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The Cleavage of the Carbon-Oxygen Bond by Organomagnesium Compounds

B.A.Trofimov and S.E.Korostova

Studies on reactions involving the cleavage of the C-0 bond by organomagnesium compounds (OMC) (Grignard and Norman
reagents and lotsich complexes), including the behaviour of ethers, open-chain acetals, and cyclic acetals in relation to the
OMC, are reviewed. The mechanism of the cleavage of the ether linkage by OMC is discussed, attention being concentrated
on the reaction of 1,3-dioxacyclanes with OMC, the complex-formation processes in the reaction of 1,3-dioxolans with
Grignard reagents and lotsich complexes, and also the mode of the cleavage of asymmetrically substituted 1,3-dioxacyclanes
by these reagents.
The bibliography includes 183 references.
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I. INTRODUCTION

Since the publication of the last review1 on the cleavage
of the C -O bond by organomagnesium compounds (OMC)
the number of studies in this field has doubled and contin-
ues to grow. This is particularly due to the discovery of
new preparative syntheses and also the fact that they yield
additional information about the structure of OMC and the
role of electrophilic catalysis and complex formation in
reactions of OMC.

The available information about the chemistry of the
O-C bond has been appreciably amplified by studies on the
cleavage of cyclic acetals and some of their analogues by
Grignard, lotsich, and Norman reagents carried out in
recent years in the USSR and abroad Until
recently it was not clear whether the Chichibabin-Elgazin-
Spath reaction35"43 can be applied in the series of 1,3-
diheterocyclanes. The recommendation44 that certain
cyclic acetals be used as solvents for Grignard syntheses
appeared to suggest a high stability of such acetals in rela-
tion to OMC. Nevertheless the wide distribution of cyclic
acetal systems in nature, the systematic use of acetal
protecting groups in carbohydrate and steroid chemistry,
and the high and many-sided physiological activities of
certain 1,3-dioxacyclanes impart urgency to the solution
of these problems: the reactions of the cyclic acetal
group leads to new ways of synthesising and modifying
important groups of organic compounds. After the
development of an industrial method for the synthesis of
2-methyl-l,3-dioxolan45, the possibility of its employment
as a useful chemical starting material became apparent.
Against the background of continually expanding research
on the polymerisation of trioxan and cyclic acetals and
ethers, analysis of the conditions and characteristics of
the cleavage of the C-O bond has acquired special impor-
tance. Such cleavage is the initial stage in any method of
polymerising oxygen-containing heterocycles.

Studies published from 1960 to 1962 and partly in 1973
are discussed critically in the present review. Of the
earlier publications, only those which had not been con-
sidered in previous reviews1'46'47 are quoted.

Attention has been concentrated on the reactions of
OMC with cyclic acetals, which reflect the trend which is
at present dominant in this field. The review does not

deal with the behaviour of OMC in relation to 1,4-dioxans,
1,3,5-trioxans, and derivatives of morpholines and ortho-
esters, since no new data appear to have been published
on this subject in the above period. It also seemed
undesirable to include in the review the reactions of
esters and lactones, since the cleavage of their C-O bonds
on interaction with OMC appears to be a secondary process
for such compounds, which is not part of the reactions
under consideration.

II. ETHERS

1. Reaction Mechanism

In principle, the R' -O-R" molecule can be cleaved
when either of two C-O bonds is acted upon by OMC. If,
developing further the ideas described by Houben-Weyl47,
the reaction is regarded as the usual bimolecular nucleo-
philic substitution (SN2) at the carbon atom of the group
R' :

R'-OR' + R"'-MgX - R'-R" -f R'-OMgX , (1)

then one must naturally expect that this entails the rupture
of the C-O bond where the carbon atom has a lower elec-
tron density or there is a greater scope for the distribution
of the charge of the attacking anion. Unfortunately, the
mode and mechanisms of the cleavage reactions of ethers
have not been analysed so far in the literature, although
the relevant facts are available (see previous reviews1>46>4T).
If account is taken of all the examples at present available,
the conclusion reached is fairly unexpected: the cleavage
of asymmetric ethers by OMC involves preferentially the
C -O bond in which the carbon atom has the maximum
electron density. In other words, the cleavage involves
the formation of the most favourable carbonium ion.
This is illustrated by examples (2)-(8):1>48~S3

CHsOCjH, + CH.Mgl - , CSH, + C,HsOMgI , (2 )

C,H,OC,HS + QH^MgBr -> C,H, 4 C.H., + C,H,OMgBr , (3)

"-C,H17OCH,CH=CH2 -f C,H,MgBr -* C,H6CH2CH=CH, + n-C,H,,OMgBr , (4)

C.H.OCH.C.Ht + C4H,MgBr -> C,H,CH,C4H, + C,H,OMgBr , (5)
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Η5 + C,H5MgBr -> CHa=CHCH,C,H5 + C,HsOMgBr , (6)

C,H,OCH!CH=CHC,H5 + C,HlsMgBr -. C,H6CH=--CHCHaC,H16 + C,HsOMgBr , (7)
Ο C (C.Hb)fiOCHfi = CMgBr -,

(8)
= CH + (C.Hb)fiOCHfi = CMgBr

(C,H,)8CC = CCH2OC (CH,), + HC = CCH.OMgBr

Certain «0-unsaturated ethers 5 4" 5 6, which are some-
times cleaved on the side of the double bond, apparently
constitute an exception. However, the contradictory
information on this problem and also the known specificity
of the chemical behaviour of such ethers preclude fairly
definite conclusions. Thus it has been reported55 that the
ether CeH5C(OC2H5)=CH2 reacts with phenyl- and^-meth-
oxyphenylmagnesium bromides, forming respectively
(CeH5)2C=CH2 and £-CH3OC6H4(C6H5)C=CH2. It has also
been shown56 that alkyl vinyl ethers with different alkyl
substituents in the a- and /?-positions in the vinyl group
are cleaved by Grignard reagents (GR) via the reaction

RCH=C(R')OR-+R"MgBr _ [RCH=C (R')OH] -» RCH.COR',

where R = H, w-C3H7, »-C 5 H u , or w-CeHia, R' = H, n-
C4H9, W-C5H11, or w-C6Hi3, R " = C2H5 or n-C 4 H 9 , and
R ' " = C4H9. Ultimately ketones formed. The reactants
are heated in petroleum ether for 12-30 h. 5 6 For
example, 5-undecanone was obtained in 76% yield from
C5HnCH=C(C4H9)OC4H9 and butylmagnesium bromide.
The results of the study by Quelet and d'Angelo57 [reaction
(10)] are consistent with this finding:

(10)

C4H,

On the other hand, according to other data58 /3-alkyl-
substituted vinyl ethers react with OMC to form primary
alcohols and olefins. Similarly the reaction of unsubsti-
tuted vinyl ethers, in particular butyl vinyl ether, with
phenylmagnesium bromide results in the formation of
butanol and styrene in 60 and 30% yields respectively5e.
It has been suggested56 that the yield of propenylmagne-
sium bromide, obtained in vinyl ethers, is influenced by
its reaction with the solvent.

There are data on the polymerisation of vinyl ethers
under the influence of Grignard reagents5 9 '6 0 showing that
the polymerisation proceeds in the presence of an alkyl
vinyl ether6 0. On the other hand, in the presence of an
excess of the Grignard reagent, the initial ether is
recovered unchanged even after heating and only a small
amount of oligomers and products of the hydration of the
vinyl ethers are formed under these conditions. There-
fore, despite earlier studies5 6 '5 8, it was concluded60 that
alkoxy-groups adjoining the double bond are relatively
immobile, like a halogen atom, and are not exchanged for
the group in the OMC. These results for αβ-unsaturated
ethers are nevertheless consistent with the conclusion that
the majority of ethers react with OMC apparently via an
SNI mechanism. However, since spontaneous dissocia-
tion of the C-O bond is unlikely under these conditions,
the classical SNI mechanism must of course be rejected.
The following explanation is probable. In all the known
cases of the cleavage of the C -O bonds under the influence
of OMC the reaction mixture contains Lewis acids (MgX2
and CoXa; here and henceforth X is a halogen), which are
coordinated to the oxygen atom and probably ultimately

cleave the C -O bond. This can occur simultaneously with
attack by an anionf, for example R2Mg:

Mg(R>2 »- R-Q>= MgX2 . (11)
I

In order to explain the observed mode of cleavage of
asymmetric ethers, a decisive role must be attributed to

the electrophilic attack ^ M g ^ in the dissociation of

the C-O bond. Thus the process must be classified as
nucleophilic substitution with electrophilic catalysis. As
will be shown below, the majority of the characteristics of
the dissociation of the C -O bond by OMC known at the
present time can be explained satisfactorily by the proposed
mechanism.

