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1. INTRODUCTION

1971 Was an important year in the history of organomagnesium chemig-



MAGNESIUM 3

try: its founder, Victor Grignard, was born in Cherbourg, hundred
years ago. The Socibté Chimique de France dedicated its annual meet-
ing to the French Nobel-Prize winner; Lyon, the city where Grignard
discovered "his" reagent in 1900 and wherg he had worked most of his
life, was the center of this celebration in June. It is not surpris-
ing than that biographies have appeared on Grignard and his work

{1] ana [2].

It seems as if the hundredth anniversary of Grignard!s birthday has
inspired chemists all over the world the be more productive than ever
in the field of organomagnesium chemistry: the number of publications
‘has_increased copnsiderably as compared with previous_years.-

Several review articles have been written: Rearrangements of ben-
zylic Grignard compounds on reaction with different substrates [3],
Reaction of Group I-IV organometallic compounds with polyhalometha-
nes [4], Side reactions in alcohol synthesis by the Grignard method
[5], The chemistry of allyl and crotyl Grignard reagents [6], a~Halo-
alkyl and related Grignard compounds [?], and the arnual review of
recent developments in the chemistry of main group organometallic
compounds [8].

A multitude of dissertations, usually containing important literature
researches, apart from new chemistry, was published in 1971: Elec~
tron exitation in conjugated carbanions and their solvent dependence
f{91, (X-Ray) Structural studies of organomagnesium compounds [10],
Asymmetric Grignard and Meerwein-Pondorf-Verley reductions. Long
range asymmetric synthesis and the reduction of perfluoroalkyl car-
binol reagents [11], Intramolecular cyclizations of alkynyl Grignard
reagents [12], Addition of organomagnesium compounds to isolated

double bonds [13], Alkyl-oxygen fission in the reaction of trityl-18o

acetate with phenylmagnesium bromide [14], Invéstigation of the
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4 C. BLOMBERG
reaction of a-phenylethyl bromide with ethylmagnesium bromide {157,
Studies on the structure and dynamics of selected Grignard reagents
{16], Preparation of dialkylmagnesium compounds and intermetallic
compounds involving magnesium alkyls [17], Preparation and reac-
tions of complexes of magnesium alkyls and aryls with alkali metal
alkyls and hydrides [18], Organostannylmagnesium reagents [19],
Structure and reactions of imino Grignard reagents [20], Structural
studies of Group II organometallic compounds [21], Ozonization.of
lithium and magnesium alkyls [22], Inversion studies of organomagne-
sium comp6unds [23], Asymmetric reductions of aldehydes by chiral
Grignérd reagents [24], Bifunctional and cyclic organomagnesium
compounds [25], Contribution to the study of reaction mechanisms

of organomagnesium compounds [26], Study of physico-chemical proper=

ties of organomagnesium compounds [27].

2. PREPARATION AND ANALYSIS OF ORGANOMAGNESIUM COMPOUNDS

As a warning that not all organomagnesium compounds are as harmless
as they are usually considered to be this chapter should start with
the report of an explosion that occured during the preparation.of a
Grignard compound [28]: m-trifluoromethylphenylmagnesium bromide,
prepared on a nine mole scale, detonated during the addition of
n-trifluoromethylbromobenzene to magnesium in diethyl ether. No
satisfactory explanation for the occurence of the violent reaction

is apparent.

A. Side reactions during the preparation of Grignard compounds
Several reports have been made on the occurence of side reactioans
during the preparation of Grignard compounds. Such reactions may

shed more light on the still unknown mechanism of the Grignard.reac=
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tion. Although it remains questionable whether the formation of all
unexpected products has to be attributed to the occurence of what is
generally called "highly reactive species', evidence for a radical
pathway as at least one of the possible routes for the formation of
Grignard compounds was obtained by Bodewitz, Blomberg and Bickelhaupt
early 1972 who observed emission and enhanced absorption in the NMR-
spectrum, made during the reaction of alkyl halides with magnesium
in THF as well as in di-n-butyl ether [29].

Radical intermediates are held responsible by Grootveld, Blomberg
and Bickelhaupt for hydrogen abstraction from the solvent during

the reaction of l-ethoxy-7-bromonorbornane with magnesium in THF [30]:

Br
Br
& 0
Mg/THF . +
——— .
c
OC,Hy OC_ Hy OC,Hg

W

OCZH5

in particular the formation of bitetrahydrofuranyl as well as of
1l-ethoxy~7-tetrahydrofuranylnorbornane support the idea that radical
intermediates play an important role in the Grignard reaction.

A radical cyclization mechanism appears to be most likely among
several other possible mechanisms, suggested by Hill and Engel to
rationalize the formation of cyclobutene in the reaction of

1,4-dihalo-1~phenyl-l~butene with magnesium [31]:
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6 C. BLOMBERG

C6H5\ Mz C-H N ] CGHS\
/C=CH-CHZ-CHE—X _> /C=CH-CH2-CHZ -—> ¢ —< l
Ci C1 Ccli

Radicals or unsolvated organomagnesium compounds are also held
responsible by Kossa, Rees and Richey for the formation of cyclic
products during the preparation of Grignard compounds with 5= or

6- alkenyl halides as the starting materials [32]:

gX
THF
X + Mg —_—

Aleksankin, Fileleeva and Gragerov investigated the reaction of
bromobenzene with magnesium in benzene, mixed with diethyl ether, THF
or dimethoxyethane; biphenyl was formed in 24%, 13% and 4% yields
respectively in the different solvent mixtures [33]. Addition of
Cu(II) chloride to these reaction mixtures causzed an increase of the
yields on biphenyl to 64%, 26% and 16%. Also because of the results,
obtained when the reaction was performed in perdeuterated benzene
after which deuterium distribution in the products was investigated

the authors conclude that biphenyl-formation is caused by radicals.
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The formation of cyclooctene and cyclononene in the reaction of the
corresponding cyclic 1,4~dibromo compounds with magnesium is attrib-
uted by Baird, Reese and Stebles to intramolecular proton-abstraction
by the monofunctional intermediate Grignard compound the existence of

which has not been proved [34]:

Br I
G- O
Br Mg ¥
Br

Cherkasov, Radchenko and Kupin observed addition to carbon-carbon
double bonds (together with rearrangement) of (in situ?) Grignard
reagent when bromoethane reacted with magnesium in diethyl ether in

the presence of l-trimethylsilyl-l-butyn-3-ene {35]:

(CH3)3s1-c;c-cnz_c337\
CoHg-Br + Mg + (CHy);Si~C3C-CH=CH, —> + 20%

(cH

3)351-CH=C=CH-03H7

On hydrolysis a mixture of acetylenic and allenic silyl-compounds
was obtained in a total yield of 20%. (The same type of reaction was
reported last year for thioethers containing the same type of unsat-
urated bonds; A.S. 1970).

Y-Tributylstannyloxypropyl bromides, (0439)3Sn-0-é-é-é-ﬁr, in which
the propyl entity may be substituted with methyl and/or ethyl groups,

References p. 120



8 C..BLOMBERG

on reaction during two hours in refluxing diethyl ether, yield after
hydrolyzation the intramolecular substitution reaction product:
(C4H9)35nf¢-¢—¢-OH [36]. It is not reported at which stage of the
whole procedure this substitution reaction takes place; the existence
of the expected Grignard compound therefore need not necessarily be
precluded.

Fraenkel and coworkers continued their studies on homoconjugation in
pyridylalkyl organometallic compounds; for the fragmentation of the
expected Grignard compound, probably formed in the reaction of
3-methyl-3-(4~pyridyl-)chlorobutane with magnesium in diethyl éether
[37] (see also A.S. 1968) the driving force may lie in the stability

of the conjugated departing anion:

CH
74 ‘\ () o X
N C~-CH,-CH — N
] 2 2
—_— CH3

In an alternative mechanism it is suggested that the reaction may
also proceed by an initial reduction of the pyridine ring, followed
by loss of chloride ion and fragmentation.

Frasenkel, together with Pechhold and Adams, report that 3,5=dimethyl-
bromocyclobutane, 2,2-dimethylbromocyclopentane, 2,2-, 3,3- and 4,4-
dimethylbromocyclohexane gave only poor yields of the corresponding
Grignard reagents and mainly coupling products on reaction with mag-
nesium in diethyl ether, THF and dimethoxymethane [38]. In diglyme

however at_60° these halides were smoothly converted to Grignard

reagents in nearly quantitative yields.
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Of the numerous different types of Grignard compounds, the prepara-
tion of which was reported this year, the following will be mentio-

ned:

by the reaction (with entrainment) of magnesium with poly-p-vinyl-
benzyl bromide in THF; an extremely large excess of bromoethane was
applied. Addition of carbon dioxide to the reaction mixture yielded
poly-p-vinylphenylacetic acid {39]}. As reported in a footnote in the
same report one of the authors failed in preparing the polymeric

Grignard compounds of poly-p-vinylchloro(and -bromo-)benzene.

- et ws w o e e e e W= - - am am et am am -

Tamborski and Moore prepared perfluorophenylmagnesium halides by me-
tal-halogen exchange reactions: pentafluoroiodo-={(or -bromo or ~chlo-
ro-)benzene reacted with ethylmagnesium bromide (or chloride) to give
high yields of pentafluorophenylmagnesium halides in extremely rapid
reactions (quite often within one minute) [40]}. Surprisingly enough
rentafluorophenylmagnesium chloride, prepared by this reaction is un-
stable and decomposes almost completely within 24 hours. Even more
surprising is the observation that the chloride, prepared by metal-
hydrogen exchange (ethylmagnesium chloride added to penta-fluoro-
benzene) is much more stable: after 24 hours still 50% of the Grig-~
nard compoundé was present in the solution). No explanation cculd be
advanced for these instabilities. p-Dibromotetrafliuorobenzene reac-
ted with two molar equivalents of ethylmagnesium bromide to give 93%
of the bifunctional Grignard compound. Such bifunctional Grignard
compounds were obtained from the meta- and the ortho-isomers in low

yields: 4% and 14% respectively.

References p. 120



10 C. BLOMBERG

In a preliminary communication by Smith, Moore and Tamborski an im=
proved synthesis of perbromo-mono- and -bifunctional phenyl-Grignard
compounds by reaction of hexabromobenzene with phenyl- or ethylmag-

nesium bromide was reported [41]. Not more than 51% of the parabifunc-
tional Grignard compound could be isolated as well as some meta iso-
mer but no ortho.. product:

O;iuzg > Mg-Br  95%
‘ 20;31; MnglFBr > Mg-Br + Br-HgMg-Br
51%

25%

Pentabromophenylmagnesium bromide is less stable at 0° than the
fluoro compournd. Wken bromoethane is present in the solution (formed

in the exchange reaction) the major pathway of decomposition is. the
formation of ethylated products.

Bromo 3,4,5-trichlorothiophenemagnesium,
Cc1 C1

A

s- Me-X

was prepared by Gilman and coworkers by the reaction-.-of tetrachloro-

thiophene with magnesium (entrain with 1,2-dibromoethane) [42].

Kruglova and Freidlina prepared w-~dichloroaliphatic Grignard - com-

=2, 3 or 5) as well as
of 012C=CH-(CH2)3~Br with magnesium [43]; the yields varied from

pounds by the reaction of C1,CH~(CH,) -Br (n

L. Miginiac and Blois prepared 4~, 5- and 6-chloroalkylmagnesium

bromides from the corresponding chloroalkyl bromides on reaction
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with magnesium in THF [44] (see also Noel, Thesis 1963, and Normant,
Noel and coworkers: 1969).

Tatlow, Campbell and coworkers assume the formation of a transient

bridgehead biradical in perfluoro{2,2,1]bicycloheptane to ratiomalize

_excess Mg | [
Etao- 35°

hallde
ion
elimi-

nation
83% & 1) Mz (excess)
/, 2) H20

A1)l unmarked substituents are fluoride

the formation of the unsaturated bicyclic compound in the reaction
described above [45]. l-Bromoundecafluorobicyclo[2,2,1]heptane
reacts similarly.

In contrast to the perfluoro[2,2,l]bicycloheptylmagnesium iodide
the mono- and bifunctional Grignard compounds and , prepared
from l-He4=bromo{or -4-iodo-)decafluorobicyclo[2,2,1]heptane and
from 1,4-dibromodecafluorobicyelo[2,2,1]heptane ars stable in
diethyl ether at reflux temperature [46].

X=Brorl
MgX sBr

]

A1l unmarked substituents are fluoride

References p. 120



12 C. BLOCMBERG

The lower stability of the h-fluoro substituted Grignard reagent may
result from an interaction within the central molecular cavitiy be~-
tween the dipole, associated with the carbon-fluorine bond, and the
carbanionic centre of the carbon-magnesium bond (Campbell, Tatlow and
others; A.S. 1967).

Gaudemar and Gaudemar-~Bardone report the facile reaction of diethyl
dibromomalonate with magnesium in diethyl ether or THF to give a

monofunctional Grignard compound [47]:

FR2CoHy THF or Et,0 F02C285
Br-¢-Br + Mg ——— 25 Br_Mg-C-Er 80%
\
00, C,H C0,C,ts

Infrared data suggest the chelated structure

12
/. N/
Br-C
*b_of RSolvent

for this peculiar Grignard compound that reacts with aldehydes to
give the normal addition reaction products in fair yields (ca. 50%)

but fails to react with ketones.

The same type of a-halo Grignard compound which probably also exists

in the enolate form was obtained by Blagoev, Momchev, Ivanov and

c1 CoHy=0, , O-Mg~Cl
CHy~C-Mg-C1 G
0,C,H5 S
¢l ‘cH

3
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Todorov by the reaction of isopropylmagnesium chloride with a-chloro-
propionic acid [48].

The preparation (leading to detonation; see the beginning of this
chapter) of m-trifluoromethylphenylmagnesium bromide has been repor-
ted [28]. ‘

ii Alkoxy-substituted Grignard compounds

Extremely surprising is the report by Pallaud [4#9] in which it is
stated that 2-bromo~l,l-diethoxyalkanes react with magnesium in THF
to form Grignard compounds (entrain reaction) in varying yields as
may be concluded from the products obtained on reaction with bromo-

benzene followed by hydrolysis.

1) 06H5Br Yield:
> R-C(06H5)H—CHO R %

2) hydrolysis —_—
H 10

CoHg |44
CgHyz (18
Cgly 5|12

R’?H-CH(0C2H5)2

Furthermore it is surprising to read in the same report that the

2~bromo-1,1l1-dimethoxy homologues do not react at all with magnesium.

The preparation of bromo l-ethoxy-~7-norbornylmagnesium
MgBr

002H5

has already been mentioned in the beginning of this chapter [29].
THP-O-(CHZ)D-Mg-Cl {(n =4, 5 or 6) have been prepared and used in
synthesis (THP stands for tetrahydropyranyl-) [44].

The preparation of aromatic Grignard compoundsicontaining methoxy

References p. 120



14 C. BLOMBERG

as well as tetrahydropyranyl substitutents has been reported ESO]

Mg-Br Mg=-Br
O-CH3 Q~-THP
“
/W
O-THP O~-THP

R-substituted phenylmagnesium bromides have been prepared with R-

groups such as [51]:

H H

[] 1
CaH5—O-(l3-0— » CHB-O-CHZ-O- and CL;.HQ-(';"'O-

CH3 CH3

3-Methoxy- as well as 3-t-butoxy-l-propynyl-l-magnesium bromide was
prepared from the corresponding 3~alkoxy-l-propyne by reaction with
ethymagnesium bromide in THF [52]. The greater solubility of these
Grignard compounds in TEF as compared to the solubility in diethyl
ether (Heilbron, Jones, Lacey; 1946) promotes its application in
synthesis.

The preparation of the 3-alkoxy-substituted acetylenic Grignard com-
pound, R=E=CH,-C=C-Mg-Br has been reported above [52].

The reaction of 7-bromo-p-menthene-l1l as well as of bromocarvomenthene
with magnesium is reported to be very sluggish although the corres-~

ponding Grignard compounds

. Mg-Br
CH?\ C CHsCH CH;

/CH HZ-Mg_-Br P 3
CH CH

] 3
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are obtained in good ylelds; reactions of the two organomagnesium
compounds with different substrates give the expected products in
poor yields only with the exception of the reaction with allyl bro-
mide (product yields 45 % and 38 % respectively) [53].

The preparation of the neopentyl-type Grignard reagent

CH
CH
CH,~Mg-Br
CH CHy

has been reported [54] and its reaction with cyclohexanone has been

investigated.

Chloro 1,3~butadienyl-2-magnesium has been prepared in a reaction

CHE=CH-?=CH2
MgCl1

L

which will be discussed later on in this chapter [55].
Michel, Raffi and Troyanowsky prepared the same type of Grignard rea-

gent which exists in solution in equilibrium with its allenic isomer

C2ts
CH2=C=C
Neu Br
C.H 7 2~e- c
/C2ls C2t5
CH2=C=Q\CH + Mg Mg + CH2=C\
-Br =C
2 P ol H,
Br-Mg

in a Grignard reaction with two isomeric unsaturated bromides [56].

On reaction with acetaldehyde two isomeric products are .obtained.
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16 C. BLOMBERG

The preparation of 5- and 6-alkenylmagnesium halides has been repor-
ted above to be accompanied by ring-closure side-reactions [31].
a-Allenyl- and g-acetylenic~Grignard compounds have been reported

by Moreau and Gaudemar [57].

7-Norbornylmagnesium bromide and its reactions with formaldehyde and
acetaldehyde has been reported by Belikova, Gazuko and Plate [58].
Guts and Sukhoverkhov prepared several adamantyl- and homoadamantyl-
Grignard reagents [59].

Imidazolyl- and several triazolylmagnesium bromides have been used
in reactions with trityl halides [60].

2,4~Dimethoxypyrimidyl-6-magnesium bromide

CH3-O
Va

——

CHB-O

n

N
\\_Mg-Br

has been prepared and used in reactions with 1L*coa [61].

The substituted pyridyl Grignard reagent

prepared from 6-broﬁo-N-methylanabasine has been reported [62].

In their study on homoconjugation in pyridyl organometallic compounds
(see also in the beginning of this chapter) Fraenkel and coworkers
report the preparation of 2-(2-pyridyl)- and 2-(4-pyridyl)-2-methyl-
propylmagnesium chloride [37]:
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=\ =\ §%3
\ / ?-CHZ-Mg-Cl Q—?-Cﬁa—Mg—Cl
CH3 CH3

Ethylmagnesium bromide reacts with 3-benzylsydnone and with

3-methylsydnone [:]to form Grignard reagents the striucture of which

C.H_~-CH
675 Ty CH
|+ | + CaHs-Mg-Br ——> Grignard compound
N. -~ _CC
No”
(5]
CH
> cH
|+ | + CZHB-Mg-Br ~———> Grignard compound
N ]0]
\o/

is discussed by the authors [63].

