
MAGNESIUM 

93 

COVERING THE YEAR 1976 

E. ALEXAXDER HILL 

Department of Chemistry, University of Wisconsin-Milwaukee, 

Milwaukee, Wisconsin 53201 

I. Introduction 
II. Preparation of Organomagnesium Compounds 

A. Reacticn of magnesium with organic halogen 
compounds 

.B. Other methods of formation 
C. Some organomagnesium compounds prepared 

or 
1. 
2. 

3. 
4. 

65: 
7. 

studied - 
_ 

Halcgen-substituted compounds 
Alkoxy, acetal, and hydroxy-substituted 
compounds 
Amino-substituted compounds 
Carbonyl and carboxy-substituted 
compounds; enolates 
Unsaturated and polycyclic compounds 
Heteroaromatic compounds 
Di-magnesium derivatives and other metal- 
substituted or metallo-magnesium compounds 

13. Analysis of organomagnesinin compounds 
III. Spectra, Properties, and Structures of 

Organomagnesium Compounds 
A. Spectroscopic studies 
B. Other physical measurements 
C. Theoretical studies 
D. "Allylic isomerism" in allylic and related 

organomagnesium compounds 
E. Reversibility in reaction of allylic 

organomagnesdum compounds 
IV. Reactions of Organomagnesium compounds with 

Carbonyl Functions 
A. Mechanism of the Grigzzard addition 
B. Stereochemistry of reaction with aldehlrdes 

and ketones 
1. Stereochemistry with aldehydes and 

acyclic ketones 
2. Stereochemistry with cyclic ketones 

C. Selective reactions with aldehydes and 
ketones 

D. Other reactions with aldehydes and ketones 
E. Reactions with carboxylic acids and 

derivatives 
1. Open-chain derivatives 
2, Lactones, lactams, and cyclic anhydrides 

V. Addition of Organomagnesium Compounds to Other 
Unsaturated Functions 
A. Reaction with carbon-nitrogen unsaturation 

94 

96 

96 
100 

105 
105 

105 
107 

108 
109 
110 

110 
113 

114 
114 
115 
116 

117 

123 

124 
124 

127 

127 
130 

133 
135 

138 
138 
141 

143 
143 

Magnesium, Annual Survey covering the year 1975 see J. Organo- 
metal. Chem., vol.138(1977)p.1-124. 

Referencesp. 186 



94 -. 

:: 
Reaction with carbon-carbon double bonds 
Reaction with carbon-carbon triple bonds 

D. Reaction at C=S groups. 
E* -Reaction tiith conjugated carbonyl and 

carboxy derivatives 
F.~ Addition to heterocyclic compounds 
G. -Addition-to other'u&at&atea compoL+ds 

VI. Displacement Reactions of Organomagnesium Compounds 
A. Coupling or displacement reactions with 

organic halides or sulfonates 
B ; 'Reaction with ethers, epoxides, acetals, etc. 
C. Displacement reactions at sulfur 
D. Alkylation of other elements 
E. Reaction with peroxides and dis-zlfides 
F. Reaction as a base; metallation 

VII, Other Reactions of Organom&qnesium Compounds 
A. Rearrangements of organomagnesium compounds 
B. Catalysis of polymerization and other 

reactions 
C. Reaction.of the-halide ion of Grignard 

reagents as a nucleophile 
D. Miscellaneous reactions 

REFERENCES 

I. Introduction 

The year 1976 marked the seventy-fifth anniversary of 

the publication of Victor Grignard's thesis, The occasion was 

noted with brief historical reviews by Bruylants, Urbanski, 

and Recarey 11-31. 

146 
147 
151 

152 
157 
160 
161 

161 
167 
170 
172 
175 
176 
178 
178 

181 

183 
183 
186 

A variety of review articles published during 1976 have 

contained significant segements of organomagnesium chemistry: 

Riecke and Hashimoto have both reviewed recent advances in 

the preparation of active metals and their use in the 

synthesis of various organometallic compounds [4,51. 

A review by Davidson, Lappert, and Pearce on "Metal u- 

Hydrocarbyls" includes discussion of dialkylmagnesium 

compounds [6]. 

In a review of intramolecular coordination of basic groups 

to the metal of organometallic compounds, Prokof'ev covers 

the cyclization of Grignard compounds by interaction with a 

carbon-carbon double bond, in addition to discussion of 

coordination with oxygen and nitrogen groups 171. 

Okubn and &Wuyama published three reviews which concentrate 

upon tie importance of single electron transfer processes 

in the formation and reaction of Grignard reagents 181. 

Three reviews, by Tamao and Kumada 191, by Echlosser [lo], 

and by Beletskaya; Artamkina, and Reutov 1111 are concerned 

with coupling reactions of organometallic compounds with 

alkyl halides.. 
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* Boireau, Abenhaim, Namy, and Henry-Basch have reviewed the 

reactions of epoxides with organometallic compounds (123. 
* Reviews by Tillett, on nucleophilic substitution at tri- 

coordinated sulfur 1131, by Fokin and Kolomiets on reactions 

of epi-thiocompounds IlS], and by Volpin and Kolomnikov on 

reactions of organometallic compounds with carbon dioxide 

[15] include sections on orqanomagnesium reagents. 

A convenient Grignard reaction experiment for under- 

graduate students has been described 1161. 

Several theses in organomagnesium chemistry were 

published. In addition to literature reviews which they 

include, research results from many of them have been published, 

and results are cited in appropriate locations elsewhere in this 

survey, or in surveys from previous years. They include: 

* 

* 

* 

* 

* 

* 

+ 

* 

i 

T. Holm (Danmarks Tekniske Hfijskole), "Thermochemical and 

Reaction Kinetic Studies on Grignard and Alkyllithium 

Reagents" 1173. 

L. M. M. Thiessen (Univ. Antwerpen), "Reactions of .4- 

S.u&.tituted Pyridines and Salts with Grignard Reagents" 1181. 

G. 2. Euske (University of Illinois at Urbana-Champaign), 

"Additions of Cyclopentadienyl Metal Compounds to Benzyne 

and the Stereochemistry of 7-Benzonorbornadienyl Grignard 

Reagents" [19]. 

C. E. Cannon (University of Wisconsin-Milwaukee), "Some 

Rearrangements of Tricyclic and Bicyclic Organomagnesium 

Compounds" [ZO]. 

P. D. Livant.(Brown Cbiversity), "Applications of Chemically 

Induced Dynamic Nuclear Polarization: Radical Aspects of 

Certain Organometallic Reactions" [Zl] . 

R. B. Banks (Florida State University), "The Stereochemistry 

of Organometallic Reactions at the Vinyl Carbon-Halogen 

Bond" 1221. 

W. A. Nugent (Indiana University), "Mechanistic Studies in 

Organometallic Chemistry;" sections on electron transfer in 

reactions with peroxides and on Kharasch reaction catalysis 

C231. 
C. W. Wilkins, Jr. (Pennsylvania State University), "The 

Stereochemistry of Addition of Grignard and Lithium Reagents 

to Norbornenols" 1241. 

D. A. Hutchinson (Purdue University), "The Structure of 

Substituted Allyfic Grignard Reagents as Shown by Nmr: 

Solvolytic Studies of Substituted Allylic Grignard Reagents" 1251. 
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II. ~ Preugration of-Orsanomagnesium Comn&nds -.__. _. 

A; . . R&action of.-Magn 
--. 

I es-ium with Organ&= Halogen Camp ounds 

'Lawler and Livant have observed CID&P (chemically 

induced dynamic nuclear polarization) .enhance&nt iri the 

spectrum of the Grignard reagent_foqned in-iron-catalyzed 

functional exchange between i-propylmagnesium bromide and 

butyl bromide 121,261. The spin polarization closely resembles 

that reportedearlier in the formation of butylmagnesium 

bromide from butyl bromide and magnesium metal. For ';hi.s 

reason, they suggested that the polarization in the latter 

process may. result from a concurrent exchange side-reaction, 

and.not from the Grignard-formation itself. 

The preceding paper was answered by Schaart, Bodewitz, 

Blomberg, and Bickelhaupt [27J. They pointed out that preformed 

Grignard reagent does not react significantly with alkyl halides 

under most conditions of Grignard reagent formation which they 

had previously studied; exchange of magnesium with alkyl iodide 

in THF did not generate polarization in the reagent which 

formed in that exchilnge. Reaction of isobutyl iodide with 

magnesium in the presence of ethylmagnesium bromide produced 

enhancement only in the forming isobutylmagnesium iodide, and 

the extent of polarization did not depend upon the concentration 

of preformed Grignard. Further, they found that ethyl radicals 

generated by photolysis of tetraethyllead in the presence of 

ethylmagnesium bromide did not produce a polarized Grignard 

reagent spectrum. 

In a study of the reduction of alkyl halides with 

aromatic radical anions, Bank and Juckett have discussed the 

possible existence and stability of Rx7 species as intermediates 

in Grignard reagent formation 1281. They concluded that their 

results were consistent with proposed rate-determining electron 

transfer. but that in some casesl cleavage to a radical may 

occur simultaneously with the transfer. 

Ashby and coworkers [29,30] found that the reaction of 

aromatic ketones with a large excess of methylmagnesium bromide 

produces alcohol by reduction, besides the normal products of 

of methyl addition and single electron transfer (see SeCtiGn 

Iv A). The reduction product was traced to small amounts of 

a magnesium hydride species, formed in about 0.2% yield as a 

side-product during Grignard formation. Selectivity in the 

reduction byproduct was similar to that found for authentic 

msgnesium hydride in the presence of Grignard reagent. The 
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hydride is.destroyed by rapid reaction with excess methyl bromide 

and the amount of hydride which survives the Grignard formation 

stage depends upon the size of the magnesium turnings and rate 

of bromide addition. The source of reducing hydride was shown 

to be methylene hydrogens of ether used in the preparation; a 

radical mechanism was proposed: 

ROCH2CH3 + -MgBr-ROeHCH3 + HMgBr 

Grignard reagents were prepared from the 14C-labeled 

halides 1 C313; no rearrangement of the label was found. 

Ar2z=CArBr Ar = phenyl, p-anisyl 

1 

A Grignard reagent rma.de from optically active 2 had 61% 

retention of configuration. Unreacted bromide was not racemized, 

and once formed, the Grignard reagent was configurationally 

stable [22]. 

2 

Buske and Ford reported a detailed study of Grignard 

reagent formation from syn- and anti-3 119,321. Reagents were 

formed from ordinary "Grignard grade" turnings, from "Riecke" 

magnesium (MgX2 + K) 141 and with Na naphthalene and MgC12. 

The Grignard reagent formed from anti-3 and magnesi-um with 

nearly complete retention, and maintained configuration despite 

reflux in THF. Formation of reagent using sodium naphthalene- 

MgC12 gave little stereoselectivity, and the syn-halides were 

also less selective. Stereoselectivity was attributed to 

kinetic control from surface-bound radicals. yields of Grignard 

reagent were variable and only fair; hydrolysis with D20 led 

to considerable undeuterated hydrocarbon, but little dimer. 

The protium was not derived from solvent, and the authors 

discounted adventitious moisture as its source. 

Referencesp. 166 
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- 1i1 other instances,-active magnesium from reduction. with‘ 

potassiumhas been used for.difflcult-to_prep;lre Gr,ignard:. 

reagents. 'These include tie amino-substituted reagents 4 and 5 

1331.~ 

B+&N(Me)Z CLMgCH2CH2CH2NW2 (Me)2C=CHCH2MgBr 

4 5 6 

The prenyl Grignard 6 was prepared and reacted in situ 

using this active magnesium [34]. The in situ Barbier-Grignard 

technique was also used for ethoxymethylmagnesium chloride, with 

amalgamated magnesium [35]. 

Failure to form a Grignard reagent has been reported for 

7, even using active magnesium (MgX2 + K), although the corres- 

pondins bromide does react 1361. Attempted Grignard formation 

from 8 and-9 was also unsuccessful 1371. 

CH2=C=CR(CH2)3C1 ClCH=CHCH2Cl CH2=CCl-CH2Cl 

7 8 9 

The in situ technique-- reaction of an organic halide 

with magnesium in the presence of another reactant--has been 

quite frequently employed. Further examples are noted else- 

where in this review: amino-substituted organomagnesium 

compounds (section II, C, 3); di-magnesium derivatives (section 

II, C, 7); coupling reactions with metal or metalloid halides 

(section VI, D). 

Chlorotrimetbylsilane and magnesium metal react with a 

variety of organic compounds, particularly in HMPA solution. 

A new example reported is reaction with unsaturated amides [38]. 

CH=CHCNR~ -c 2Ne3SiC1 Mg QCH-CH=C-RR 

a HMPA SiMe 

Mg 
M~cR=CH-CH=CRCONR~ + 2Me3SiCl - 

HMPA 
Me?-CH=CH-CH=C-NR2 

SiMe3 J SiMe3 

Some:controversy has been generated over the possibility of 

s.ilylmagnesium intermediates (see 1973-75 surveys). Riisch, 

Erb, and Miiller have presented SOL! supporting evidence 1391. 

Reaction of the chlorosilane with active (Riecke) magnesium in 
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THF at -loo generated new nmr signals --most predominantly that 

from Me38iSiMe3. Hydrolysis produced trimethylsilane, although 

attempt8 to isolate a silylmagnesium precursor were unsuccessful. 

Other experiments, in which products were derived from attack on 

HMPA or 1,3_diethoxypropane solvent, were explained on the basis 

of the same intermediate. 

In an attempt to prepare a Grignard reagent from 2,3,4- 

trichlorotiiophene, Rahman and Gilman found metallation occurring 

concurrently with the reaction between magnesium and starting 

material 1401: 

Addition of Me3SiC1 before completion of reaction allowed 

trapping of some of the intermediate 11. 

An interesting variimt used for preparation of hydroxy- 

containing Grignard reagents has been patented [411. A Grignard 

reagent was prepared in THF from a mixture of 3-chloro-l-propanol 

and ethyl bromide, which serves to deprotonate the OH group. A 

similar technique has been used for preparation of a carboxy- 

substituted Grignard reagent 1421: 

Br~LCOOH-+ Et1 + Mg s BrMgec-C02MgBr 

A patent was also issued on a process for preparing 

Grignard reagent complexes in non-ether solvents r431. The 

halide (alkyl chloride or chlorobenzene) reacts with powdered 

magnesium in a toluene solution of Mg(OR) (OCH2CH20R'), to which 

catalytic amounts of ethyl ether and NaA1H2(0CH2CH20Me)2 have 

been added. Solutions obtained were stable for at least two 

weeks, and reacted normally with carbonyl compounds. 

A potentially useful technique for preparation of vinyl- 

magnesium bromide in THF [44], and a high-yield .(>95%) prepara- 

tion of butylmagnesium chloride in isopropyl ether [45] have 

been published. 

An apparatus and method for a continuous manufacturing 

process for Grignard reagents has been published 1461. Yields 

of 96-98% of cyclohexylmagnesium chloride are reported; the 

halide is vaporized into the bottom of a column, and magnesium 

References p. 186 



is ,~&&&hqd.and -Gs$&nard soJ%<$_?p.removed at the top.. .A -. 

,pa&& was- alsc &%u_&d.for. a.method.of etherrecovery'in 

p&_e#SeS &nvolving Grignard reagents-from'aminosubstituted 

alkyl'halides 14?i ;: A mathetitical model has been developed ’ 
for control of "potentially d&erous".production Processes 

of high reaction rate, and applied to Grignard reagent produc- 

tion [481.~. 

Two papers concerned with benzyneiformation from =yl 

dihalides and magnesium may be noted. Halides /2 and 13 led 

to the same mixture of trapping products as from a diazo- 

carboxylate, indicating a free benzyne intermediate [49]. A 

benzyxie has also been generated from 14 [501. 

B. Other Methods of Formation 

Maercker has continued his study of the formation of 

allylic organomagneeium compounds from nonhalogen reactants. 

2'~ earlier procedure in which allylic phenyl ethers react with 

magnesium is substantially improved by changing to S-naphthyl 

ethers [Sl]. Addition of ethylene bromide reduces the induction 

.period for reaction. The phenyl ether technique has been 

applied by Ford for formation of 2-phenylallylmagnesium 

phenoxide 1521. Maercker and Jaroschek have also studied the 

reaction Of thio-ethers with magnesium 1533. The normal 

structural requirement for successful organometablic formation 

was apparently: 

Three cases are of further note. From sulfide 15, only a 12% 

yield of carbonation product was formed, along with 81% of 

csupling. The organometallic failed to give a positive Gilman 

Me2C=CS-CMe2SPh .- 

0 
SPh MeCH=CHSPh 

15 16 17 

test. Reaction of sulfide 26 appeared to stop at about 50% 

compietion. An unreactive complex between reactant and the 
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o-garmmetallic was proposed. Carbonation product was produced 

in 23% yield from 17, although- the intermediate organometallic 

is neither allylic nor benzylic. 