(9) 2. Cyclic Ethers

Like open-chain ethers, cyclic ethers are relatively
unreactive in relation to OMC. It is not fortuitous that
tetrahydrofuran (THF), 2-methyltetrahydrofuran, and
tetrahydropyran occupy a special position as solvents for
Grignard syntheses44. The following new facts can be
added to the information available from previous
reviews1 '4 6 '4 7 on the behaviour of cyclic ethers in the
presence of OMC. Many reactions involving OMC take
place in THF without the cleavage of its ring 1*' 6 1" 2.
Nevertheless it has been stated that THF is cleaved when
butylmagnesium bromide is synthesised in it. On the
other hand, according to other data 4 4 ' 6 4" 6 7 THF begins to
react with Grignard reagents only at about 200°C, forming
primary alcohols:

where
R=C,H,(Br),

RMgX -> R(CH,),OMgX .

I), (C,H,),C(Br); X=C1, Br .

(12)

Chlorotrimethylsilane and magnesium react in THF*
via the mechanism

(CH3)sSiCI + (13)

The reaction between dihydropyran and OMC leads to the
formation of an unsaturated alcohol in 35-40% yield69.

The reaction of 2-halogeno-substituted cyclic ethers
with a Normal reagent can proceed in different ways.
Thus, when CH3CH=CHMgBr interacts with 2-chlorotetra-
hydrofuran and 2-chlorotetrahydropyran, the unsaturated
alcohols CH3CH=CHCH=CH(CH2)2OH and CH3CH=CHCH=
CH(CH2)3OH are formed respectively70. On the other
hand, another mode of this reaction has been described71:

Χ + R'MgBr R' + MgX.Br (14).

where R = Η or CH3, R'= CH2=CH or CH3CH=CH, and
X = Cl or Br. The yield of the reaction products is 50%.

The reaction of 2 -alkoxytetrahydropyrans with OMC
has been studied68'72 and the cleavage of the C-O bond in
the pyran ring has been reported 6 9 ' r 3" 7 e

> p o r example,

t One cannot rule out the possibility that this attack
occurs in certain cases as a one-electron transfer.
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when 2-ethoxy-2,3-dihydrojy-pyran is heated in toluene
(85-90°C, 90 min) with an excess of a Grignard reagent,
a mixture of cis- and trans-alkyl (or aryl)(2-ethoxycyclo-
butyl)methanols is formed in yields up to 48%.74 The
authors74 suggest that the reaction proceeds via a mecha-
nism involving cyclic electron transfer.

The reactions of the following cyclic ethers [reactions
(15)-(20)] have also been described2 8 '5 7 '7 7:

iC 2 H 5

where R = CH3, C2H5, ra-C4H9, or

+ RMgX —

R

OCjHs

(CIS-,

trans-)

(15)

(16)

where R = CH3, »-C4H9C=C, or t-C 4H 9, R' = Η or CH3,
and X = Br or I;

I

R " — I 'l RMgX

R'-l J-OC S H S

R"

-OC.H,

R'—C-OH

i
where R = CH3, C2H5, or C*H9, R' = R " = H, R ' " = C H 3

or CeHs, and X = Br or I;

RMgX

OC 2 H 5
HOCH OC2H, >

R

HOCH

R

-^ \—Y\
HOHC ο /

where R = C2H5 or C4H9 and X = Br.
The interaction of 2 -dialkylaminotetrahydropyrans

with a Norman reagent leads to aminoalcohols :
/ \
I I H + R'MgBr - R'CH (CH^OH ,

X NR

(18)

(19)

(20)

(21)

where R = C2H5 and R' = CH2=CH or CH3CH=CH.
Cyclic ketoethers react with OMC via the carbonyl

group7- 7 8 ' 8 0 [reactions (22) and (23)]:

R'
-OH

+ R'MgX

(22)

where R = Η or CH3, R' = CH3, C2H5, C3H7, C5Hn, or
s, and X = Br or Cl, and

RX /OH

η -
H.O

V O R

OMgX

/OR ϊώ--.
,/\ R

H.OH"

- ROH '

OR

OH
I

(23)

.OR

3. Ethers with Other Functional Groups

F u l l g l y c o l e t h e r s are fairly resistant to the
action of OMC 81~83. Thus the diethyl and dibutyl ethers
of ethylene glycol82, the diethyl and dibutyl ethers of
diethylene glycol66, and also the ethers of polyethylene
glycols of the type RiOCIfcCHa^OR have been suggested64

as high-boiling solvents for Grignard syntheses. The
cleavage of the C -O bond under the influence of OMC was
not observed in the dimethyl ether of ethylene glycol81

even on heating at 70°C for 3.5 h. However, this ether
is known to be cleaved appreciably84 after 3 h at 95°C:

HjOCHa + CjH.C^CMgBr + CHjOMgBr .
(24)

H a l o g e n o e t h e r s . Without repeating the refer-
ences quoted in Pokonova's monograph85 and Summers'
review86, we shall examine the characteristic reactions
of OMC with halogenoethers using some new examples.
a-Chloroethers are known85 to exchange their halogen
readily for the hydrocarbon group in OMC, as a rule with-
out the cleavage of the C -O bond. According to Shosta-
kovskii et al.,8 7 aryl o-chloroisopropyl ethers behave in
this way. The reaction with Norman88 and Iotsich8 9"9 2

reagents proceeds similarly. Both halogen atoms are
substituted without much difficulty in bis-(«-halogeno-
methyl) ethers 8 3. However, under the influence of di-
o -substituted arylmagnesium halides, the a-halogeno-
ether is cleaved at the C-0 bond9 3 '9 4:

CH,—

/ C H ,

\-MgBr + ClCHjOCH, C H . - '

/CH,

)—CHjCl + CHjOMgBr . ( 2 5 )

58%

o-Halogenoethers form Grignard reagents9 5. When
an attempt is made to prepare OMC from β -halogeno-
ethers, the C-0 bond is usually cleaved with the libera-
tion of an olefin96:

CH3O (CH2)2CI + Mg 4§ | r -» CH,OMgCl + ">C=C< (26)

However, according to Shostakovskii et al.,6 1 /3-bromo-
ethyl phenyl ether can react normally with magnesium.

Another instance of the formation of OMC from a 8-
halogenoether is also known97:

H b C, x /OC2HS

• M g -,

I
C,HS

(27)

A Grignard reagent could not be obtained from y-bromo-
butyl vinyl ether (in diethyl ether and THF as solvents),
dimerisation and dehydrobromination products being
detected2 3 '9 8:

CH,=CHO (CH2),CHBrCHs + Mg CHS=CHO (CH!)!CH=CHCH3 +

(CH3) CHCH (CHS) (CH2)3OCH=CHa . (28)

Only δ-bromobutyl vinyl ether reacts with magnesium
without appreciable complications, forming the corre-
sponding Grignard reagent2 3 '9 8.

A Norman reagent does not disrupt the C -O bond in
αβ-dibromoethers9 9 '1 0 0 and certain Iotsich complexes
behave similarly with respect to /3-bromoethyl chloro-
methyl ether 1 0 1.

Certain trihalogenoalkyl ethers merely exchange their
a -halogen atom for the alkyl group on reaction with a
Grignard reagent and the C-O bond remains unaffected28'1CE.
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Ethers with active functional groups react with OMC in
accordance with the general rule, i.e. via the most reac-
tive f ragment 2 8 ' 1 0 3 ^.