Tin-containing organomagnesium compounds were obtained by Harrisom,
Zuckerman and Noltes by the reaction of dicyclopentadienyltin(II)
and of bis(methylcyclopentadienyl)tin(II) with phenylmagnesium brom-
ide in diethyl ether [64]:

(RCBH4)ZSn + CGHEMgBr —_—— C6H5FRC5H4)2SnMgBr
R =H or CH3

Ashby and coworkers have reported more detailed reaction conditions
for the preparation of aliphatic "fluoro-Grignards", R-Mg-F [65] (see
also A.S; 1970). The best solvents for the reaction of fluoroalkanes
with magnesium appear tO be TBF and l,2-dimethoxyethane, the best cat-
alyst is iodine; methyl- and hexylmagnesium fluorids were obtained in
95% yield, ethylmagnesium fluoride in 36% yield only. Under the most

References p. 120
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favorable conditions phenyl- and benzylmagnesium fluoride could not
be prepared.

TWO Russiaﬁ groups have been working on carboranylmagnesium halides:
Stanko and Anorova [66] prepared o0-, m- and p-carboranylmagnesium-ha-
lides as well as 10-chloro-o-~carboranylmagnesium bromide and 9-chlo-
ro-m-carboranylmagnesium bromide from the corresponding chlorocarbo-
ranes.

Zakharkin and coworkers prepared o-carboranylmagnesium halide [67].
Tﬁe stability of solutions of magnesium-naphthalene in liquid ammonia,
ethylenediamine and HMPT has been studied by Pascault and Gole; chan-
ges in the solutions could be observed spectroscopically [68]. Magne-
sium-naphthalene is very stable in HMPT: at 25° only 8% destruction
occurs within 100 hours. In ethylenediamine as well as in ammonia
protolysis takes place; in HMPT the reaction is different. The stab-
ility of magnesium-naphthalene in liquid ammonia at -60° is remar-
kable compared with the stability of sodium-naphthalene under  the

same conditions.

C. New and uncommon reactions for the formation of organomagnesium

compounds

Saito reports formation of dicyclopentadienylmagnesium in a. smooth
reaction between cyciopentadiene and magnesium at 0° with cyclopenta-
dienyltitanium trichloride as a catalyst [69]. It is supposed that
the actual catalyst is a titanium-magnesium complex with the formula
CpaTiZMgZCIB.aTHF. Other titanium salts like Cp,TiCl, and TiClh.ZTHF
were less satisfactory as catalysts.

Baryshnikov and Kvasov studied the composition of the solution and

of the precipitate, obtained on addition of dioiane to solutions of

pPhenylmagnesium chloride in toluene or in chlorobenzene [70]. Diphe-
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nylmagnesium was the main constituent of the solutions obtained.

The reaction of l-substituted-4-(1,i-dimethylspirocyclopropyl)-1,4-
dihydropyridine with butylmagnesium compounds leads to the formation
of the organomaghesium compound [37]1:

3
— cH
H n-C, H,~-Mg~ i
N 3 479
R-N N@—g-éHZ-Mg-
CHg

+

tert. alkoxides

R = CHBCO—, CHBCOZ-’ CZH5COZ- or ceHscoa-.

In the same report by Fraenkel and coworkers the following reaction
of a dihydropyridyldilithium compound with di-n-butylmagnesium was

mentioned:

— (CH,), -Li —
o)y " ( \ _(CH,), -Mg—C, H
N °H > ¥ H

\L . \
i Mg-C,Hy

there was no change in the nmr spectra of the solution but t_:he
organomagnesium compound was thermally much more stable than the
lithium compound.
2-Chloro-1,3-butadiene reacts with magnesium in refluxing THF in
the presence of a metal salt such as zinc chloride to form a Grignard
reagent [55]:

Mg + ZnClzx

CH,=CH-CC1=CH >» CH,=CH-C=CH
2 2 2 1 2
: THF reflux MzC1

References p. 120



20 C. BLOMBERG

A same type of reaction for the preparatiorn of unsaturated organo-
magnesium compounds was reported in a Japanese patent; 2-methyl-2,7-
octadiene was reacted with magnesium in the presence of zinc: chloride
to yield an organomagnesium compound [71].
Di-n-butyl-5-bromoamylphosphonate reacts with magnesium in the: pres-
ence of magnesium bromide in, what is called by the authors " -a Grig-
nard-type reaction " to form the cyclization product n-butylpentamé-
thylenephosphinate in 80% yield [72]:

O, O-n~C, H,
1] X
Br P(-O-n-C4H9)2

Mg/HgBr%
\]\/r
anisole

In a German patent Vit claims the preparation of hydrocarbon solu-'
tions of alkyl-, aryl- and heterpcyclic-Grignard compounds, complexed

with magnesium alkoxides having the general formula:
Mg(co—R)Z.nR'-Mg—X

in which n may be 1, 2 or 3 and R is —CHZ-CHZ—OCHS, ~CH2-CH2—N(CH')2,
-(CE2)4-0-055 or -(CHa)a-o—(CHa)a-o-CH3 [73]. The Grignard compounds .
are reported to give products in excellent yields when reacted with

different substrates.

D, Miscellaneous

The preparation of ethylmagnesium bromide in an optically‘active
bidentate ligand (-)sparteine has been reported [74]; on reaction
products could be obtained with optical purities as high as 22%
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as the result of asymmetric synthesis due to the presence of the
chiral ligand.

Again a report has appeared indicating the change of the course of
reactions with Grignard compounds when excess metallic magnesium,
used for the preparation of the reagent is not removed: the presence
of a three-fold excess of magnesium in the reaction mixture of t-bu-
tylmagnesium chloride and l-nitroadamantane causes the formation

of a radical product, t-butyladamantyl nitroxide in a 21% yield
[75]:

t-C, H
v, T tCyHgrMe-Ci/Ms —> %9

The influence of impurities in magnesium on the course of the reac-
tion of ethylmagnesium bromide with diisopropylacetyl bromide has
been investigated by Boussu and Dubois [76]; the results, obtained
with magnesium containing 11 ppm impurities don't differ from those
obtained with magnesium with 1350 ppm impurities when the solutions
are decanted from what the authors call " residual precipitates ".

A large difference however was found when these precipitates remained
in the reaction mixture: radical reactions, leading to the formation
of diketones etc. take place to a larger extent in the reaction mix-

ture containing impure magnesium.

E. Analysis of organomagnesium compounds

A method is described for monitoring the concentration of Grignard

References p. 120



22 C. BLOMBERG

compound in solution during electrolysis in the presence of a . lead
anode for the production of tetraalkyllead compounds [77].
Fontanille and Tersac report an analytical method for the determiﬁa
ation of organomagnesium compounds in very dilute solutions:[78].
The method 1is based on the spectrophotometric determination of the

carbazyl-anion, formed on the addition of an organomagnesium com=-

OO . ... . OO -

pound (10> - 10~® M) to carbazole.

‘3. PHYSICAL, PROPERTIES,STRUCTURE AND MOLECULAR ASSOCIATION OF
ORGANOMAGNESIUM COMPOUNDS

A, Electrochemistry of organomagnesium compounds

The oxidation potentials of several Grignard compounds in THF were
determined by Chevrot, Troupel, Folest and P&richon with the aid of
a rotating microslectrode (gold, polished or platinized platinum)}.
The reduction power of R-Mg-Cl decreases in the order: t-butyl >
ethyl > isopropyl, vinyl > n~butyl > methyl > phenyl [79]. Although
the oxidation potentials ¢of sach of these Grignard compounds is '
higher than the reduction potentials of aromatic hydrocarbons, -
ArH—3 ArHY, the authors observed the formation of the radical anion
ArHv in many cases when ArH (5.10’4 - 5.10'6 M concentration) was
added to a large excess of R-Mg-Cl (6.10°% M). The plot of gurreﬂt
against potential shows a reduction wave. Aromatic hydrocarbons
such as anthracene or 9,10-diphenylanthracene with reduction poten-
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tials lower than ~2.7V are not reduced by any of the above .mentioned
Grignard compounds.

In a second report, the same authors determined the basic behavior

of R-Mg-Cl compounds by studying the redox properties of the system
H'/ H, at a platinized platinum electrode in THF solutions of R-Mg-Cl.
[80]. The oxidation of hydrogen in the presence of methyl-, ethyl-,
n~-butyl- and phenylmagnesium chloride was observed by plotting the
current against the potential, Isopropyl- and t-butylmagnesium chlo-
ride are more readily oxidizyd than hydrogen in the presence of these
two Grignard compounds so no change is found in the current-poten-~
tial graphs for these organomagnesium compounds with or without the
rresence of hydrogen . In order to determine Quantitatively the bas-~
icities of R-Mg-Cl compounds the change of zero-current potentials
of the solutions were measured during the titration of the Grignard
compounds with n-butanol, The value of the potential of half-neutra-
lization (expressed in pH units) gives a quantitative classification
of the basicity; pH 1/2 values obtained were : CH3M301, 30, CoHZMgCL,
27, n-CL}H9MgGl, 23, CGHBMgCI, 23. For comparison: the pH 1/2 value
of water in THF (10'2 M) in the presence of Mg(OH)2 is 11.

Ducom and Denise measured the electric conductivities of magnesium
chioride and bromide, of diethylmagnesium as well as of ethylmagne-~
sium chloride, ethylmagnesium bromide and of n-butylmagnesium bromide
in EMPT [81]. In this strongly basic solvent the equivalent conduc-
tivity of Grignard compounds can be as high as 20 Q‘l.cmz.mol“l;

the authors propose the following ionization equilibrium:

R-Mg-X =—= R-Mg® + X~
Magnesium bromide is completely ionized, organomagnesium bromides
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are ionized for approximately 30%.

Together with Fauvarque Ducom reports on the electric conductivity
of ethylmagnesium bromide in an ether-benzene mixture on addition of
HMPT in shall portions [82]. There is a considerable increase in the
conductivity of the solution after the addition of two molar equiva-
lents of HMPT indicating that the monomeric Grignard compound, sol-

vated by two molecules of the amide, is ionized.

B. Ultraviolet epecira of organomagnesium compounds

Ebel and Wagner determined the ultraviolet spectra of phenyl-, ben-
zyl=-, «,a'-dimethylbenzyi-, benzhydryl-, triphenylmethyl- and phenyl-»
allylmagnesium chloride in diethyl ether [83]. Xmax jncreases in this
order from 248 to 317 nm; the substitution of an electron-rich sub-
stituent -C~Mg- disturbs the phenyl chromophore. For the Mg-Cl sub~
stituent overlap is made possible of the valence electrons of the
benzylic carbon with the W-~system of the chromophore; magnesium
influences both the electromnegativity of the a-carbon atom and ther
possibilities for resonance.

Addition of HMPT to the above mentiomned solutions shifts the absorp-
tion maxima in the ultraviolet spectra to higher wavelengths. When‘
more than two molar equivalents of HMPT have been added ibnizétion

of the carbon-magnesium bond is complete and absorption occurs in

the visible region of the ultraviolet spectrum at ca. 450 nm, with

an exception for phenylmagnesium bromide which remains colorless {[84].

Several NMR studies of organomagnesium compounds have appeared deal-
ing with the mechanism and rate of inversion of the carbon maghesium

bond as well as with the structure of the compounds in solution.
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From their studies of methyl- and t-butylmagnesium compounds Ashby
and Parris conclude that, a) the structure of the alkyl group has

a profound effect upon the rate of alkyl exchange, b) the presence

of a good bridging group such as alkoxide catalyzes alkyl exchange
and ¢) that the solvent plays an important role in the exchange reac-~
tion. The " key intermediate " in the exchange reaction should have

the following structure:

s R R
\‘Mg/ M
_ g

X Ny

\_/

-
K\S

with R= alkyl, X= halide, S= solvent and Y= halide, alkoxide etc.
[85]. |
Fraenkel, Ccttrell and Dix published extensively on the mechanism of
inversion in primary organomagnesium compounds [86]. Inversion para-
meters were determined for 2-methyl-l-butylmagnesium compounds as
well as for 2,3-dimethyl- and for 2,3,3-trimethylbutyl-l-magnesium
compounds; the authors come to the conclusion that there is no sig-

nificant steric effect on the rates of inversion.

Furthermore, if inversion resulted from any process which polarized
the carbon magnesium bond it should be very sensitive to solvent
polarity and should be accompanied by large negative entropies of
activation; neither of these effects are observed. Actually it has
been found that inversion rates in organomagnesium compounds decrease
With increasing solvent basicity. Finally, also as the result of the
determination of the kinetic order for the inversion, the authors
come to the conclusion that dimeric transition states are implica-
ted in the inversion process with (at least) one of the alkyl groups

in the bridging position.
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Since secondary alkyl groups in organomagnesium compounds do not
bridge as easlly as primary alkyl groups this should infiuence the
rate of inversion of such compounds; indeed Fraenkel, Pechhold and
Adams find that inversion is slow (on a NMR-time scale) for Grig-
nard compounds such as 3,3-dimethyleyclobutylmagnesium bromide,

-&y2-dimethylcyclopentylmagnesium bromide, 2,2-, 3,3~ and 4,4f-~dime-
thylcyclohexylmagnesium bromide in diglyme at temperatures as high
as 175° [38]. The maximum reciprocal mean lifetime between inversions
at 175° is 1 sec™t while the extrapolated value for 2-methyl-li-
butylmegnesium bromide at the same temperature is 1.2 x 107~ sec t.
Rapid inversion at secondary carbon atoms in cyclic Grignard com-
pounds was found by Maercker and Geuss [87]. The NMR spectrum of
3-cyclohexenylmagnesium bromide , shows a broad and unresolved
signal at room temperature for the a-proton; fine structure was ob-
tained at lower and at higher temperatures. The occurence of coa-

lescence can only be explained by an inversion at the a-carbon atom.

H

MgBr

(o]

The rapid inversion at this secondary carbon atom has to attributed
to the double bond between C-3 and C~4 which enhances the electro-
philicity of magnesium, thus increasing the ease of replacement in
a SEZ mechanism. This concept is supported by the NMR spectrum of
3-cyclopentenylmagnesium bfomide [:], where the coalescence point
has not been reached at -20°.

The rate of inversion is lowered, not only on changing the solvent

from diethyl ether to THF, but also on changing to more dilute solu~
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tions. This makes an ionization-recombination mechanism for inversion
unlikely for these Grignard compounds.

Ashby and coworkers have continued their studies on the Schlenk equi-
1ibrium in Grignard solutions with the aid of NMR spectroscopy [85].
Distinction could be made between the signals of CHBMgBr and of
(CH3)2Mg (see also A.S. 1969): the temperature dependence of these
signals in diethyl ether and in 'T’HF was measured. At -26° also the
diethyl ether solution of t-butylmagnesium chloride exhibits two
signals, which are assigned to the Grignard compound (signal at

9.09) and the diorganomagnesium compound (signal at 9.11). In THF
these signals were found at 9.13 and 9,15 respectively and didn't
coalesce at + 65°, The authors calculated thermodynamic parameters

for the Schlenk equilibrium:

(t-C4H9)2Mg + MgCl, <— 2 t-C,H MgCl

The equilibrium is statistical in THF and RMgX is favored over RoMg
at higher temperatures. Coalescence of the signals occur at lower
temperatures when alkoxides, formed by air oxidaticn, are present in
solution. The dominant role in deciding the position of the Schlenk
equilibrium is played by the solvent, probably due to its ability to
solvate the magnesium halide component of the equilibrium. In gene-
ral the alkyl group has little effect upon the position of the equil-
ibrium; transition metal impurities seem to have little effect upon
the rate 6f alkyl exchange in the Schlenk equilibrium.

Evans and Fazakerley report on the Schlienk equilibrium for a number
of Grignard compounds, (“"RMgX") : (“RaMg") ratios were determined
with the aid of NMR spectiroscopy and are given for: methyl- and
ethylmagnesium bromide, for 2~methylphenyl-, 2-ethylphenyl-, 2-me-
thylnaphthyl-, 2,6-dimethylphenyl-, 2,4,6~trimethylphenyl-, 2-tri-
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fluoromethylphenyl, L-fluoro-Z2-methylphenyl-, 3,5-dideuterophenyl-~
magnesium bromide as well as for 2,6-dimethylphenylmagnesium chioride
in THF. The authors did not attempt to make detailed calculations-of
the rates of alkyl and aryl exchange " largely because of the possi-
bllity of catalysis by impurities '". Substitution in the ortho pos-
ition of aromatic rings by bulky groups results in lower rates of
exchange. The more strongly coordinating is the solvent, the slower
the rate of exchange for a particular Grignard reagent [88};

In a series of physico-chemical studies by Ducom, that has appeared
this year NMR studies have been published on the influence of HMPT
on the proton magnetic resonances of solvated Grignard compounds
[89]. Distinction can be made between symmetrical and non-symmetri-
cal methyl- and ethylmagnesium compounds; mixtures of. RaHg,and
R-Mg-X (X= Br or Cl1) show different absorptions. When benzene is
used as the solvent and molar equivalents of HMPT were added no dis-
tinction could be made between R2Mg and R-Mg-X with less than two
equivalents . Furthermore the alkyl exchange reaction is slowed down
when the relative amount of HMPT increases: for methylmagnesium com-
pounds e.g. the coalescence temperature for (CHj)ZMS and'CHs-Mg;Br
signals is 75° in pure HMPT and only 3° when 2.5 molar equivélents
HMPT were present. The authors suggest that there is to be " thought
of a reaction of SE2 type with a transition state much more of -the
open type than of a closed type ".

In another publication, Ducom concludes from NMR investigations that
(CaH5)2Mg.2HMPT is formed when HMPT is added to diethylmagnesium in
benzene and more than two molar equivalents of HMPT are present [90]
With less than two molar equivalents a monomer-dimer equilibrium
exiéts. For solutions of dimethylmagnesium in toluene and. one moiar

equivalent HMPT different signals were found for bridging and termi-~
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nal methyl groups at -65°. The coalescence temperature for the two
signals is ~34°, Parameters are given for the dissociation reaction.
No evidence was found for the presence of a trisolvated dimeric spe-
cies, (R=-Mg-X),.3HMPT.