During 1976, there were additional published studies of 

diene--magnesium compounds, reporting experimental details of 

their formation. The I,3-butadiene complex was prepared by 

reaction with metallic magnesium in THF or tetrahydtopyran, in 

the preseuca of about 1% of I 
2 

or various organic bromides or 

iodides [54]. No reaction was observed in ether, dioxan, or 

1,2_dimethoxyethane at 80° over periods up to one week. Products 

containing one, two, and three butadienes per magnesium were 

isolated. The products formed depended upon the ratio of 

reactants, and their production was shown to be a sequential 

process of addition of butadiene units. 

The reaction of myrcene (la) with magnesium was also 

\-Ph 

18 19 

studied. Formation of adduct was catalyzed in THF by ethyl 

bromide and transition metal halides (FeC13, CuC12, NiBr2, 

PdC12) CSS] or Lewis acids (BF30Et2, Al(OiPr13 ZnCl,) [561. In 

addition to the 1:l complex, a 2:l complex was formed with 

excess alkene and the transition metal catalysts. A 1:l adduct 

was also observed with 29 and magnesium [55]. 

Spectroscopic and chemical characterization of the diene- 

magnesium adducts is described in section III, D. 

Some other reports of reaction of magnesium with organic 

compounds are more peripheral. Reaction of magnesium with 

biphenyl in liquid ammonia led to l-, 3-, and 4-phenylcyclo- 

hexenes C571. The reaction most probably involves the radical 

anion of biphenyl. Reaction of nitrosamines with magnesium (or 

lithium) produced the metal dialkylamide 1581: 

2R2NN0 + 2Mgp 2R2N- + Mg++ + MgO + N20 

Magnesium atoms, codeposited at 77°K with cycloalkanones, give 

products which may be attributed to a carbene 1591. Most 

References p. 3.86 
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-signifidan+y; ',keact+on w'rth-.&loh&~&e &duced-a small- 

%ount.df.~orc$rqn~~~ (intramolecular insertion) and c-&hep~ane, 
-..&&.sSl~ 1Erq4 H-&st-ractio&.by triple& carbene) &long with . . 
larger aunts of cycloheptene, a pinacol, -and aldoi condensation 

: 
products. Einely divide.d bulk magnesium does not Lead-,to these 

products.-.. aatalysts from magnesium ormagnesium amalgam and 

.TiC13-,olTiC14 were found useful incoupling aliphatic aldehydes 

and ketones-to &_nacols [643; 

Replacement o-f acidic hydrogen by metallation with an 

‘organoxnagnesium compound has been reported in several cases 

noted here;- other reactions in which the organomagnesium compound 

functicns as a b.ase are included-in section VI, F. 

Metallation of 3,4-dicblorotbiophene by ethylmagnesium 

bromide has been reported [611: 

Cl Cl Cl Cl Cl Cl 
EtMgBr 

COOH 

A similar metallation of 2,3,4-trichlorothiophene during its 

reaction with magnesium was noted above (section II, A). 

Grignard reagents 20 [62] and 21 1631 were formed by 

P 
Me-S-CH2MgI 

20 

n=2,3 

MgBr 

21 

magnesium-hydrogen exchange and characterized by carbonation or 

-reaction with benzaldehyde respectively. The anion 22 has also 

been prepared and alkyiated [64]. 

Q EtMgBr 

THF 1 3 Q RoTsg Q 
El/%H Me 

B fs 

2 l&%HMe Et4XMe 

22 I, 

Although the formation of acetylenic organomagnesium 

compounds by reaction of terminal alkynes with alkylmagnesium 

derivatives is coXmmonplace, the following example is included 

because of the unusual combination of metallation and displacement 



by the Grignard reagent 

HECCH2Cl + 

103 

1651: 

CuCl 

MeMgX + XMgCHC-CH,Me 
THF 

Kinetic studies of the metallation of acetylene are covered in 

section VI, F, and magnesium enolates are in II, C, 4, 

Mefzllation of "active methylene compounds" with tertiary 

amines and MgC12 has been reported 1661. In this fashion, good 

yields of carbonation products 23 and 24 were obtained. 

COOH 

or) 0 / 
23 

The isomerization of 

proposed to involve allylic 

corresponds to metaflation, 

intermediate. 

0 

Ph$CH2COOH 

24 

butenes over magnesium oxide is 

anions 1671. In effect, this 

producing a surface organomagnesium 

Magnesium-lithium exchange has been used by Seebach to 

prepare the magnesium derivative of the thioacrolein dianion [681: 

A 
2RLi 

CH2SH v 

2Li+ 

Unlike the lithium derivative, which reacts with electrophiles 

in the y-position, the magnesium compound undergoes reaction 

with aldehydes and ketones CL to the sulfur. The sequence shown 

leads to synthetically usefu 1 vinyl oxirane intermediates: 

s$% 

R2C=O Me1 ’ qH 
> > R2c 

Me1 - 
x-5 

p 
SMe 

& 

Mg++ 
R 

Di(cyclopentadienyl)tin undergoes exchange with cyclohexylmag- 

nesium bromide to yield di(cyclopentadienyl)magnesium and a 

Sn (IV) compound of undetermined structure 1691. 

Metal-halogen exchange may also result in formation of 

organomagnesium compounds. As noted earlier, CIDNP polarization 

has been observed in the butylmagnesium bromide formed by iron- 

catalyzed exchange between isopropylmagnesinm bromide and butyl 

bromide 121,261. Some uncatalyzed exchange occurs between 

Referencesp.186 
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,_ 

phenylmagnesium.iodide a&d 1,8-diiodonaphtbalene:~(701~; A:patent 

abstract gives the followincj reaction f which ma% require a 

metal-halogen exchange -[7OaJ: 

-Me 
EtMgBr 

> 
-Ii20 

l 

0 ?!I? \ 
0 

Cycloaddition of benzyne to cyclopentadienylmagnesium 

bromide produced 25 1711. The product had'mostly the anti- 

25 26 

configuration shown. Reaction via a small fraction of u-cyclo- 

pentadienylmagnesium compound was proposed, since alkali metal 

cyclopentadienides give instead phenylcyclopentadiene, while 

cycloaddition is observed with trimethylsilyl- and trimethyl- 

stannylcyclopentadienes. Indolylmagnesium bromide reacts 

similarly, forming 26. Another cycloaddition, catalyzed by 

HMPA or a cryptate or aza-cram ether, has been studied C521: 

Ph 

Ph- 

-Complexes of organomagnesium with other organometallic 

compounds appear frequently in the patent literature as poly- 

merization catalysts (see section VII, B). In addition to 

these, we may note at this point complexes formed between 

dialkylm&nesium compounds and either zinc or boron alkyls [721. 

A hydrccarbon-soluble complex formed by preparation of alkyl- 

lithium or -sodium compounds in the presence of magnesium 

alkoxides may be carbonated, and is active in metallation of 

aromatic or heteroaromatic compounds 1731. 



..c!. Some Organomagnesium Compounds Prepared or Studied 

The major portion of the literature of organomagnesium 

chemistry consists of the formation and reaction of simple alkyl- 

or arylmagnesium halides. In #is section, we survey some of 

the variety of less routine organomagnesium compounds which have 

been prepared and studied or used during the past year. 

1. Halogen-substituted compounds 

Perfluoroalkylmagnesium halides are prepared by 

metal-halogen exchange between perfluoroalkyl iodides and 

Grignard reagents or from a halide plus magnesium metal. Their 

preparation and reaction with N-sulfinylimines has been studied 

1743. Thermal decomposition of perfluoroalkylmagnesium bromides 

produced perfluorovinyl bromides which were in turn, converted 

to Grignard reagents. The latter did not occuz in ether or by 

exchange with an alkyl. Grignard reagent C751: 

105 

RRCH2CF2MgBr~ R.#F=CFBr + R$ZF=CFMgBr 
THF 

Carbonation and protolysis products had the trans-configuration. 

The following 

been prepared: 

halogenated aryl Griqnard reagents have 

BrM Cl 

BrMg CF3 
1761 1771 

These react normally, but the first two will also undergo 

oligomerization. Chloro-substituted thienyl Grignard reagents 

and benzyne reactions from o-dihaloaromatic compounds have been 

mentioned in sections II, A and II, B_ 

2. Alkoxy, acetal, and hydroxy-substituted compounds 

Grignard reagents with a hydroxy or carbonyl 

function protected as silyl ether [781 or acetal (79-821 are 

quite regularly encountered. Reagents with these groups i-n the 

6-position or further removed from the metal appear to be formed 

and Used quite routinely. However, it has been reported that 

chloride 27 failed to react with magnesium Under normal conditions 

27 



~us&d .[891..- y-subgtituted.a_cetylenic Grignard reagents 29 and 
-.. : 

30'are- alsb reported [$O,gl]. 

: 
(R = THP 

cXMgx or MgBr) 

-,: 29 30 

With an acetal function in the y-position, the properties 

of the organometallic are modified. Stowell finds that 31 

reacts cleanly with an acid chloride at -95" to produce an 

31 32 

excellent yield cf the ketone product [92]. 

33 

While 31 may be 

prepared in reflting THF, the dioxolan 32 decomposes above 30". 

The rea&.ion of 32 with an a,B-unsaturated aldehyde is also 

reported in a patent 1933. Ponaras reports that the similar 

dioxolan; 33 may be prepared in TIP-below 25O by entrainment 

with a-small amount of ethylene bromide [941. Internal solvation 

by the ketal function markedly reduces its reactivity; it reacts 

sluggishl$ with ketones, selectively forms ketones by reaction 

with acid.chlorides, and forms an ester with methyl chloroformate. 

..A fluorinated B-alkoxy Grignard reagent 34 has been 

prepared by-reaction of the bromide with magnesium [95]. However, 

34 35 

~attempts to prepare Grignard reagents from hydroxy-protected 6- 

iodogIyco:;ides led to coupling 1961,. Compound 35, which is- the 

vi&log of a 8-alkoxyorganomagnesium compound, has been reported 

in a patent 1971. _. 
: 

Rthoxyx&hyl magnesium chloride-has also.been used 

synthetically [35,98]. The reagent was prepared and used in a 
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-Ba&'ier-Grignard in situ reaction with amalgamated magnesium. 

Two examples of acetal-substituted aromatic Grignard 

reagent* are -[99~101] 

OCH20Me 

WM,, and r)@z, 

bCHZOMe 

Preparation of a hydrclsy-substituted Grignard reagent 

was noted in section TX, _A [41]. Another example Cl021 is: 

BrMgQCR2-CaCMgBr, R = H, Me 

. 
3. Amino-substituted compounds 

y-Dialkylamino Grignard reagents have appeared in 

a substantial number of reports, An Organic Syntheses prepar- 

ation using 36 provides full experimental details [103]. Use 

Me2NegC1 

of active magnesium for the diethylamino analog was 

noted previously 1331. Other examples, many from the patent 

literature, include 37 [1043, 38 [105], 39 [106], and 40 [77]. 

The unsaturated analog 41 also forms and reacts normally [107]. 

R--5@gX D-Me cmgBr 

k2MgC1 

38 39 40 

41 

Unsaturated B-dialkylamino Grignard reagents 42 are 

n 
R2N-CH2-ti=CH2 R2N = Me2N-, Et2N-, 

42 
or 

0- 

Referencesp.186 
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reported in'pateZnt literature. [108]; 
.:. 

reaction~in situ was xieed. _. 
in one-report' 11091. The"abstract of a.patent appear&.to 

indicate a saturated. &dialkylkno reagent 43 [llO], 

PE I Ye 
PhCHCH2N,JCHZCHMgBr 

43 

The unsaturated c-amino organomagnesium compounds 44 are 

acyl anion equivalents-with synthetic potential 11111. Their 

preparation .from the chloride and magnesium is accompanied by 

x 

MgCl 

-NR2 = -NMe2, -NMePh, -N-O 

'NR2 

44 

dimer formation and "hydrolysis" product. The reagents react 

normally with CO2, acetaldehyde, and acetic anhydride, and 

couple with similarly constituted aminovinyl halides. They 

did not react with ethyl acetate or acetonitrile. 

While it is not accurately an organomagnesium compound, 

some interesting coupling and dimerizttion reactions of 45 

appear to involve ring cleavage and single electron transfer 

processes [1X?]. 

4. _Carbonyl and carboxy-substitvked compounds; enolates 

In section II, A, preparation of a carboxylate- 

substituted Grignard reagent is described 1421. A "Grignard 

reaction" of the halo-ester 46 with an aldehyde is described in 

Cl 
46 47 

a patent 11133. In 47, a carboxy group is protected as an 
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oxazoiine [1143, 

Magnesium enolates which have been prepared and studied 

include the following: 

P 
XMgcELf-Y (Y = Ot-Bu, OSiMe3, NMe2) 

+ 
C02Et 5 

.+ 
C02Et 

Br MgBr 

Q 

i-Pr-MgCl 

>&? I=Ggcl 
0 0 

iPrMgC1 
0 

8 
PhCH2CMe ____+ 

ti 

Ph_CH!Me + PhCH2C_CH2 

24% 56% 

EtMgBr 
CBz(C02Et)2 - -CR(CO2Et)2 

Cl151 

11163 

21173 

P- 
f PhCH2$-Me [1X31 

i-PYZ 

20% 

RCO2H + ~MgCl+ F R -CH=CB2 -sRC=CHCH CH=CH 2 2 1211 
P 1120, 

r1191 

References 11171 and f118] discuss subsequent aldol condensations. 

The enolate generated in references I1203 and Cl211 is acylated 

on carbon and oxygen by acid chlorides, anhydrides, and esters. 

5. Unsaturated and polycyclic compounds 

A detailed preparation of diindenylmagnesium has 

been published 111221. Grignard reagents from p-chlorostyrene 

have been used to prepare unusual monomers [123-1251. 

Reaction of the Grignard reagent 48 with acetaldehyde and 

with amino ethers has been reported in patents 1126,127l. 

48 

Benzonorbornadienyl Grignard reagents have been discussed 

in sections II, A and II, B [32,71]. 



ii-c;“_ _ .~. ‘f - ~. .I 
.: 

.:z 

. .With allylid, pro&yl, .dr allk3G.c o&nOmetal-3.~c . . 

'allyli~:is*merism" 
j 

-mpo.%dC ,. cjf both!.tie _tir$&o&taiLic: 

-itself z&d: its reacfitin products .lnay be'signifiaant.'.. Contri-. . . 

:bu&ions to this ar&?vill be ~di&ussed.ir~se&on III, D. . 
6. Heteroaromatic compounds 

Previdus m&+&on has been made of the generation 

of chlorinated khienyl Grignard reagents by metallation 140, 

611. Procedures have also been published 

s&thetically- useful Grignard reagents 49~ 

for formation of 

and 50 El281 and 51 

[129] from the corresponding halides and magnesium. Thenyl 

Grignard reagent 52 has also been used 11301. The tribromo- 

selenophene 53 undergoes halogen-metal exchange with ethyl- 

magnesium bromide in the 2- (70-80%) and 5-positions (-10%) [131]. 

Br 

52 53 

The benzothiazole Grignard reagent 54 has been prepared 

ri32j _ 

7. Di-magnesium derivatives and other metal-substituted 

cr metallo-organomagnesium compounds 

Di-Grignard reagents 55 (X = Br) have been prepared 

and converted into tin (n = 4) [133,534], platinum (n = 4, 6) 

11351, and arsenic (n = 5) '11361 metallocyclcs.; MagneSikyClO- 

pent-e was also studied 11331. Grignard_re&&t 57-c13?], &d 



111 

the primary-secondary and secondary-secondary di-Grigixard 

reagents corresponding to 55 (n = 4) were prepared [135]. 

Wnitesides and Gutowski studied Grignard reagents 55, n = 

4-12, in coupling to cycloalkanes [138]. They found the best 

yields from the chlorides in refluxing THF; poorest results 

were obtained with n = 8 or 9, and the highest with n = 4-6. 

They also reported the interesting reagents 58-61. The 

58 59 60 61 

unsaturated allylic di-Grignard reagent 62 was silylated in situ 

c1391. 

BrMgCH2CH=CHCH2MgBr BrMgCH2MgBr 

62 63 

Methylenebis(magnesium bromide) 63 has been studied as 

an alternative to the Wittig reagent in carbohydrate chemistry 

(see section IV, D). The reagent was prepared from CH2Br2 with 

a catalytic amount of I2 and HgC12. Best results were obtained 

when the Grignard was used in situ 11401. 

Diene-magnesium adducts, discussed in sections II, B and 

III, D, are also organo-bis-magnesium derivatives. 

Aromatic di-Grignard reagents 64 [l41] and 65 11421 have 

been reported. 