C y a n o e t h e r s . In contrast to a-alkoxynitriles,
which react with OMC in the usual way, /8-alkoxynitriles
are wholly cleaved by the latter at the C-O bond107:

CH 2=CHORO (CH2)2C = Ν + R'MgBr -> CH2=CHOR'OMgBr , ( 2 9 )

where R' = (CHzfe or (CHakOfCH^ and R" = C2H5, C4H9,
or C6H5. The reaction proceeds with evolution of heat.
It has been suggested107'108 that it involves the intermedi-
ate complex illustrated below:

R"'-</)

CH,--,-R
M g-RT I ». R"'0MgBr + R"(CHJ) S CN + RMMgBr , ( 3 0 )

•Mg -Air"

Br

where R ' " = CHa or CHOR'.
The cyano-product obtained on cleavage of the ether is

then converted into a ketiminate and which then polymer-
ises:

—C(R')—NH—
R"(CHi)sCN -» !

L (CH 2 ) 2 R'
(3D

When the |3-cyanoethyl ether of 2-methyl-4-trimethyl-
silylbut-3-yn-2-ol reacts with ethylmagnesium bro-
mide 1 0 9 ' 1 1 0, the main process is the cleavage of the C-O
bond:

(CH3)3SiCsECC (CHs)2OCHtCH2CN -f

-> (CHJaSiC = CC (CH3),OH + (CH,),SiC=C (CH,),OCHtCH,CC,H, ( 3 2 )

22% Ο

A m i n o e t h e r s . The exchange of the alkoxy-groups
in certain aminoethers for the substituent in Grignard and
Norman reagents has been described1 1 1 '1 1 5 [reactions (33)-
(36)]:

H2NOCH3 + RMgX - RNH, + CHaOMgX (33)

where R = C2H5, i-C 5Hu, i-C4H9, or t-C4H9 and X = Cl,
Br, or I;

C,H,CH2ONH, + RMgX -» RNH2 + C,HsCH2OMgX (34)

where R = C 2 H 5 , i-C5Hn, cyclo-CeHn,
p-BvCeHi or a -naphthyl and X = Cl, Br, or I;

R2NCHaOR + R'MgCl ^ RJNCHJR" + ROMgCl , (35)

R2NCH(R')OR' + R"MgBr -> R2NCH(R')R" 4 R'OMgBr , ( 3 6 )

where R = CH3, C 2H 5, C 4H 9, C 5 H U , R' = H, R " = C2H5,
C 4H 9, orCeH 5 , R ' " = CH3CH=CH, CHz^HCHaJ CH;>=CH,
(CH3)2CH, (CH3)2C=CH, i-C 5Hn, C4H9, or α-naphthyl, and
X = Cl, Br, or I.

HI. OPEN-CHAIN ACETALS AND THEIR STRUCTURAL
ANALOGUES

Many acetals are very resistant to the reaction of OMC
and it is difficult to make them undergo exchange reac-
tions with the latter.

1. Formals

Dimethyl and diethyl formals nevertheless exchange
alkoxy-groups for the substituent in the Grignard reagent
at high temperatures, forming ethers 1 1 6" 1 1 8 :

ROCH2OR + C,H6MgBr - . C,H,CH2OR + ROMgBr , (37)

where R = CH3 or C2H5.
Saturated symmetrical formals derived from alcohols

ranging from propanol upwards hardly react with OMC
under these conditions. The method of synthesis of a
number of OMC 1 1 9 in di-isopropyl or di-isobutyl formals
is based on this finding. Mixed unsaturated formals6 0 are
more reactive than saturated symmetrical formals towards
Grignard reagents. Alkoxy-groups containing multiple
bonds then undergo exchange:

ROCH2OR' + C,HtMgX - . R'OCH2C8H5 + ROMgX , (38)

where R = C2H5 or C4H9 and R ' = C(CH3)2CH=CH2, or
()

The above data are consistent with the proposed mecha-
nism (see Section I, 1), since of the+two most probable
intermediate cations of the type ROCH2 the more stable is
the one containing a group with more marked electron-
donating properties (i.e. in the present case an aliphatic
group). When an OMC acts on the diformals
ROCEfeOCIfcOR, the corresponding formaldehyde acetals
are formed in yields up to 50% :1 2 0

ROCH8OCH2OR -1- R'MgX -> R O C H J O C H J R ' + ROMgX , (39)

where R = C 2 H 5 , C4H9, i-C5Hu, orCeH13, R' = CH2C6H5

or n-C6Hl3, and X = Cl. This reaction proved to be con-
venient for the synthesis of formals with a β-phenylethyl
alcohol residue, which has a flowery scent.

2. Acetaldehyde Acetals

In the reaction of symmetrical dialkyl and di(arylalkyl)
acetals1 2 1 with Grignard reagents the alkoxy-groups can
be arranged in the following sequence in terms of the ease
of their exchange: OCeHs > OAlk > OCIfeCeHs. This
sequence might have been foreseen on the basis of the
ideas described in Section 1.1. The available data on the
reactivities of dialkyl acetals in relation to Grignard
reagents are contradictory. Thus as early as 1961
Blomberg and Vrengdenhill122 observed in the synthesis of
Grignard reagents in boiling dialkyl acetals the cleavage
of the latter with formation of ethers and alkoxymagnesium
halides. However, in 1964 Shostakovskii et al. 1 2 3 sug-
gested that diethyl and dibutyl acetals may be used as the
medium for the synthesis of OMC, since according to their
data, these acetals do not interact with Grignard reagents
even at 150°C. Grinberg124 obtained ethers derived from
alkyl(aryl)hexylmethanols and diaryl(alkyl)hexylmethanes
by the reaction between the acetal of oenanthaldehyde and
OMC. Thus not only the acetal but also the ether formed
from it are cleaved in this case.

If the alkyl groups in asymmetric acetals do not differ
appreciably in their structures, the reaction proceeds in
two ways :

OC2HS

CH8CH + QH.MgBr-

OC4H,

> CH,CH (C.H.) OQH,+C2H5OMgBr

——. CHaCH (C4H,) OC2H5 + C,H,OMgBr

(40)

Pathway 1 is dominant, i£. the less electron-donating
alkoxy-group again undergoes exchange more readily. As
expected, in mixed alkyl aryl acetals the aryloxy-group
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is split off preferentially. On the basis of the mechanism
discussed in Section 1.1, the symmetrisation of the mixed
acetals in the course of these reactions might have been
predicted. Such symmetrisation has in fact been observed
in the reaction of ethylmagnesium bromide with butyl ethyl
and benzyl ethyl acetals59. The reaction of acetals with a
Iotsich complex leads to the formation of acetylenic
ethers 8 4 ' 1 2 5 ' 1 2 6:

CH3CH(OR)2 + HC = CMgBr j ~ ^ , -HteCCH(CH 3)OR + ROMgBr , ( 4 1 )

M - BrMgteCMgBr -* CH3CH(OC4H,) C=CCH(OQH,) CH3+2C1H,OMgBr .

(42)
The Iotsich complex obtained from ethynyldimethylmethanol
is also reactive 2 7 :

CHsCH/OC.H,), + BrMgfeCC (CH,)2OMgBr ^=^—
-, (CH3)2C (DH)CsCCH (CH3)OC,H,+C1H,OMgBr .

The reactivity of C-O bonds in relation to the Iotsich
complex increases sharply on passing from acetals to
ketals 8 \ It will be shown below that this rule holds
fairly clearly also in other versions of the reaction of OMC
with acetals or with their close analogues. This is yet
another piece of evidence for the electrophilic nature of the
rate-limiting stage in the cleavage of the C-0 bond under
the influence of OMC. Presumably, the interaction C-O~~
MgXa, and not the nucleophilic attack R e ^ C - O , is deci-
sive, Otherwise the enhancement of the electron-donating
pro f rties of the group joined to the oxygen atom on
pass ;ig from acetals to ketals would have reduced the
reactivity of the reacting C -O bonds. In reality the C -O
bonds in ketals are more reactive than in acetals.

