the system, but at 

the same time allowed the aldehyde,. {b.48°C.) to pass 

over into the receiver. The aldehyde was fractionated 

and the fraction distilling between 48-49°C. was collected, 

the yield, 45 grams. 

{b) Preparation of the Carbinol-

Thirty mls. of the aldehyde prepared above were dis

solved in ether and added to an excess of Grignard reagent. 

The reaction was quite vigorous and the reaction mixture 

~ended to solidify to a jelly-like mass. 
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'The aecomposition was accomplished by using ammonium 

chloride and ice as before. The product of the de-

composition was fractionally distilled, the main frac

tion coming over at 132-135°c. The carbinol had pre

viously been prepared by Ginnings and Hauser, (95), but 

no experimental details were given in their paper. The 

boiling point is reported by these authors as being 

134.7-135.1 c. at ?60 mm. 

A low boiling fraction 80-90°C. was obtained which 

was identified as n-propyl alcohol, (3.5-dinitrobenzoate 
0 72.5-73 C). This is lower than the normal boiling point 

of n-propyl alcohol b~t it corresponds to a similar frac

tion obtained in the Grignard oxide runs. 

Refractionation of Carbinol prepared from Propional-

dehyde and t-butyl Magnesium Chloride: 

This carbinol had previously been separated into 

five fractions including material boiling from 120-135°C. 

The five fractions were now combined, washed and dried, 

and carefully refractionated through a modified Podoiel-

niak column. The first fraction, ex~luding the fore-run 

of ether, was obtained at 125-127°C. followed by a frac-
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tion at l2?°C. which salified in the dry ice cooled 

receiver. This was followed by a sharp rise to 133°C. 

where the main body of the material came over. 'rhis 

material, ethyl-butyl carbinol, (b.pt. l33°C. ?56 mm), 

was converted into a 3,5-dinitrobenzoate, m.~t.92.5-93.0°C. 

a~d an naphthylurethan m.pt. 107.5 - 108°0. These melt

ing points checked with those obtained from the carbinol 

resulting from the interaction of propylene oxide and ter-

tiarybmtyl magnesium chloride. Mixed melting points of 

the dinitrobenzoate of the known ethyl t-butyl carbinol 

and the methylneopentyl farbinol showed a definite «re

pression (m.85-B7°C.) asAdid the mixed melting point of 

the reaction ~roduct (oxide and Grignard) and methylneo

pentyl carbinol, (m.89-90°C}. 
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The reaction of t-butylmagnesium chloride 

with propylene oxide has been studied over a wide 

variety of conditions. The effect of low tempera

tures, (-5 to 0°C.), and high temperatures, (8l°C. 

and 1?8-l93°C.), in the solvents ether, benzene, and 

toluene, has been studied. The effect of time on 

standing before decomposition hLs also been studied. 

In all cases, the only product corresponding to an 

addition of the t-butyl group was ethyl t-butyl car

b-inol • 

. The other possible isomers, methyl neopentyl 

carbinol, methyl t-but¥1, end pentamethyl ethanol were 

were sy~thesized and found to be absent from the pro

duct obtained as a result of the reaction of t-butyl 

magnesium chloride and :propylene oxide. In the pro-

cess· of the investigation methyl t~butyl ethanol was 

synthesized under the direction of the authors. This 

alcohol had not previously been reported as such in 

the literature. The methyl neopen~yl carbinol has 

been prepared by a new method. 

It is suggested that this synthesis be repeated 

using ditertiary butyl magnesium or t-butyl lithium. 



-121-

~h~ use of either of these comnounds would avoid the 
..... . 

possibility of rearrangement of the oxide through the 

action of the magnesium halide etherates and should 

lead to the desired product, methyl neopentyl carbinol. 

This would make it possible to configurationally relate 

the carbinol to the members of the straight chain series. 

A more efficient fractionating column would be advisable 

as it should make possible the separation of the lower 

boiling isomers, some of v.;hich may be of theoretical in-

terest. 
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