R = H, X = Cl 

R = Ph, X = Br 

Z = NMe 

or 0 

64 65 

Trialkylmetal-substituted Grignard reagents 66-71 have 

been prepared and studied: 

R3Sn (CH2 1 JYgBr R = Me, Bu, Ph; n = 3-S 11433 

66 

RSiMe2CH2MgC1 67, R = Me [144]; 68, R = MeSSi, Me&O- cl451 
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. .: MefSiMe2CECt?MgBr R3GeC3CE& +e(C-=CFlgBr)i '.. 

11163 69 8 = Et;Ph .. 71 [14?1~ 

79 Cl471 

The reaction of cai-borane,Glignard.reagents. RCBl,,Hl6CMgBr 

and RC.BIOHIO CCH2MgBr with phenyl isocyanate was reported 11481. 

Synthetic procedures for preparation of transition metal- 

magnesium -derivatives have been presented. .These complexes are 

Mg (Hg) 
IcpFe (CO) 212 _ 

THF 
(mF) + [Fe (CO) -@ 2 

Mg (Hg) 
co.2 (co) 8 - (~y)~Mg[Co(C0),1~ 

pyridine 

Mg (Hg) 
cpMo(CO)2PBu31 ____3 (T~)4Mg~Mo(cO)2cpPBu3]2 

THF 

thermally stable but pyrophoric, and couple with alkyl halides 

to produce alkyl transition metal compounds 11491. 

Mo(cp12H2 and W(&2H2 react with a variety of Grignard 

reagents to form complexes containing magnesium and molybdenum 

or tungsten 11501. The molybdenum complex with cyclohexyl- 

magnesium bromide was determined by X-ray crystallography to 

be a bridged d&er with Mo-Mg bonds. Local disorder prevented 

a complete X-ray structure of the isopropyl analog. These 

complexes are highly reactive, giving products of substitution 

'or addition on the molybdenum or tungsten with CO2, CO organic 

halides, and butadiene. 

Other organometallic complexes with likely metal- 

magnesium bonds are reported: 

NbC14=3ipyridine) + (PhCH212W 
C6H6 

0= 

Nbc1=1. 5(Ph~2)2Mg"1.5(pyridine) I2 
3PhCH21 + NbC113 + 3/2MgI2 Cl511 

cPRe(CO1212 + RMgxdcpRe(c~)~IMgx Ei521 

Reaction of the latter with acid chlorides acylated the rhenium. 
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Complex materials have also been obtained from titanium 

compounds. A substance represented as Ti(MgC1)3-Tic18 was formed 

from Tic13 -3THF and magnesium. The influence of oxidizing agents 

(C3H7Cl) and reduc%ng agents (C3H7MgC1 and Na) on the nitrogen- 

fixing properties of this complex were studied 11531. Another 

nitrogen-fixing system from [(n5-cp)3TiR]3N2 and i-C3H7MgC1 has 

been studied 11541. A complex represented as MMg2C12(THF)N 

(with M = Ti or V) is formed from MC14 and Mg; it reacts with 

co2 to give isocyanate complexes 11551. 

Triphenylsilyl- and triphenylgermylmagnesium derivatives 

have been synthesized by a metal exchange: 

RMgBr 
Ar3M-Co(CO)4 P-S Ar3M-MgBr (M = Si, Gel 

The products were characterized by hydrolysis (H20 and D20), 

alkylation with benzyl chloride or ally1 bromide, or reaction 

with Me3SiC1. Retention of configuration was found [156]. 

Evidence for a trimethylsilylmagnesium compound has been cited 

in section II, A E391. 

Reaction of tert-C4HgPClZ with Mg in THF 11573 gave the 

cyclic trimer (tert-C4H9P)3. 

"Ate" -complexes from methylcopper and primary, secondary, 

tertiary, or aryl Grignard reagents in THF are formed in high 

yield [158]. These complexes are soluble at 25O, but form a 

suspension at -78". They have substantially greater thermal 

stability than LiR2Cu compounds. The complexes form ketones 

with acid chlorides at -78O, selectively transferring the other 

organic function in preference to methyl. They are also usefully 

reactive toward alkyl halides and a,B-unsaturated ketones. 

D. Analysis of Organomagnesium Compounds - 
Addition of organomagnesium or -lithium compounds-to 

intensely colored sulfurdiimines 72 produces a colorless adduct, 

I Ar-N=S=N-Ar + RM~X,A~N-_-NA~ + +MgX 

72 
R\/MgX 

or ArN=S=NAr 

- O”---c /N 
or R-S 

f 
-R 

Ar&---M'N\Ar 
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Pronounced,~loss of cqlor at.~Ul.e equivalence point, .which does 

not occur with alkoxide or oxide, makes the reagent Geful for_ 

_ &it&&& anal.ys.is~ of- G&r&d rea&nts 1159,1601~. : 

III. SA ‘- dtfa,.Prop&rtiest and Structures of Orsanoma~onesfum 

Comno&ids -. 

A.. Spectroscopic Studies 

Infrared ana Raman spectra of diethylmagnesium and 

its MeCD2- and CD3CH2- isotopic analogs have been obtained by 

.Kress and Novak at 90 and 300°K 11611. Fundamental modes of 

the.ethyl groups and the carbon-magnesium chains were assigned. 

The spectrum at 300°K was consistent with an infinite chain 

structure, but at 90°K there appear to be differences in chain 

c@nfigurati3w, The C-Mg ford@ constant is l-05 mdyn&/Aa. 

KresQ has also determined Raman spectra of diethyl- 

magnesium in ether between 160 and 300°K [1621. Bands in the. 

low-frequency region were assigned to the C-O-C deformation of 

free ether (440 cm-l), to the ring-stretching frequency of the 

dimer (360 cm-l) and the symmetrical CMgC stretch of the 

mo~onler (420 cm -1) . From these, a concentration-dependent 

equilibrium constant and thermodynamic parameters were derived: 

(Et2Mg*ether)2 + 2 ether -2(EtMgBr-2 ether) 

d +2s . 
. 2m 

m* 
Kc = - = 0.05 at 296°K 

ds'c 
AH" = -2300 cal/mol 

(c -' total diethylmagnesium concentration) 

The effects of concentration, temperature and the R/Cl 

ratio- on the proton nmr spectrum of tert-BuMgCl in THF were 

studied 11631, Separate resonances were observed for RMgCl 

and R2Mg up to at least 60°. Results were interpreted in terms 

of the equilibrium: 

Zt-BuMgCl e(t-B~)~Mg + MaC12 

precipitation of MgC12 occurred below 10". Variations in the 

equilibrium constant and thermodynamic parameters with temper- 

ature,-concentration, and the R/CL ratio were attributed to 

differences in the solvation number. 

Infrared, Raman, and nmr spectra of y-picoline complexas 

Of ethyl- and phenylmagnesium bromide have been reported 11641. 
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Infrared and nmr spectra of complexes between magnesium halides 

and-4-substituted pyridines have been determined 1181. Frequency 

shifts and the variations of ir intensity of Mg-N frequencies 

indicated strong bonding and the lack of back-donation. 

The nmr spectra of some organomagnesium compounds have 

been determined in conjunction with other studies. These 

include 73 (t, 6 -0.7 ppm) 1921; 74 (t, 6 -0-5 ppm, J = 8.5 HZ) 

CH2MgBr 

73 74 75 

W51; 75 (apparent pentuplet, 6 +0.5 ppm, J = 5.5 Hz) 11651. 

In a photochemical rearrangement study (see section VII, 

A), ultraviolet absorption bands of allylic Grignard reagents 

have been reported 11661. Allylmagnesium bromide and methallyl- 

magnesium chloride have absorption at 246 nm (E 4300) and 251 nm 

(E 4100) respectively. 

Spectra of allylic organomagnesium compounds and diene- 

magnesium adducts are discussed in III, 13. A number of CIDNP 

studies of organomagnesium reactions have been reported. These 

are summarized elsewhere in this survey with the appropriate 

reactions: sections II, A (formation), IV, E (reaction with 

acyl halides), VI, A (with alkyl halides), VI, E (with peroxides), 

and VII, D (thermal decomposition). 

B. Other Physical Measurements 

The heat of formation of butylmagnesium chloride has 

been determined as -107.6 + 0.5 kcal/mol (1671. 

Oxidation potentials of a variety of organometallic 

compounds were determined [168]. The electron-transfer reaction 

with polynuclear aromatic hydrocarbons was used as a probe, and 

electrochemical techniques were used to monitor formation of 

the aromatic radical anion. In some cases, a second wave 

indicated reduction to the arene dianion. Results found were: 

i-PrMgCl and EtMgCl - -2.6 v; C2H3MgC1 < -2.5; EtMgBr < -2.45; 

BuMgCl - -2.45; MeMgCl < -2; PhMgCl and MeMgBr > -2, Basicities 

of alkylmagnesium halides and dialkylmagnesium compounds were' 

also studied electrochemically [169]. Halide ion decreased the 

basicity of the solutions by displacement of the Schlenk 

equilibrium. The titration curve of R2Mg with alcohol or 

aniline had two breaks, indicating sequential protolysis of 
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the- -alkyl groups.with different basicity. 

.Moiecular .association studies showed the 2:l butadiene- 

magn&iti_compl~x (see section III, D) to have a molecular 

weight of about 3000, corresponding to an i-value of about 11 

1541, 

A phase diagram was reported for the system diethyl- 

magnesium-diethyl ether iri the range from 0 to 50 moi percent 

diethylmagnesium 11623. A triple point occurs at about -70° 

and a mol fraction of about 24% diethylmagnesium. At higher 

temperature and concentration, the solution is in equilibrium 

with crystals of the dimer; below the triple point, the monomer 

cr$stalli.zes. 

X-Hay crystallography has been used to determine the 

structure of the adduct between phenylmagnesium bromide and 

benzonitrile C1701. The magnesium atoms were bridged by two 

PhMgBr + PhCa 

Ph2C=NH + iPrMgBr 

Ph2CN groups and by one of the THF molecules with long bonds. 

The magnesiums are thus pentacoordinated; the Mg-Mg distance 

is 2.89 i. A dimeric adduct with only two THE' molecules 

crystallized from benzene, but its structure was not yet 

determined. 

The structure of a complex from cyclohexylmagnesium 

bromide and Mo(cp2)H2 has also been determined (see section II, 

c, 7) 11501. 

C. .Theoretical Studies 

A priori calculations of the structure of unsolvated 

monomeric MeMgF and MeBeF have been reported 11711. Linear 

MeMgF is predicted to have a dipole moment of 2.38 D, and C-Mg 

and MgF bond lengths of 2.08 and 1.78 i; the latter is very 

close to that observed for MgF2 (1.77 i). The highest occupied 

molecular orbital has its largest oontributfon from C 
2P' 

Population analysis places net charges of -0.55 and -0.78 on 

methyl and fluorine, and +1.33 on magnesium. 

A-new non-empirical electronegativity scale is based 

on floating spherical Gaussian orbital calculations [1721. 

Electronegativities of magnesium, carbon, bromine, and chlorine 

on this scale are l-2.4, 2.35, 2.52, and 2.84; for comparison 
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the Pauling scale gives 1.31, 2.55, 2.96, and 3.16, and the 

Allred-Rochow scale gives 1.23, 2.50, 2.74, and 2.83, respectively. 

Ab initio calculations for a-oxa and a-this carbanions 

led to the conclusions: adjacent sulfur does not utilize d-p 

n-bonding; polarization of the electron-distribution by the 

anionic charge is important; relative anion-stabilizing effects 

should be in the order OH < OMe < SH < SMe; stereo configuration 

is important, with conformations having a lone pair anti to the 

carbanionic electron pair less stable; and similar results apply 

to lithium (and presumably also magnesium) derivatives [173]. 

D. "Allylic Isomerism" in Allylic and Related Organo- 

magnesium Compounds 

Nmr spectra of allylic Grignard reagents, mono- or 

di-substituted in the 3-position, indicate the presence of 

only the primary isomer 76 within the limits of detection 1252. 

R1R2C=CH-CH,MgX,* R1R2C-CH=CH 

&gx 
2 

76 77 

Rapid cis-trans equilibration via 77 occurs even at low temper- 

atures. The 2(&s)-configuration of 76 is preferred in the 

absence of large steric effects. 

Reaction of crotyl Grignard reagents (76, Rl = Me, R2 = 

H) with R3MX (where R = Me, Ph and M = Si, Ge, Sn, Pb) gave a 

mixture of crotyl and methallyl products [174,1753. The crotyl 

isomer was favored for Si and formed exclusively for Pb; for 

Ge and Sn the methallyl predominated. There was a slight trans. 

preference with Si (-3:2) and Ge, cis with Pb. In reaction 

with Me3SiCl, the product was independent of starting material, 

solvent (ether YS THF) and order of addition; in situ reaction 

produced the same mixture. 

Grignard reaction of 78 with silanes led to products 

from reaction at the primary carbons 11391. 

BrCH2CH=CHCH2Br 

78 

Mg 
+ R3SiCl + R3SiCH2CH=CHCH2SiR3 

THF 

With the prenyl Grignard reagent (76, Rl = R2 = Me), the 

only product isolated from reaction with Me3SiC1 was the 

"unrearranged" prenylsilae 11761. Reaction at the primary 

carbon was also observed in addition of the prenyl Grignard 

Referencesp.186 



reagent-:tbbicyclic ketones (see s+Son IV, B! : 11771: however, 
. . 

.an in _~itu~rea&on -of pr+yl- bromide- with 79. .a.nd related- 

ketones..oc&rred ai the tertiary position 1341_. 
.- 

1. 
7 

79 

Reaction of a variety of substituted allylic Grignard 

reagents with a c%N function produced a mixture of "linear" 

(unrearranged) and "branched" (rearranged) products, depending 

upon-the degree of steric hindrance at the y-carbon 11781. 

Addition of the pentadienyl Grignard reagent produced the 

secondary-product [178a]: 

Protolysis of allylic Grignard reagents with strong acids, 

water, alcohol, ox hindered amines led to protonation at C3 

(allylic rearrangement), while unhindered amines gave mostly 

the product of protonation at Cl 1251. 

A study of allylic-derivatives of several metals has 

shownthat the slight equilibrium preference for the z(cis)- 

isomer in the Grignard reagent is much stronger with the more 

electropositive alkali metals 11791. Stabilization of a Z- 

carbanion in an initmate ion pair by hydrogen bonding from the 

cis-alkyl-group was proposed: 

R+CdY Q@ -- 

b a 
H 

8 

=Q 
-. 

. 0 

The Grignard reagent from propargyl bromide is represented 

I1803 as the allenic structure 80. Reaction products obtained 

were: 

H-3-CH2Br s 

BrM< 

[l8l1 
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R2 Rl R2 

"H-Z.-CR-MgBr" + R 
1 

lrt- 

3 

A 

R NH-= Cl841 

0’ x 

The Grignard reagent from chloroprene, which appears 

spectroscopically to have structure 81, leads to a mixture of 

products, depending on the reactant 1185,186l. Allene products 

are formed in larger amount with benzaldehyde, acetophenone, 

benzophenone, or pinacolone. It was concluded that softer and 

_Ms 
THF J-4 

Cl MgCl 

R 

OH 

q=== 
OH J-9 

P-h 

82 

less hindered electrophiles prefer reaction at the 2-position. 

Styrene oxide forms 82, along with minor allenic products. 

The Grignard reagent from 83 gives an allenic carbonation 

product [1871. 
Ph 

+=t 
83 

/u r 

plh 

Several Grignard reagents from halides of the type 84 

have been prepared. Some results of reactions are shown below. 

Two reports have appeared on the formation of isomeric 

products from acylation of benzyl Grignard reagents. With a 

variety of acyl halides C1911, yieids of the "abnormal" product 

ti5 increased wi* (a) decreasing basicity of the solvent, 

(b) with decreasing ionic character of the benzyl-metal bond 

(Li < Mg c Al), and (c) with increasing reactivity of the 



R-' = H, Me 

[I881 

acyl halide. 

also gave 86, 

O2 [1921. In 

no effect. 

1189 I 

Rl, R2, R4 = B, Me [190] 

Benzylmagnesium chloride with acetic anhydride 

produced in a rascal chain mechanism requiring 

H&GA, no 85 was formed. Excess magnesium had 

=2MgX 

+ RCOX 

- @,,g* + v @H,9Ms 

- OR 
85 86 

A coupling reactton of indolylmagnesium bromide Cl931 

and its reaction with oxalate esters 11941 have been studied. 

The characterization of butadiene-magnesium adducts 

has utilized chemical and spectroscopic techniques (see section 

II,,B for preparation) [54,195]. The 1:l adduct was insoluble 

inTHF, and had C-C stretching bauds at 1575 (cis) and 1604 

cm-l (trans). Deutrolysis and alkylation with dihalides gave 

the following: _' 
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+ polymer 

20-25% 

A polymeric chain structure MgiCH2 -CH=CH-CH2-Mg)n with THF 

coordinated to magnesium was proposed. 