Reinecke, Sebastian, H.W. Johnson Jr. and Pyun report extemsively on
the NMR spectra of indole-alkali metal and -Grignard reagents [91].
The improved and expanded data in no way alter the previous conclu-
sion that the indole reagents in THF contain no appreciable quanti-
ties of C-Mg-X species. The previous conclusion (same authors 1963)

of an essentially covalent species such as

N
MgX

as a possible representation of the indole Grignard reagent in THF
seems justified.

Contrary to alkali metal indole compounds, even at 60° the NMR spec-
tra of a mixture of indole and indolylmagnesium bromide in THF show
two distinct groups of signals, attributable to the serarate com-
pounds, With HMPT as the solvent both the alkali metal and the Grig-
nard derivatives of indole display similar time-avarage NMR spectra
indicating a rapid exchange. The authors conclude that the unique
feature of the indole Grignard reagents appears t0o be its greater

extent of intramolecular association in all solvents except HMPT.

D, Miscellaneous technigues

From the infrared and ultraviolet spectra of cyclopentadienylmagne-

sium compounds Ford concludes that such compounds consist of deloca-
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lized cyclopentadienide ions with magnesium located on or near the
05 axis [92]. Cyclopentadienylmagnesium bromide and chloride proba=
bly are ion pairs and dicyclopentadienylmagnesium is probably an ion
triplet. The appearance of two peake in the NMR spectrum of c¢yclopen-
tadienylmagnesium chloride at -115o indicates that the Grignard com-
pound is composed of two discrete species as discussed under para-
graph C of this chapter.

low temperature NMR, infrared spectral investigations, fractional
crystallization as well as dioxane precipitation studies by Ashby
and Yu indicate that alkylmagnesium fluorides are dimeric in diethyl
ether and in THF [93], probably due to the unusual stability of
Mg-F-Mg bridge bonds in the dimeric units:

F

~N
R—Hg(i Mg-R  amd/or

e

R\Mg/ F\Ms
R// \\F/’

The ionic dissociation of alkylmagnesium bromides mentioned above

in HMPT [81] was confirmed by measurements of the degrees of asso-
ciation by ebuliometric methods.

The solvation of diethylmagnesium by tetramethylethylene diamine,
dimethoxyethane, THF and diethyl ether has been studied by Ducom with
cryoscopic and NMR spectral techniques [94]. In these solvents an
equilibrium exists between a disolvated monomer and a disolvated
dimer; constants for such equilibria could be determined and the
conclusion was drawn, that in more basic solvents the equilibrium is
shifted to the side of the monomer which requires breaking of C-Mg
bridge-~bonds.

119mSn Moessbauer spectroscopy has been used to elucidate the struc-
ture of (CgHg);SnMgBr, C6H5(05E5)25nMgB1; and of CgHg(CH;CH,),SnMgBr.
The following structures are supposed to be the most reascnable ones

for the different compounds [ 64]:



MAGNESIUM 31

B(Br\\ /,Br\\ .
c6H5(Rc5H4)ZSnMg\\Br;’MgSn(Rc5H4)2c6H5; (C6H5)2ﬁn MgCgHs

R =H or CH3

As already partially discussed in last years survey Stucky and
Toney resolved the crystal structure of [CEHBMgZCIB(CkHSO)B]Z’ in
which compound penta- and hexa-coordinated magnesium atoms exist
[95]. The molecular structure is indicated below together with a

structure illustrating selected bond distances and angles:
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Davies, Roberts and Tudor report that, contrary to earlier reports
by El-Fayoumy, Wahab and Roushdy (4.S. 1970) no isomerisation takes
place in reactions of n-butyl-, isobutyl~ and sec-butylmagnesium
halides with boron trifluoride [102].

The Grignard reagent » Prepared from 5--(:111<;vro-l--pem:ene--s,5—da
in THF lacks the high-field NMR signal of hydrogens a to a magnesium
atom [103]. After heating during several hours at 140° a high-field

CH,_MgC1 MeCl
7 / CHE L
— “—
—— -
L-——anangu D D
D D
CH,MgCl
— 7
B
“— ¢
CBZMgCl

triplet appears from . From the rate of appearance of these sig=~
nals Hill and Ni calculated rate constants for ring cleavage reac-~
tions as well as a value of 2.5 x 10~> (at 140°) for the equilibrium
constant of equation (1).

Several publications have appeared on structural changes of unsatu-
rated Grignard compounds in reactions with different substrates.

Ph. Miginiac and Cousseran found complete rearrangement of the Y-un~
saturated secondary Grignard compound to the primary structure on

reaction with an aldehyde in diethyl ether whereas the rearrange-

" it OH
] i
CB,=CH-CH,~C-Mg~Br + R-CHO ——> cn2=cn-c':-cna-c'i-3
CH

3 CH3 H
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ment was very slow in THF [104]. In THF complete rearrangement was
obtained after heating the reaction mixture during three hours. The
same rearrangement occurs in reactions with oxygen.

Rearrangement in substituted allylic Grignard compounds has been
reported several times this year:

Ph. Miginiac and Daviaud found such rearrangement in the reaction

with N,N-~disubstituted a-unsaturated amides [105]:

0 : R R O
[ 1 1
L. = - - - - = - = P TN N
R!-CH=CH-CH,-Mg~Br + R~CH=CH-C N(C2H5)a —> CH,=CH g g C\N(c .
H H 255’2

The reaction of ethylallylmagnesium bromide with diisopropyl ketone
yields both the unrearranged and the rearranged product but their
relative amounts depend strongly on the solvents used (Miginiac

and Barbot) [106]:

g
1}
GZHS—CH=CH—CH2-Mg-Br + R-C-R —

c2H5-cn=cn-CHZ-c(0H)RR + CH2=CH-CH(CZH5)-C(OH)RR

Addition of zinc bromide to the reaction mixture in THF yields the
unrearranged product quantitatively. With pentanone-3 however only
the rearranged product was obtained, independent of the addition

of zinc bromide although the organozinc compound yielded the unre-~
arranged product exclusively.

The mechanistic aspects of the rearrangements during the reactions
of substituted allylmagnesium bromides with acetone and epoxycyclo-
hexane will be discussed in chapter 4 A [107].
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The reaction of t-butylallylmagnesium bromide with L~t-butylcyelo-
hexanone was investigated by Chérest and Felkin [108]}:

9 ¥
M )@7"”'
- ~CH=CH- -MgBr —> ca

(CH3)3 + t Cqu CH=CH CHa Mg ( 3
Product a Product b Product c
R = -CHZ—CH=CH—?-CQH9 R = -0OH R = =CQH

| P | P, -CH= -t - 1= . - ~CH=
R'= ~OH R CH2 CH=CH~t C4H9 R CH(t C4H9) CH CH2

Ratio a&a 1 b :c= 41 ¢ 3% : 26

The reaction of the same t-butylallylmagnesium bromide was found to
be very sensitive for steric hindrance in the neighborhood of the

carbonyl group (Felkin, Chérest and Frajerman) [109]. The ratio of
unrearranged and rearranged products Y, increases in the following

order:

3H.?)ZC=O

Y 3.1 LA 8 > 100

(CD3)20=0 (m5)2c=o (Czﬁs)a":o (i-C

The difference in Y-values for the reaction with acetone and with
aeetone-d6 is said to be in harmony with the view that secondary
deuterium isotope effects are steric in origin, CD3 being less bulky
than CH3.

In a comment on this report Kresge and Nowlan point out that hyper-
conjugative isotope effects are to be expected in. this reaction thus
making ‘it unlikely that the isotope effect, found by Felkin and
coworkers is wholly steric in origin [110].
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Allene-propargylic rearrangements during reactions of Grignard com-
pounds prepared from unsaturated bromides have been reported by
Gaudemar as well as by Ph. and L. Miginiac this year.

Together with Pierrot, Gaudemar investigated the reaction of allenyl-
magnesium bromide with bromo-acetylenic esters, with and without cu-
prous chloride as a catalyst [111].

Together with Moreau, Gaudemar reports on the reaction of aldimines

with allenylmagnesium bromide [57]:

R—CH—CHa-CEGH
L

HN-R!
N O — = +
R-CH=N-R' + CH,=C=CH-MgBr — R-?H-CH:C:CHE
HN-R!'

The yields of the two products (the allenic form was present in a

small excess) were unsatisfactory which had to be attributed to
side reactions of unreacted Grignard reagent with the secondary

amines formed.

The same type of rearrangement has been observed by Ph. Miginiac,
Daviaud and Massy-Barbot in the reaction of propargylmagnesium bro-

mide with propyl- as well as with isopropyl-substituted ethyl ethy-:

lidenecyanoacetates [112]:

R CN
HC=C-CHy-MgBr +  C=C_ e HC=C-CH,-CH-CH(CN) CO,C,He
H CO,CHg R

+
H20=C=CH-?H-CH(CN)0020235
R
R = n-propyl or isopropyl

Another example of such a rearrangement was found by Ph, Miginiac
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together with Daviaud in the following reaction [105]:

o
i}
CHB-C=C—CHZ—MgBr + CZHB-CH=CH-C-N (CZH5)2 _—
Gols % _ S
CH2=C:?—CH-CH2-C—N(CZH5)2 + CHB—C=C-CH2—CH-CH2—C- cz 5)2

C,Hg

As was found by L. Miginiac and Nivert the main product of the reac-—
tion of allenylmagnesium bromide with gem-amino ethers as well as

with aldimines is one with acetylenic structure [113]:

CH,=C=CH~MgBr HC=C-CH,-CH(R)-N(CHg),  90%
+ —_—> +

€, Hg-0-CH(R)-N(C,Hs) 5 CH,=C=CH-CH(R)-N(C,Hg),  10%

CH2=CjCH-HgBr HC=C-CH,~CH(CgHg) -NH-R! 95%
_—_ +

CgHg-CH=N-R" CH,=C=CH-CH(CHc)~NH-R" 5%

However the Grignard compound derived from l-bromo-2-butyne yields

the allenic product exclusively on reaction with gem-aminc ethers:

CHz-C=C~CH,-MgBr 28% yield
+ ——————>  CH,=C=C(CH,)-CH(R)-N(C,H,),
€, Hy=0~CH(R) ~N(C,H) 5

In chapter 2 B iii the equilibrium between two unsaturated Grignard

reagents
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C,H C.H

/275 /275
CH2=C=C\ _— CH,= ..
CHZ-Mg-Br Pt
Br-Mg

has been reported [56]. On reaction with acetaldehyde products were
obtained containing both the allenic and the dienylic structure,

2-(4-pyridyl)-2-methyl-l-propylmagnesium chloride treated with
acid chlorides or trimethylsilyl chloride undergoes reaction at the
nitrogen with quantitative formation of l-substituted~4-(1,l-dime-

thylspirocyclopropyl)~1l,4~dihydropyridines [37]:

CH R-C1 = 3
U3 CH

N O}—?-CHa-Mg-m —_— R-Nw >
CHy —

R = COZCZHE’ CO,CH;, COC6H5, COCH3 or (CH3)381

4., MECHANISM OF REACTIONS OF ORGANOMAGNESIUM COMPQUNDS

There seems to be no limitation %o the reaction possibilities of
organomagnesium compounds; this year too, several new types of reac-
tions with different substrates have been reported and mechanims for
such reactions have been proposed. Although most of these reactiong
will be discussed in the following chapter the report of Rieker,
Butsugan and Shimizu seems surprising enough to function as an
introduction to this chapter [114]:

sterically hindered phenylmagnesium halides react with a two-fold
excess of an "oxidating" aldehyde (which also gives Cannizzaro-reace

tions), such as formaldehyde or benzaldehyde, to form an ester in

References p. 120



0 C. BLOMBERG

yields as high as 55%. The mechanism given by the authors

R q R:\ /ﬁ
[ 4
Ng” ¢’ P
~O-MgBr 0-G-H
R'CHO 0-MgBr
RMgX + R'CHO — —_
R'CHO

R
1
-R—g-O—%-R' + R'-CH,~0-MgBr

includes, among other reactions, an Oppenauer oxidation by the al-
dehyde. Substituents in the phenyl ring on the 2- and 6-position
are essential for this anomalous reaction; phenylmagnesium bromide

only yields the normal product(s?).

4. Reactions with carbonyl compounds

i. Additign_reactions

The mechanism of the addition reaction of Grignard compounds as well
as of dialkylmagnesium compounds with carbonyl groups has been stu-
died with more intensity than ever this year,

El'yanov and Svetlanova conclude from their experimental results
(reaction of ethylmagnesium bromide reaction with pinacolone at extre-
mely high pressures; no change was found in the product composition
compared to the reaction under normal conditions) that the formation
of the transition states in these reactions must involve very .simi-

lar volume changes [115].
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Tuulmets and Luuk describe a new type of stopped~flow apparatus for
thermogravimetric measurements of reactivities of organomagnesium
compounds with different substrates; they report that the rate of
the (second order) reaction of dimethylmagnesium with pinacolone

at 20° is 27 + 4 mole™t sec ~1 [116].

Since the solvent properties (dielectric comstant in particular)
have a great influence on the composition of the organomagnesium
compounds in solution Tuulmets and coworkers have studied the kine-
tics of several reactions of organomagnesium compounds in different
solvents: with Koppel the reaction of n-propylmagnesium bromide
with pinacolone in methylal, diethyl ether of diethylene glycol
[117], triethyl amine and N,N-dimethylaniline [118]. With Koppel,
Loit and Luuk Tuulmets investigated the reaction of ethyl- and
n-propylmagnesium bromides with pinacolone at 20° under pseudo-first

order conditions in the binary mixtures of diethyl ether with n-hep-

tane and dichloromethane [119], The variation of the medium pola-
rity has been carried out by adding non-solvating heptane or dichlo-
romethane to the Grignard reagent in diethyl ether. The relative
rate of addition in the reaction of ethylmagnesium bromide with pi=~
nacolone increases with increasing medium polarity.

The influence of the solvent polarity was also investigated by Tuul-
mets together with Pilt and Uus in relation to the increased reac-
tivity of arylmagnesium bromide towards pinacolone or benzophenone
by substitution in the aromatic ring [120]: p-tolyl-_> phenyl- ~>
p-chlorophenylmagnesium bromide,

It has become more and more evident that the addition reaction of
organomagnesium compounds to carbonyl groups is extremely complex;
apart from radical intermediates that might occur (see next para-

graph) several competitive reactions are assumed to take place.
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Tuulmets states [121] that the experimental results obtained when the
reaction of n-propylmagnesium bromide with pinacolone was studied
under pseudo-first-order conditions can not be simply -explained on
the basis of the simple scheme:

N \
R-Mg-X + /C:O ——— C=0.RMgX + R-Mg-X — product
’

nor by assuming RZMg:to be the only reactive species:
AN \
R-Mg-R + /C:O e C=0.R2Mg-——-> seescas
/
A competitive reaction must be
\
X-Mg-~X + C=0 :::::;C:O.ng2 + R~Mg-R -——> product
/

The contribution of each of these reactions to the product forma-
tion depends on the initial concentration of R-Mg-X, on the solvent
(see above) and on the ratio n = [Br]/[CZHS].

On the other hand Tuulmets, Luuk and Loit state that the pseudo-=
first;order rate constants of the reaction of excess ethylmagnesium
_bromide with Pinacolone depends only poorly on the initial concen-
trations of the reagents [122]. A reaction scheme involving two
pathways for the interaction of a ketone with dialkylmagnesium:

a) direct reaction, and b) reaction through a ketone magnesium halide
intermediate, seems to be the most acceptable to the authors to-in-
terpret the kinetic data observed by themselves as well as as repor-
ted by others (Blllet and Smith, 1968; Ashby, Walker and Neumann,
1970).

Ashby, Laemmle and Neumann observed the rate of disappearance of the
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absorption band at 410 nm which appears immediately when methylmagne-
sium bromide is allowed to react with excess 2-methylbenzophenone

and which is attributed to a complex between ketone and CHsMgBr [123].
The initial rate of product formaticn was equal to the rate of dis-
appearance of the absorption band; product formation takes place

via reaction of CH3MgBr with ketone in a first order reaction as

well as via reaction of (CHS)ZMg with ketone (also first order).

The same authors reported extensively on the reaction of dimethyl-
magnesium and 2-methylbenzophenone [124]. It consists of a series

of reaction steps:

(CHB)ZMg + Ketone Im—— Complex -——> Product,
Product, + Ketone ———= Complexl —_— Product2
Product, + Ketone T————> Complex, —> Product3

in which the products are P; = (CHBMgOR)Z, P, = CHBMgOR.Mg(OR)Z

and P, = Mg(OR)2 with R = -C(C7H7)(C6H5)CH3.

3

Although the formation of P5 by the reaction of Complex, with a

ketone has to be excluded in the reaction of dimethylmagnesium:
Ko Kok

Product, —S-——» Complexp ————> Productsy

"in ng case do the kinetic data allow one toc distinguish between

the following two mechanisms for the formation of P_':

3

KE k

Complex2 Product2 _~—JL—*Product3

which represents a simple bimolecular collision, and

K k
Product2=====é=ﬁ=Complexa —---—E——»Product3
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which reaction represents rearrangement of the complex.

After all that has been reported about rapid equilibria in solutions
containing organomagnesium compounds and reaction products the follo-
wing observations by Gross, Georgoulis and Ziegler seems very sur-—
prising [125] : whereas methylmagnesium bromide reacts with di-terts=
butyl ketone to give the addition product in almost quantitative
¥ield dimethylmagnesium (as is well known) reacts with only one of
its methyl groups to form a methylmagnesium alkoxide. However, addi-
tion of magnesium bromide to the product of this "half-way" reaction
causes no change at all in the product yield, indicating that the

Schlenk-equilibrium is not shifted to the right:

CHBMg-O-C(t-CL*Hg) oCHz + MgBr, —_— S A— CHMgBr + Bng—o-g}(It-cung)a
>

U§iﬁg both a thermogravic technique and the quenching method in a
répid-flow apparatus Tuulmets, Luuk and Vaiga determined the fseudo-
first-order rate constants for the reaction of ethylmagnesium bro-
mide with 2-methylpentanone-l;, 2,4-dimethyl-3~pentanone, acetone,
butanone, 2-hexanone and 2-methyl-3-butanone [126]. The influence

of the alkyl groups on the reaction rate was found to be determined

above all by their steric parameters Eg.