The a c e t a l s of u n s a t u r a t e d a l c o h o l s react
with OMC like the acetals of saturated alcohols. The
interaction of alkyl vinyl acetals with Grignard re-
agents127'128 leads mainly to the formation of saturated
ethers:

OR
/

CH3CH + R'MgX-
\

OCH=CH2

> CH3CH (R')OR

-> CHSCH (R')OCH=CH2

(44)

where R = alkyl or CH = CH, R' = CeHs, and X = Br.
The yield of the corresponding alkyl vinyl ethers is

about 30%, i.e. as in αβ-unsaturated formals60, the C-0
bond on the side of the more strongly electron-accepting
group is the first to be broken, which is equivalent to the
formation of the most stable carboxonium ion.

Divinyl acetals1 2 7 involved in an exchange reaction with
OMC form vinyl ethers:

It is surprising that the reaction of the acetal derived
from the /3-hydroxycrotonic ester with a phenylmagnesium
halide129 proceeds without affecting the ester group.

OC.H,

CH3CH +C,HsMgX^CH3CH (C,Ht) OC2H,+MgOC (CH3)=CHCOOC2H5.

OC(CH,)=CHCOOC2H5 ^4gj

3. Acetals of Unsaturated Aldehydes

A c r o l e i n a c e t a l s 1 3 0 give rise to a mixture of allyl
and vinyl ethers on reaction with OMC:

— > CH>=CHCH (R) OR'

CH,=CHCH (OR')2+ RMgX (47)

where R = CH3, C2H5, C3H7, i-C3H7, C4H9, i-C4H9,
CH3(C2H5)CH, (CH3)3C, cyclo-CeHn, C6H5, CH3CH=CH, or
C4H9CK:, R' = CH3, C2H5, i-C3H7, orCH(CH3)2, and X =
Br, Cl or I. At elevated temperatures (100-120°C)
pathway 1 predominates (the yield of allyl ether is 93%).
The reaction is carried out in ether, THF, toluene,
xylene, or decalin in the course of 1.5-2 h. The following
reaction mechanisms have been proposed130:

CH,=C- OR'

C

R 1 — ο ) Η Mg—X »- CH2=CHCH(OR'|R +R'o.Hgl! + MgXj j (48)

RCH2CH=CHOR' (49)

The homologues of the propenal acetal1 3 1 react with
OMC as follows:

R I VCH=CR I I ICR 1 1 (OR') !+RMgX-<R I VCH=CR I I ICR1 1 (R) OR I+RR 1 VCHR I I IC=C(R I I)OR I,

(50)

where R = C 2H 5, n-C 4H 9, (CH3)3C, C 6H 5, CeHjCHz, or
C6H5CH2CH2, Rl = C 2H 5, Rll = Η or CH3, RlH = H, C 2H 5,
or i-C 3H 7, RlV = H, and X = Br or Cl. The following
reaction mechanism is discussed in the same study 1 3 1 :

R 1 " — C H = C '

(51)

R1"r.H-C(R")CH.,UCJH.

Quelet and d'Angelo proposed the mechanism

ll-0 CI[=CIICH=CM,

ll-O') I I
(52)

where R = CH3, n-C4H9, or t-C4H9C=C, and X = Br.
Similar reactions are discussed in Normant's review28.

Ethers with an acetylenic linkage have been obtained
from propargyl acetals 1 3 2 ' 1 3 3.

4. Halogenocetals

The acetals of halogenoaldehydes with a halogen atom
in the β -position relative to the ethylidene group undergo
an exchange reaction with OMC, forming /?-halogeno-
ethers 1 0 2 :

XCHjCH (OR)j'+ R'MgX - XCH.CH (R') OR + ROMgX , (53)

where R = n-C4H9, R' = C6H5 or C4H9, and X = Br.
Under these conditions, the exchange takes place more

readily than for the usual acetals. At first sight this
finding is inconsistent with the fact that the C-O bond is
ruptured before a new C -C bond is formed. However,
when account is taken of the possibility of the anchimeric
cooperation by the halogen atom,

XCH2--CH—OR «CH 2 -CH—OR (54)

—j—*RCH2CH=CHOR' the contradiction is removed.
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In reactions with Iotsich complexes, bromoacetaldehyde
acetals exchange their alkoxy-groups for the ethynyl
group125. The bromine atom is not substituted under
these conditions:

BrCH,CH (OQH,), + HC = CMgBr -> BrCH,CH (C=CH) OQH, + C4H,OMgBr , ( 5 5 )

2 BrCH,CH (OQH,), + BrMgC = CMgBr -> 2C4H,O:MgBr +
+ BrCHjCH (OQH,) C^CCH (OQH,)CH,Br . ( 56 )

The reactions of chlorodiphenylacetaldehyde with phenyl-
magnesium bromide, leading to acetals derived from car-
bon monoxide [C(011)2] and «j3-unsaturated ethers, have
been described1 3 4 '1 3 5:

' (QH,O),CHC (QH,),C1 + QH,MgBr -> MgBr 4 QH.C1 -

CH(C,H,),'MgBr (57)
(QH,O),CHC (QH^Cl + QH,MgBr -. (C,H,O)2CHC (QH,), MgBr + C,H,C1 -,

-»C,H,OCH=C(QH,), + C,H,OMgBr . (58)

However, studies by other workers1 3 6 failed to confirm
the existence of C(OC2H5)2.

The interaction of the dibutyl acetal of bromoacetalde-
hyde with metallic magnesium leads mainly to butyl vinyl
ether 6 0:

BrCHjCH (OQH,), + Mg -> CHS=CHOQH, + QH.OMgBr . (59)

Similar reactions have been reported in other communi-
cations1 3 7"1 3 9.

When β-bromoacrolein acetals are heated with Grignard
reagents at 90-95°C for 3 h, unsaturated bromoethers
are formed131:

: • RCHCBr=CHOR'

CH,=CHBrCH (OR'), + RMgX '

> CH,=CBrCH (R) OR'

where R = C4H9, R' = C2H5, and X = Br.
When a Grignard reagent reacts with the dlethyl acetal

of bromoacetaldehyde, /3-bromovinyl ethyl ether is formed
in 53% yield28:

(61)Br,CHCH (OQH,)., ' ^ tram- CHBr=CHOQH,

The dimethyl acetal of a-bromo-j3-chloropropionalde-
hyde exchanges only the methoxy-group in the cold for the
group in the Grignard reagent'ice.

When di-(/3-chloroethyl) acetal reacts with benzylmag-
nesium chloride, both chlorine atoms are substituted by
benzyl residues with formation of di-(y-phenylpropyl) ace-
t a l14i-!43.

CH3CH (OCH2CH,CI)2 + 2 RMgX -» CH3CH (OCH2CH2R)2 + 2MgClX , ( 6 5 )

where R = CeH5 or CeHsCIfe and X = Br or Cl.
Asymmetric alkyl β-chloroethyl acetals react similarly

with Grignard reagents1 4 1, but the yield of substitution
products does not exceed 89<. The authors141 note that
chlorine in the β -position relative to the alkoxy-group
makes the latter relatively immobile.

After prolonged heating with magnesium in ether, alkyl
/3-chloroethyl acetals give rise to a mixture of three
products6 0:

CH3CH (OQH,) OCH8CHaCH (CH,)OCH,CH.C1
OQH,

+ M g 2—_, CH3CH (OQH,) OCH2CH,CH,CH,OCH(OQH,)CHi2CH3CH

OCH2CH2C1 , C1CH2CH2OCH (CHS) CH (CH,) OCH>CH,CI .

(66)
The third pathway predominates.

5. Acetals with Other Functional Groups and Heteroatoms

The acetals of methoxyacetaldehyde106 form glycol
ethers with OMC:

CH3OCH2CH (OCH3)2 + RMgCI -> CH3OCH2CH (R) OCH3 . (67)

The reaction of the ethoxyacetals CeH5[CH(OC2H5)CHis]n.
.CH(OC2H5)2 with ArCIfeMgCl has been discussed144'145 as a
possible pathway to the synthesis of arylated polyene
hydrocarbons, which are used as organic phosphors.