The 2:l adduct also had ir bands indicating double bonds 

(1593 and 1619 cm-l), a degree of association of about 11 in 

THF, and an nmr spectrum resembling that of crotylmagnesium 

compounds (lo C-Mg, predominantly cis double bond, and no 

change in appearance between -80 and +500). Deuterclysis and 

alkylation produced the products illustrated: 

4 + isomers 

/ 

D 

D2C 

=gH12 
l Mg*ZTHF 

15% 

The 3:l adduct had similar spectral properties. However, 

it was hydrolyzed to dideutrated products containing a ring, 

indicating cyclization by intramolecular addition of an allylic 

organomagnesium function to the double bond. It wa_s unreactive 

to addition of further butadiene units at 80°, but did form a 

4:l adduct at 120°. The cyclization rearrangements are discussed 

further in section VII, A_ 

The adduct of myrcene with magnesium [55,56,1961 was 

hydrolyzed to a mixture of monomeric and dimeric hydrocarbons: 

product 87 and the dimers were reported only when transition 

metal catalysts were used in the preparation [SS]. A cyclic 

structure was proposed for the "adduct." The 1:l compound was 
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characterized chemically: 

BF3-0Et2 

_\ 
co2 

(major isomey) 

1 
H202, OH 

c 

COOH 

OH 
COOH 

With acetonitrile and ethylene or propylene oxide, products 

simLlar to the aldehyde and ketone products were formed. 

Esters and acetyl chloride or acetic anhydride reacted as follows: 

Ac20 

IX1 fR1c- H \ 
-I- O + 

98 89 

QAAc+ f?:- . . 



Products 88 and-89 were found with lower temperatures and 

shorter- reaction times. 

Infrared spe-ctra of the Irl-adduct between SO and mag- 

nesium Indicated a cis-double bond; the cyclic structure 91 

123 

was proposed- [55,196]: 

Ph 

Ph 

90 Ph 

65O 

p.Ph 
($2]a 
OH 

+ 

Ph 

Ph 

PhCH2CH2CH=CHPh (45%) 

+ 

PhCH2CH=CHCH2Ph (55%) 

PhCH2;H-CH=CHPh 

HOCMe, 

PhnPh 

(H2?4 (5=2)4 
OH OH 

E. Reversibility in Reactions of Allylic Organomagnesium 

Compounds 

Two publications appeared during 1976 giving additional 

documentation about the reversibility of addition of allylic 

Grignard reagents to ketones. Benkeser and Siklosi showed that 

addition of the nnsubstituted ally1 Grignard reagent is rever- 

sible by observation of aliyl-crotyl exchange between 92 and 93 

11971. Also, when 93 was heated in the presence of the corres- 

ponding di-tert-butyl ketone was isolated. 

92 93 

Holm studied the alkoxide 94 [198]. Loss of a,y-dimethyl- 

allylmagnesium bromide was foliowed by heating in the presence of 

methyl- or allylmaguesium brow-de, which produced 95, or in the 

presence of t-butyl isopropyl ketone, which gave 96. Also,.a 1:l 

cis:trans mixture of 94 formed a 1:3 equilibrium mixture at the same 

rate. : The addition of alfyR or a,f-dimethylallylmagnesium 
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R = Me, ally1 

94 -- 95 96 

bromide to di-t-butyl ketone is less exothermic than addition 

of methy.&nagnesium bromide to the same ketone t-108. and -106 

vs -150 kJ/mol), or the addition to acetone (-178 kJ/mol). 

AH for formation of -94 was also determined as the differei 

between AHT for the addition (31 kJ/molJ and the "retro-addition' 

[120-130 kJ/moi). 

Reversibility has also been found in the addition of 

crotylmagnesium bromide to 

HCX-CH20H Ia 

+ 

MeCH=CRCH2MgBr 

propargyl alcohol [199]. The 

MgCH=y-CR20-Mg + MgCH= 

CH 
Me"CH=CR2 

97 98 

product mixture formed after 3 hr at 20" (97298 = 72:28) 

changed after 24 hr at 3.5" (97r98 = 54:36). 

IV. Reactions.of Organomacnesium Comnounds with Carbonvl 

Functions 

A. Mechanism of the Grignard Addition 

The dissertation of T. Helm, "Thermochemical and 

Reaction Kinetic Studies on Grignard and Alkyllithium Reagents" 

has been published [17]. Major portions of this work have 

appeared in earlier publications_ The role of single electron 

transfer processes has been reviewed [8]. 

Ashby and coworkers have reported on the effect of tran- 

sition metal catalysts on the formationof pinacols during the 

reaction of P-methylbenzophenone with methylmagnesium bromide 

1301. If the magnesium had greater than 20 ppm of iron or other 

first-row transition elements, substantial amounts of pinacol 

were formed in reactions run at high Grignard reagent concen- 

tration. There was a direct relationship between the concen- 

tration of transition metal and the amount of pinacol formed, or 

epr or.uv observation of the ketyl. In a reaction at-low 

temperature, addition and pinacol formation occurred in constant 

ratio- throughout the course of~the reaction. Pinacol formation 
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.was catalyzed by added salts of transition elements (only first 

row ones were effective). The effectiveness followed the trend 

V<FemNi. The oxidation state of the metal was 

unimportant. A variety of complexing agents were ineffective 

at inhibiting the transition meta effect. The iron catalyst 

also appeared to increase the rate of normal addition.. The 

stereochemistry of pinacol formation was also investigated. The 

authors favored a mechanistic scheme similar to that proposed 

earlier by Blomberg and Mosher, in which a reduced iron species 

may be the agent which transfers an electron to ketone: 

polar 
RMgx + Ar,co - 

62 Ar2c=c 9 __, Ar2C-OMgX 

SET 
[ 1 7 

R-MgX B 

t 

R= Ar,eOMgX 

Another side product, 2-methylbenzhydrol, was formed by reduction 

of ketone by small amounts of a magnesium hydride species 

cage reaction 1 
diffusion 

Ar2tOMgX -I- R- 

1 solvent 

(pinacol) (MgX)3 RH 

generated during Grignard reagent formation (see section II, A). 

Holm 11981 has reported rates and enthalpies of reaction 

of some allylic Grignard reagents with ketones [pseudo first 

order rate constant (see -1 ) with 0.05 M ketone in ethyl ether 

at 20°; AH(kJ) in parentheses]: 

i-PrCO-t-Bu t-Bu2C0 

E,CO (99) (100) - ph_3co 

CH2CHCH2MgBr >104(-178) alo 4 >104(-108) (-157) 

MeCH=CHCH2MgBr >104 64(-105) 19 

MeCH=CHCHMeMgBr >lO 
a 

100 2.3(-106) 

MeMgBr -- (-204) -- -- (-138) (-171) 

Reaction of crotylmagnesium bromide with 99 and a,y-dimethyl- 

allylmagnesium bromide with 100 had AH f of 27 and 31 kJ/mol 

respectively. The reverse of the latter had a positive AS f of 

25-42 J/m01 OC; this was considered inconsistent with a cyclic 

SEi' transition state, and more appropriate for the SE2' 

process: 

Referen-p. 1136 
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A-rate-limiting single electron transfer- step, followed by 

radical-combination, was.felt to be most consistent with 

reactivities. -An intense yellow color attributed to an ion 

radical'was observed during reaction of the a,y-dimethylallyl 

Griqnard.reaqent with -200. 

BenzoPhenone ketyf forms a stable complex with MS++ at 

concentrations of 2.9 x lo-' to 2.4 x 10e4 M in THF' [200]. - 
Using the epr spectrum as a quantitative standard, its absorptior 

spectrum was shown to have E 18,000 at 612 nm. With lower 

temperature or increased solvent polarity, a red shift was 

observed. 

Reaction of 101 with Griqnard reagents in the presence 

COOH 

101 102 

of 10 -4 g NiC12 produced ketyls 102, which were identified via 

their epr spectra [201]. 

Transition metal diketone complexes also reacted by 

electron transfer from Grignard reagents to generate radical 

dianions of the diketone [202]. For example: 

EtMgBr o:-2' 

Fe(acac12 
1 _-,>' *? 

___d Me-C-CH-C-Me 

The dianion was identified by a septet of doublets in the epr 

spectrum. Methylmaqnesium bromide reacted more slowly. 

Several observations of potential mechanistic significance 

may be noeed. Reaction of butylmaqnesium bromide with PhCO(CH2)4 

COOH~gave a 22% yield of reduction product in addition to 70% of 

normal addition to the ketone [2031. The yield of addition 

product in reaction of 2-methylcyclohexanone with isopropyl 

Griqnard reagents varied from 14% with the iodide to 41% with 

the.chloride 12041. The rate of addition of a y-ketal-substitute 

Grignard reagent to cyclopentanone~was significantly accelerated 

&I benzene-TSF compared with TSF alone 1941. 
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B. Stereochemistry of Reaction with Aldehydes and Ketones 

1. Stereochemistry with aldehydes and acyclic ketones 

In a recent reconsideration of models for 1,2-asym- 

metric induction, Anh has calculated the energies of 24 different 

transition state conformations for reaction of MeCH(Cl)CHO or 

MeCHRtCHO with a nucleophile (represented as H-1 by an STO-3G 

ab initio method 12051. It was concluded that the conformations 

included in the approach by Felkin [Tetrahedron Lett., (1968) 

2205 and 22013 correspond most closely to the lowest energy 

transition states. Results are infl_uenced to only a minor 

degree by electrophilic assistance at the carbonyl oxygen, 

variation of the angle of attack, or solvation of the nucleophile. 

The most important factor appears to be interaction with the 

c* orbital of an anti-periplanar group on the a-carbon: 

Up to 70% stereoselectivity observed in the reaction= 

was explained by the model shown [206,207]. 

The addition reaction: 

Ph 
PhMgBr 

Ph 

F 

h 

H-CH2CH0 - 
+ 

h-CH2- HOH 

produced a mixture which is 24% erythro:76% threo. Two models 

were discussed: attack of a dimeric Grignard species, and 
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ai&&+ cf.Ymonom&ic .&g&&agnea:i&:on aldehyde.compl&ed ., :, ,:__. .-. : .._.. I_ ,-. . - 
.secona::~r~.~magnesium'IMnomer [208]-.: On the.~b&zis. bf-sts 

interactions .evaluat&.for &tack:on-r& .varit& of conforme 

.the- former was~preferred. . . ~’ : - . . 

Addition to the ketb.ester 103, with-and without ca 

by,CuCl, *eel,, coc12, .or.NaH, produced an.excess of 2.5 t 

of the (S*configuration..- Attack by the Grignard reagent o 

6-membered cyclic inoiate was Proposed 12091. ; 

'. 
-0 

It. PhMgBr 
MeCCH2C02(-)menthyl ___3 

+I-. : 

MeC-CH2COOR 

Ah 
103 

In the addition reaction below, 104 was formed in a 

MgBr +MeCHO--------+ 

10 

65135 ratio over its diaetoreomer [210]. 

Addition to ketone 105 produced only one diastereom 

in 78% yield, while a 35:65 mix&e of diastereomers resul 

with 206 [211]. Only a slight preference was observed in 

105 106 

addition of methylmagnesium iodide to 107, with the RS-SR 

CF 
13 

C5HllCH-CHO 

107 

diastereomer favored 55:45 [212]. 

Reaction of cymantrene derivatives 108 and 109 with 

various Grignard reagents occueed with.&bstantial aaymme. 

induction 12131. Curiously, the same diastereomer was pre: 

from reaction of.109 (R = Me) with RhMgBx as from 109,(d = -- 
with MeMgI. Resul&w&e interpr_eted'on the basis of ';&eJ _ . 
conformations." 



Mn (CO) 3 M.dca3 
108 109 

Addition to a 17-acetyl group on the steroid skeleton 

has been reported to occur stereoselectively. The two additions: 

COMe * 

MoH MeMgBr. &!!if 

occur with high and opposite selectivity (93 and 99%). This is 

related to different conformations in the solid state and 

probably in solution [214]. In addition to pregnenolone, a 

mixture of epimers is formed, contrary to an earlier report. 

The preference shown is interpreted on the basis of addition 

from the back side to the dominant conformations of the acetyl 

group 12151: 

OH 

Also in a steroidal system, the addition: 
OTH?? 

&E:H"-_ &; 

> 

is reported to occur with "total stereoselectivity" [216]. 

However, in a similar instance, reaction of the hydroxyaldehyde 

110 occurs with little stereoselectivity, although only one 

diastereomer of the Grignard reagent appears to react 1831. 



A variety of optically active B-aminoalcohols are 

synthesized with high preference for one diastereomer via a 

phthalimide derivative [ZIi7jrl'; e.g. 

0 

fS& 
PH 

-CHNe-CHO -CHMeCH-Ar 

0 

erythrolthreo = 4-3-l 

Grignard addition to the chiral benzoyloxazoline deriva- 

tive 111 occurred non-stereoselectively. However, by separation 

MeMgX 

Me0 Me0 

111 

of diastereomers and hydrolysis, both enanteomers of atrolactic 

acid were obtained in high optical purity [ZlS]. 

2. Stereocherriistry with cyclohexanones and other 

cyclic ketones 

A theoretical. study of carbonyl. addition reactions 

led to the conclusion that a major factor controlling the 

stereochemistry of addition is attack of the nucleophile in a 

geometry antiperiplanar to a bond on the e-carbon, maximizing 

overlap with the CT* orbital of that bond: 

N Na 
*ia 
\ 
'0 

=? 

c345pi 
* 

d 

=e 

2 $7 
Ha ‘I. 9 

=o 

'210 

'Ne Eia;l; 

e 

Attack from the axial sideis more nearly antiyperipfanar than 

from tQe ec&torial side, and a slight flattening of the ring 
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further improves the geometry [219]. Softness of the nucleophile 

favors addition anti-periplanar to a C-C bond (equatorial) rather 

thana-CH bond (axial) because the cr* orbital of a C-C bond is 

lower in energy than that of a CH bond. 

These factors have helped to rationalize the stereo- 

chemistry of addition of magnesium and other enolates of acetic 

acid derivatives to 4-tert-butylcyclohexanone [115,219]. The 

magnesium enolate of AcO-t-Bu gives predominantly equatorial 

attack, while that from AcOSiMe3 gives more axial (72%). 

Similar principles were applied to interpreting the addi- 

tion of allylmetal compounds to 4-tert-butylcyclohexanone [220] 

and to its methylimine [183]. The small magnitude of steric 

hindrance in an SR2' mechanism was expected to allow electronic 

effects to dominate. For the ketone, the fraction of axial 

addition increases from 15% for the soft allylzinc bromide to 

51-55% for allylmagnesium bromide to -65% for the alkali deriva- 

tives. Allylmagnesium bromide gave 88% axial addition to the 

imine, and the propargyl Grignard gave similar results. 

In a different approach, a steric factor dependent upon 

the size of the attacking nucleophile was calculated for different 

conformations [221]. This was combined with a torsional factor 

to predict stereochemistry of addition of hydride and Grignard 

reagents to cyclic and bicyclic ketones. 

The following additional stereochemical results have 

also been reported: 

i-PrMgX 

e 
0 

Me& MeMgBr 

R-CH2 85% 12231 

R1 = R2 =H 40 : 45 

same, equilibrium 2.7 1 

nl = Me; R* =H 4.5 : 1 

R1 = Ef; R2 = Me -- 80% 



OMe OMe 
(exclukvely) 

Addition of ethynyl-, vinyl-, anc ethylmagnesium bromides 

gave a-mixture of isomers from tra~~-?~2, but only one product 

from cis-112 (2271. 

. k-addition to 1,2-diones occurred with variable 

stereochexriistry: 

0 e 
0 

1229 1 

Additiori of a variety of Grignard reagents to 113 gave largely 

0 

d 0 

113 

0 

CT OH 

H 
115 

or.entirely cis isomer in ether; in THF a mixture was formed, 
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b&only the eraas isomer was found with vinylmagnesium bromide. 

IChe vinyl Grignard reagent in TBF produced a mixture of the 

isomers from 114, but reaction of MeMgI, EtMgBr, or PhMgBr in 

ether or C2H3MgCl in THF with 215 produced the cis isomer [2291. 

The cis isomer was fo,-md on addition of PhCXMgBr to 216 or 117. 

R 0 

I 
I 

R 0 
216 

The stereochemistry of the aldol condensation of the 

magnesium enolate pulegone (see section II, G, 4) with itselz 

XI 
0 

R = H, Me, Et 

R 0 

117 

or with two molecules of benzaldehyde was studied 11171. 

Addition of Grignard reagents to bicyclic ketones 

with stereochemistry as follows: 

+ MeMgI 

[2311 

& &e1.3 
PC 

1.0 

+ kMgBr 

11771 

+ MeMgI - 

stereospecifically 

trans to Me 
i- MeMgBr 

11771 
[2221 

occurred 

C. Selective Reactions with Aldehydes and Ketones 

A number of examples illustrate the selectivity between 

carbonyl groups in various environments or selective reaction 

with carbonyl groups in the presence of other reactive functions. 