_—m T A T AT E T aTE = - e e e - e e = -

Reactions of phenylmagnesium bromide as well as of methylmagnesium
bromide with B-hydroxycyclopentanes or with cis-f-0oxocyclopentanols
were stereospecific which was explained by Ghera and Shoua in terms

of chelating effects in the intermediates formed:
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0-Mg-X H

m
29}

Reactions of the trans-p-oxocyclopentanol with both Grignard reagents
resulted in product formation in low yield and low stereoselectivity;
This had to be attributed to displacement of the following equili-

brium to the right, so that chelation is made possible in the inter-

Ve H
R o} R O
/ \ /X
Mg
_.-0-MgX - C')

mediate but stereoselectivity is lost in the planar structure. This
behavior in reactions of Grignard compounds seems to be specific

for the cyclopentane ring; preliminary results with c¢cyclohexane
homologues suggest that formation of the chelated ring is more &if-

ficult [127]. Indeed Ficini and Maujean didn't notice any influence

on the stereoselectivity of the addition reaction of methylmagnesium

iodide with substituted cyclohexanones , and as compared

% i kz i i
CHZCOZCZHS CH.CH.CO.C_H

2H2 2k s CH
>

to the pame reaction with 2-methylcyclohexanone {128].
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The reaction of methyl- or n-propylmagnesium bromide with 2-ethyl-
cyclopentanone yields the trans addition product as the majcr one
(80 : 20) as Chodkiewicz and Battioni report [129]. CHB-CEC-Mg-Br
however gives the cis alcohol as the main prdduct ( cis-trans ratio
64:36) . Much less difference in stereoselectivity was found for the
addition reactions with 3~methyl- and 3-t-butylcyclopentanone.

As alieady mentioned in chapter 3E t-butylallylmagnesium bromide

in its reactions with ketones is a sensitive measure of steric hin-
drance in the neighborhood of the carbonyl group [109]. Felkin and
Ché&rest investigatedfthe factors governing the product formation in
the reaction of this.Grignard compound with L-t~butylcyclohexanone

[108]. Steric strain in the transition state, leading to the equa~

torial products and is real ( ylelds : >100):

CH,~CH=CH~t-C, H

2 49
: |~ om
H o
e W R
<+

o]

2 CH2 t-CqH9CH-CH=CH2
OH

R

The ratio of the yields on axial products a.nd is extremely
small (1.3) from which it follows that the factor which impedes the

formation of the axial epimer can not be steric strain involving Hax
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OH

|
H, ? /Zfz::::;7‘—CHZ-CH=CH-t-ch9

L) -, * B

—_—J
o N
N o8
/Zc:::::;}*-QH-CH=CH2
t-C, Hg

A R

and t-butylallyl in the transition state 4, nor can it be "product
development control" since the less stable product is formed. The
steric outcome is best ascribed to the net difference between the
steric strain in the transition state E, leading to the equatorial
alcohol and the torsional strain in transition state A, leading to

the axial alcohol.

Competition reactions of allylmagnesium bromide, butenylmagnesium
bromide and a,¥-dimethylalliylmagnesium bromide with acetone show

that these three Grignard compounds have approximately the same reac-
tivity (Felkin, Frajerman and Poussi; see also A.S5. 1970) [109].

The SEi' mechanism described by the authors to rationalize the form-

ation of the products is the following one:

MgX R4C=0

R

Felkin, Chérest and Frajerman point out that the steric strain in

the transition state of such reactions might be considerable when
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t-butylallylmagnesium bromide is used as the reactant [209]; as al-
ready mentioned above this reagent allows the authors to determine

steric hindrance in the neighborhood of carbonyl groups:

' MgBr
MgBr RECO Ho =i
! —CH =~=CH., ——-—3 R'-CH-CH=CH,
R'~CH=CH-CH, ~— R.’C ST e ] =
R & R,~C~OH
Jaee
) R
MgBr R,CO HgBr
R'-CH-CH=CH, ———> R'-CH™==CH ?HZ ~> R'-CH=CH~CH,
0 ==="¢cgh HO-CR,

- e wm e em mp ms mm e ee wm em ew e e

Details are given of a mechanism, proposed earlier by Nasipuri,
Ghosh and Mukher jee for the reduction reaction of organomagnesium

compounds and ketones {130]; the following Newman-type formula

®
I« - C ---MgX
_G-C-MgX S
SUH
R' &
~G=0
R

viewed along the C--H+*C axis differs in two aspects from the trans-
ition state proposed by Matthie (1968): a) the model has been twis-
ted along the C..HesC axis to relieve steric and torsional strain,
'and b) the two oppositely developing dipoles O~ and Mg+ are loosely
bound through space thus avoiding rigidity comsequent to a cyclic

model.
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In accordance with results, previously obtained (together with Denise
and Ducom; A.S. 1970) Fauvarque concludes from the resulis of his
studies of the reaction of a-exo-deuterated isobornylmagnesium bro-
mide with phenylisopropyl ketone (reduction of the ketone takes place
with formation of phenylisopropyl carbineol) that the mechanism invol-
ves a planar cyclic six-membered ring [131].

The influence of solvent or additives on the ratio addition/reduc-
tion reaction has been studied by several groups:

in the reaction of 2-hexylmagnesium chloride with pinacclone in
diethyl ether, triethyl amine or B-phenylethyldimethyl amine Vitt and
Khristova found a decrease in reduction products with increasing ba-
sicity of the solvent. Furthermore in diethyl ether the authors ob-
served a considerable increase in reduction reaction products when
the solutions were diluted [132].

Mme Fauvarque and Ducom compared the rezctivities of diethylmagnesium
and di-n-butylmagnesium with those of the corresponding Grignard
compounds in diethyl ether and in HMPT as the solvent [82]. Combi-
ning the results obtained with those from measurements of electric
conductivity of the organomagnesium compounds in ether/HMPT mixtures
the authors conclude that the ionic form of R-Mg-X causes reductiion
in the reaction with phenylisopropyl ketone and enolization in the
reaction with cyclohexanone.

The rate of the reduction reaction of diethylmagnesium with di-t-
butyl ketone decreases with increasing basicity of the solvent (the
authors used THF, DME, TMED and HMPT) as was reported by Gross,
Georgoulis and Ziegler [133]. In HMPT a small amount of addition
reaction occurs {(about 2%); this amount is increased to 73% when
equimolar amounts of potassium t-butoxide were added! In the “clas~

sical® reaction of n-~propylmagnesium bromide with diisopropyl ketone
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again the addition increases (79%) with increasing amounts of HMPT.
The effect of potassium t-butoxide on the product formation in the
same reaction mixture was studied: the authors point out two .effects
of the alkoxide: being a strong base it facilitates enolization of

the ketone. Furthermore, by formation of a-complex like

L9

t—C H -O....l

| Hjesee R 4

Mg....
+

it accentuates the ionic character of the organomagnesium compound

and thus promotes the addition reaction.

B. Radical reactions

The occurence of radical intermediates in reactions of organomagne-
sium compounds with a wide variety of substrates seems well estab-
lished by now. It is not always clear which reaction conditions or
which types of reactants are responsible for the formation of radi-
cals; as already mentioned in chapter 2 D the presence of excess
magnesium in the reaction vessel containing l-nitroadamantane and
t-butylmagnesium chloride causes a considerable increase in the for-
mation of the radical product t-butyladamantyl nitroxide {[75]. The
formation of radical reaction products from reaction mixtures con-
taining metal salts such as cuprous salts (see also chapter 2 D) .is
not at all surprising anymore.

Among the radical reactions mentioned in 1971 the ones in which ke~
tones are involved still are the most surprising; Wege found that
vinylmagresium bromide reacts with 9,10-phenanthrenequinone to form

9~hydroxy-10-vinyloxyphenanthrene in 50% ( Blomberg, Grootveld, Ger-
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ner and Bickelhaupt obtained 20% of the phenyloxy homologue using
phenylmagnesium bromide; A.S. 1970); this product arises from rad-
ical intermediates as a result of electron transfer from the Grig-

nard compound to the quinone. No abnormal radical reaction products

0-CH=CH,
*

were obtained when phenanthrenequinone reacted with ethylmagnesium

CH,=CH-Mg-Br

bromide or with methylmagnesium- iodide. The author concludes that it
is possible that the nature of the carbon-~-magnesium bond in the Grig-
nard reagent is an important factor determining the mode of addition
[134].

60%, 60% and 65% dimerization reaction products were obtained by
G&lin, G&lin and DeHondt in the reaction of the pg-diketone EE with

ethyl-, n-propyl- and t-butylmagnesium halides [135]:

3 (CHB)ZC-CHZ—CO—CHZ—CO-CsHS
_C=C_ CH, CcHg + RMgX —> | ]
CHg g g (CHB)ZC-CHZ-CO-CHZ-CO-CG 5

The authors assume that the first step in the reaction is the trans-
fer of an electron from the Grignard compound to the ketone follo-
wed by dimerization. It is to be noted that no such dimers are ob-
tained in diketones with the phenyl group replaced by methyl; even

more surprising, replacement of the cis-methyl group by a hydrogen
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also seems to prevent radical formation!

Holm and Crossland added new dimensions to the reactivity of:Grig-j
nard compounds when they discovered that in diethyl ether ben;bphe-
none reacted with t-butylmagnesium chloride to give not only 44% -
carbonyl addition reaction product (so-called 1,2 addition) but '

also products resulting from 1,4- and 1,6-addition [136]:

OH
C.H
675-C~CcHy

t- Cqu

©-C,Ho~Mg~Cl + CH

1Hg COCH -

5

t-C d

t-ChH9

OH

Using substituted benzophenones the authors obtained a .variety of
1,2-, 1,4~ and 1,6-addition reaction products together with benzopi-
nacols. Measuring pseudo first order rate constants for the reaction
of 0.56M t-butylmagnesium chloride with nineteen different benzophe~
nones Holm and Crossland could plot log rate versus < -substituent
values, which resulted in a satisfactory Hammett plot for the sum

of the four competing reactions. Steric factors evidently have no
influence on the rate of the overall reaction as measured by ﬁhe
disappearance of the substrate. The authors conclude that the reac-
tions are not indeperdent but broceed through a common rate iiﬁiting
step, most probably the one-electron transfer from the Grignard

reagent to the berzophenone to form the ketyl radical anion and the
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t-butyl radical, "This would indicate, that the radical path is not

a side reaction, but rather constitutes the main, i1f not the only

reaction mechanism'.

For methylmagnesium bromide the same authors suggest that it reacts
with hindered ketones such as benzoyldurene by the one electron me-
chanism but with unhindered benzophenones by a different, probably
heterolytic mechanism. In this regard it has to be mentioned that
Ashby and coworkers in their: paper on the kinetics of the reaction
of methylmagnesium bromide with benzophenone make the final remark
that the absolute amount of free ketyl, formed in the reaction is
apparently very small since product studies under the actual cond-
itions gave 100% yield of addition product [123].

Holm and Crossland clarified the structure of the reaction products
from methyl or t-butylmagnesium halides and benzoyldurene [137]. The
rather labile enols and rearrange to secondary products:

d
ur\C
V/
dur / o P
\\C CH.,
/ 2
CH
3 dur\
7°
0
CH3
dur — dur
\C t~-C, H —_— \C t-C, H
10" 479 z 479
(0] _ 0

Although a 1:1 mixture of isobutylmagnesium bromide and g-deuterc-
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isobutylmagnesium bromide on reaction with benzophenone yields=5éngf
hydrol with deuterium incorporation with an apparent isotope}éfféc?
of 2.7, direct rate measurements of each of the Grignard compégndsﬁ
by Holm showed that the deuterated reagent is virtually as reggtivé
as the non-deuterated [138]. This indicates the existence of a rate
determining SET~step, different from the product determining hydrb;
gen/deuterium transfer step. If it is assumed that dialkylmagnesium
is the reactive species from which the electron is tramnsferred the-

following intermediate could be proposed:

/R . /R
Mg + (C,H.),CO ———> (G, H_.) C—O—Mg.
g 6752 65’2

which can exchange rapidly with an alkyl group of the Grignard com-
pound as follows:
] = . A
(06H5,‘=2C-O—Mg. +  R'-Mg-X —> (CgHg),C-0-Mg ~+ R-Mg-X
R R
The biradical intermediate may than collapse to benzhydrol and ole=
fin with different deuterium contents. The formation of 1,4- and
1,6-addition products as mentioned above indicates the participafiqn
of a less complex radical species than the dialkylmagnesium “semiay,
radicals’; since a l,6-attack takes place far from the site of the
initial electron transfer, separation of the radical from the mag- .
nesium is conceivable. ' )
A single electron transfer reaction was also (tentatively) proposed
by Reeve, Brown and Steckel to rationalize the formation of vefy o
uncommon products in the reaction of several Grignard compounds_jith'
aryl-, alkyl- and alkynyl(trichloromethyl)carbinol tosylates '[1'39]'.5-’

With phenylmagnesium bromide e.g. the reaction may proceed vié'fhe
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following steps:

06H5MgBr + R?HCVIB —_— C6H5‘ + R?HCClZ' + ClMgBr
OTs OTs
CSHS' + CaHSOCZHS —_ C6H6 + CHZCH—O—CZH5

64%

CH5CH-O-CZH5 + 06H5MgBr —> C6H5--C(CH5)H—O-C2H5 + BrMge.

13%
BrMg- + RCHCC1.,* —>» Ts0MgBr + RCH=CC1
1 2 2
OTs 42%

Diphenyliodonium chloride, bromide, iodide or tetrafluoroborate
react with triphenylmethylmagnesium chloride to form radicals (ESR
signals) as reported by Levit, Kalibabchuk and Gragerov [140]. Bvi~
dently a single electron transfer occurs; diphenyliodonium chloride
reacts with methylmagnesium iodide to give methane (containing 5%

ethane) which also proves the formation of (methyl) radicals.

C. Miscellaneous reactions
Orlova, Trofimov and Atavin propose the following intermediate in the

reaction of a 1,3~dioxolane with a Grignard compound [141]:

/ \ ‘/Br
0 0---Mg
\C‘/R j_BI‘
R —Mg
%\R

which collapses to give products as a result of cleavage of the
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l1,2-carbon-oxygen bond.

Complex formation between cyclic acetals and magnesium iodide w§§f
investigated by Esofov and Azarova [142]: stable complexes of 'ﬁﬁé
type Mgl,.2L have been isolated with the ligand L being 2’2;6_£¥i-i
methyl-4~ethyl-1,3-dioxane, 2,2,6-trimethyl-4-isopropyl-5-ethyl- ]
1,3-dioxane and 2,2,5,5,6-pentamethyli-4~ethyl-1l,5~dioxane. Pyrolysis
of these complexes results in the formation of aldehydes, ketones
and other products.

Dubsky and Jacot-Guillarmod investigated the reaction of benzalace;
tone with butyl- and phenylmagnesium compounds [143]. Conjugate ad-
dition to the unsaturated ketone is favorized by participation of
monomeric species such as the diorganomagnesium.pyridine complexes.
The structure of the complex formed on addition of phenylmagnesium
bromide to benzoylperoxide was investigated by Okubo, Maruyama and
Osugi [144]. If phenylmagnesium bromide is added slowly and in very
small drops the magnesium-~-bromine bond in the complex is attaéked h
exclusively which leads to the formation of bromobenzene and magne-

sium salts of benzoic acid

S
Br f ) Br /Mg-Br
o C/O\DlviO:C—usHs /O\ O\
efis=Cy Mélal o —> G50 Mg §C%"s
0" 0M0.,,: N : 0o o0 O 0
L O::Mg\ F-Cglig o TR
Celg— = ‘ o] CeHeg™ ™ H1eL CCelis
> Br
Br

In the reactions of Grignard compounds like n-04H9, CGH - C6H5-Céce5

-C4H9-CEC-, 06H5-CH=CH-, 1-C4H9-CH=CH— and n-C4H9~CH=CH—Mg—Br with
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substrates such as carbon dioxide, formaldehyde, trimethylchlorosi-
lane, etc. the nucleophilic reactivity of the Grignard compound de-~
creases in the order : vinyl, aryl, alkyl, acetylenyl Grignard com-
pound as was found by Zakharkin, Gravilenko and Palei [145]. In the
metallation reaction with carbon-hydrogen acids such as acetylene

the decreasing order of reactivity is: allyl, vinyl, aryl, acetylenyl
Grignard compound.

In analogy to the reactions of allylic Grignard reagents with unsat-
urated alcohols Richey, Erickson and Heyn observed addition of ally-
lic Grignards to ethylenic and acetylenic carbon-carbon bonds in

] - - - - - = -N
amines such as C6H5 CH=CH CH2 NH C6H5 CH=CH. (CH3)2 and

2’

C6H5-CE'C—CH2—N(CH1)2 [146]. No addition occurs to l-phenyl-l-propene
-

or to l-phenyl-l-butyne, not even in the presence of one of the ami-~

nes mentioned above; the authors assume therefore that addition pro-

bably is due to complex formation of magnesium to the amine function.

R-Mg —-X

- ~
J ¢
N /

Mg

The coordinated magnesium (in analogy to what is suggested for the
reaction with unsaturated aicohols) may facilitate the addition of
an external Grignard reagent, perhaps by acting as an electrophile.
To elucidate the mechanism of the reaction of pyrrolylmagnesium bro-
mide with methyl l-pyrrolecarboxylate, Loader and Anderson made use
of deuterated reagents [100]}; pyrrolyl-dk-magnesium bromide reacts
with undeuterated l-pyrrole carboxylate to form 1,2'-dipyrrolyl ke-

tone
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D t D 1|\' ]
MgBr =0 C=0
OCH A
3 J———_._
N>—
T Np
69% 12% . 19%

Reaction of l—pyrrole—(a,s,q,s-dq)-carboxylate with undeuteratéq
pyrrolyl Grignard reagent resulted in the formation of the d4-ketohe
beside other products among which undeuterated ketone. ‘The authbfs
conclude that the reaction proceeds by direct acylation at the 2-;
position of the Griznard compound rather than by initial substitu-
tion onto the l-position followed by rearrangement to the 2—p6éi-ﬁ_
tion. Furthermore at an intermediate stage, ring interchange takes
place between the l-substituted pyrrole ring in the intermediafé'aﬁd;
unused Grignard reagent. -
The reaction of pyrrolylmagnesium bromide with toluene-p—sulfonyl::
azide yields 2,2'azopyrrole (15% yield) which supports a mechanism

in which is formed as the intermediate [101]:

</ \> ¥ (:}15@5021\13 —_—
wd

i
MgBr

PyrrolylMgB{'
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From the reaction of (substituted) cyclopentadienylmagnesium bromide
{or chloride) with benzyne no products could be isolated which could
have been formed by a stepwise nucleophilic addition reaction of the
Grignard compound (Ford; See also A.S. 1970) [147]. The simplest me-
chanism which accounts for the formation of the intermediate Grig-

nard reagents is [3 + 27 cycloaddition of benzyne to cyclopenta-

ClMe X

X= CH}’ Si(CH3)3 or H

Y= H or CE3

=]

dienyl anions which may also be called qr‘*s +fn’,25 cycloaddition.