Carbamoyl- and cyano-acetals react with OMC via
their functional groups1 0 6 '1 2 9 '1 4 6:
RaNCOCH (OC2H,)2 + CH3MgI -» R2NC (OH) (CH3) CH (OQH,) a -» (QH 5 O) 2 CHCCH,,

J, (68)

CNCH (OR), + R'MgX -• R'COCH (OR), (69)

where R = C 2H 5 or CeH5 and R' = C 2H 5, i-C 3H 7, n - C 5 H u ,
n-C7Hi5, C6H5, or cyclo-C6Hn. The yield of ketoacetals
in the latter reaction is 79-95%.

At 36°C 1-acetoxy-l-butoxyethane reacts with Grignard
cicH2CHBrCH (OCH3)S + RMgX -• cicH,cHBrCH (R) OCH3 +CH,OMgBr, (62) reagents primarily via the ester group which is

where R = n-C3H7 or n-C4H9.
The halogen in the acetals of chloropropiolaldehyde may

be substituted by the group of the Grignard reagent with
formation of acetals of ffj8-acetylenic aldehydes in 40-70%
yield139:

CIC^CCH (OR), + R'MgX -> R'C=CCH (OR)2 + MgXCi ,

where R = C2H5 or C 4H 9, R ' = n-C 3 H 7 , i-C 3H 7, n-C 4H 9,
i-C 4 H 9 , n-CsHi3, n-C 9Hi 9, CeH5, or o-CioH7 and X = Br.

(63)

The a c e t a l s of halogenoalcohols as a rule
exchange their halogen atom for the group of the OMC in
the first place. Thus the reaction

> CH3CH (R') OCH,CH,C[

(64)• CH3CH (OR) O C H J C H U R '

CH3CH (R) OCH,CH,R' ,

OR

CH3CH + R'MgX-

OCH2CHjCl

where R = C2H5 or C4H9, R' = CeHs or CeHsCIL·, and X =
Cl or Br, has been described140. The reaction tempera-
ture is higher than the boiling point of /3-chloroethyl ace-
tal.

ultimately exchanged for the group attached to the Grig-
nard reagent.

Mono- and di-thioacetals can be involved in exchange
reactions with OMC 1 4 8 ' 1 4 9 [reaction (70)]. Monothioace-
tals initially split off the alkoxy-group under the influence
of the Grignard reagent:

CH,CH(OR')(SR") + RMgX -* CH,CH(R)SR- + R'OMgX , (70)

where R = C4H9 or CeHs. The reaction of dithioacetals
with Grignard reagents is much more difficult.

The reaction of organosilicon acetals with OMC has
been described1 1 0 '1 4 0 '1 5 0. The alkoxy-group containing
the silicon atom is exchanged regardless of whether it is
linked to oxygen directly or is more remote. This mode
of reaction is difficult to explain. The corresponding
ethers are usually obtained in yields up to 70%.

The capacity of organosilicon groups in acetals for
exchange decreases in the sequence150 OSi(CH3)3 >
OSi(C2H5)3 > OCH(CH=CH2)CH2Si(CH3)2C2H5.

In organogermanium acetals the germanium-containing
groups are also exchanged for the group of the Grignard
reagent",
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IV. CYCLIC ACETALS (1,3-DIOXACYCLANES) AND
THEIR ANALOGUES

Cyclic acetals play an important role in synthetic
organic chemistry. The protection of vicinal hydroxy-
groups of carbohydrates and sugars by acetal groups is
widely known. The protection of the carbonyl group by
the acetal group has been used successfully in the indus-
trial synthesis of steroids and terpenoids.

Although 1,3-dioxacyclanes do not differ in principle
in any way from open-chain acetals, nevertheless their
cyclic structure is responsible for one characteristic
feature which justifies the consideration of the reactions
of 1,3-dioxacyclanes with OMC in a separate section.
This feature is that 1,3-dioxacyclanes do not lose their
oxygen-containing fragment on cleavage of the C-0 bond
by OMC in the way that open-chain acetals do.

As shown above, the exchange reactions of acyclic
acetals with OMC have been investigated in fair detail.
On the other hand, systematic studies on the analogous
reactions of 1,3-dioxacyclanes began only recently. It
appeared for a long time that 1,3-dioxacyclanes are fully
resistant to the action of OMC. This was indicated by
many facts. Thus 1,3-dioxolans with methyl substituents
at C(4)44 or at C<4) and C(s)34 were suggested as solvents
for Grignard syntheses. According to Nazarov151, a
bicyclic acetal with a complex structure, consisting of two
1,3-dioxolan fragments, does not react with OMC under
the usual conditions. Many examples are known in which
1,3-dioxacyclanes containing functional groups react with
OMC only via these functional groups without the cleavage
of the C-O bonds in the acetal ring. In particular, the
methylation of the terminal acetylenic group in 2-but-3-
ynyl-2-methyl-l,3-dioxolan by ethylmagnesium bromide
and methyl iodide in THF has been described152. The
cleavage of the C -O bond has not been observed either in
reactions of various carbonyl derivatives of 1,3-dioxolans
with OMC 3 1 ' 1 5 3" 1 5 5.

The interaction of 2-methoxy-1,3-dioxolans with OMC
on heating leads to 2-alkyl(aryl)dioxolans156. The for-
mation of OMC from cyclic five-membered acetals derived
from saturated and unsaturated halogenoketones, including
aromatic and heteroaromatic ketones, has been
described9 9 '1 4 4 '1 5 7.

The ethylene acetal of chloral is reduced by Grignard
reagents to the dichloroacetaldehyde acetal in 74% yield28.

When cyclic acetals of certain dihalogenoketones are
treated with metallic magnesium, a three-member ed ring
is formed. The C-O bonds are not then affected106. All
the data quoted above appear to have created a psychologi-
cal barrier to studies on the cleavage of 1,3-dioxacyclanes
by OMC. A few early studies1 5 8"1 6 1 at the beginning of the
century, in which the formation of the monoethyl ether of
catechol from its formal on prolonged heating with methyl-
magnesium iodide was mentioned, were not developed
further and were undeservedly essentially forgotten until
the 1960's.

1. The Cleavage of 1,3-Dioxacyclanes by Grignard Re-
agents

Reactions involving the opening of the ring in various
cyclic acetals by OMC [reaction (71)], leading to glycol
monoethers (cellosolves), have been described almost

simultaneously and independently by two research
teams 2 ' 3 4 :

/ K \
Ο Ο + R'"MgX

x
R' R"

I
«"—C— OROH (71)

, R '= H,
, or n-C4He, R ' " = C H 3 )

and X = Br or I.

where R = (CHa^, (CH3)CHCH2,
CH3, or C2H5) R" = H, C2H5,
C2H5, n-C4H9, CeH5, or

Cellosolves are usually obtained by the addition of
alcohols to epoxyalkanes. The reaction is carried out in
the presence of various catalysts l e B or by heating in an
autoclave163. A mixture of ethers of mono-, di-, and
tri-alkylene glycols, which are capable of interconversions
under the reaction conditions, is as a rule formedI63.
The reaction of 1,3-dioxacyclanes with Grignard reagents
made it possible to develop a fundamentally new method5'6

for the preparation of a wide variety of glycol monoethers.
The reaction is carried out at 60-130°C in solvents (ben-
zene, toluene, or xylene) or in an excess of the acetal
itself. The yield of hydroxyalkyl ethers depends on the
structure and nature of the initial reactants, their pro-
portions, the duration of heating, and the medium,
reaching 82%.