In the following instances reaction at the indicated carbonyl 

function was reported: 

I 
R' = (CH2)SC02Me C2321 

= CH2CH=CH(CH2)3C02Me 12331 
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i;235, 2361 [2371 12381 

Reactions of 228 1821 and 119 E2391 can be controlled 

to give reaction of one carbonyl group. In the case of 115, 

subsequent reaction of the second aldehyde group with vinyl- 

magnesium chloride was reported. 

118 

119 

Enols 120 and 121 react at the ketone function shown: 

+ PhMgAr + MeMgI 

120 122 

[2401 12411 

+ PhMgBr 

Reaction at the ketone function occurs preferentially 

in 122, but a second Grignard may then be added to react with 

the oxime [242]. 

Preferential reaction of the ketone group in the presence 

of acid, ester, amide, or nitrile function is illustrated by 

the following reactions reported in 1976: 



I&!&O -Nat 
2 

12431 

Me 0 

CN 

+ 

C2H3MgBr 

12461 

H2COOH 

Me0 

(in pyridine) 

12441 

+ 

RMgBr 

0 

R2-E-Co2Et 

RlCXMgBr 

C2451 

OH 

(R = C6H13, C7H15) 
+ 

PhMgBr 

12471 12481 

cc Me 
mC02Me 

0 
CH2C02Me 

(Hrcl)m + 
123 

-I- 

MgBr 

ArMgBr 

[2501 

e02CH,Ph 

1251, 2521 

MeMgI, PhMgBr, 

C2H3MgBr 

In the case of 123, the addition product cyclizes to a lactone. 

Other examples are in references noted earlier [93,225]. 

Haio-ketones 124, 125, and 126 react normally at the 

carbonyl group to yield chloro-alcohols. 

135 

ClCH2iCH2Cl + CB9MgI 12531 i-Bu 

224 

e!CHCl + MeMgI [254] 
2 

125 
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.D. Other Reactions with Aldehydes .&d Ketones 

In several instances, a.Grignard addition reaction is 

a step S a newly published general synthetic procedure. 

A benzoannelation of ketones follows the sequence: 

OH- 
+-=----cu= 
Quinoline 

Several interesting applications are reported C2551.. 

A 1,2-carbonyl transposition has been explored, and 

several examples given 12561: 

A convenient synthesis of ketones from aldehydes proceeds 

in overall yields of 55-90% 12571: 

&HO + R2MgBr‘[RlR2CHO-$gBr] 
N-chlorosuccinimide 

t-BuO-Li+ 
% <_ 

RR0 
A.variety of a-substituted mandelic acids were prepareii 

in good yield by the route 12581: ' 

a- 

- Ed! 
1) BuLi 

0 

=sx 
OH 

-x3 

OH 

PhCH2 - Ph-& / -+Ph-8-COOH 
21 O2 i 8 

R = Me, Et, i-Pr, Ph, PhCsC 

3-Substituted furans were prepared [259Jt 
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~ Methylenebis(magnesiuIn bromide) was studied as an 

alternatiire to the Wittig reaction in carbohydrate chemistry 

c1401. Yields were generally the same or better by this method. 

-Some other interesting reactions or reaction sequences are: 

0 OH 

acetylene 
coupling 

+ BrMgCXMgBr~- 
and 
oxidation 

0 0 

C2621 

Polystyrene- @-CMe 8 &MgBsd-9 
12631 

The first step in a chiral synthesis of prostaglandins 

from an L-erythrose derivative was 12641: 

HO 

E+ 

@CHOH CH20H 

H H -MgCl ., 
IFsc-c;H 

0 3 eq. 
y" 

THF-CH2C12 

Grignard reagents with 1,2_dicarbaundecaborate derivatives 

gave varied results 12651. The methyl ketone 227 reacted only 

Me COMe Me 
\ / 

=\ /-= 
\C 

B9H10 _ Me,N+ 
/d 

' - Me N+ B9Hl3 4 

127 128, R = CMe=CH2 

129, R = CHNe2 

via enolization with ethyl or phenyl Grignard reagents; methyl- 

magnesium iodide gave about 55% enolization, plus a 1:l mixture 

of 128 and 129. The corresponding phenyl ketone gave the tertiary 

carbinoi with phenyl.&gnesium bromide and secondary carbinol by 
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_':138- 
._ ~. 

-. .~ . . 

~h&ction.with ethylmagnesium bromide. -A variety of tertiary : 
.c$m&trene,alcohols we& prepared by Grignard reactions of acyl- 

c$mant&& [266].. z : 

.The primary tignesium enolate from benzyl.methyl ketone 

with i-PrprgCl forms the ketol with another molecule of the 

ketone Cil8]; .The secondaxyenolate is unreactive~ to self con- 

d&sttion;but slowly form&the ketol via interconversion with 

the primary enolate, It dondenses in an interesting fashion 

with acetaldehyde: 

E. Reactionswith Carboxylic Acids and Derivatives 

1, Open-chain derivatives 

Trifluoroacetic acid reacted with pentylmagnesium 

bromide to generate l,l,l-trifluoro-2-heptanone in 51% yield 

12121. Ketyls of the corresponding ketones were produced by 

Ni++ -catalyzed addition of Grignard reagents to substituted 

salicylic acidsJ2011 (see section IV, A). 

The reaction of benzoyl chloride with tert-butylmagnesium 

chloride in DME was studied using CIDNP 12671. Products which 

showed spin polarization included phenyl tert-butyl ketone 

(methyl hydrogens only), i&butane, 2,2,3,3_tetramethylbutane, 

isobutylene, and tert-butyl chloride. It was proposed that 

'radical pairs 130 and 131, formed by single electron transfer, 

both contributed to .tfle polarizatibn. Additional polarization 

Ph&OMgCl 

c11 

"CMe3 PhCO -CMe3 

230 131 

must result from encounter pairs, since experiments run in the 

presence of styrene to trap free radicals showed decreased 

polarization of some components. 

Formation of ketones in reaction of Grignard reagents 

with acid chloride or anhydrides is reported in a number of 

cases. As noted in section II, C, 2, Grignard reagents 

substituted with a 1,3-dioxan or.l,3-dioxolan group in- the 

&p&ition react quite selectively with acid chlorides, stopping 

-at- the ketone stage 192,941.. Ketones were also produced' in 
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the reactions: 

+ 

OMe 

12681 12691 [911 

Manganous iodide, used with Grignard reagents in either a 1:l 

or a 1:2 stoichiometry, yielded reagents which produce ketones 

in 60-903 yields from acid chlorides [269]. Organocuprates 

formed from Grignard reagents and methyl copper selectively 

transfer the group other than methyl in reaction with acid 

chlorides at -78" [1581. In this fashion, ketone yields of 

75-1008 are reported, starting with primary through tertiary 

or aryl Grignard reagents, and acetyl, pivaloyl or benzoyl 

chlorides. The acyl-equivalent organomagnesium compound 132 

[ill] and the rhenium-magnesium compound 133 [152J are also 

/MC1 
Me2C=L 

\NMe 
2 

(n-CgH5] Re(C0) 21-MgI 

132 133 

acylated with acetic anhydride and acyl halides, respectively. 

The reaction of myrcene-magnesium with acetyl chloride 

is cited in section II, D [196]. 

When ketals or thioketals of u-keto esters reacted with 

Grignard reagents in HEPT, the ketone formed in the first 

addition stage was enolized by excess organometallic [2711; e.g. 

The reaction of amino esters 134 followed by heating was 

reported to produce the heterocycle 135. Formation of this 

0 

37% 

(insol.) 

product implies Grignard reaction to the ketone stage 12731. 
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140 
: . . 

g1: -R 

EtMgBr 250-300° 

RNH-JHCOOEt - - 

g~sec-Bu, R 1 
lmin 

R A Me 

.R 2 n-Bu, Rl =H 

134 135 

Reaction of esters or acids with vinylmagnesium chloride 

leads to a mixture of products [120,121,273,2741: 

fi 51 
R-C-OEtsR-C- 

*MSCl 
OH or R-g- ’ 

In a study with B-hydroxy esters, it was found that a-substituted 

esters reacted with excess reagent to give more of the unsaturated 

ketone, while esters uns*ubstituted in the a-position gave tertiary 

alcohol 12731. 

Selective reaction with the indicated ester function was 

found in 136 12751 and 137 [276], yielding the corresponding 

tertiary alcohols: 

Selective reaction of a Grignard reagent with the acetate group 

of a steroidal epoxy-derivative was found to be more effective 

than hydrolysis for generating the hydroxy-epoxide [2771. 

Reaction of ethyl chloroacetate with l-propynylmagnesium 

bromide produced the corresponding tertiary chloro-alcohol [184]. 

Di-organomagnesium compounds may react with esters to 

produce cyclic alcohols C2781: 

w 
Br(CH2)6Br + PhCH2C02Et _9 

Bee algo reactions of myrecene-magnesium with esters [1961 in 

section III, D. 

Reactions of several esters with a mixture of two 

different Grignard reagents has led to useful yields of the 

mixed tertiary alcohol addition product 12791. 
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The carborane ester 138 reacted with phenylmagnesium 

bromide to produce the corresponding tertiary carbinof. Reaction 

with ethylmagnesium bromide gave a secondary alcohol by addition 

followed by reduction; its homolog reacts normally to give 

tertiary alcohol [265]. 

MeC ,C-COOMe 
\ - 138 

B9H10 
Me4N+ 

Two reports may also be noted in which ketones were 

formed in reaction between amides and Grignard reagents: 

q 

H 
-0 Me 

f- 
Clw(CHZ)2$NMe2 

+ MeMgI MgBr 

12801 

604 yield in benzene-THF 

[2811 

Xn the first case, reaction occurred both at the original keto 

group and the amide, producing a hydroxyketone. The 2-bromo- 

3-thienyl Grignard reagent gave a 60% yield of aldehyde with 

dimethylformamide 11283 - 

2. Lactones, lactams, and cyclic anhydrides 

The reaction course with a,8-unsaturated butenolides 

was found to depend upor; the substitution pattern f2821: 

Me 

The reaction of coumarin with Grignard reagents was 

found to follow a variety of paths, depending upon the alkyl 

group and halogen of the reagent 12831. Results were interpreted 

on the basis of CNDO calculations-of charge, bond order and 

frontier orbital coefficients, and the effects of complex forma- 

tion with magnesium. Results were also reported for coumarins 

with methyl or phenyl substitution on the heterocyclic ring 

[2841. A number of examples in more complex systems leading 

to products of the type 139 have appeared in the patent 
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T 
L 

MSX I K 

J 
139 

literature [e.g. 285,286J. Single addition of vinyl Grignard 

reagents to lactones has also appeared in patents [e.g. 287,2881: 

0 
&MgX 

TWO papers report resul.ts of a-lactone reactions E289, 

290]- A reaction path involving displacement by iodide Was 

favored; other products were derived from 140: 

R CH-C=O + RCH MgI b&H iMd ’ 2 

'h/ 
2 

!- 

Al 140 

R1 and R2 = 3O alkyl; R = H, Me 

Reaction with phenylmagnesium bromide at the carbonyl carbon 

gave a product via an apparently reversible rearrangement: 

+ 

PbMgBr 
CH-C=O - 

'E/ 

e 

-I- 
A 

119 o +Gk-LPh - ~+I.l=cH+x?. 
ph 

Other additions to lactams or cyclic Guides are: 
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benzene-ether 
12911 

R = alkyl, aryl, H; R1 = alkyl, aryl, styryl, R2CZC- 

[91,292-2941 

V. Addition of Orcranomaqnesium Compounds to Other Unsaturated 

Functions 

A, Reaction with Carbon-Nitrogen Unsaturation 

The yield of ketone in the reactic-n of Grignard reagents 

with nitriles is increased by addition of :,iC104 or (Bu)~NC~O~ 

12951. The crystal structure of the adduct of benzonitrile and 

phenylmagnesium bromide was determined (see section III, B) 11701. 

Addition to the cyan0 group in preference to other func- 

tions was observed for 141 and 142. 

CN 

Q&j& 
\ 

Ht02C-CH2-C=NjEt02C-CH=t-NH2 

142 Ph 

& X! 

f PhMgBr 

r2971 

142 

-L excess MeMgI 

12961 

The initial adduct from fluoronitrile 143 cyclizes 

spontaneously, possibly due to Mg 
++ 

catalysis: cyclization of 

the chloro and bromo analogs occurs only on heating 12981. 

00 

PhMgBr + FfCH2f3CN - 
ether 

CPfCH2+5~=NMgBr1 + 

Ph h 

143 

Although a-aminonitriles may react with displacement of 

the cyan0 group, the following are reported to undergo normal 

conversion to ketones: 
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Add.iti&.to -the c&bon_-nitrogeri double bond, yielding an 

amine, is rt$mrted for the neutral and cationic substrates: 

:m 

+ de 

0 
CH2= 

< 

\;=+pe 

e Mes/ 5-l e 

+-ArCH2MgBr + ArMgBr + PhMgE3r 

13011 13021 c3031 

Addition of a Grignard reagent to 2-phenyl-3,3-dimethyl- 

akrine has been studied 1361, and this addition forms part Of 

a synthesis of fused aziridines 13041: 

""'ah=+Me+ + Pb& 

A 

Aminoalkylphosphonic acids were prepared via C=N 

addition [305,306]; e.g. 

1 i-Pr 

Et02CN= -P (0) (OEt)Z i--PrMqG a H N&O H 

"B 32 

SEt MeMgI 
SEt 

Et02C-N=C-P(O) (OEt12 A Et02C-NH- A -P(O) (OEtI2 

A ketone synthesis utilizing reaction-of an allylic 

Grignard reagent with an oxazoline has been reported [1781: 

R = substituted 

ally1 



A variet+ of examples were 

by react&m of a G&nard reagent 

145 

reported of aziridZne-formation 

with oximes [242,307-3091: 

NOH 
R@rx R2 

R 

A similar aziridine-formation occurred with hydrazonium salt 

144 [30d]- However, a different pathway was observed for 145 

with PhMgBr, which gave mainly elimination of phenol and formation 

of aniline [308]. 

NOH 

144 145 

Hydroxylamine formation by Grignard addition to nitrones 

was studied [310-3133: 

C 

Cyano-substituted nitrones reacted as follows 13151: 

Q / +-o- M”M9I, MkoMgI h Q4 
CN 

Q /+-o- MeMgI H 0 
.2, 

COMe 
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.,_ 
Another nitrone reaction proceeds via prelimin&y ring 

opening.[316]: -. ,_ 

MeMgI Hi0 
R 
- OH 

W__, 

x 
I + 

OH OH 

B. Reaction with Carbon-Carbon Double Bonds 

: Additional studies have been reported ou reactions of 

Grignard reagents with per-fluoro or fluoro-chloro alkenes: 

ArMgBr + F2C=CFC1, ArCF=CFCl 

\ 

E3171 

CF +F2 + RMgBr VCF2=C-CF2R 

3 4F 3 

R = benzyi, n=butyl, i-przpyl 

F2C=CC12 + ArMgBr b ArCF=CC12 

In the.last study, reactions with alkyl 

•I- -3 
-C=CFR 

b, 

13181 

13191 

Grignard reagents were 

found to be more complex; some RCFZ -CC12H product was isolated 

on hydrolysis. 

R&hey has studied the StereocheUstry of the hydroxyl- 

facilitated addition of allylmagnesiumbromide to the double 

bond of two norbornenols [3201: 

& f Ii 

OH 

MgBr 
N 

> 
OH 

COOH OH 
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No reaction was observed under similar conditions for the 

e&meric alcohols. The configuration of product in the latter 

case demonstrates that the ally1 group is delivered to the double 

bond from the same side as the OH group. 

Addition of several Grignard reagents to the diamine 

dihydrochloride 146 was reported 13211: 

(-J-CR=CA-hf).2EICl RMsx_ @H-CH2-0 

146 

Copper-catalyzed additions of Grignard reagents to allenic 

alcohols and ethers have been reported: 

R2-CH2,_,R1 (stereospecific 
CH =C=C 2 

'CH20H GUI H-CBOH 
and regio- [=21 

2 
specific) 

R2CuMgX or 

(RCuBrIMgX mgX 
CH2=C=CBOMe - RCH C=CHOMe 

THF 21 
+ RCH2CaCB 

M 

Me1 

J 

13231 

or 
allyl-Br RCB2CH=CHOMe 

E:Z depends on R 

RCH2Y=CHoMe 
Rl 

Cycloaddition of 2-phenylallylmagnesium phenoxide -with 

trans-stilbene was catalyzed by HMPA, cryptates, crown ethers 

and aza-ethers [521. 