Finally, in this chapter dealing with mechanisms of reactions of
organomagnesium compounds a series of papers by Tamura and Kochi need
special mention. These authors have reinvestigated the well-kncwn
Kharasch reaction of Grignard compounds with alkyl nalides in the pre-
sence of metél salts and paid special attention to the formation of
organometallic intermediates. ‘
With silver salts the authors propose the following catalytic mecha-
nism [148]:
R'MgX + AgX ——> Rt'Ag + MgXZ
R'Ag,RAg ————+ R-R, R'-R, R'-R' + 2 Ag
Ag + Re-x —S10¥ . p. 4 agx
R + Ag ~———> RAg, etc
The oxidative dimerization of Grignard reagents with AgNo3 was unique

" in that less than stoichiometric amounts of silver(I) were required
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eince nitrate was capable of reoxidizing silver. With L1N03, nitrogen
dioxide or nitromethane only catalytic amounts of AgBr were required.
Coupling reactions by silver and copper, despite their 51m113rity,y_7
occur by fundamentally different mechanisms; the authors propose the

following mechanism for the copper catalyzation [149]:

RMgBr + CuIBr ——> rcul + MgBr,
rcul  + Rier -819%. p Rt & culmr, ete.

The catalysis by iron takes place via a mechanism which is a combiha-'

tion of those proposed for silver and copper [150] and [151]:

RBr + Fe —— R. + FeBr
R* + Fe -—> RFe
RtMgBr + FeBr — R'Fe + MgBr2

RFe,R'Fe —— RH,R'H, R(-H), R'(-H) + 2Fe, etc.

The authors in particular studied the coupling reaction with alkenyl
halides and found these reactions to proceed stereospecifically, e.g.
with cis- and trans-propenyl bromide; alkenylation proceeds therefore
via a Fe-assisted displacement of the alkenyl halide by the Grignard

reagent:

RMgBr  + Br/\—-)v R/\- MgBr, + Fe etc.
Fe P

In another paper fhis ¥Year the authors report the results of stﬁdies
of the reaction of Grignard compounds with metal halides in which |
those of Co(II), Ni(II), Pd(II) and Mn(II) ére included beside,thé
mefal salfs mentioned above; the reactions are coupling, dispfbédf;

tionation and exchange reactions with olefins [152].
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5. REACTIONS OF ORGANOMAGNESIUM COMPQUNDS

b o S v o —

o P e B Ty . S — e o e - -~ L e
~-norbornyim esium reacted with form-

gon
aldehyde or acetaldehyde in diethyl ether [58]:

MgBr C

R:HOI‘CH3

Mosumzadze, Gurbanov, Shabanov and Dzharadova obtained alkyl-substi-
tuted cyclopentenes by dehydration of the carbinols, obtained in the

reaction of alkylmagnesium halides with cyclopentanone in diethyl
ether [154]:

R OH R
R-Mg-}wé — é —_— @

R = CHy~, CyHg~, n=C;H,=, 1-C3H,= and n-C,Hg-

Ethylmagnesium bromide, prepared in benzene and an optically active
amine ((=) sparteine) reacts with benzaldehyde and acetophenone to

give the expected carbinols in 15% and 11% yield respectively with
22% and 0% optical purity [74].

The stereochemical aspects of the reaction of organomagnesium com-

pounds with substituted cyclic ketones have been studied by several
groups and some of the mechanistic implications were mentioned in

chapter 4 A ii. The following reports will therefore be mentioned
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only briefly:

Jones, Kauffman and Goller compared the stereochemistry of addiﬁiéh
and reduction reactions of n-propylmagnesium reagents with thb§e 6f?
the corresponding cadmium and zinc reagents in their reactionsfwifh
4-t-butylcyclohexanone [155]. 7
Cantagrel and Maroni-Barnaud determined the cis/trans ratios in the
ketoalcohols, obtained in the interesting reaction of the chloromagi
nesium enolates of sterically hindered ketones with 4-~t -butylcyclo— E

hexanone [156]:

RY rY

7 S (0]

1= - ' - —{,= + o

103H7MgCl+REC\R2—-> R~C=C. g2 N
o OiMe-c1

o § & g2

Cc N\ 7
3¢ R+ c_ R
rY \R? oH “¢
o}

Rocquet, Sevin and Chodkiewicz report that alkylmagnesium halides
don't add to the carbonyl double bond in the cyclic ketone f but
that yields as high as 95% were observed in the addition reaction

of acetylenic Grignard compounds and the same ketone [157]:

R! R

. R = CgHy  95%

R-CSC-MgBr + . R = CH: " &od
® CHy 3 S0

]
2]

T uom
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Baiocchi and Giannangeli investigated the reactions of Grignard com-
pounds with polycyclic ketones as depicted in the following equations

(including adamantone) [158]:

R-Mg=-X + é —> "normal carbonyl addition
0

C6H5MgBr + —> "normal" carbonyl addition

The stereochemical aspects were studied of the reaction 6f phenyl-

magnesium bromide with bicyclo[3,3,1]non-2-en-9-one:

CGH OH HO C6H5

5
syn anti

major product

Several reports have appeared dealing with reactions of organomagne-
‘sium compounds with diketones:

Barabfis and Balaban give detailed reports of the reaction of benzyi-
magnesium chloride with acetylacetone resulting in the formation of
both the mono- and the diaddition product [159] (preliminary reports
were given by the same authors in 1967 and 1969 and by Canonne and
coworkers in 1966 and 1967).

As already mentioﬁed in chapter 4 B aliphatic Grignard compounds

may react with unsaturated S~-diketones via radical intermediates
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[135].  With several substituents however conjugate additiom

nay also occur as indicated:

SN
cH R2 /C:C\ 9H
5 N rt C=CH,-C~R>
:C N 2 Ly
17 0 R
R HZ-C-R
8 + RAMgX —_— +
RL‘"
e —C_p2
CH3 C C g CH2 C-R
11
R H

Addition to the carbonyl double bond takes place with ethyl- and .
phenylmagnesiun bromides and with R and RP being methyl groups and
R2 being hydrogen. For R1 is methyl, R2 is hydrogen and R3 ié'ﬁhényi
addition to the carbonyl double bond takes place only with phényl—"
magnesium bromide.

Methyl-~ and ethylmagnesium compounds react with cyclobutadione in:a

normal fashion to give the diaddition products [160]:

o R
¢ OH
R-Mg-X + —_— .
0 OH

Ried and Lantzsch observed an unexpected ringscission in the reaqt;qn

Ar Ar . Ar . Hr
+ Art'-Mg-Bpr — 0=l F_O =0.

Q7 N¢] Ar? Aprt '
Ar Ar
+A1'~/\Ar'
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in which Ar is either phenyl or p-tolyl and Ar' is phenyl, p-tolyl
or p-anisyl [161]. With aliphatic Grignard compounds a complicated

mixture of products is obtained.

Several reactions were reported of alkoxy-substituted ketones and
organomagnesium compounds:

Potapov, Kochetkova and Shabarova reported the following reaction

the product of which was used for polymerization reactions [162].
Guillerm-Dron, Capmau and Chodkiewicz observed the formation of “trans
products in the reaction of aliphatic and fB-unsaturated Grignard

compounds (propargylic and allylic) with 2-methoxypentanone whereas

73 3R
OH

the cis products were preferentially formed in reactions with acety-
lenic Grignard compounds [163].

The reaction of Grignard compounds of different types (including
aliphatic Grignard compounds as well as unsaturated Grignhard com-~
pounds such as CHB-O—CH=CH—C5C-MgBr) with the vinyloxy ketone:
CH2=CH-O-CH20H(CH3)-CO-CHBIQads to the expected addition reaction
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products in yields varying from 40 - 85% [164].
Rearrangement is observed in the reactiorn of ethylallylmagnesiﬁm‘

bromide with l-methozy-2-pentanone as was found by L. Miginiac.aﬁd

. -, = - - [V] T - - -y, ——e e
C2H5 CH CHE CH2 Mg-Br + CH3 O CH2 8 C)H7
?H
CH2=CH-?H—C(CBH7)-CH2—O~CH3
CZH5

In several publications amino carbonyl compounds were used in Treac-
tions with Grignard reagents:
Allylmagnesium chloride in diethyl ether mixed with an emulsion of

p-dimethylaminobenzaldehyde yields the "normal" butenol [166]:

CH,=CH-CH,-Mg-Cl + H-QO-N(CHB)Z —_—
o
il N
CH2=CH-CH2-(|!;I-<:>-—N (CH;)
[¢) —

The reaction of methyl-, ethyl-, phenyl- and p-anisylmagnesium bro-
mide with 3-phenyl-2,4-(1H,3H)-quinazolinedione has been reported:

{167]:
“Mg~-X +
N/LO
R

Akhrem, Ukhova and Uskova investigated the reaction of ethynyl- arnd
of vinylmagnesium bromide with 1,2-dimethyldecahydro-4-guinolone;
the steric effect:of the C-2 methyl group on the product forméiibn
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0 'R OH
1
R-Mg-Br + Ofic _—
N N
i Hy ) Hy
CH3 CH3

is discussed [168].
N-substituted tropines were obtained by Fischer and Mikite by the

reaction of Grignard compounds with N-substituted tropinones [169]:
Rt '
AN R\

R-Mg-X + —_— |
‘ R

OH

Michel and Canonne studied the stereochemistry of the reactlon of
two equivalents of R-Mg-X with acetyl-acetone in which reaction an
intermediate is formed which can be regarded as the bromomagnesium

alkoxide of a B-hydroxyketone [170}:

. oMgX O oH oH

3
R-Mg-X + R-g_-GHZ-C-CHB — R—?—-—CHZ-—-?-R
CH3 CH3 CH3

+

OH CH
1 ]
R=C==<CH,~==~C=R

1 2 )

CH3 OH

2-Hydroxycyclobutanone reacts with several Grignard compounds to.

form cyclobutanediols {160]:

£ o

R-Mg-X + _—
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The following two reports of reactions of Grignard compounds,with

keto esters are given in equations only:

CH;MgI =+ H -~ 0,CH; —>  E c - [17a]
I
CH,
and
o)
9 /Cots \\c —a
R-Mg-X  + CH3 —_— < >\ R [501
0,C,H
2”2"s
CoHg  CHy A

Two reports from Akimova and Orlikova deal with the reaction of -
n-butylglyoxylate with Grignard compounds; addition to the aldehyde
function takes place [i72] and [173]: '

HO

[ ]
R-Mg-Br + O_CH-(é—O—CL(_HQ —_ R—OC':;IC-O-CLl_Hg

R = n-CQHQ- or 1so—CQH9-
Reactions of organomagnesium compounds with halogen substituted aldef
hydes and ketones have also been reported several times in 1971:
although phenylmagnesium bromide reacts with chloral to give 60% of
the expected carbonyl addition product bromal fails to react with the

the same Grignard reagent [174]:

5
-¢=CBr
OH

5

CGHB-Mg-Br + CBrs-E=O —— C6H 3
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Reactions of aromatic Grignard compounds with fluorinated dimethoxy-
benzoic esters, leading to the formation of fluorinated dimethoxy-
benzophenones are discussed by Lubemets, Gerismova and Fokin [175].
The reaction of an aromatic Grignard compound with a Y-chloro ketone

Ar

1
5-%-(CH2)3—CI + Ar-Mg-X ———e CéHB—g;(CHZ)B—Cl
0

06H
was mentioned in a Russian patent [175].
Several reactions of chlorinated ketones with Grignard compounds

were reported by Combret, LarchevEque and Leroux [176]:

R HMPT
R-Mg-X + R'—%-(CHa)n—Cl —_— R'—?—(CHE)H-Cl —_
° 0
Mg-C1
(CHZ)n R
e
o/c\

on addition of HMPT to the reaction mixture cyclization occurs due
to the enhanced nucleophilicity of the alkoxide in this solvent.
The authors report the preparation of a multitude of oxetanes, oxo0-
lanes, oxanes and oxepanes. Applying a-alkoxy~Grignard compounds
with chloro-substitution such as Cl-CHa-CHZ—O-CHZ-Mg-Cl the authors
synthesized a number of dioxanes by the same methods!
Chloroepoxides were obtained by Shigo and Shinichi by the reaction

of Grignard compounds with 2,3-dichloro-l-propanal:

H E H
] 1 i

R-Mg-X + Cl-CH,-C-CHO ——> R-C— C-CH,~Cl
el o’

with R is methyl (27 % yield), R is ethyl (39 %vyield) and R is
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styryl (12 % yield) [177]. e
Davies, Masson and Parrott investigated the reaction of methyl-=,
ethyl- and isopropylmagnesium halides with 1,4,5,6,7,7-hexachloi'o-“ :
norborn-5-en-2-one [178]:

methylmagnesium iodide yields products derived from endo-attack ex- i

clusively (as does lithiumaluminum hydride in a reduction reaction): .

cl Ccl1
C1
c
—_—
CHBMgI + J

C ci

29

Reactions of ethylmagnesium bromide and isopropylmagnesium chlcride

with gave no tertiary alcohols but the following three products:

C1._.C1 Cc1 1

C1

Cl Cl

A

Ccl1 c1 Cl c1 H

With ethylmagnesium brcmide only 4-8% of is formed whereas with
isopropylmagnesium chloride is formed in yields as high as 34%. 
The authors suggest that this great difference might be related to »
the degree of association of the Grignard reagents concerned: efhyl—'-

magnesium bromide being monomeric can only form in a two-stepl ‘
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mechanism whereas in the case of the reaction of the dimeric isopro-
pylmagnesium ckloride with Ea the reaction might proceed via a
single step mechanism.

Finally in this paragraph reactions of Grignard compounds with
the following carbonyl compounds have to be mentioned:

Horspool, Stanley, Sutherland and Thomson reacted methyl-, ethyl-
and phenylmagnesium halides with ferrocenylmethyl ketone [179].
The stereoselectivity of the reaction of Grignard compounds with
ferrocenyl ketones, substituted in the o~position by substituents
such as hydroxymethyl and dimethylaminomethyl was investigated by
Moise, Tirouflet and Sautrey {180].

The following reaction with a substituted. cyclic thia ketone was

reported:[181] :

S
R
0

with R is cyclopropyl or allyl and R! is chlorine or SOZ'N(-CHS)Z'
The reaction of methylmagnesium bromide with a steroidal ketcne
of complicated structure, sapogenoic acid ester, was reported by
Barton, Kulkarni and Sammes [182].

Of the following report unfortunately the original print is diffi-
cult to oObtain which is to be regretted because of the surprising
information in the abstract: although phenyl-, p-tolyl-, ortho- as
well as para-anisylmagnesium bromide react with cinnamaldehyde to
give the "normal” products in fair yields ( 50% to 85%) addition
of diethyl oxalate to the reaction mixture causes ﬁhe formation

of the corresponding bromide in high yields [183]:
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GO,C,H H
——» C,H_=CH=CH-C-R
65 i

COZCEH5 OH

R-Mg-Br + CGHS—CH:CH-CHO +

H

|
: - = -l
C6H5 CH=CH > R
Br

An excess of benzylmagnesium chloride reacts with diethyl Oxalate'tq'— 
give the normal reaction product in 25% yield beside a product, resﬁl-
‘ting from the reaction with only one of the ester groups (10%) and a
keto alcohol (20%) [184]:

COZ-CZH HO-C(-CH2-06H5)2

5
CgHg-CH,-Mg-Cl + | —_—— ‘
C0,~C,Hy HO-C(~CHy=C¢He) 5
25%

HO-C(~CHy~CcH) HO-C(~CH,~CgH,)
+ +

0=C-CH,~CH, C0,-C, M,

20% 10%

Mixed vicinal diols were obtained by Lapkin, Svinina, Karavanov and‘
Skvortsova by the two-step addition of different Grignard compounds

to diethyl oxalate [185]:

Rt
COZ"CZHB R—é—OH
R-Mg~X + | . followed by + R'-Mg-X  — |
CO,-CH
1 equiv. 2 72"5 3-4 equiv. Rig-0H
R'

R = 3,4-dimethylphenyl—, naphthyl-, n-hexyl~, n-heptyl-, n-gctyl-
and n-nonyl- T

R' = n-propyl-, phenyl- and p-tolyl-
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-As.already reported in chapter 5 A n-butyl glyoxylate reacts faster
with its aldehyde function than with the carboxylate group when
isobutyl- or n-butylmagnesium halides are added to it in diethyl
ether [172] and {173].

Enptoz, Huet and Jubier investigated the composition of the products
obtained on reaction of a Grignard reagent with an ester or an other
acid derivative in HMPT [186]. Almost exclusive formation of ketone
is observed in the reaction of isopropylmagnesium halide with ali-

phatic acid esters:

HMPT

i-CoHy-Mg-X + R-CO,~CHy —»> R-g-i—CSH.?

]

n-C,H, : 45 % yield; R = i-C,Hy : 51 % yield

37
= 8-C,Hy : 65 % yield; R 27 % yield

4Hg

i

j=¢)
[

t-ch9 :

With derivatives of benzoic acid n-~butylmagnesium bromide gives not
only the corresponding ketone but also products resulting from reac-
tions with the intermediate ketone, i.e. addition and reduction reac-
tions. Since the ratio of these two reactions is constant (about

1l :2-11: 3) with ethyl benzoate, benzoyl chloride and benzoic

acid anhydride it is unlikely that other reaction mechanisms are to
be assumed for the formation of the alcohols.