More than 30 different glycol monoethers obtained in
this way have been described2 2"2 4. Cyclic formals are
resistant to the action of Grignard reagents under the
conditions investigated. As alkyl substituents accumulate
in the 2-position, the reaction accelerates and the yield of
cellosolves increases

22-24
This behaviour is consistent

with data for the influence of substituents on the hydroly-
sis 1 6 4 ' 1 6 5 of 1,3-dioxacyclanes and also on their cleavage
by halogenoacyls166"1™ and is probably due to similar
causes: a change In electron density at the oxygen atoms
which are the object of the primary electrophilic attack
and in the stability of the intermediate carboxonium ion2 4.
This finding conflicts with the concept of the primary
nucleophilic attack on the C<a atom, since under such con-
ditions the electron-donating substituents in the 2-position
should have retarded the process. The facilitation of the
reaction with increase of the electron-donating capacity of
substituents in the 2-position shows that the Co-O bond
dissociates before the formation of a new Cei-R bond (R
is the group attached to OMC). The following mechanism
has been proposed for the opening of the 1,3-dioxolan ring
by OMC 3 i :

(72)

According to mechanism (72), an increase in the elec-
tron-donating influence of the alkyl substituents in the 2-
position should facilitate the cleavage of the acetal ring.
The results of Blomberg at al. 3 4 indicate that ethylmagne-
sium bromide hardly reacts at room temperature with
2-methyl-l,3-dioxolan, while 2-ethyl- and 2-n-propyl-
1,3-dioxolans form hydroxyethers under these conditions
in yields of 39 and 78% respectively. The bulk of the alkyl
groups in the Grignard reagent is reflected in the course
of the reaction only when the dioxolan ring contains fairly
bulky substituents . The corresponding hydroxyethers
have been obtained from the ethylene ketal of cyclohexa-
none on treatment with two equivalents of a Grignard

ν



48 Russian Chemical Reviews, 44 (1), 1975

reagent in 91% yield (75°C, 16 h, benzene).33 The reac-
tion of 4-alkoxymethyl-2,2-dialkyl-l,3-dioxolans with
ethylmagnesium bromide leads to the corresponding gly-
cerol ethers 1 7 1. The reactions of 2,2,4,4-substituted
1,3-dioxolans with various Grignard reagents [reactions
(73)-(76)] have been descr ibed^:

+ RMgX -> CH2=CHCH (OH) CH (CH=CH2) OCR (CH3)2 , ( 7 3 )

CHj=CH CH=CH,

C-C

Ο Ο
\ /

c
/ \

H3C CH3

where R = CH3 (X = I), C2H5, i-C3H7, or CeH5 (X = Br).
When R = 1-C3H7, a reduction takes place:

-0<tV.H
S C H + C H , = C H C H 3 .

V
(74)

C

BrlUc^-CH
NCH3

cis-Isomers undergo isomerisation:
CH, CH,

CH2=C C=CHa

\ /

CH,

HO—CH-R C=CH,
/

(75)
Ο
\ /
/ \

a primary alcohol being obtained with i-C3H7MgBr:
CH,

\ /

H.C Ο
(76)

A rearrangement of similar acetals to furan aldehydes
is known173:

(77)

The latter are probabty intermediates in the isomerisation
described by Mousset . When butylmagnesium bromide
reacts with the cyclic acrolein acetal, the vinyl group is
alkylated in addition to the normal mode of reaction
[reaction (78)]. The process is accompanied by a proto-
tropic rearrangement :

CH2

CH 3

=C
\ _ _

CH 3

C=CH,
_ /

1

O=CHxf

/H 2C

CH,

:Η 8 C=CH

\ 0

0 0 + C4H,MgBr
\ C /

Η C H = C H 2

' CH 2 =CHCH (C.H.) OCH2CH2OH

• C4H,CH2CH=CHOCH2CH2OH

i

C 1H,CH !CH 2CH<

(78)

These problems are discussed in greater detail by
1 7 2

The reactions of ω-halogenoalkyl-1,3-dioxolans with
metallic magnesium have been considered2 8 '9 6 '1 7 4:

O O + M g 2 2 _ C H 2 = C (CH,) Ο (CH,)mOH, •

for η = 1c

CH, l (Br)

CH:

(CH,),
I ; '\C0(CH 2 ) m 0H

' CH,

(79)

.n=2,3 |~VCH'
When η = 3, the formation of hydroxyethers is already

accompanied by the reduction of the ω-halogenoalkyl sub-
stituent, which leads to the appearance in the reaction
mixture of the corresponding 2-alky 1-2-methyl-1,3-dioxo-
lans; when w = 5 or 6, the reduction becomes the only
pathway followed in the process.

2. The Cleavage of 1,3-Dioxacyclanes by Vinylmagnesium
Bromide and the Iotsich Reagent

Compared with saturated OMC, which readily rupture
the C-O bonds of cyclic acetals and ketals, vinylmagne-
sium bromide is much less reactive in relation to these
compounds14. Thus 2-ethyl-2-methyl-l,3-dioxolan
begins to react with vinylmagnesium bromide only under
relatively severe conditions (12OCC, xylene):

R' R" R'

OH
S C-CH=CH 2

(80)

H3C R

where R = H, CZH5, C3H7, or C4H9, R' = CH3, and R" =
CH3.

/8-Hydroxyalkyl ethers of ethylenic alcohols are
obtained in yields of about 10%. 2-Butyl-2-methyl-,
2-ethyl-2,4-dimethyl-, and 2-ethyl-2,4,5-trimethyl-l,3-
dioxolans were introduced into the reaction. Unsaturated
/3-hydroxyalkyl ethers could not be isolated in the case of
2-methyl- and 4-methyl-2-propyl-l,3-dioxolans, i.e. here
too the conclusion that the reactivity of 1,3-dioxolans is
reduced as the electron-donating properties of the sub-
stituents in the 2-position are weakened remains valid.

The cleavage of cyclic acetals by ethynylmagnesium
bromide [reaction (81)] is accompanied by side reactions.
A complex mixture containing, according to gas-liquid
chromatographic and infrared spectroscopic data, various
cyclisation products of the expected ethynyl ethers in
addition to the ethers themselves as well as saturated
hydroxyethers corresponding to the opening of the dioxolan
ring by the initial Grignard reagent, is formed as a
rule 1 9 1 2 2 " 2 4 :

<• HOCH2CH2OC (R') (R') C = C (R') (R") OCH2CH2OH

> HC=CC (R') (R·) OCH2CH,OH

Mousset1

i'-CH.

y C J H J C (R') (R") O C H J C H J C H
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whereR' = Hor CH3, R" = CH3 or C2H5, a n d R f , R " =

\_lor\_/
A number of hydroxyalkyl ethers derived from vinyl-

ethynylmethanols have been obtained in yields up to 80%
by the reaction of various 1,3-dioxolans with vinylethynyl-
magnesium bromide (VEMB)4 '6 '8 '1 0 '1 5 '1 6:

R'

=CHCsCMeBr^ c .H a =CHC=C—C—OR—OH , (82)

χ
R' R"

where R = (CYizk or CHbCHfCHs), R' = Η or CH3, and R"
H, CH3, C2H5, C3H7, or C6Hi3. In this process too the
reactivity of 1,3-dioxolans increases somewhat with
increase of the number and electron-donating capacity of
substituents in the 2-position. Thus, whereas the yields
of the hydroxyethyl ethers from 2-methyl- and 2-ethyl-2-
methyl-l,3-dioxolans were 44.3 and 58.3% under compara-
ble (but not optimal) conditions, unsubstituted 1,3-dioxolan
could not be cleaved at all by VEMB.

The introduction of the methyl group in the 4- or 5-
position does not affect the reactivity of 1,3-dioxolan quite
so significantly, although the latter is also apparently
somewhat activated. One of the most important factors
affecting the yields of hydroxyalkyl ethers derived from
vinylethynyl alcohols is the reactant ratio 1 0 (see Table).

these conditions in the form of ether adducts with subse-
quent distillation of the ether, but they can be formed just
as conveniently directly in the reacting cyclic acetal. To
prevent the competing process, involving the saturated
organomagneaium compound used to prepare the Iotsich
complex, the intermediate Grignard reagent must then be
synthesised at the lowest possible temperature (not above
40°C). Unsubstituted 1,3-dioxolan is resistant to the
action of phenylethynylmagnesium bromide even at 100-
120°C (xylene).