Ph + 

P 

C. 

alkynes 

Reaction with Carbon-Carbon Triple Bonds 

Magnesium organocuprates add smoothly to terminal 

at -20°C [324,325]. Primary, secondary, and tertiary 

(RCuY 1 

Referencesp.186 

TBF HO R1-H 
MgX -I- R'CBCH + 2, 

Rl-H 

-200 R-H+H-R 
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al&l groups are. all transfer+d:.iin -good y.ield. Little -~ -~. 

metallation of the alkyne occurred; .and-that cou_ld.be suppressed 

by addition cf LiBr: 

With several non-terminal alkyneS, reduction was observed 

with a reagent derived from butyl- or ethylmagnesium bromide 

and GUI (2:l). Reaction occurred when the reagent, prepared at 

BuMgBr 
PhCSCMe __3 3 P%FCC + p><u 

GUI 

68 : 30 

(>99% cis) 

-3S°C, decomposed on warming. Less (or no) reduction was found 

with t-butyl or i-propyl reagents or lithium cuprates. The 

product before hydrolysis could be alkylated with ally1 bromide. 

However, addition occurred irx high yield with: 

BUMgBr 
PhCDCH20H ____1__6 

P\ 
c- 

cur H/ 

ether or THP 

Allylic and propargylzinc bromides add to alkYnYlInagneSiUm 

halides [327,3281: 

RI 
HO 

RZnBr + R&CMgBr --+A CH2 + R 

R = allyl, methallyl, 

propargyl 

Addition reactions of a variety of enynes with allylic 

magnesium compounds were reported 13291; e-g. 

BU w Mg$ '2' 
Bu Bu 

H' 
>? 

*; 

H 

With nickel catalysis, benzyl and aryl Grignard reagents were 

reported to add to the triple bond of enynes [3381: 

cH2=cH-C%C-R1 + 
. . 

Rl 
S&lcJx zJ% CH2=CH-CH=F 

'R 

Diphenylacetylene is reported to react with MeMgBr in 

the presence!of cobalt complexes; the reaction is influenced by 
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the presence of oxygen 13311: 

MeMgBr 
PhCX!Ph 

Co= 
> PhJPh + 

Addition has also been reported for some alkynyl hetero- 

derivatives: 

NiCl H20 
R3SiCaC-CH=CH2 + PhMgBr d -3 R3SiCaC-CR2CH2Ph 1332.1 

MeSC!X!-CzC-Et + PhMgBr R20_ Mess flH-CX-Et 13331 
Ph 

ErZ = 82:18 

[3341 

Rl = H, Me; R = Me, lo, 2O, 3O 

Synthetic applications of the stereo- and regiospecific 

addition of Srignard reagents to alkyuols have been described 

C3353: 

MgCl 
MeCzC-CH20H + e 

NH4Cl AC 0 
*2, 

Me 

H 

75% 

NH4C1 Ac20 H 
HCPC-CH20H + EtMgBr __, . 

* H% OAc 
2 

20% 

The reversibility of the addition to propargyl alcohol has been 

noted in section II, E [199]. Additions to enynes with alcohol, 

ether, and amino substituents have also been described [336]. 

In certain cases, the substituent in an allylic or vinylic 

position is displaced; e.g. 

V= Ye 

Me 
Me 

MeOy-C-C-C=CH2 + RMgBr+ %=c 
>a2 

Me 
MeT k 

E3371 
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Propargyiic acetates react with Grig&rd reagents to 

give products with replacement of the acetate group by the alkyl 

group 02 by iodide from the_ Grignard reagent[338-3401: 

MeMgf 
c!scB - 

Rl 

+ Me 
+ 

CZCR + 

R2 

R1 

+ R2 
+ 

CZCH + coupling products 

OH 

Mechanistic studies, including phenyl and cyclopropyl-substituted 

compounds, led to the conclusion that competing radical and ionic 

(carbonium ion) mechanisms are Lnvolved. 

Other displacement reactions with propargylic derivatives, 

catalyzed by CuBr, have been reported: 

Rl 

R3CBC 
+ 

OMe 
R4MgX R4\ 2' 

R2 CuBr ,+A2 

ether 

c3411 

OEt RMgBr 
Hd 

CuBr OEt 
ether 

OEt 

+ RCH=CH 
+ 

H 

OEt 

RCH=C=CHOEt 13421 

iR 

=P2=%B(OEt) 2 
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Ii: Reaction at C=S Groups 

.Grignard reagents were shown to add to the sulfur of 

a-thiocarb&yl esters; with the crotyl Grignard reagent, the 

carbon-addition product is formed, probably via rearrangement 13431: 

+ 
E-CO Et 2 

R = Me, Et, t-BU 

+ 
I-CO,,, 

MeCH=CHCH2MgBr 
> 1 S- 

r+ 

However, addition of the crotyl Grignard reagent to dithioesters 

apparently involves direct addition to carbon [3441: 

R ! 
MeCH=CHCH2MqBr 7 Me1 SMe 

-- SMe > R-C-SMe B R-&-SMe 

A 

Thiophilic addition was also found in several cyclic examples 

[3431; e.g. 

+ 
SR 

A variety of rearrangement and cleavage processes were 

found for a thiocarbonate [3461: 

EtS SEt 

MgBr 

SH 

f Et&SEt 

I 

EtMgBr 

(several 
steps) 

Et2CHEt 

+ 

Et2CHSEt 



_ l&I -_- .... _ :- .: - 

Thiophiljc addition foll&d by-.tiyciizatidn occG&ed with 

BLketo thioketoties and thiok&rs- E347,348]:- 

A concerted addition and cyclization was proposed. The thio- 

ketone 147 galle no cyclization. and only addition to the thio- 

carbonyl grow> in the presence of excess Grignard reagent 13471. 

S SR 

4= 

ii 0~ 
+ RMgBr- 2, 

+ 
0 0 

147 

E. Reaction with Conjugated Carbonyl and Car-boxy Derivatives 

A new asymmetric synthesis has been reported, whose 

critical step appears to be conjugate addition in a chelated 

Grignard reagent complex C3491: 

= Me, Ph 

= t-Bu, I-Pr 

R= 

HZOH 

“‘o-+ 
Ph, c-C6Hll, 

n-Bu, Et, 

h - 
CH2- 

NaBH4 
< 

Optical yields of 91-98% (R2 = t-butyl) and -60% (R2 = i-propyl) 

are reported, along with overall synthetic yields around 50%. 

Copper-catalyzed conjugate additions of GrigzarS reagents 

to u-b-unsaturated carbonyl c0mpound.s are now quite commonplace. 

Use of the methylcopper-Grignard re*agent com@ex for conjugate 

addition has been noted [158]; 

The effects of tetracyanoethyletie and- triphenylphosphine 

on the addition of magnesium diphenylcuprate to 147 and 148 have 

been reported 13501. The former decreased the rate of addition 
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? 
I 

Me2C=CH Me 

147 148 

OAc 

phCMe2CH=!!-R 

149 

to 248, presumably by competitive complexation with the cuprate, 

but had little effect on 147. The latter led to a mixture of 

1,2 and 1,4 addition with 147, and influenced the ErZ ratio of 

the acyl dexivative (149) of the product from 148. Destruction 

of the cuprate, with formation of diphenylmagnesium and Ph3P:CuI 

was proposed. 

In two steroidal systems, the stereochemistry of the 

conjugate addition appeared to be controlled by steric consider- 

ations [351,352]: 

0 

MeMgBr 

CU(OAC)~ 

In the -latter reaction, a variety'of other Grignard reagents gave 

conjugate addition with or without copper salt catalysis, but 

ally1 magnesium bromide would give only 1,2-adduct. Minor 

byproducts included ethyl ketones, presumably formed via enoliza- 

tion in the acetyl group, followed by methylation. 

Reaction with vinylmagnesium bromide with 150 gave a 60- 

85% yield of 151 after acid-catalyzed hydrolysis and cyclization 

c3531. Lithium cuprates displaced an acetate group (150, Y = OAc). 

150 (Y = 0SiMe3) 

A critical step in a new prostanoid synthesis is 13541: 

Refereneeep.186 
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.-- : 

s&&l instanc&._of conjugate additih m& be noted :&I. 

( C~S product formed) 

13571 

13561 

0 “pcH-fg&., 

+ MeMg1 C02CH2Ph2 

( 120% 1,4 i MeMgBr 

addn) 
r3591 

c3551 

Mefi-ryh 

+ alkyl-MgBr 

fi %$YPh 

+ 
N-N _. 

p-biphenyl-MgBr \ 
Ph 

+ PhMgBr 

[360] C3611 E3623 

Conjugate additions to methylenemalonic acid derivatives include: 

m Me02C-CH=C (C02Me) 2 

+ RMgx + BuCZ?4gBr 

13631 13641 

The reaction of esters with vinylmagnesium chloride has 

been cited earlier (section IV, E) [273,274]. 

Addition of one mole cf Grignard reagent to tetracyano- 

ethylene at -78O produces an adduct 152 13651. With phenyl, 

the adduct is stable at room temperature, but.alkyl derivatives 

decompose-on warming, withslow evolution of HCN. Low temper- 

ature-hydrolysis forms 153. Products formed with additional 

TCNE aie shown, Electron transfer and nucleophilic'processes 
3 



are discussed. 

Reduction of substituted 1,1-dicyanoethylenes with chiral 

Grignard reagents produced chiral products [365a]. The configur- 

ation of the product depended on the number of aryl groups in 

the transition state. 

RwcN + Rl 'CH-CH2MgC14 >-jz _ a&-CHZCOZMe 
Me/-\CN Et/ & 

M 

In several examples, conjugate addition 

rrrated carbonyl derivative led to displacement 

group on the B-carbon: 

of an cr,B-unsat- 

of a leaving 

Mes~C=/Co2Et ,“gx_ %&C02Et + R~C-_CI~ (C02Et) 2 
MeS' 'C02Et CuBr R' 'COZEt 

13661 

Me 

[3661 

Co2Me C02Me 

CO-Me MeMgIB C-Me 

C02Me C02Me 

13671 

C3681 
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2I?&gx 
EtO$-C=eR2- ’ -~ RC-C=C!RR 

B 

R 
= Et, Ph g _B 

Ph-C-C=CBNR21 
RMSX 
- PhC-C=CBR 

8 B R = Et, Ph ai 

13691 

13691 

In the last instance, inverse addition gave the indicated product 

(trans) in 76-84% yield; normal addition of excess Grignard 

reagent gave subsequent 1,2-addition to the carbonyl group of 

the product, 
i 

A formally similar reaction of enol ethers of f3-diketones 

[222,370-3721 apparently follows a normal 1,2-addition course in 

most cases. In one case reported, reaction with Me3SiCEi2MgBr 

n RIMgX n n &yXFt - R$y& 3 R~cy*o 
led to introduction of a methyl group and formation of (Me3Sij20 

by hydrolysis during the work-up 12231. 

‘1,2-Addition to a-"masked quinone" followed by rearrange- 

ment also gave the equivalent of conjugate addition E341: 

Normal 1,2-addition was noted for the following: 

Me 

+ PhCECMgBr 

-E3731 

+ RlMgX + ArMgX 

13741 13751 

Although a variety of other nucleophiles gave conjugate 

addition, and phenyllithium added 1,2 to the carbonyl group, 

phenylmagnesium bromide reduced 154 to a dimer via single electron 

transfer 13761. 
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some other reactions of unsaturated carbowl compounds 

are included in sections IV, E, 2 and V, F. 

F. Additions to Beterocyclic Compounds 

In earlier portions of this review, reactions of hetero- 

cyclic compounds have been noted in connection with carboxylic 

acid derivatives (IV, E, Z), carbon-nitrogen unsaturation (V, A), 

and unsaturated carbonyl compounds (V, E). 

Other additions reported for heterocyclics with a formal 

amide function include: 

r3771 

R = H, Ph; RI = Ar, benzyl 

ir 
R = phenyl, benzyl 

Ph 

Ring-cleavage 

_~ 

d @h 

was observed in the following cases: 

13791 

13801 
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C3821 

0 ArAr 

-: 1 
ArMgX OH 

AI: * z&C 13831 
H2CH2P_h NHCOCH2CH2Ph 

The principal pathway for the following reaction depends 

upon the'Grignard reagent used 13841: 

R Ph 

W 
0 + RlMgX-+ 

R 

0 

R= H, OMe Rl = alkyl R1 = Ph 

Addition to azine oxides 255 [385] and 256 [386] has 

been reported: 

RMgx 

OH 

o2 or 
> 

PbO2 

R' 

156 

The reaction of pyridine with alkylmagnesium compotids 

has been studied under varied circumstances 13871. Ether-free 

butylmagnesium iodide in toluene gives exclusively 2-butyl- 

PFidine, but with excess magnesium some 4-butylpyridine is 

formed, Reaction of butyl halides with nzqiesium in refluxing 

pyridine gave higher yields, and only the 4-butyl isomer. Side- 

chain alkylation of methylpyridiues was observed uuder similar 

conditions. For these and other results, a mechanism was 



159 

tias proposed invoJ.ving the pyridine radical anion. Ally1 

chZoride~produceJ allylpyridine, but heating to 118O before 

hydrolysis produced propylpyridines by an internal hydrogena- 

tion-dehydrogenation. In another study, orientation in addition 

to pyridines and 1-acylpyridinium salts was found to be influenced 

by steric effects 13881. 

The 1,2,4-trisubstituted dihydropyridines produced by 

addition of Grignard reagents to 1,4_disubstituted pyridinium 

salts were studied 1181. Other pyridine and pyridinium reactions 

include: 

M~~cl+MJ$)~Me&$) 11301 

Me 
Me 

R = R, Me P(O) (ORI 

C3891 

Addition of PhMgBr to 157 takes place preferentially a* 

the 8-position, in contrast with MO calculations (which predict 

OH (SH) 
157,‘ Y = H, COOH 

159 

reaction at C,) and 2-chloroazalene (in which chloride displace- 

ment occurs) L3901. Reaction of derivatives Of 158 Occurs at _ 

various positions depending upon aryl or bromine substitution on 

the rings [391]. The triazine derivative 159 reacts at the 

indicated position, in similar fashion to non-condensed 1,2,4- 

triazines [3921_ 

Reaction of the oxazolinium Salt 160 with Grignard reagents 

led to the same net result as carbonation 13931: 
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-160. :_ : _’ 
-- 

.: 

~dd~tion~of_G&&rd reagents. to.thiapyriii~& ionslwas- 

..:.~ 

+ EtMgBr .. 

(3941 

13951 

An aldehyde or ketone synthesis via Grignard coupling 

with a "masked acyl cation" has been published 13963: 

4 chloramine T 

HgC12 

RCHO 

4 
& 

RCOR' 

+n internal redox reaction aromatizes the intermediate 

161 [39?]: 

R = H, Me 
161 

G. Addition to Other unsaturated Compounds 

Carbonylation of Grignard reagents has been found to 

occur rapidly and in fair yield in the presence Of HbfPA 1398, 

3991. A variety of products was formed, depending UpOn the 

nature of the Grignard reagent (lo, 2O, 3O, or aryl) and conditFon 

The aldehyde from .&mple single addition was not n&mally present 

in large amount, but could be isolated in low yield (R = Ph, Bu)_ 

With tertiary or aryl Grignard reagents, an acyloin from two 

moles each.of Grignard reagent and CO could be isolated in good 

yield_ With primary Grignard reagents, addition or reduction by 

a third mole of Grignard reagent led to ketone asa major product. 

Mixtures were generally obtained from secondary Grignard.reagents; 

enolization of the 2:2 intermediate adduct apparently occurs: 
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co_ [RLBXI co, ~RUMgXI 
/ 

RCHO 

x R 
1 

RMgX, 

R 
OH 

R-C&R 
-H+ 

I 

(R = 

RJObRl 

2O alkyl] 

-a 

4 
protonation 

or alkylation 

products 

A catalytic carbonylation has also been reported [400]: 

(or 
H) 

5 -0 (MgX) 2 

PMgX 
R-C=C-R 

d 

(or H) 

! R2CH- R 

RCH !R 2 

RMgX + RIX + CO 
NiY2L2 

l RCOR ' + R2RlCOH 

<Y = alkyl, halogen: L = phosphine ligand; R, R1 = 

alkyl, phenyl) 

Other addition reactions reported include: 

Et02C-N=C=S f RMgXN Et0 C-NH!R 
2 r4011 

8 R = RlCZC- [402] 
Ar-N=S=O i- RMgXN ArNHSR 

R = perfluoroalkyl [743 

C6CigN=0 + CSC15MgC1, (C6C15)2NOH c4031 

ArN=S=NAr + RMgX------, (ArNS(R)NAr)MgX [159,160; see 

section II, DI 

VI. qn Displacement Reactions of Orqanoma esium Compounds 

A. Coupling or Displacement Reactions with Alkyl Halides 

or Sulfonates 

CIDNP observations in the reaction of t-butylmagnesium 

chloride with CHC13, CC14, CBrC13, and PhCHC12 indicate-an 

electron-transfer radical pair mechanism 1404-4063: 
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Styrene decreased polarization resulting from free radical 

encounter pairs-14061. Cage reaction of t-butyl and trichloro- 

methyl radicals to produce t-butyl chloride and dichlorocarbene 

was also proposed.to explain polarization of products derivable 

from-CC12 [405]. Another-CIDNP study of the iron-catalyzed 

Grignard reagent-alkyl halide reaction has been discussed in 

connection with the mechanism of Grjgnard reagent formation 

(section II, A). 