Coutrot, Combret and Villiéras found a facile route to a-chloroepoxi-
ketones by reaction of Grignard compounds with a-chloroglycidic es-

ters [187]. The results are:

[
RMgBr + (CH,).CH-CH—G(C1)C =78 — CCC1Y~Cm
g (CHg), \O/C( 1)CO,CHy (cnj)acgo/c(cn C-R
R CH; CoHg (CH3),CH CgHy cy=CgHyy
Yield in % 55 72 50 31 56
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The authors report that at elevated temperatures (-50°) the chiqfu_
epoxy ketone reacts further with Grignard compounds to give terti-
airy alcohols. Several other substituents were introduced in théf
glycidic ester and the product yields were determined. No such.. -
reactions were found with the much more reactive bromo glycidiq;.
esters. The major product in this case is a bromo diketone. ';v
According to Lubemets, Gerisimova and Fokin aromatic fluorinaﬁqd»ke;

tones are formed by the following reactions [188]:

X X X
CgFg-Mg-Br + R-0,C CHy—> CGFs—g OCHy
n
CHy CH,0 X

with X =Hor F

The reaction of phenylmagnesium bromide with ethyl 3-phenylchromon-
2-carboxylate yields a variety of products among which biphenyl,
2-benzoyl~3-phenylchromon and 2,3,q-triphenyl-l—(o—hydroxyphenyl)—
2-butene-1,4-dion were mentioned by Holmberg and Jalander [189]:

0

o g-O-CZH '

5 .
c 6H5MgBr + —_— @@ +
CgH '

5 5

QO -
+ C-H
¢’ 65

H ! $-c
+ +
%/CHCSH5 )
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Extending their investigations on the reactivity of the alkoxyimino-~
group versus Grignard compounds, Pornet and Mme. L. Miginiac added
the iminocarbonate CGHs-N=C(O-CZH5)2 to organomagnesium halides [190];

the following types of reactions were observed:

R-Mg-X + CgHg-N=C(0-CoHg), ———> C Hs-N=C(R)-0-C,H; a

R-Mg-X + CgHg=N=C(0-CHg), —————> CgHg-N=CR, v b

R-Mg~X + CgHg-N=C(0-C,Hg), ————> CgHg-N-CRy c
H

Isopropylmagnesium halides do not react at all with the iminocarbo-
nate; n-butylmagnesium bromide gives not more than 21% of a product
resulting from type a reaction; the same type of reaction product
was obtained with phenylmagnesium bromide, however in 78% yield.
Allylic Grignard compounds gave high yields of products resulting
from reactions of type c. When the allyl- group is substituted with
R rearrangement occurs resulting in the formation of several iso-
meric prcducts.
Phenylmagnesium bromide reacts with l-adamantyl~3~t~butylaziridi-
none to form an a-aminoketone, as reported by Lengyel, Mark and
Troise [191]

-0
MgBr ———> (CHS)SC—?H—(":-CsHs

(CH3)3C-CH-—— c=0 + CGH5

q NHAQ
Ad.

" Ad. represents an adamantyl-1 group

Thin layer chromatography of the crude product indicated the presence
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of ' HO H

) ¢-c-n"
33-1_-\
Br Ad

(CH
which type of product is claimed by Talaty and coworkers (A.S.fl970f
to be the only reaction product of both alkyl and aryl Grignard»fea-
gents with a-lactams. In a control experiment by Lengyel c.s. ié '!
was shown that the a-bromoamide was formed exclusively in 90%’yield‘
in the reaction of magnesium bromide with the a-lactam under inves-
tigation.

Sekiya and Terao report the following ring-opening reaction [192]:

R

2 R-Mg-X + N-H @—u-o R-E-CHZ-CHZ_%-NHE

0 0

in which the group R can be alkyl as wéll as aryl.
A variety of products was obtained by Whitehurst and Overnell from
the reaction of methyl-, ethyl- and isopropylmagnesium halideé with
the steroid A-ring lactone [193]:
CH3 CSH
17

070

Sugita and Tamura report the following reaction with exo-cis-bicyclo

[2,2,1]nept-5-ene-2,3 dicarboxylic acid anhydride [194]

CgB MgBr/Et0
73%
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The endo-isomer gives the same reactions but the yields were poor

in that case.

Reactions of organcmagnesium compounds with unsaturated ketones
may lead to 1,2~ as well as to l,4-addition reactions.

Conjugate addition of phenylmagnesium bromide to l—benzylidene-a-
acenaphthenone, accompanied by reaction with the ether solvent has
been reported by Tsuge and coworkers [195] (see also A.S. 1969).
Churkin and Putokhimn investigated the reaction of several Grignard

compounds with unsaturated thienyl ketones such as

“\S ”..CH:CH-(&~CH§ “ S LCH CH-C- [ ]—CH-CH c-[ )

o

and observed 1,2- as well as 1,4-addition: the relative amount of
1,2-addition reaction product decreases in the series methyl >2-thi-
enyl;>B-naphthyl. With the latter compound no reaction occurred

at all {196] and [197].

Reactions of diphenyl~ and di-n-butylmagnesium pyridine complexes
with benzalacetone have been mentioned in chapter 4 C [143].

Marets and H. Rividre obtained enolates from the reaction of phe-
nylmagnesium bromide with a,B-unsaturated ketones [198]. The confi-
guration of the enolacetates, obtained on acetylation depends on

the substitutent in the « position of the unsaturated starting ke-
tone.

The reaction was studied of several different Grignard reagents with

ethylideneacetylacetonate by Kutznetsov and Guznenok [199]:
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0 o]
ft T
R-Mg=-X + CHB—C-%~C--0-CEH5 ——
gH
CH3
. CHZ~ O\ /CH5
R = isopropyl, n-decyl, phenylethynyl and | Py
CHZ—O \C

H,~CH,~CH,~MgC1

The radical type reaction as well as the normal 1,2-addition réac;

tion of Grignard compounds with the unsaturated diketone

which also undergoes 1,4-addition has been reported in chapters

4B and S5A [135].

According to Crawford phenylmagnesium bromide reacts with 2,6- as
well as with 2,7-di-t-butyl-l,4-naphthoquinone to give the expected

mono- and diaddition products [200]:

, Q 0
1 -
B
Cels—re=fr = @‘ e '
R O HO GH5
+
0
R = t-butyl H
H
65
CgHg OH

50% and 60%
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If the solvent ether is evaporated from the reaction mixture before
hydrolysis with ammonium chloride has taken place 30% and 50% of
the phthalides :
C.H
{675
0

0
/

5

are obtained!

Mustafa, Harhash, Elmagdi and Abd El-£11 observed exo-cyclic con-
jugate double bond addition in the reaction of phenylmagnesium bro-

mide with 2-benzylthio-~4~benzylidene-2-thiazoline-5~-one [201]:

CGHS"CH\\ ‘?o (CGH5) 2-CH\ //o
06H5-Mg~Br + C ~—C ¢ —C
i j —_— i f
s-.CHZ-csH5 s-caacea5

The peculiar ring scission in the reaction of aromatic Grignard

compounds with the unsaturated cyclic diketone

Ar Ar

as reported by Ried and Lantzsch [161] has been mentioned already in
chapter 5 A.

Several reports have appeared concerning conjugate addition of Grige
nard compounds to double bonds in unsaturated esters; the reaction

(accompanied by rearrangement) of propargylic Grignard compounds
with alkylidenecyanocacetates
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R N

/Q
N\ =C\
R C02C2H5

as reported by Miginiac and co-workers has been mentioned in cnapfeg
3 E [112]. C

Frangin, Couffignal and Gaudemar report conjugate addition of 3faik§
oxy-l-propynylmagnesium bromide in the reaction with diethyl aikyli-

denemalonate [52]:

B 00

£0,C,Hy 2ls
R-O-CH,-C3C-Mghr + R'~CH=C ——— R-0~CH,~C2C-CH-CH e
CO,C,Hs C0,C,H,

But-2-ynyl acetate reacts with Grignard compounds under substitutioﬁi
of the acetoxy group by the group R of the organomagnesium compound{
as was reported by Voskanyan, Piruzyan, Gasparyan and Mkryan [202];
rearrangement of the alkynyl entity to an allenic structure takes

.

blace partially. As an example the following reaction is given:

(i-C_H,,),0
CoHg-Mg=Br + CH;~CZC~CH,-0~C~CHy 511’2 c,H
8 5=6 hrs

—g;C=CH2
>

5

+ n—Ckﬂ9-CECH,
The main product is methylethylallene (92%); l-hexyne is formed{for
8% only. The authors report that also 2-butyn-1l-0l is formed as a
minor product. ’

The same type of reaction was investigated by Gore and Roumestanfﬁ.

[203}; 1,1-disubstituted prop-2-ynyl acetates react with methylmag;



MAGNESIUM 81
nesium iodide to form the products of the type mentioned above toge-~

ther with iodoallenes:

1 ' r
R N COZCH3 ~
Y + CHBHgI ~—————> among other /C:C:C—I
) c=cH products RS

The yield of iodoallenes is increased to 50 % when four molar egqui-
valents of magnesium iodide are added!

Conjugate addition was also observed in the reaction of Grignard
compounds with (~)menthyl iminoglyoxylstes as reported by Fiaud and
Kagan {204]:

The following reaction in which an unsaturated ester is involved was

reported by Pierrot and Gaudemar [111]:

0
]
CH,C5C-Mg-Br + (CHy)5C-C-O~CH-CZC~CH,-Br _THE
CHg
2
(CHz) 5C-C-0~CH~C=C-CH,~C=C~C5H,,
C,Hq

The reaction of 1-N,N-dialkylamino-4-alkoxy-2-~butyne with aliphatic

Grignard compounds leads to addition to the acetylenic triple bond
under displacement of the alkoxy group as reported by Mkryan, Gas-
paryan and Melkonyan [205]:

AN
R-Mg-Br + /N—CHZ—C:C-CHE-O-R" S ——— , 5
Rt Rt R

R! Rt
N
N-CH,-C=CH-CH,
|

R is methyl, ethyl or n-propyl
RV is methyl or ethyl
R" is methyl, ethyl, n-propyl or n-butyl
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The reaction of Grignard compcunds with vinyloxy ketones as meﬁtiﬁﬁé@
in paragraph 5 A is applied by the authors to prepare substituﬁgd'

1,3-dioxanes [164]:

G gHsR
R-Mg-X + CH2=CH-O-CH2-—CH-%'-CH3 —_— CH2=CH-0—CH2-CH—(I1—OH
0] CH3

[=°
0—
CH3—<O Hy
Hy

The reaction of cyclohexadiene monoepoxides, as investigated by
Rickborn and Staroscick may yield several products, depending on the:

type of organomagnesium compound used [206]:

Zz
7

CH
OH
+ CHB-Mg-Y —_— Q + oH
‘CI—I3 .
OH
+ CHB-Mg—Y —_— Cr .
\CH3

Y is methyl or chlorine

1,3-Cyclohexadiene monoepoxide reacts with dimethylmagnesium tbféifet

the trans methylcyclohexenol exclusively, whereas methylmagnesiuﬁ’
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chloride gives 19% L4-methyl-l-cyclohexene-i-0l as a byproduct toge-
ther with 70% of the trans methylcyclohexenol. 1,4-Cyclohexadiene
monoepoxide reacts with methylmagnesium chloride to give 4-~chloro-
l-cyclohexene~5-0l as a byproduct.

The mechanistic aspects of the reaction of (mainly aliphatic) Grig-
nard compounds with L~substituted l-halo-2~butyne have been studied
by G&€lin, G&lin and Albrand [207]. Chloro- as well as bromo-i4-buty-
ne-2-0l-1 react as follows:

R
)
X—CHZ-CEC—CHZ-OH + R-Mg-X-—%»CH:C:C-CHZ—OH + R-CH,-C=C-CH.-OH

2 2
The authors investigated more closely the conditions required to
promote the formation of one of the two possible products.
In principle the same sort of reactions takes place when the hydroxy
group is replacec by CHBCOZ- or by CH30—; no reaction occurs with
Cl-CHZCEC-CHZ-n-C4H9.
Pornet and Mme. L. Miginiac investigated the reaction of organomag-
nesium compounds with the imino ether CgHo-N=CH-O-C Hg [208]; two
possible reactions are mentioned:

X--*g H

/
06H5—N—C\-— O-CaH5

C Hp-N=CH-O-C,H. + R-Mg-X
675 25 X -le ~C,H OMg
CeHo=N=C-0-C iy —S2—> CgHig-N=C

The reaction leading to the formation cof isonitriles is best car-
ried out with aminomagnesiﬁm compounds such (1-03H7-)2N-Mg-Br.
Fipnally the reaction of methylmagnesium iodide/Cu(I)chloride with
18-methyl steroids as reported by Kerb and Wiechert needs to be men-

tioned [209]:
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84
l—o-Mg;I
CH,MgI/CuCl +
3 .
8 R
X
dil,
H,S0,
I
=0 !
{ ---GOH { Y
“CHg “-CHj

D. Reactions with double bonds

Addition reactions of organomagnesium compounds with carbon-carﬁon
double bonds are rather exceptional although under special conditibhs
they may occur to give products in good yields.
Two U.S. patents protect the industrial preparation of higher‘homo-'b
logues of R-Mg-X and R-Mg-R by addition to ethylene or to isobuty-~ .
lene (see also A.S. 1970 for the German Patent of the same reaction)
[210] and [211]. o
The addition of (in situ) ethylmagnesium bromide to double bonds in -
l-trimethylsilyl-l=-butyn-5-ene when the Grignard compound is preparedf
in the presence of the unsaturateg compound is mentioned in chéptern
2 A [35]. S
The mechanism of the alkyl-olefin exchange reaction or of the oiéfih
insertion that occur between Grignard compound and olefins undéf,"

the catalytic influence of anhydrous nickel chloride involves ﬁucleé;j
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philic attack of a hydrogen atom or of a phenyl group on a Sl-com-
plexed olefin within an organonickel intermediate as already sugges-
ted in earlier papers by the same authors (Farady and Marko) [212]
(see A.S. 1969).

Intramclecular cyclization by addition of carbon-magnesium bonds to

ethylenic double bonds was studied by Kossa, Rees and Richey [32]:

L g-X
1
100°
X=M; ————
5 THF

The influence of methyl substituents in positions 1,2, 3 and 4 was
pronounced: 1 or 1,2 substitution facilitates cyclization,; 3 and 4
substitution retards cyclization. The same sort of reaction was
applied to six-membered Ting compounds.

The sterecchemistry of the addition reaction of Grignard reagents

to alkynols (see A.S. 1969) was studied by Von Rein and Richey [213];
the mechanism for the addition reaction which proceeds preferentially
in a trans fashion is closely related to the mechanism of the addi-
tion reaction of Grignard compounds to unsaturated amines, as men-
tioned in chapter 4 C [146].Cis addition may result, at least par-
tially, by addition to an allenol formed by isomerization of the al-

kynyl reactant perhaps by a mechanism such as

N

Mg —O

L) — -

p——s
H

R-L Mg—X
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 Pinally Richey and Szucs investigated the products formed in the ad-_

dition reaction of allyl Grignard reagents to allenols [214];

H,oallyl -
' allyiMgelr 2e° ?llyl LN - CHa Te=
CHo=C=CH-CH,-OH yitghs » CH,=C-CH=CH, + c=C
2 2 > 2 2 ~ ~
THF. 8 hr 9H2 H
OH
allyiMgcl H,0 Oy ,OHp=CHy-OH
CH,=C=CH-CH,~CH,-OH - - S c=C_ +
THF, 12 hr 21157 -
9%
allyl -
y\ /CH,CH,~0H ailyl _allyl
Se=C_ + CH,=C-CH,-CH,~CH,OH + CH,=C +
CH H : \V
>
38% L% 2%
allyl
]
: CH2=CH-CH-CH2-CH2-OH
(==)

The yields were different for reactions in diethyl ether. The addi:ﬁ
tion products reported could not have been formed from additionzto';
alkynols which are produced in the reaction mixture by isomeriéa§. 
tion of the allenols, probably by a mechanism related to the meéhé-‘
nism mentioned above for the reverse isomerization reaction. Cruéég
kinetic observations by the authors indicate that the addition dffa
allylmagnesium chloride to the allenol is at least ten~fold fastb;fg
than to the corresponding alkynol.
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E. Reactions with organic halides and halogens

According to a report by Osawa, Majerski and Von R, Schleyer bridge~
head alkylated adamantyl derivatives can be prepared in excellent

yield by direct coupling of the corresponding bfomides with Grignard
compounds [215]; the reaction may also be applied to the homoadaman-
tyl and to the diamantyl series. A two~ or three-fold excess of the

Grignard compound is used in most of the cases.

’ ﬁ\ Br + R'-Mg-X R ‘R
L
R R
@Br + R-Mg-X D R
&h o |

Imidazolyl-, 1,2,4-triazolyl- and l,2,3-triazoly1magnesium bromides
react with triphenylmethyl halides in a normal coupling reaction

which gives products in almost quantitative yields [60]:
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Rt R!

R = imidazolyl-, 1,2,4- and 1,2,3-triazolyl-

R'= m-NO »p-F, p—(CHS)ZN, 0-Cl and o0,0-diCl

2!

The reaction of the unexpectedly stable Grignard compound

R-C—CH
Mg \\O—CZHS
Br

with bromobenzene has been reported in chapter 2 B [49].

The reaction of allylmagnesium halides with iodofluorene leads to

©-©

the formation of 2-allyl-fluorenes [216]:

CH2=CH~CH2MgCI +
allyl

where R may be methyl, ethyl, n-propyl and n-butyl.

According to Barisova, Zavarykina, Kron, Kron and Stepanov the. reac—
tion of phenylmagneslum bromide with hexachlorocyclopentadiene does |
not lead to the formation of products resulting from substitution of
chlorine at the sp3 hybridized C-atom [217]. An unanalyzed mixfﬁréb
of products was obtained instead. ~
The reaction of allyl chloride with dicrotylmagnesium may resulgLin

the formation of several products: beside the expected cis- and trans
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heptadienes-1,5 and the 3-methyl-hexadiene-1,5 (resulting from rear-
ranged crotyl groups) Brisset, Czernecki and Georgoulis observed the
formation of considerable amounts of octadienes, evidently resulting
from coupling of the crotylmagnesium compound with crotyl halides
formed in a functional exchange reaction between allyl chloride

and the organomagnesium compound [218].

The reaction of the Grignard compounds prepared from 7-bromo-~p-men-
thene-~1 and from bromocarvomenthene with allyl bromide has been men-
tioned in chapter 2 B iii [53].