/?-Hydroxyalkyl ethers of asymmetric acetylenic glycols
were obtained by the reaction of certain 1,3-dioxolans with

_ propynylenedimagnesium dibromide*

0 0 BrMgCCCH.MgBr _, HOCH 2 C=C- C—OROH , (84)

X V-
R' R"

where R = (CH^ or CH(CH3)CH(CH3), R' = Η or CH3, and
R" = CH3, C2H5, or C3H7.

3. Complex Formation Processes

Like 1,4-dioxan, 1,3-dioxolans175'176 can precipitate
MgX· and RMgX from OMC solutions8'10. In the case of
VEMB8'10 the precipitate consists mainly of a mixture of
the dioxolanates (A) and (B) in proportions of approxi-
mately 2 : 1 :

Variation of the yield of the vinyloxyethyl ether derived
from methylvinylethynylmethanol with the initial reactant
ratio.

Molar ratio 2-methyI-
l,3-dioxolan:VEMB

Yield (xv.r.t. VEMB),

1:2
1:1
2:1

39.2
21.9

The yield of hydroxyethers depends no less significantly
on the solvent. In ethyl ether the yield does not exceed
10%. When all the stages of the synthesis, including the
preparation of the Grignard reagent, are carried out in the
reacting acetal, it was possible to obtain the hydroxyether
in yields up to 45%.10 The effect of the halogen entering
into the composition of the Iotsich complex on the yield of
hydroxyethers has not been studied systematically. In
the only relevant study10 the use of CH2=CHC£CMgI instead
of VEMB (reactant ratio 1 : 1 , benzene, 56-66°C, 2 h) was
unsuccessful. The addition of catalytic amounts of CoClg
for an equimolar reactant ratio increases the yield to 57%
compared with 39% (benzene, 80-90°C, 1.5 h). Higher
C0CI2 concentrations do not favour the reaction10.

A number of /?-hydroxyethyl ethers derived from sec-
ondary and tertiary phenyl-substituted acetylenic alcohols
were obtained7 from 1,3-dioxolans and phenylethynylmag-
nesium bromide:

R"

Ο Ο + C,HsC=CMgBr -

R'
\

:=c—C-OROH ,

R'

40—60% (83)

where R =

C 2H 5, or C3H7, and R ' = R " =

or (CH2)3, R' = Η or CH3, R" = CH3,

The reaction pro-

ceeds at 60-80°C. Iotsich complexes can be used under

• MgBr, •Mg<
xteCCH=CH, (85)

(A) (B)

Small amounts of solvates of the type

n-r
O OMg·

/ C \ B r

Ο • Mg • θ(

-/ 1
\ Br

C 2 H S

(86)

were detected in the precipitate in addition to the com-
plexes (A) and (B).8' Thus ether adducts of Iotsich con
plexes probably have the same structure as the ether
adducts of saturated magnesium halides and can be
regarded as a mixture of (CH^CHC^C^Mg (40%), MgBr2

(40%), and CHa=CHC=CMgBr (20%). The reaction most
probably proceeds via a synchronous electron transfer in
cyclic or linear complexes8'10:

Γ
ί,ΒΓ

(87)
Mi' — R - '
I "
R

In such concerted nucleophilic substitution, the coor-
dination Ο -» MgBr2 should play the most significant role.
If the nucleophilic attack C2 — R were the most important
factor, then electron-donating substituents at C<2> would
hinder the reaction. The proposed mechanism gives a
completely natural explanation of the requirement of at
least a twofold excess of the Iotsich complex for the attain-
ment of the maximum yield of hydroxyethers. A similar
mechanism has been proposed for the cleavage of certain
unsaturated acetals by OMC. 13°

Insoluble complexes with certain 1,3-dioxolans are
also formed by ethylmagnesium bromide. The principal
components of the complexes are MgBr2, C2H5MgBr, and
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the corresponding dioxolan. The composition of the com-
plexes is not constant and depends on the structure of the
initial acetal, the reactant ratio, temperature, and the
time of contact between the solid phase and the solution.
It has been established for unsubstituted 1,3-dioxolan10'11

that a decrease of temperature reduces the content of
OMC in the precipitate. Gradual binding of 2-methyl-
1,3-dioxolan by anhydrous MgBr2 was observed11. The
infrared spectrum of this complex hardly differs from
that of the complex obtained from ethylmagnesium bromide
at -20°C.

Basic magnesium salts are also capable of coordination
interaction with cyclic acetals. However, the resulting
complexes are unstable and tend to undergo further reac-
tions (particularly on heating) with ring opening:

O O • MgBrOH -> Ο Ο—.MgBr ~ HOCHaCH2OMgBr + CH3CHO . ( 8 8 )

/ \
Η CH 3

C—OH

Η CH 3

The rate of change of the OMC concentration in solution
in the reaction between ethylmagnesium bromide and 2-
methyl-l,3-dioxolan at 18°C has been measured11. The
sharp decrease of the OMC concentration at the beginning
of the reaction corresponds to the precipitation of the com-
plex [the OMC concentration probably falls not only as a
result of the binding of C2H5MgBr but also as a result of
the adsorption of (C2H5)2Mg at the instant of the formation
of the precipitate]; subsequently the OMC concentration
over the precipitate changes much more slowly. Pre-
sumably the consumption of the OMC in this stage is due
to the ring opening reaction itself. However, gas-liquid
chromatographic analysis of the products of the hydrolysis
of the reaction mixture failed to reveal even traces of the
expected /3-hydroxyethyl ether. The results correspond
to the consecutive formation of complexes of two types:

O • MgBr.2 and
/

Η CH 3

Ο Ο • MgBr,. (C,H,)sMg . (89)

Η CH 3

4. The Mode of Cleavage of Asymmetrically Substituted
1,3-Dioxacyclanes

When 4-alkyl- and 2,4-dialkyl-l,3-dioxolans react with
Grignard reagents9, the products may be two structurally
isomeric /3-hydroxyalkyl ethers differing only by the posi-
tion of the hydroxy-group—at the first carbon atom in one
and at the second carbon atom in the other:

CH a

Η R

> QHsCH (R) OCH (CHa) CH2OH

-* CjH6CH (R) OCH2CH (CH,) OH ,

(90)

where R = CH3 or C3H7.
However, it was found9 that the reaction results in the

almost exclusive formation of 2-hydroxy-1-methylethyl
ethers. The admixture of the second isomer is slight,
amounting to about 4% of the first.

Interesting rearrangements were discovered Μ in the
following reaction:

CH.

CHSCH=CH-CH—C—CH=CHs

0 0 + RMgX •

X
CH 3 CH 3

cis, trans

> RCH (OH) C (CH,) (CH=CHi) CH=CHCHS

- . RC (OH) (CHS) CH ( O ^

(91)

where R = CH3 (X = I), C2H5, or C6H5 (X = Br). The
formation of the tertiary alcohol begins with the rupture of
the Oci) - C o bond:

CH3CH=CH—C : C— CH3

/
CH3 CH3

C H ! = C H X β

H l o o
\ / Ν

cX
CHj CH3

CH,CH=CH

H—C—C—CH 3 .
, / I

OH

(92)

The cleavage of the 0<I>-CG) bond leads to a secondary
alcohol:

C H 3

CH

CH3 / C H / C H j

H—C C

Λ -»A
C H V C \ ' M g \ x

R CHj x

CH=CH—CH-C—CH=CH,

XMg—Ο Ο CH3 (93)

/ C H = C H — C H 3

*- R C H - C - C H 3

OH X CH=CH. 2

Thus both the tertiary and secondary alcohols are products
of the attack by the OMC on the Oa> oxygen atom. The
formation of hydroxyethers with the ether function at the
tertiary carbon atom having the structure

CH 3 CH=CH—CH-

OH

OC(CHJ,R

-C-CH,

CH=CH a

(94)

which should have been obtained as a result of attack on the
O(3> atom, was never observed in these reactions3 0.