A number of examples of uncatalyzed coupling with organic 

halides may be noted. Important types include a-halo-ethers 

allylic or propargylic halides, and halogen CL to carbonyl or 

other polar unsaturated groups. 

Br 
I ArMgBr 

ClCH2CH2OCHCH2Br 

+ HMgBr+ 

Me Me 

+ BrMgCZC 
+ 

Me Me 

-Me + P_hMgBr4 

CH2Br 

14161 

14111 

14121 
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EtMgBr + MeCZCCH2Cld MeCZ-Pr + Me\ 
Et' 

c=c=CH2 

O" (ether) 72 28 14131 

45O (ether) 39 61 

105O (amy120) 2 90 

*CB2MgC1 

^7 
(98% S) x = Cl 100 0 0 

(THF-HMPT) [4141 

X = Br -50 "40 -10 

(Et20, or fri2CuC14 in THF) 

14153 

14181 

Several coupling reactions with allylic Grignard reagents have 

previously been noted in section III, D. The coupling reactions 

with a-halocarbonyl derivatives contrast with selective reaction 

at the carbonyl group for examples in sections III, C C182,184, 

253,254] and III, E, [184]. Some additional uncatalyzed 

coupling reactions are: 

MeMgBr f ClCZC-P(O) (OBU) z+MeC-'C-P(0) (OBu12 C4191 

+ ArMgBr+ 
H H 

CH2X CH2Ar 

14201 



g--Q+-HTQ - .* El931 

;gBr H 
50% 

Reactions of Grignard reagents withfluoroalhenes are discussed 

in section V, B. 

Catalysis of the coupling reactions of Grignard reagents 

with alkyl halides by transition metal salts or complexes have 

been studied by a number of groups. Several reviews have 

appeared 19-111. 

In a careful study of the catalysis of coupling between 

vinyl halides and alkyl Grignard reagents by iron dibenzoyl- 

methane, Smith and Kochi have proposed the mechanism 14221: 

Fe(III) + EtMgBr dFe(I) i C2H6 + C2H4 

---_jFe(III 
r 

Me 

EtMgBr 

6----Pet111 
e 

+ MgBr2 

Me 

The rate was dependent upon vinyl bromide, but essentially 

independent of Grignard reagent concentration. The product 

was formed stereospecifically with retention- Side reactions 

included a few percent of metal-halogen exchange, and two 

processes with the stoichiometry: 

2EtMgBr i MeCH=CHMgBrN C2H6 + C2H4 + MeCB=CH-CB=CBMe 

and 
+ 2MgBr2 

MoCH=CHI;r + EtMgBr->MeCH=Ca2 + C,H, + MgBri 

A similar mechanism was proposed by Pasto for coupling 
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of propargylic halides with Grignard reagents 14231: 

11 R +-R3 
R’-. R3 R1 

+RMgx- + R-&-C-R3 

R2 

,C=c= 
c, 

l9 

In the presence of 5 x 10D5 M FeC13, allene is formed rapidly. 

Without catalysis, a mixture of allene and alkyne forms much 

more slowly. Discovery of the very efficient catalysis 

explains contrasting results in the literature, and provides 

a method of choice for allene synthesis. 

Several papers have been published by Kumada and coworkers 

on nickel catalysis of crosscoupling between Grignard reagents 

and aryl or vinyl.halides 1424-4271, A wide variety of NiC12- 

(phosphinej2 com$Yexes were studied; the ligands Ph3P (162), 

CPh2PCH212CH2 (163) and [Me2PCH2+2 (164) were preferred for 

various Grignard-halide combinations. The reaction is successful 

for a variety of alkyl, aryl, alkenyl, and ally1 Grignard 

reagents. Ether as solvent and aryl or vinyl chlorides are 

preferred; even fluorobenzene reacts. A number of varied 

examples of the nickel-catalyzed coupling to heterocyclic aryl 

halides were reported 14251; the following is one of the more 

interesting: 

+ BrMg-(CR2)n-MgBr 

Several chiral phosphine ligands, including 165-168 were used 

165 

167 

n = 6-8 

CH2NMe2 

GPPh2 

& 
166 

to bring about asymmetric induction in couplings. Ligands 165 

and 166 were most effective, giving optical purities of 50-60% 
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366 ._ ._ 
'. : -, _. 

: 
: ~&&_~-42fj], &is coupling_-reaction_.has a&o .bigen-. &ncorporate 

-i&to -ketone .[a271 and.aldehyde r428j syntheses: 
-. 

: - 
YRl_R2 $1 g 

B/?&Me + RMgx- 
.& .I 

3 

B;cH=M~Et + RJ4gx-----, 
ii+ 

RCH=CBOEt __, RCH2CFZO 

H2° .- 
(not stereospecific) 

A nickel-catalyzed,coupling combined with rearrangement 

is noted in section VU, A. 

.Aryl &ides and bromides ma2 also be coupled with 

Grignard reagents in good yield using [Ph3P12PdArI at concen- 

trations-as low as 10W4 14291. A mechanism similar to that 

drawn for iron catalysis was proposed, involving Pd(II) and 

PdtO) intermediates_ 

-A study has also been published of the CuI or Li2CuC14- 

catalyzed coupling of vinylic Grignard reagents with alkyl 

halides which gives yields of 82-97% 14301. The use of MgX2- 

or LiXKuCN complexes for coupling of Grignard reagents with 

organic halides or sulfonates has been patented 14311. 

The reaction of isopropylmagnesium chloride with various 

ary& or vinylic haiides catalyzed by 1% of MnCl2 gives reduction 

of the halide, accor&&ied in some cases by crossed coupling 14321. 

Some less routine examples of catalyzed crossed coupling 

are: 

RMgX + Br(CHZ)nC02MgCl Li2CuCle R-(CH2),C02MgCl [4331 

e.g. R = CSHll, n = 10 (94%); R = see-Bu, n = 4 (88%) 

Ph Ph 

+PhMgI 
Ni(Acac12 

B 
C6H6-ether 

-10 to -340 

14341 

+ BrMgCH 

+-Li2CuC12 c4351 
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carbonyl 

function) 

Catalyzed coupling reactions were reported in a number 

of previously-cited references: nickel and palladium complexes 

L70,97,1011; Li2CuC14 or CuCl [78,84,85,891; magnesium cuprate 

Cl581. 

B, Reaction with Ethers, Epoxides, Acetals, etc. 

The reaction of Grignard reagents with epoxides is a 

step in a new synthetic sequence for a-B-unsaturated ketones 

originated by Stork and Ponaras C4371; e-g. 

The following intramolecular epoxide cleavage depends on 

the base used 14381: 

Ph 

NC-T-CH2-CHCH2X, 

H 
OH 

A steroidal epoxide 169 reacts with allylmagnesium 

bromide by displacement at the secondary position C4391. The 

epoxy acetate 170 reacted with isoamylmagnesium bromide 
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pr-e_fer&tia& & the_ &ter fun&ion..-- A &all~+ieifl- (5;1?%) .- 
.. 

’ of &~bduct from a.ddition -to the_. t&t:ia.rG. ctibdn~:bf~~the~ _cpoxide 

was-isolated-i. dlong with a dimeric product of..u&notm.structure 

12773.' _. 
.- 

:. 
I Several reactions of epoxides'with allylic and propargylic 

&n&d reagents Fe discussed-in section.111, D. Aikynyl 

Grignard reagents add& 'normally to the primary epoxy carbon of .- 
epich+orohydrii., fI.841. 

The kinetics of the acetal reaction below appear to be 

second order [440]. A p-value of +Z.35 for aryl ring substituents 

PEt ether 

E-fgBr + Me-YH 
0 43 X 

F &leg’ + BTMgCb& 
At 

is similar to i2.11 for ArOR ionization in water, and is con- 

sistent with an S,i or an unsymmetrical 4-center mechanism. The 

cleavage of 171 occurs preferentially at the oxygen para to 

172 2 = Me, H, Cl 

methyl and meta to chlorine (with reduced rate]. Two moles of 

Grignard reagent are required, since product forms an unreactive 

complex with reagent [441]. 

A previous report that reaction of 172 yielded product 

273 in two isolable rotameric forms has been shown incorrect 

C4421. The second product 174 is formed by carbonium ion 

rearrangement. Both products undergo pinacolic rearrangement 

to 175. 

MeMgBg &o~~o=+Me 

HOCH2CH20 

172 173 174 

J HC02H 

Me 

Me 

;75 
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The e_thanoi hemiketal of cyclopropanone reacts with 

displa cem&it of the ethoxy,group 14431: 

+ 2RCzMgBr _ 

R = Me, Ph, 

cyclopropyl 

Titanium halides are reported to catalyze the displacement 

cf Grignard reagents with a variety of allylic acetals [444]; e.g. 

PhCH=CH-CR(OMe)2 
PhCR2CH2MgBr 

TiC14 
+ PhCH=CHCHCH2CH2Ph 

hMe 
THF, -78O 

Displacement of the alkoxy group in several mixed systems 

has also been reported: 

H2 + MeCH=CHCH2MgXU 14451 

Y=O,S 

(95-97% a-methylallyl) 

Et- 

EtMgBr 
F Ey-CH2CH20H 

CH2Et 

Ed461 

CH2R 

Me 

Me 
+ 

COOEt+ 

MgBr 

[4471 

n-Bu 

+ RNCH20-n-Bu+ 

he 

e II.271 
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:448] 

Grignard reagents reacted with cyclopropenyl and cydlo- 

heptatrienyl ethers, most probably via the corresponding carbonium 

ions [449,4503. 

Reaction of the 1,4-diphenyl-1,3-butadiene--magnesium 

adduct with tetrahydrofuran [55] has been described in section 

III.- D. 

Displacement reactions of a variety of allylic, propargylic 

and vinyl ethers, amines, and acetates are described in sections 

V, B and V, C. 

C!. Displacement Reactions at Sulfur 

OrganocupratesfrOmGrignard reagents were reported to 

react with sulfur dioxide C4511: 

-400 - 

=gx + so2 
Br2 

+ RS02M __+ RS02Br 
CuBr 

&COMe 
> RS02(CH2)2COMe 

A patent reports reaction of vinylmagnesium bromide with 

sulfuryl chloride 14523, 

Sulfonium salts were formed from sulfoxides 14.531: 

R!Ar 

--or 

A&l 

_Et90BFQ +> R+r or A&+& 

R-= alkyl, aryl R1 81 



171 

With only one aryl-group present , inversion of configuration 

was found: otherwise the product was racemic. Dimethylsulfoxide 

with ethylmagnesium bromide gave some methyl ethyl sulfoxide, 

dimethyl sulfide, and ethylene [62]. 

ReactionsofGrignard reagents with sulfinate esters 

176-179 to yield sulfoxides have been reported [454,455]. A 

176 n=3,4 178 179 

177 

major side reaction was reduction of the sulfoxide product to 

a sulfide 14541. Partial kinetic resolution was reported in 

the reaction of racemic sulfinic esters 176, 178, and 179 

with optically active Grignard reagents RCHEtCH2MgCl (R = Me, 

Ph) 14551. The (S)-Grignard reagent reacted more rapidly with 

(R)-sulfinate; optical purity of recovered sulfinates ranged 

from 8 to 64%. In reactions of optically pure 180, asymmetric 

i? 
ArSCHMeC6H13 

180 

1 RICEC-CR2R3MgBr 
2 

A&zC=CR2R3 + ,H l-C=Rl 

kl 
-83 

is found--as high as 60% in induction in the incoming group 

the allene [456]. 

Inversion of configuration in reaction of MeMgI with 

thiosulfinate ArS(o)-S-~Buwas used to establish its absolute 

configuration 14571. 

Substitution and ring-expansion reactions were found 

for cyclic sulfoxides 14581: 

+ RCH2MgX, R = H, Me, Ph, o-To1 

R = Me, PhCH2 
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... Nublcopklic attack.on divalent-&fur. occered in thr 

following reactions, with ~formatioti of a~~&io&her: 

g&J$$ Q+& &~sRl--.~_s~, 

bRL 0 0 

OR1 
+RMgx., 

F3C 

CF3 

BuMgCl MeI 

Ph2f;-SR 
___j, BU-S-R + Ph2(MgC1 + Ph2-;-Me 

S S S 

R = Me, PhCH2, Ph 

MgBr + ClSR -+ 

R = CFC12, CC+ CF 

a 

D. Alkylation of Other Elements 

The displacement of halide ion or other leaving groul 

on a metalloid or metal derivative by the alkyl group of a 

Grignard reagent is a common preparative procedure. General 

synthetic or mechanistic studies, and a number of less rOUti 

examples.will be cited. Other examples are referenced in 

sections II, 6, 7 and III, D. 

Group IV metals and metalloids. Reaction of n-alkyl 

C-rignard reagents with MeSiC13 gave good yields of RSiC12Me; 

a second alkylation occurred with difficulty, and no tetra- 

alkylsilane was formed 14641. 

The fluoroethoxy silane.is; led to unusual stereochemj 

181 

Y= 
Ii-X. X = Cl, R = p-anj 

4 
X = O&Ie, 0-t-Bu 

182 Me R = alkyl, phenyl 

+ RMgx allyl, benzyl 
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14553. With Grignard reagents, ethoxy was replaced, and the 

stereochemistry was retention in all cases except allyl; alkyl- 

lithiums displaced fluoride with inversion. Retention of 

configuration was found in all displacements of 18.2 [466,467]. 

Some additional alkylations of silane derivatives are: 

T 7 Mg 
ClCH2-~i-_cCH +Si-Cl 

231 
dMe\ R R = Me, Cl [4691 

Me R ether 

Me 
I 

Ar-Ti-Cl + BrMgCZCCR20MgBr 

=2"3 

qe 
- Ar-?i-CZCR20MgBr 

'ZH3 

Rt flcH2) n=3,4 RQu 
P “gxa R1_si-ccH,t;;-oH 

A2 
R1 = R* = Me; Rl = a-naphthyl, R2 = phengl; 

R = alkyl, vinyl, allyl, benzyl 

[4681 

El021 

[4701 

The reaction of organic compounds with halosilanes in 

the presence of magnesium is discussed in section II, A [38,39]. 

A synthetic sequence for tetraalkyltin compounds, a Mg- 

catalyzed oxidative addition of alkyl halides to SnC12, and an 

improved preparation of hexamethyldilead may also be noted: 

RIMcX 
Sn+RX+ R2SnX2 _ 

Mg 
SnC12 + RCl - RSnC13 

I2 

R,SnR, 
1 

[4711 
L d 

C4721 

6MeMgI + 3PbC12 4 Me6Pb2 

In situ reactions of magnesium and 

with Ph3GeCl and Me3SnC1 have been 

+ 3MgC12 + 3Mg12 f Pb c4731 

2-trimethylsilylallyl chloride 

reported 14741. 

Earlier referalces cite alkylations of Si [137,139,141, 

146,147,174-1761, Ge 11741, Sn [133,134,141,143,1743r and Pb [1743 
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.Group V_ ..The..reaction of PC15 with organomagnesi@a and 

Liithi&n reage+ was-studied C4751. Successive replac+ent 

of halogsns.-to, R3PC.12 occurs.. This is hydrolyzed to R3PO -or- ~ 

Ade_rgoes nucleophilic attackon Cl , producing RC.1 and R3P. .._ 

Animproved method for preparing dL(cyclohexyl)chloro- 

phosphine from PC13 was published [476]. Replacement of chloro 

or alkoxy groups are reported for the following: 

PhcscP(OEt)2 RlSCH=CEPC12 

+ 2ArMgBr -l- 2RMgx 

14771 C4781 

c12P (0) -C (Cl) =C (Cl) OEt 

+ EtMgBr 

14801 

f 2MeMgI 

14793 

‘;” 
/N 

Cl P \cr, + RMgx 
3'N/ 

I (R = 

Et, Ph) 

f::81] 

In [480], double alkylation on phosphorous occurs, followed by 

replacement of the terminal vinylic chlorine. The product in 

[481] was a mixture including mono- and di-alkylations of the 

phosphorous, and condensed product. A detailed preparation of 

(C6Ds)3P from PC13 was given 14821. 

The reaction of PhAsCl2 with a mixture of MeMgI and i- 

propyl-MgBr gave a better yield of the mixed tri-substituted 

'&sine than a sequential synthesis [483]. Detailed procedures 

have been published for syntheses of C6F5AsMe2 [484-l and o- 

BrC6HgAsMe2 14853. Earlier references cited alkylation of 

phosphorous [103,124,141] and arsenic [136,141]. 