Iossiphides, Michel and Troyanowsky found several different products
from the reaction of l.4-~dichlorobutyn-2 with Grignard compounds;
the corresponding products from the dibromo homologues were much

less stable [219]:

R-Mg-X + C1-CH

- diethyl ether -
Z—C_C-CHE—Cl R~CH2-C=C—CH2—CI +

reflux R
s
R CH2=C
7/ ~N
CH2=C=C\ + /C:CHZ
CHZ-Cl c1

R = ethyl, n-propyl, isopropyl, n-butyl, isobutyl, n-octyl

crclohexyl or benzyl

Slobodin and Egenburg report on the reaction of ethylmagnesium bro-

mide with vinylic dichlorocyclopropanes [220] such as

Ci Cl Cl 1

=CH,

W
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"Methylmagnesium iocdide reacts smoothly with the chloroazine showed
in the following equation to give the methyl substituted azine in-
"good yields whereas the phenyl homologue is obtained in poor yields

only from phenylmagnesium bromide [221]:

¢ 87% s
-Mg~I + C,H_-C=N-R=C- 7% 0 H —CeN-N=C-
?l
‘CGHB-ME-EE + C6H5—C=N-N=C—CGH5 —_— (CGHS)ZC=N—N=C-C6H5

Nucleophilic displacement of chlorine by methyl is reported in the
reaction [222]:
H Cl

CHz-Mg-Br + t-cL}Hg-C-c =N-CH(-CH(CH;) ), —_—
H CH

11D
t-C4H9~g;C=N-CH(-CH(CH3)2)2

Ried and Weidemann investigated the reaction of acetylenic Grignard

compounds with N-arylsubstituted chloroamidines [223]:

N A
R'~-CSC-Mg-Br + Vet — e
i i
c
c1 w .
g
K s

with R' being H or c6H5 or cy-06H11, R being H or c-CHB or p-Cl aﬁd
with A being -N(CH Jp Or morpholino., The product of the reaction;of
propargylmagnesium bromide with the same chloroformamidine could ﬁbf

be isolated but cyciized directly to form a-morpholino-lepidine'f



MAGNESIUM 91

N /morf

Br-Mg-CH,-CZCH ==—== Br-Mg-CH=C=CH, + ¢
c1
R
N - morf N  morf
-t |
CH
Vs C//
R y R Vi
3 H,C

The following side reaction takes place in which the bis-magnesium

derivative of allene is involved:

Nﬁc/A N§:C/A
Br-Mg-CH=C=CH-Mg-Br + 2 1 —_ 1
Cc1 +C
R R ??C
N\ A A/CQN
P a
R ——
CH2
R R
=
A N

Several reports have appeared concerning the reaction of organomag-
nesium compounds with organic halides catalyzed by metal salts; a
discussion of the systematic study of the Kharasch reacticn by Tamura
and Rochi is given in chapter 4 C [148] - - - {153].

Looker and Sondheimer synthesized a 20-membered cyclic tetraacety-

lene in the following sequence of reactions [224]:

References p. 120



92 C. BLOMBERG
I —_—
+ 2 BrMg~-C CH/CuCl —_—
I ==

MgBr

I
I

+ R-Mg-Br ——>

== MgBr

—— = MgBr I =
< :::>== cuCl _““\L_
+ ——— no -
— = MgBr I ‘—/—

e L
ut —1\

Il
|

|

I

Vi
A\

The preparation of sterically hindered ketones by the reaction of or=:
ganomagnesium halides with acid chlorides, catalyzed by cuprous salts
has received due attention this year again. The influence of impqri— ~
ties in the magnesium, used for the preparation of the Grignard o
compound, on the course of the reaction and on the stability of the
intermediate organocopper compounds has been discussed in chapter 21D
[76]. In a second paper the same authors, Dubois and Boussu, inyesfi—
gated the stabilities of the organocopper intermediates, their nature.
and their influence on the formation of reaction products [225];'ﬁhe 
organocOpper>compounds formed on addition of cuprous halide to.éth&i—r
magnesium halide in diethyl ether have the formula
EtCu.MgXX?
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and its stability is optimal in case both X and X' is I.

In the reaction with di-isopropylacetyl chloride the amount of pro-
ducts formed in radical-type reactions depends directly on the rate
of decomposition of the organocopper intermediate! In case a small,
catalytic amount of cuproushalide is used in the reaction, the super-
natant solution, obtained after the precipitate has been removed,
still contains organocopper compounds and the reaction proceeds in
the same way as in the case of addition of stoichiometric amounts

of cuprous salts and filtering off the precipitate formed. The au-

thors conclude that the organocopper compound is regenerated conti-

nuously during the reaction with the acid chloride.

Finally, in a paper with Lion, Dubois and Boussu investigated the
precise optimal conditions, required for the preparation of ketones
by the reaction of organomagnesium (as well as organclithium) com=-
pounds with acid chlorides in the presence of cuprous halides [226].
The reaction of dimethylcarbamoyl chloride with aromatic Grignard
compounds leads to the formation of benzoic acids and not to the
amides [227]:

Q O
"

R = alkyl, cycloalkyl or aralkyl

Elkik, Le Blanc and Hamid-Assadi Far observed a decreased reactivity
of fluorine substituted in esters when a geminal halo atom was pre-

sent [228]:

-

0 59
o - Xv%-
R-Mg=X + X ?-002(:2}15 —_— X'-C’:—C-R
- F
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in which reactions for X' is Cl the following R groups have‘beqh
:used': benzyl, isobutyl and cyclohexyl, whereas for X' is Br R was
benzyl, -isobutyl, n-heptyl and phenyl. For X = X' = Br apd R'ié ‘

isobuiyl the main product of the reaction was

¥
~ Br-(lI-C—(%-COZCZH5

The reaction of perfluoroaikyl halides with @rignard reagents at
elevated temperatures leads almost exclusively to the formation of

elimination reaction products [229]; Lo reports the following reac-

tions:

CHBMg01 + CF3(CF2)n-I —_— CF3(CF2)n_2-CF=CFa and some internal
olefins

n=7%7o0r9

60° B
CH;MgCl + I=-(CF,),-I ~—2-—»  CF,=CF-CF=CF,

CF3-?F-?F-CF3 + RMgX —_— CF,=CF-CF=CF

2 2
ClCy

The reaction of isopropylmagnesium compounds with the C~7 chlorine

atom in 1,4,5,6,7,7-hexachloronorborn-5-en-2-one probably according

to the scheﬁe:

c1._-c1 .
c1 1 -
7 + MgCl,.Mg(i~CzH,), —= o
H
c1 c1 = of
'S

+ CH;-CH=CH, + cH27§j§E§
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has been reported in chapter 5 A [178].

n-Heptylmagnesium bromide reacts with bromine or with iodine in THF
or diethyl ether to form n-heptyl halide and only in small amounts
side reaction products such as R-R and l-heptene, according to Zak-
harkin, Gravilenko and Palei [145].

Stanko and Anorova investigated the reaction of o-carboranylmagne-~
sium halides with carbon tetrachloride in THF [66]; the main pro-
duct is the chlorination product C-chlorocarborane., m- And p-carbo-
ranylmagnesium bromide do not react with carbon tetrachloride in
THF! In the same report the authors mention their results obtained
in the chlorination of o~ and p-carboranylmagnesium halides in THF.
It is to be pointed out that o~ as well as p-carboranylmagnesium
bromide react with chlorine to give. 49% and 78% yield of C-bromo

carboranes!

Zakharkin, Zhigareva and Potvisotekaya too investigated the products
formed on reaction of carboranylmagnesium halides with carbon tetra-
chloride [67]. Carboranylmagnesium iodide, prepared by the addition
of ethylmagnesium jiodide to carborane, reacts with carbon tetrachlo-
ride to form not only chlorccarborane but also iodccarborane. The
amount of iodide formed depends on the presence of ethylmagnesium
iodide or magnesium iodide in the solution. In the same sense the
authors found that phenylmagnesium iodide reacts with carbon tetra-

chloride to form both chlorobenzene and iodobenzene in a 4:6 ratio.

F. Reactions with epoxides

The studies of the reaction of cyclohexadiene monoepoxides with
Grignard compounds, reported by Rickborn and Staroscik [206], were
already discussed in chapter 5 C.

The mechanistic aspects of the reaction of allylmagnesium halides

References p. 120 _
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with epoxides, which occur with inversion of configuration, ha%e:
been studied by Felkin, Frajerman and Roussi [107]. :
Cis~ as well as trans-l-phenyl-l,2-epoxypropane react with dlmethyl-
and diethylmagnesium mainly with attack on the benzylic carbon atqm5
as Namy, Abenhaim and Boireau again found in their studies [239].‘
Utilizing optically active epoxides the authors conclude that the
trans-epoxide reacts much faster than the cis-epoxide and furthgr—

more that inversion takes place at the benzylic carbon atom.

H H
-C — C -CH-CH-OH
RaMg + CGH5 C\ C CH3 ——— 6H5 lH :
O CH
3
<+

C H.-CH-CH-CH minor
65 o ﬁ > product. .

H

The reaction might take place via the following mechanism:

The same authors investigated also the reaction of allylmagnesiumr
compounds with the same epoxides [231]. .
According to Gerteisen and Kleinfelter phenyl- and o- as well as
p-tolylmagnesium bromide react with norbornene-2,3-exo~oxide to'
give a 3 : 1 mixture of 7-syn-norbornenol and 2—exo~aryl—7~syn-?

norbornanol [232]:

HO H

Ar-Mg-Br + —
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7-syn-norbornenol was also formed in reactions of methylmagnesium
jodide with the same epoxide although in some of the experiments
also a few other products were isolated from the reaction mixture.
For the formation of one of the products the authors propose an
intermediate complex formation between magnesium iodide and the
epoxide.

J. Normant and Cantacuzene report that the reaction of phenylmagne-
sium bromide with cyano epoxy-compounds leads to attack on the ni-
trile carbon atom when THF is used as the solvent [233]. Reaction

of the product with Grignard compounds leads to the formation of

aldehydes:

CH THF CH C,H-~-Mg-Br
o Br + g CH-CEN ——= 3N¢ —CH~C=NH &5
glsME" ZEN cal ‘o7 ¢.m

CHy O 3 65

CHy _0
C H-CEN + - CH-CT

CH,

G. Reactions with ethers, acetals and ortho esters

Although in general ethers do not react easily with organomagnesium
compounds it seems that reactions of methylferrocenyl ethers with
Grignard compounds lead to the formation of alkyl-substituted ferro-
cenes in high yields [234]: Combs, Willis, Giles and Stephens report
that methyl ethers of hydroxymethylferrocene undergo the following
reaction:

Celg

C.H_FeC_H, CHR-O-R' + R"-Mg-Br ——————» C H_FeC_H, CHR-R"
55 5k reflux >3 ok '

References p. 120



98 C. BLOMBERG
Vields obtained were for R" = methyl, 90%, R" = vinyl, 66%, R =
allyl, 60%, R = phenyl, 85%.

Two reports have appeared this year on the reaction of R-Mg~X
with gem~aminocethers: the report by Mme L. Miginiac and Nivert
in which also rearrangement of the propargylic Grignard reagent
occurs was discussed in chapter 3 E [113].

Tanimoto, Mouri and Okano reported the following reactions [235]: -

R'-Mg-X + i—Cl*Hg-O-CHZ-N(R)2 — R'—CHa-N(R)2
with R is CH3, 02H5 or 1-03H7

and R'Y may have the fcollowing structures:

H= CHa or C=CH
1
CH
CH CH
>

The cleavage of the heterocyclic ring in 2,3-dihydrobenzofuran

has been studied by Cabiddu, Maccioni and Secci [236]; saturated

OH P o
o) CH. =-i=C = ~CH=CH~CH
; . 2=1-CsH; = 2
68% 32% .

as well as unsaturated products are fbrmed, depending on the sub-

stituents in the ring system,

In the sgmeApub1ication the authors report their results obtaiﬁédf

with the reaction of Grignard reagents with 1,3-benzodioxolanes;”;
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>< &5 e . o5t

OH
35 %

CH:CH2

5 %

As already reported in chapter 4 C the mechanism of the cleavage
of the 1,3-dioxolane ring by the attack of a Grignard compound
has been studied [141]; the same sort of ring cleavage reaction
was studied by heating the complex formed from magnesium iodide
and substituted 1,3-dioxanes, as also mentioned in chapter 4 C
[142].

Ring cleavage reactions of several Grignard compounds with substi-
tuted 1,3-dioxolanes have also been studied by Mousset [237].

Dioxolanes of the following type were used by this author:

| 1 2
CH —C C= CH and CH,=CH HC=CH
1 2 I 1 2
HC ——— CH HC ~——CH
1 1 | }
O\C/O O\C/O
7 '\ 7\
C
CH3 H3 CH5 CH3

Cabiddu, Gelli and Sotgiu studied the reaction of Grignard com-

pounds with cyclic ortho-esters, orthow-carbonates as well as with
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the related thio compounds such as [238]
©:O 0 ¢) Rt

GO e
O 0-R 0 S-~R
35

reacts to form tetrasubstituted methanes C(R)L{_; may react
to form ethers R“Z(CR‘ (OR))2 as well as unsaturated products;
may react under formation of ketals R'ZC(-OR)2 and finally

gives thioketals in good yields.

The reaction of 3-~carbethoxy coumarin with o-methoxyphenylmagnesiunm
iodide was investigated by Holmberg and Johansson [239]; among other

reactions ring scission may take place:

2 %

]
Y COECEHB 1—?—?—12
R-Mg-I  + —_— H €O OH

~CH
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Benzyl as well as triphenylmethyl pyridinium salts react with Grig-
_nard compounds .to form 1,2- gﬁq l,6fdihydropyridines as the result
of nucleophilic addition reactions on the ring [240].
Reaction of aromatic Grignard reagents, including phenyl-, perdeu-
terated phenyl-, p-tolyl-, p-anisyl or 2-thienylmagnesium halides
with pyridine 1-0Oxide does not lead_to addition reaction products
(as reported by Kato ‘and coworkers; 1963) but to ring scission pro-

ducts as was demonstrated by Van Bergen and Kellogg [241]:

Ar. OH
ar-Mg-Br + [© ®| —_— \ —
X N \N_ /
oe : -

The reaction of ‘methyl-, ethyl- or phenylmagnesium halides with
‘pentachloro-pyridine 1l~-oxide results in the formation of 2-.as well

as of 2,6~disubstituted trichloro-pyridine l-oxides [242]:

1
» Cl X~ C1
R-Mg-X + i @ _
R ? R
o0®e

Marxer, Salzmann and Hofer found that 3-dimethylaminopropylmagne-
sium chloride reacts with quinoxaline to form a disubstitution

product [243]:

“ Ny . N R
2R-Mg-X  + - { —— IR
N/
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the authors also investigated the reactions of quinoxalinone.

In two publications Asker, Harhash and Kassab report their results
obtained in reactions of Grignard compounds with 4-arylidene-2-

phenyl-l-substituted-2-imidazolin-5-ones [244] ard {2u5];

H
c< 0
R-Mg~X + Ar-Cs 4

addition occurs to the exocyclic double bond.

The reaction of methylmagnesium jiodide in diethyl ether with the
optically active oxazolidine, obtained by condensation of benzal~
dehyde with (<)ephedrine proceeds in a stereospecific manner ac;

cording to Neelakantan [246];

HO
s o CeHs CeHs
CHy-Mg-I + {(N S ATETR ey
glls ¢H, CHz
3
AH 5

The reaction of Grignard compounds with 3,5-diphenyl-2,4-0x%azoli~-

dinedione:

0L C6H

5
N
/

Cellg

leads to'ring cleavage products when phenylmagnesium bromide is -
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used and mainly to carbonyl addition reaction products with methyl-
magnesium bromide [247].

4~(Arylazo)~2-alkoxy-2~thiazoline~5-one reacts with ethyl-or phe-

Ar-N=N
N

nylmagnesium bromide under ring cleavage [248].

Reactions of triazines and dioxotetrahydrotriazines with Grignard

Cefls < ANy

L) Lol

0% S0

CGH_S N \ AN If/
H

compounds have been investigated by Mustafa, Mansour and Zaher [249].
Igeta, Tsuchiya and Nakai investigated the reaction of phenylmagne-
sium bromide with 5,6-benzo-L-methyl-1,2,3-triazine 3-oxide [250]:

Hy

S'N->0©
!
NN

a variety of products, mainly resulting from ring opening reactions
was obtained.
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Reaction of Grignard compounds with chlorosilanes was used by Gverdt—
siteli, Melua, Doksopulo and Chagelishvili in thé synthesis of the

following type of compounds [251]:

gH
rd RBSi-—CEC-Mg-BI‘ + Cl-—§i —_—
CH
CH G
RBSi—CEC—S'i O ?:’L'—CEC—S:’._R-}
CHs N/ CHg

In a U.S5, patent the preparation of organosiloxanes is claimed by the
reaction of organomagnesium halides with siloxanes [252]. ’
Corriu and coworkers in»a series of papers invesfigated the stereo~.
chemisiry of the reaction of organomagnesium compounds with optio‘
cally active silanes. Together with Masse and Royo, Corriu found

that methylmagnesium conpounds as well as allylmagnesium compcunds

react with with retention of configuration when use was made

R = 0-CH; or F

qf_strongly so;vating so;vgnts [ESBJ,TInversion occurs when magné-

sium bromide was present in the reaction mixture.
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Together with Lanneau and Leard Corriu studied the nucleophilic
substitution reaction of organomagnesiumbhalides with (-),(~)men~
thoxy-a~naphthylphenylsilane [254]: chiral organosilanes are repor-
ted to be formed.

Cabiddu, Maccioni arnd Secci studied the reactions of organomagne-
sium halides with the siiicon analogues of the dioxolanes and cy-
clic ortho-esters the reactions of. which are reported in chapter

5 G [255]. *

oL _R R RH OH
Nsi + 2 R"-Mg-X ___ Ny + @[
0 VAN R R '/ N - OH

o 0 H
@ S O + 4 R"MgX — 5 SIRY + 2
0’ Mo H

V2RAN

M&tras, Lahourn@re and Valade proved that the reaction of sterically
hindered Grignard reagents with tetrachloroéilane proceeds via the
reduction of the chloro compound to HSiCIB, followed by alkylation;
the final product is a dialkylmonochlorosilane [256].

In two other publications the authors further worked out the mecha-
nism and the experimental conditions for such reduction reactions.
Métras, Valade, Lacout-Loustalet and Dupin working with sterically
hindered Grignard compounds at 160° (11) proved that, in gemneral,
organochloro- as well as organcalkoxysilanes are reduced; the ratio
of the two possible reduction reaction products varies with the

reaction conditions. The general reaction scheme is fas7]:
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R-Mg-X + R!-Si-3, _

n — RR'SiH2 + RZR'SiH

Z = Cl or -O-CH3
In a third paper the same authors point out that the reduction of
" triorganosilanes of the type RBSiZ (with 2 = C1l or -O-CHB) at ele-~
vated temperatures proceeds either by direct reduction by the Grig-
nard compound or by magnesium hydride, formed by thermal decompo-

sition of Grignard reagents such as t-butylmagnesium chloride

[258].