The cleavage of the C -O bond under the influence of a
Grignard reagent in another 1,3-dioxolan with a structure
very similar to that considered above was accompanied by
the alkylation of one of the double bonds and its subsequent
migration to the centre of the molecule30:

CH 3

I
CH3

CH S =C-CH- C~CH=CH2

ο ο

X
CH3 CH 3

RMgX

CH 3 CH3

-> C H 2 = C - C H ~ C = C H C H 2 R

OH

(95)

where R = CH3 (X = I), C2H5, or CsH5 (X = Br).
The cis- and irews-isomers of 2,3-dimethyl and 4-

methyl-2-propyl-l,3-dioxolans are cleaved by Grignard
reagents at different rates 9 . The «s-isomers proved to
be more reactive. This shows that the Ο -* MgBr2 bond is
oriented in space at a certain angle to the plane of the
dioxolan ring, since otherwise the isomers of 2,4-dialkyl-
1,3-dioxolans would be sterically indistinguishable in the
formation of the intermediate complex 9. These data,
demonstrating a lower reactivity of 1,3-dioxolans with the
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trans -disposition of the substituents with respect to the
Grignard reagent, were subsequently confirmed in another
study30.

In contrast to asymmetrically substituted 1,3-dioxolans,
2,4-dimethyl-l,3-dioxan is cleaved by ethylmagnesium
bromide with formation of two possible isomeric hydroxy-
ethers in proportions of approximately 1 : 1 1 7 :

> C2H5CH (CH,) OCH (CHa) CH,CH2OH

Ο Ο

Χ
Η CH3

C,H,MgBr (96)

- , C J H J C H (CH,) OCH2CH2CH (CH,) OH .

The change in the structural specificity of the cleavage
df acetal rings on passing from five- to six-membered
rings is associated with the conformations of the com-
pounds. In contrast to the almost planar 1,3-dioxolans,
2,4-dimethyl-l,3-dioxan has the chair conformation with
the cis-equatorial disposition of the CH3 groups17. The
1 :1 ratio of the isomeric hydroxyethers formed from this
acetal shows that the cis-e ,e -conformation to a large
extent eliminates the steric hindrance to the interaction
O—*MgBr2, which is the initial stage in the cleavage of the
1,3 -dioxacy clane.

However, the degree of structural specificity of the
reaction depends on the bulk of the OMC molecules. When
branched groups and bulky halogen atoms are present, the
above effect of steric descreening of the O<s> atom in the
1,3-dioxan ring is insufficient for a preferential cleavage
of the On) - C G) bond, of the kind observed in the cleavage
of 2,4-dimethyl-l,3-dloxan by isobutylmagnesium bro-
mide1 7. Thus the mode of cleavage of asymmetrically
substituted 1,3-dioxolans and 1,3-dioxans is determined
not only by the ring conformation but also to a similar
extent by the steric characteristics of the OMC compo-
nents1 7.

5. The Cleavage of 1,3-Oxaheterocyclanes by OMC

1,3-Oxathiolans are cleaved by ethylmagnesium bromide
ith formation of 2-ethvlthioethanols only1 8 '2 4:with

"i CtHtMg

X
R' R'

' C,H5 C (R') (R") SCH2CH2OH

, C2HSC (R') (R") OCHSCH2SH ,

(97)

where R' = Η or CH3 and R" = H, CH3, C2H5, or C3H7.
The unsubstituted ring is stable in the experimental

temperature range (70-120°C). Compared with the
corresponding 1^-dioxolans, 1,3-oxathiolans are less
reactive with respect to OMC 1 8. Yet another feature of
the reaction has been noted 1 8 '2 3 '2 4: in contrast to 1,3-
dioxolans, the introduction of two alkyl groups in the 2-
position increases the stability of the 1,3-oxathiolan ring.
2-Monoalkyl-l,3-oxathiolans are the most reactive. This
influence of substitution is evidence that in this instance
the dissociation of the C-0 bond does not precede appre-
ciably the formation of the C-R bond, i.e. the reaction
approaches the %2 type1 8.

1,3-Oxazolidines are also cleaved by OMC at the C-O
bond 1 1 5 ' 1 7 7" 1 7 9:

<CH,)B

Ο Ν—R+R"MgBr ·

X
Η R'

n = l — 3;

, R'CH (R") Ν (R) (CH2)nOH (98)

where R = H, CH3, n-CiHs,, i-CH 9, (CHskCHCIfc, or CeH5,
R' = H, CH3, i-C3H7, orC e H 5 , and R" = CH3, CeHsCHz,
(CH3)aCH, CH2=CH, or CH3CH=CH2. The yield of amino-
alcohols reaches 80% in some cases. The reaction
between 1,4-oxazolidines and propenylmagnesium bromide
proceeds similarly1 1 5:

5 + CH,CH=CHMgBr -* HOCH2CH2N(C,Ht) CH2CHaCH=CHCH, . ( 9 9 )

CH,

It has been found180 that 2-oxazolidines of the type

y\/°\

N-R' (100)

unsubstituted in the 2-position, do not react with CH3MgI.
However, later it was observed181 that, when oxazines of
similar structure are acted upon by a large excess of
CfsHsMgBr, the cleavage products are nevertheless formed
in 8% yield.

When OMC interact with certain 1,3,2-dibenzoxazines,
the benzoxazine ring is ruptured with formation of the
corresponding 4-alkyl(aryl)-2 -dialkylaminomethylphe-
nols 7 4 ' 01 as the main reaction products:

+ R'MgX-

N - C . H , ,

,OH

CH2№
CH2R' (101)

where R = C(CH3)3 or CeHs, R' = CH3, ,
C6Hn, C6H5CH2, or CH2=CHCH2 and X = Br, Cl, or I.
The reaction is carried out in the presence of an excess of
OMC. A similar reaction

CH a C a H s

I

+ CeH6MgBr -

CH2C,HS

OH (102)

has been described181. The reaction
x C J H . C H J - N — C H J C J H ,

Ο + 2QH9MgCl - I

HOCH,—CH—CHaOH (103)

, v . n 2 — I N — ^ n 2 v

X 1
X CH S -C-CH/

Η
80%

takes place at room temperature in the course of 24 h. 1 7 7

A-(1-Ethoxyethyl)lactams182'183 initially exchange pre-
ferentially the ethoxy-group for the group in the OMC and
then the reaction involves the C=O bond with retention of
the ring:

• CH 3 CH (R) Ν (CH 2 ) 5 CO

I 1

>CH i CH(OC s H,)N(CH ! ) l C(R) 1 ( 1 0 4 )CH3CHN (CH,)SCO + RMgX

OC2HS

- . CH3CH (R) Ν (CH,)SC (R),

where R = C3H7, C4H9, or i-CsHn and X = Br.
l,3-Dioxa-2-silacyclanes and their oligomers20>2;;

readily undergo ring opening under the influence of alkyl-
(aryl)magnesium halides at a temperature as low as 30-
40°C with formation of trialkyl(diaryl)silylglycol monc-
ethers. In addition, the second Si-O bond is also
ruptured with formation of tetra-alkyl(trialkylaryl)silanes,
whose yields increase in the presence of an excess of the
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Grignard reagent and on raising the reaction temperature 12.
to 70-80°C:

R Si (CH,)a

• (CH,)2Si (R')2

R-M,X (105)

-,(CHs),R'SiOR'OMgX^(CH>),R'SiOH-i(CH,)aR'Sil^)

or and R" =where R'= (Cltk,
CeH5, C3H7, CH9 , or CeH5.

The cleavage of cyclic alkoxysilanes or the elementary
units in the corresponding oligomers by VEMB proceeds
asfollows:22'25

R Si (CHS),

-[-OSi

\C=CCH=
1

=CH2J

CH,=CHC=CMgBr H,O

(106)

(CH,),Si (C=CCH=CH2), (CH,)jSi
,OH

I --H,o

[(CH,)jSiC=CCH=CH2]2O

The reaction occurs at 60-90°C. The above examples
show that the Si-O bond is more reactive with respect to
OMC than the C -O bond.
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