Donchue, Mandel, Farnham, Murray, Mislow and Benschop proved that
displacement of a thiomethyl group in the reaction of methylmagne-

sium bromide with menthyl S-methyl phenylphosphonothioate :

65 Fells

0=P~~SCH + CH,-Mg~Br ————>»  0=P-~CH
3 3 3

Men Men

proceeds with retention of configuration [259]
Several phosphines were synthesized by Timokhin, Grechkin
Trantkova and Yakutina according to the following reaction [26C]:

- M- —————— - '
R PClu + R'-Mg-X R PRa

R = C6H5 or CSH5-0H=CH2
== 3 - ~C
RY= CZHB’ i u5H7, n uqu and other groups

Timokhin, Grechkin and Kalabina investigated some reactions of
Grignard compounds with adducts of triphenylphosphine oxide {261];

reaction of phenyl- or butyl-magnesium bromide with the trichloro-
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derivative yielded triphenylphosphine

® ;10
50 CX

R-Mg-Br + (CGH5)3P0P001 (66H5 3
whereas no reaction occurs with the adduct with trimethylchlorosilane.

The following reaction, as investigated by Diemert and Kuchen [262]

R S
\\/\// e \ /
+ Mgl ———i P
/\/\ & /N
R? SH

was applied to compounds with R is p-anisyl or methyl and R' is
methyl, ethyl, allyl and phenyl.

The reaction of methylmagnesium bromide with the adduct of triphe-~
nylphosphine and nickel(II) chloride, as investigated by Swierczew=-
ski, Green, Smith and Felkin [264]

((06H5)3P)2N1012 + CHy~Mg-Br ———> CéH6 + 06H5-CH3 + (c6H5-)2

+ (06H5)2P0H5 + c6H5P(CH3)2

leads, after six days to a 70% yield of biphenyl. A phosphorane
intermediate, proposed by the. authors suggests an uncommon magne-
sium-nickel bond
s
(06H5)3P-(?1)—Mg—5r
CH3

Jarvie and Skelton found that organomagnesium halides react with

organic disulfides as follows [265]:
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R-Mg-X + R'-5-5-~R! S R'-S-R + R'-S-Mg-X

The monosulfide is formed quantitatively; apparently there are n67;
side reactions as in the comparable reactions with peroxides (see
the following paragraph). A radical process is proposed to ra-
tionalize the formation of the products (supported by private in- 
formatién from A.G. Davies who detected these radicals by means of"
their ESR signals).

Ginwala and Trivedi studied the reaction of several aliphatic Grigé
nard compounds with substituted phenylisothiocyanates and obtained

products with the structure

i
R—C6H4—N—?=S
R!

in yields as high as 90 % [266].
Finally in this chapter reactions have to be mentioned of organomag;
nesium compounds with boron derivatives; as is already reported in
chapter 2 E, Davies, Roberts and Tudor found no isomerisation in the
aliphatic group during the reaction of n-butyl, isobutyl and sec-bu-
tyl Grignard compounds with borom trifluoride [102].
Reaction of the chloro-substituted Grignard compounds, prepared by
Miginiac and Blois [44], with trimethoxyborane

Cl-(CH,} -Mg-Br + B(OCH3)3 ———— C1(CH,),-B{0CH3),
¥ields chloro-substituted boranes.
B-alkyl or B-aryl substituted borazines react with Grignard compounds

with displacement of the substituents as was found by Adcock and La-
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gowsky [267]. Phenylmagnesium bromide e.g. reacts with hexamethyl-
borazine to give (CHB)SNBBE(CHB)ZCGHB, (CH3)3N335CH5(CGH5)2 and
(CH3)3N3B3(CGH5)3 as well.

As already noted in Chapter 3 E Y-unsaturated Grignard compounds
rearrange on reaction with oxygen and a mixture of products is ob-
tained [104].

Okubo, Maruyama and Osugi investigated the reaction of Grignard
compounds with benzoyl peroxide and observed the formation of com-
PlexXes containing solvent molecules as well as the peroxide [268].
The mechanism of the reaction of another Grignard molecule with
this complex has been discussed in chapter 4 C [144].

Jarvie and Skelton [265] investigated the reaction of several orga-
nomagnesium halides with t-butyl- and n-butyl peroxide: the two
main products of the reaction are ether and alcohol. n-~Butylmagne-
sium chloride on reaction with t-butyl peroxide yields almost 70%

t-butyl-n-butyl ether and more than 100% t-butyl alcohol (!?):

(t-C, H,~0~

- -Mg-C1 *—» t-C, H,~-0-n-C, H, + t-C, H,OH
1 Ho )o + 1 Cqu Mg-C1 t-C

479 479 479

%x10° mole 4 21 2.70 5,2

A radical process is proposed to account for the different products
formed as well as of the varying yields in which they were obtained,
Herbstman (Diss. 1963) stated that primary Grignard reagents give
the highest yields of ethers whereas tertiairy Grignards give pre-
dominantly alcohols. The authors could confirm this and makg the
remark: this is understandable, as we procéed along the series of

Grignard reagents, primary, secondary, tertiairy, the radicals gene-
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rated should compete more effectively with the solvent in hydrogenl}

donation to the tertiairy radicals and disproportionation should

increase relative to combination.

K. Reactions with nitriles and isonitriles

Riobe studied the following reactions [269]:

R-Mg-X + ] S |
0 = 0~ e=n

R = methyl, ethyl or phenyl

The reaction of Grignard compounds with epoxy nitriles

R H
v
C ——— C~C=N
N 7

CH )

R = methyl or phenyl

was discussed in paragraph 5 F [233].
The reaction of &rignard compounds with nitriles of gquinoline
or isoquinoline might lead either to attack at the cyano-carbon

atom or to attack at the hetero ring, depending on the position

= N c=x
N" /'N

of the nitrile group [270].

As reported by Walborsky, Niznik and Periasamy triphenylmethyl iso-~-
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trile reacts with Grignard reagents to form the corresponding nitria-

les in varying yields [271]:

R-Mg-X  + <i:::>* C-N=C ———> R-C=N

>
R = cyclopropyl,; cyclohexyl and mesityl

In the previous chapters several types of reactions have been men-
tioned where metal salts were added together with different substra-
tes and their influence on the course of the reaction has been stu-
died.

Silver salts were used in the reaction of Grignard reagents with
organic halides [148] and [153].

In the same sort of reactions iron salts have been applied [149],
[151], [152] and [153]. ‘

A number of publications deal with the influence of cuprous salts
on the course of the reaction of Grignard reagents with acid chlo-
rides [76], [225] and [226]; Luong-Thi and Mme. Riviére found that
in such reactions, mixtures of phenylmagnesium bromide and cuprous
iodide are as reactive as the lithium reagent mixed with cuprous

iodide [272]. The same was found for the reaction with B~unsatu-

CeHg=M /Cu(I) . [:f::l\
e Celg
H3 : CH3

3

rated ketones:

97
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Not more than 2% of the 1,2-addition reaction product was formedf%
whereas phenylmagnesium bromide without cuprous iodide gives the 
1,2-addition reaction product almost exclusively.

The reaction of phenylmagnesium bromide with unsaturated ketones

in the presence of cuprous salts, leading to the formation of eno-
lates, has beer mentioned in chapter 5 C [198].

The use of cuprous salts in the reaction of Grignard reagents with
organic halides has been mentioned in chapter 5 E [1501, [152] and'v
{15371 for aliphatic organic halides and [224] for acetylenic halidés.
The reaction of allenic Grignard compounds with bromo esters in the V
presence of cuprous chloride was mentioned in chapter 3 E [111].

The reactivity of copper, nickel and platinum salts of 1,2-dioximes
towards methylmagnesium bromide was investigated by Uhlig and Dorn

[273]; tke oximes were of the following types:

R-C —C-R! with R and/or R' = methyl, ethyl, dimethyl-~
TR ]
g g aminomethylene and
H H diethylaminometylene.

- The reaction of Grignard compounds with nickel salts was mentioned»
in chapter 4 C {152]; exchange of alkyl groups as catalyzed by niékel
halides was discussed in paragraph D of this chapter [212]. Thne
possible formation of an intermediate "Nickel-Grignard" in the reac-
tion of methylmagnesium bromide with the adduct of triphenylphos-
phine and nickel chloride was mentioned in chapter 5 I [264]. |
As Nakaya, Arabori and Imoto found manganese(II) and (III) as well

~as cobalt(II) and (III) acetylacetonates react with phenylmagnesiuﬁ
bromide to form biphenyl and (in some cases) acetophenone [274].

Alexander, Davies, Hey and Done studied the Kharasch reaction of
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methylmagnesium iodide with several polychlorinated S5-bromonorbor-
2-nenes [275]; using cobalt (II) chloride as the catalyst a variety
of products was obtained possibly via radical intermediates. Those
products in which a methyl group (from the Grignard reagent) was
introduced contained two or three chlorine atoms less than the

starting bromides e.g.

c1 c1 H H
c1 c1
C1 CH,MgBr CL Ly Ccl,
Br Co(II)
C1 c
Ccl1 C H3 H}
85 % 3%

For several reduction products the authors suggest cobalt hydride
as the hydrogen source (as was proposed by Abraham and Hogarth
(1968); cobalt hydride might be a constituent of the "black mate-
rials" formed in the reaction of methylmagnesium iodide and cobalt
salt. These ''black materials™ may also contain adsorbed hydrogen
which would be an alternative or additional reducing agent.
Tungsten(VI) chloride, WCl6, catalyzes the disproportionation reac-
tion of Grignard reagents with olefins in a homogeneous system
{276]. E.g. 2-pentene in benzene is isomerized to a mixture of
cis-~ and trans-2-pentenes within 60 minutes after which 21% 2-bu-
tenes, 65% 2-pentenes and 4% 3-hexenes could be isolated from the

reaction mixture.

M. Organomagnesium compounds in polymerization reactions

Among the numerous reports on the application of organomagnesium
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compounds in polymerization reactions the following drew specialfa;—

tention:

Isotactic polymers were obtained from methyl methacrylate as well aé
from methyl a-chloroacrylate when polymerized with the product ffom;_
the reaction of ethylmagnesium bromide with phenylstyryl ketone té??]
Ethylmagnesium-N,N-di-n-butylamide, 62H5'M3‘N(‘n‘cqﬂg)2' was used

as the catalyst for the polymerization of acrylonitrile [278].

In an other report the polymerization of acrylonitrile is realized
by dipyridylmagnesium or by ethylpyridylmagnesium in dimethylform-
amide at -60° [279]. ‘
Joh, Kurihara and Tomita report the polymerization of methacrylo-
nitrile by dipiperidylmagnesium or by diethylmagnesium [280]; as
chain regulators primary or secondary amines were added,
a—Naphthylmagnesium bromide, didecyl-, diphenyle, di-m-tolyl-, di-
p-tolyl- as well as di-a-naphthylmagnesium were used, mixed with
titanium(IV) iodide, as catalysts for the polymerization of 1,3=
butadiene and for benzene-isoprene [281].

Magnesium chloride or magnesium bromide, mixed with aminotitanium
compounds and organoaluminum compounds, is reported to be an active
catalyst in the polymerization of ethylene [282].

NMR and visible spectrum data suggest that RMgX (R = phenyl or
benzyl) is changed to a carbanion on addition of more than two

molaf equivalents HMPT and that the polymerizatiocn of styrene by
this species is initiated by the addition of the carbanion to sty-
rene monomer [283]; the formation of carbanions by addition of

HMPT to Grignard solutions is discussed in chapter 3 B [83] and
[84].

Stafford studied the kinetics of the polymerization of propylene

oxide by>organomagnesium compounds such as diethylmagnesium as é
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diethyl ether-dioxane complex, magnesium bromide as a diethylether
complex and ethylmagnesium bromide as a diethyl ether complex [284].
The polymerization of vinylphosphonate is reported: with dialkyl-
magnesium polymerization occurs in benzene at 80° whereas in a

mixture toluene/THF the reaction takes place at =10° [285].

el ar e

A second report has appeared in 1971 on the reaction of Grignard
compounds with organic nitro compounds (for the first report see
chapter 2 D; [75]}): Yost, Gutmann and Muscoplat investigated the
reaction of phenylmagnesium bromide with aromatic nitro compounds
such as 2-nitrofluorene, 3-nitrofluorene, L-nitrobiphenyl and
4~nitro-p-terphenyl [286]. In each case diarylhydroxylamines were

the main products:

=0 Ar O-Mg-Rr
Ar-Ni + CGH -Mg_Br —— ~ N - &
0 5 P
C H (o]
6°5
+ 06H5-Mg-Br
Ar OH . H,O Ar QO-Mg-B:
~n 2 ~ &—Lr
N, - N + C.H.-0-Mg-Br
s Ve g
06H5 C6H5 6”5

The mechanism of the second step in this sequence of reactions is
discussed by the authors; oxidation of a second Grignard molecule

takes place under the formation of phenol.

The reaction of Grignard Treagents R-Mg-X, with R = phenyl, cyclo-
hexyl, ethyl or methyl, with N-oxyl free radicals leads to the for-
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R-Mg-X  + \\h——TZi—-O. _— N—0—Mg-X + R-R

+ N-O~R

mation of several products among which dimerization products R-R
according to Sholle, Golubev and Rozantsev [287].
Diethylsulfate reacts with m-ethylphenylmagnesium bromide to form

m-diethylbenzene [288]:

2Hg H

———

+ (CZHS) 2504
Mg-br 02H5

Inch, Lewis and Williams continued their investigations of the reac-
tion of Grignard reagents with keto sugars; the configurations of
the preponderant products formed by reaction of methyl 4,6-O-ben~
zylidene~3-deoxy-3-C-ethyl-a-D-ribo as well as -arabo~hexopyrano-

sid-2-uloses and with different Grignard reagents are not

C-H
65~
\\0
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necessarily the same [289]. In their investigations the authors used
phenyl and methyl Grignard compounds.
Cooper, Inch and Sellers got only low optical yields in the reaction
of ethynylmagnesium bromide, complexed with 1,2:5,6-di~O-isopropy-
lidene-D-glucofuranose (see also Inch and coworkers A.S. 1969) with
cyclohexylphenyl ketone (3% optical yield); also other reactions
leading to alkynyl carbinols of the same type gave poor optical
yields as compared to previous results. The authors state that the
variable optical yields "serve to demonstrate further the complexity
of the coordination effects between sugars and Grignard reagents™
[290].
In an extension of his studies on asymmetric reductions to more
groups possessing C3v symmetry Mosher, together with Biernbaum, in-
vestigated the asymmetric reduction of phenyl trimethylsilyl ketone
and phehyl triphenylsilyl ketone [291]. The highest stereoselecti-
vity in this series was 33%.
Gaudemar found that allylzinc bromide forms several addition reace
tion products wnen it is added to unsaturated Grignard compounds
as is indicated in the following reactions [292]:
T2 e 2
CéHS_C:G\ZnBr 22%
CH2=CH-CHZ-Zn~Br

C H.-C=C-Mg~Br CH,~CH=CH
675 N | 2,2nBr 2
CH

~C-C~MgBr 65%
5 | MNznBr

CHZ—CH=CH2

CH2=CH—CHE-Zn-Br _—~ZnBr
R-CH:CHZ-Mg-Br -> R-CH-~-CH
\MgBI‘

GHE—CH:CI-I‘2

Yields varying from 24% for R = CH3 to 58% for R= n—CBH7
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The following reports might be of interest for orgapomagnesium chej;
mists too: :
McCreary and Thorn determined the vapor pressure equation for nag-~

nesium [293]:

~Rlnp = 34.435 T~ - 26.258

The crystal structure of magnesium amide, Mg(—NHa)a was determinéd
by Jacobs by means of X-ray analysis [294].

David, Laurent and Lang report that the crystal structure of magne-.
sium nitride, Mg3N2 is isotypic with the structure of magnesium
phosphide [295].

The addition of boranes to solutions of Grignard compounds in THF
has a marked influence on the magnesium depcsited from this solution
on electrolysis [296]; the white, ductile metal obtained was at least
99% pure!

Binks and Lloyd investigated the formation of pinacol from acetone
with magnesium amalgam [297]. Different solvents were used as well
as different mercury salts; the stoichiometry of the reaction is

1 acetone to 1 magnesium.

Ashby and Srivastava investigated the reduction of diethylmagnesium.
with aluminum hydride [298]; several mixed magnesium-aluminum com=-
pounds were isolated.

James applied the mixed magnesium aluminum hydrids, Mg(AlHq 23 in"
reduction reactions of organic compounds such as nitrdbenzene, benz-
amide etec. [299]. In some instances yields were as high as 100%.
Kauffmann, WienhSfer and Woltermann used a mixture of magnesium and’
cuprous chloride in the following Ullmann-type reaction to prepare

the tetra-arene Ez] in low yields [300]:
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Several reports have appeared on reactions and properties of magne-

sium alkoxides:

Leroux, Larchev@que and Combret used n-butoxymagnesium halide in
reactions with different halides as well as in different solvents
for ether synthesis in Williamson-~type reactions [301]. In general
only reasonable yields were obtained in HMPT as the solvent although
even than the results were varying.

In a series of papers on the reduction of halogenated ketones by
halomagnesium alcoholates Lapkin and coworkers studied the thermal

stabilities of the reaction products with the following structure

[302]
O-n—CLl.H9
AL
s 1

Q-Mg-Br

Acylation of halomagnesium alkoxides, obtained by the reaction of
Grignard compounds with ketones.as in the following example [303]

. O=-Mg-Br
,oMe

-) 2CH--CH:C

C6H5-CH=CH—C‘(%)-CH3 + CGHS-Mg-Br _ (CGH5

CH3

was investigated by both Angibeaud and Lagrange [303] as well as

by Cardillo, Casnati, Malatesta and Pochini [304]; a remarkable sol-
vent dependence of 0~ and C~acylation was observed.

It is reported by Rybakova that acetylenic alkoxides react with
diethyl oxalate or with ethyl formate as follows [305]:
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R . R
_ 1 - ! -
C6H5—C-C—'-O-Mg—Br + H00202H5 —_— C6H5 :C-q-B;
Rt R
+
Py
— l e
C6H5—C=C-C|;-C‘:—C—C—06H5
RIR!?
In some instances, e.g. with R = R' = phenyl the bromide was obtained

in yields as high as 78%; with R = methyl and R' = n-butyl the dime-
rization product was obtained in 72% yield. 7
Finally Mme Miginiac and Courtqis reported that contrary to allyl-
lithium,; allylmagnesium bromide does not react at all with cinna— 
mylic quaternary ammonium salts like CGHS--CH=CH-CH2—N((3‘21:15)31(:J

[306].
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