Group III. Alkylation of boron is reported in [141] and 

r1453. The reaction of aluminum halideS with cyclohexyl 

Grignard reagents gave a tricyclohexylaluminum product which 

could not be-obtained free of halide; R AlCl and RAlCl 
2 2 

were 

prepared. Chlorocyclohexane reacted with aluminum and magnesium 

to form a mixture of aluminum and magnesium derivatives which 

could n6i be separated 14861. 

Transiticn elements and actinides, Titanium-magnesium 

complexes with nitrogen-fixing reactivity have been noted 

previously [153-1553, Dialkylamino organotitanium derivatives 
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have been prepared, where the orgaic gro;rps are benzyl and 

Me3SiCH2- [487]. 

Reagents from Griqnard compounds and Mn12 are useful for 

preparing ketones from acid chlorides 12701. 

Home reactions which have been reported are: 

CrCln (n = 2,3) FeC12 or Mo02C12 BrCo(Acacen)PPh3 

+ n MeCXi=CHCHMe 

i!lgCl 

i- 2 mesityl-MgBr + C6F5MqX 

14883 C489,4901 [4911 

Re3Cl9 + RMgCl ,Re3C13R6 

14921 
RMgCl 

ReR5 or ReR 4.THF ---+ ReRsN2 or ReOR, or Re3R12 

(under N2) (unde; 02) (under Ar) 

(n5-cp)3ThCl + RMqX ---+(n5-cp)3ThR c4933 

MeZAuI*PPh3 + CD$fgI- cis-Me2AuCD3-PPh3 14943 

RMgBr 
(q'-cp) (Ph3P)PdBr --9 

-78O 
(n5-cp) (Ph3p)pdR 

R = Me, Bu, Ph 

E4951 

(COT)PtCl2 + BrMg(CH2)4MgBr----, 
Ph3P 

3 Ph3P-Pt 
3 

14961 

Formation of a platinum metallocycle 11351 and reaction 

of NiC12 with Z-trimethylsilylallylmagnesium bromide 14743 have 

been reported. 

The alkylation of a transition metal intermediate has 

been proposed as a probable step in the crossed coupling of 

Grignard reagents with organic halides (see section VI, A) 

[422-4291. 

E. Reaction with Peroxides and Disulfides 

CIDNP studies have been made of the reactions of 

t-butyl- and benzylmagnesium chlorides with benzoyl peroxide 

[497,4981. Results were explained on the basis of single 

electron transfer to form a radical pair: 
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-+ _- .: ,PhCO2MgCl + PhCO$-R 

RMgCl \,, ... -, 

2 
l f R* 

3- 
R-R + R(+i] + (R-H) 

f PhC02H 

.With the t--butyl Grignard reagent, polarization of isobutane, 

isobutene, and 2,3-dimethylbutane was observed; in the presence 

of styrene, only the isobutene was polarized. With benzyl- 

magnesium chloride, polarization of the benzylic CH2.was observed 

in ihe dimer and the ester (and in benzyl chloride which results 

from a pathway not clearly defined). 

CIDWP observations in the reaction of t-butylmagnesium 

chloride with dibenzoyldisulfide were-interpreted on the basis 

of a similar scheme [499]. 

A variety of techniques were used to study electron- 

transfer processes in reactions of Grignard reagents with 

peroxides 1231. 

Grignard reagent 183 reacted with t-butyl perbenzoate 

[502]. The disulfide 184 was formed by a Grignard reaction 

with elemental sulfur. 

MgBr f PhC020-/-++s~o-t 

18; (@O&+ 
2 

184 

F. Reaction As a Base; Metallation 

Preparation of a number of organomagnesium compounds 

by proton-removal from an organic substrate has been discussed 

in sections II, E [61-65].and II, C, 4 [115,117~119]. 

Phenylmagnesium bromide reacts with acetylene in the 

presence of secondary and tertiary amines to form complexes 

of the di-(bromomagnesium) derivative of acetylene. The 

diethylamine complex was isolated ar-d characterized [501]. 

Kinetics of the reaction were studied [502-%X1. The catalytic 

activity of amines was directly related to basicity, and was 
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less.important in the more basic TBF as solvent. Disproportion- 

ation of. an- initially-formed mono-magnesium derivative was 

pro&zd. 

Cyclic metal complexes were formed by proton abstraction: 

o-Tol-MgBr 
C5061 

The latter example is noteworthY.in that there is no apparent 

activation of the proton abstracted. Another unusual attack 

on an unactivated carbon was reported as a side-process in the 

Wittig-type reaction of 285; the abnormal product was absent 

when the reagent was prepared and used in situ 11401. 

Proton abstraction from 186 and 187 leads to elimination: 

RKgBr 

- R = vinyl, 

ally1 

b I EtMgBr 
RNH HR' - 

187 

R+C=WRl 

33-618 

E.5071 

wai 

Elimination, with cleavage of an oxazoline ring, is also a 

probable mechanistic step in the ketone synthesis in Cl781 

(see section V, A). 

Formation of the di-magnesium salt from 188 Leads to a 

188 189 
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gudl&phile us&ful~<or further~.tra&ormations 1509]-. -Proton 

abs&ra&tioufrom the--me%1 ~o~-of.Z89-was.favored.by.a- 

deficiency of ma&resium 12841. Only enolization was observed- 

.in the reaction of-rotenone with MeMgI: [SlO]. 

VII; Other Reactions- of drqanomaonesium Comtiounds 

A. Rearrangements of Organomagriesium Compounds 

Reviews Which include inateriai on rearrangement have 

been cited in section I, A C7,201. 

The most novel development i&rearrangement chemistry is 

the finding by Cohen and Yogev that allylic magnesium compounds 

&e photocyclized (quartz) to cyclopropyl derivatives [166]. 

The following exzmples were studied: 

-Mtinr s%[>- co R C02H + C7Hlo02+e 2 + 

45% 30% 25% 

t 1 

7 -. 

structure polymer 

unknown 

,+ 
MgClhv_ %p; 

2 

H 

Ph MgBr 
W 

2 co_z, Ph 
_o, C02H 

trans:cis = 49:l 

CR2=CR 4 trans:cis = 6rl 

02H 

No cyclization was ohserved thermally at temperatures up to 200°- 

Maercker and Streit have published results of a study of 

the rearrangement [Xl]: 

The existence of 190 as an intermediate with finite lifetime 

rather &an a transition state is inferred frcm the occurrence 

of cis-trans isomerization (R '= H, R2 = Me) at a rate very 

similar to that of label rearrangement. The substituent effect 

on rate (R 1 = R2 =-H > R1= R, R2 =Me > R1 = R2 = Me) is 

inconsistent with a radical mechanism of rearrangement. slowness 
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of the compound with R 
1 

= t-Bu indicates considerable sttxic 

hindrance to cyclization. The rate shows a steady decrease on 

variation of the solvent from 100% ether to 100% THF, an increase 

with RMPA, and a linear increase with increasing concentration. 

The results were interpreted in terms of a bimolecular mechanism 

involving RMg+ and RMgX2-. 

Rearrangements in a similar system have also been 

investigated by- Migianiac [5123: 

=&zH2Br Mg_MeCHO_ 

R = vinyl, ethyl, phenyl OH 

Rearranged product was found only for R = vinyl. Rearrangement 

apparently occurred during formation of the Grignard reagent, 

possibly by a radical mechanism; reflux for 3 hr before reaction 

with acetaldehyde did not change the product ratio. However, 

there were also isolated substantial amounts of monomeric and 

dimeric hydrocarbons and alcohols corresponding formally t0 

hydrolysis, coupling and oxygenation of rearranged and unrearranged 

skeletons. 

Further evidence against a radical mechanism for 

rearrangement of Grignard reagent after formation came from a 

study of the system 15131: 

CH2MgC1 
pc1 

Me 
- flMe + <MgCl 

Me 

The primary Grignard reagent comprised >98% of the cleavage 

product, whereas the corresponding free radical was shown to 

cleave mostly in the direction to form a secondary radical. The 

direction of ring cleavage was also considered to be inconsistent 

with a single electron transfer mechanism. 

Related rearrangement processes involving cleavage of 

the four-membered ring in bicyclo[3.2.0;heptyl ring systems 

have been reported [165]: 

-l'%BrM MgBr L=;;- 
CH2MgBr 
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BrMQoR 
192 

R=Me,Et 

In the rearrangement of 191, cleavage to the cycloheptenyl 

'isomer occurs reversibly to a small extent. Corkideration of 

the rates of the cleavage processes led to the proposal that 

the preferred geometry of the rearrangement transition state 

was one in which the C-Mg and C%C bonds are approximately 

perpendicular. Cleavage of the stereoisomer of 192 with an 

endo alkoxy group appears to be accelerated, and may be a 

concerted fragmentation process. 

The product from a Grignard reagent prepared from 

bromide 293 indicates cyclization either during or after 

formation of the Grignard reagent 1361: 

193 

\ or r - Ii 1 2 u 

4 

CH2MgBr 

6 

Ph 

Rearrangement was also apparent in the 3:l and 4:l adducts 

of butadiene wjth magnesium 1541. The following addition and 

cyclization processes appear to be indicated in formation of the 

trinter, based on hydrolysis products: 
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The 3:l adduct reacted less readily with a fourth mole of 

butadiene, and the 4:l adduct was completely inert to further 

addition. The hydrolysis products had two rings and no allylic 

C-Mg bonds, indicating a second oyclization. 

Cyclizations under conditions of the nickel complex- 

catalyzed coupling reaction (see VI, A) most probably involve 

rearrangement of an organonickel intermediate 1514,5153: 

Me 

NiC12(PPh3)2 

>a+_ + we + QJcH2ph 

Me Le 

B. Catalysis of Polymerization and Other Reactions 

The year 1976 saw great activity in the patent 

literature in the area of multi-component alkene polymerization 

and copolymerization catalysts including an organomagnesium 

compound in their formulation. These catalysts are described 

as solids formed by interaction of the magnesium organometallic 

or halide with a titanium or vanadium compound, generally along 

with other components such as organoaluminum, boron, or berylium 

compounds, siloxanes or other silicon or tin derivatives, and 

frequently a Lewis base or alcohol. It is not clear whether 

the catalyst is actually an organcmagnesium material; in some 

cases the magnesium salt may function primarily as support. 

Polymerization occurs when the alkene is treated with the 

catalyst and an aluminum alkyl; often polymerization was done 

under H 2' 
In various cases, cla@ns were made for high polymer 

yield and molecular weight, high stereospecificity or broad 

molecular weight range. Because of their number, the patents 

will not be referenced individually; however, a list of Chemical 

Abstracts numbers is included as Ref 516. 

Magnesium-containing catalysts for the polymerization of 

alkenes in a dry fiuidized bed are described [517,5183. A 

granular reducing agent for preparation of polymerization 
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catalysts was prepared by polymerization of a-small amount of 

i ethylene.by a systemTIC14-Ti(OEt)4-BtMgCl-I$ 15191.. 

Tyo studies appeared in the.periodical literature on 

ethylene polymerization-wit organotignesium-containing.catalysts 

A high-activity catalyst from TiC_l,, Et2AlC1, and Ph2Mg produced 

20 to.30 kg of polymer per gram of catalyst. The catalyst 

produces polymer of very high molecular weight; polymerization 

at 90-130° under H2 produced a lower molecular weight polymer 

Of "standard commercial properties" 15201. Polymer produced with 

such a catalyst had minimal bra&hing, one terminal vinyl group, 

and a narrow molecular weight range [521]. 

Catalysts for diene polymerization which contained 

organomagnesium components were reported to have high specificit 

for trans-1,4-polymer [522,523]. Mixtures of dialkylmagnesium 

with barium alkdxides also functioned effectively [524,5251. 

The use of organomagnesium compounds as amionic polymeriza 

tion catalysts has also appeared both in the periodical and 

patent literature. Methyl methacrylate polymerization by t- 

butylmagnesium chloride was studied mechanistically as a function 

of temperature and organometallic composition [526,5271. Under 

the conditions studied, only di-t-butylmagnesium initiated 

polymerization; t-BuMgCl and t-BuOMgCl were inactive. Mechanisms 

based on the coordination of magnesium to ether or monomer were 

propose& for initiation, propagation and termination, and to 

explain the variation in stereochemistry of the polymer. The 

structures of methyl acrylate polymers produced by various 

catalysts (including PhMgBr) were compared [5281. 

A-polymerization of s-caprolactam with Grignard reagent 

catalysts 15291 and a block terpolymer from polyether, methyl 

terephthalate and caprolactam using ethylmagnesium bromide 15301 

have been patented. A complex of diethylmagnesium, resorcinol, 

and water produces an alternating CO2 -propylene oxide copolymer 

f5311. 

Catalysts described for other processes have also 

involved organomagnesium components. A catalyst from CH2=CHCH2- 

CH2MgBr and (n5 -cp!TiC13 principally dimerizes ethylene to 

butenes C5321. Catalysts prepared from BuMgBr or other organo- 

metallic components and nickel acetylacetonate catalyze hydrosily- 

lation of isoprene and piperylene, and a hydrosilylation- 

dimerization of 1-pentyue C5331: 

HCZC-& + HSi(OEt)3- x_Si (OEtj3 -f- P&si(oEt: 
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Catalysts prepared from reaction of Grignard reagents and 

WC16 or MoC15, deposited on silica or incorporated into a polymeric 

support, act with metal halides (AIClx, TiCl4, etc.) to catalyze 

olefin dismutation reactions [534,535]. 

A process has been patented in which alkyl or aryl 

Grignard reagents catalyze reaction between epoxides and CO2 

15361; e-g_ 
0 
II 

A 
+ co2 

C. Reaction of the Halide Ion of Grignard Reagents as a 

NucleoDhile 

Halogen exchange between alkyl fluorides and Grignard 

reagents has been reported [537]1 Halide reactivity followed the 

order Cl- < Br- < I-. In a series of silyl-substituted fluorides, 

Me3Si(CH2]nF, the rate increased with decreasing chain length 

(C, < c3 < Cl], and the rate was increased relative to n-C H 
7 15F- 

Neopentyl fluoride was unreactive [538]. 

Halide exchange was also observed for (5391: 

Cleavage of an a-lactam by halide ion was noted previously 

[289,290]. 

D_ Miscellaneous Reactions 

Other reactions with metal salts. In addition to 

transition metal-catalyzed crossed coupling reaction with alkyl 

halides (section VI, A], alkylation of metal or metalloids (see 

section VI, D), and possible catalysis of single electron 

transfer pathways (section IV, A), some other reactions may be 

noted. 

Fauvarque has studied reactions of PhPdI(PPh3)2 with 

Grignard reagents 15401. Reducing Grignard reagents rapidly 

and quantitatively form benzene and the corresponding alkene, 

even at -70°. The ligand (biphos) suppresses reaction. Non- 

reducing Grignard reagents (Me, Ph, benzyl, allyl, phenyl- 

etbynyl) give mainly crossed coupling with the phenyl of the 

complex, accompanied by some biphenyl, Crossed coupling of these 

occurs best in a catalytic reaction with Pd(PPh3]4. 
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.:An _e~perimenfa~_procedure for-coupling of p+olyl.magnesiurn 

bropcide tom the '<&res&ti~g. biphenyl with thallium[I]bromide 

was published f5411. Silver..wiflate was used .to,oxidatively 

coupze a&l d;i-orga?omaSFesiu~-compounds.to cycloalkanes 11381. 

Cyclization.by m+ns of-a Khtiasch reaction has been reported 

[25& ^ : 

OH 

lx CD 
3 

The reaction of the complex Mo(CO)~(PR~C~) (R = Me, Ph) 

with ethylmagnesium bromide led to unanticipated coupling to a 

P-P.bonded dimer [542]. 

Reaction with radicals, oxidizing agents, cations, etc. 

The stable free radical 194 reacts with Grignard reagents, 

probably initially by single electron transfer [543]. With 

=wxg 194 

-!- R* _d 

294 195 

aryl Grignard reagents , no 195 is isolated, but the corresponding 

biphenyl forms almost quantitatively. In another oxidation, 

phenylmagnesium bromide reacts with tetranitromethane in THP or 

Me& to yield benzene and Mg[C(N02] 312; the mechanism may again 

involve electron transfer [5441. Similar reactions are found 

with N20d and XC(N02j3. 

With cationic iron complexes 196 and 197, dialkylcadmium 

R 

Fe (CO) 3 

> 
,r=, 

R Pe(C0) 3 

196 297 

compounds (from 2RMgX + CdC12) react with alkylation of the 

.least hindered t erminus, yielding a dimer complex: Grignard 

reagents lead to decomposition without alkylation 15451.. 

In a new aldehyde synthesis, an organometallic compound 

reacts .with the borate ester 198 [S&j]: 
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P_h.WgBr 
C12CHB(OiPrj2 _ H20 C12CH~(OiPr)2~Cl~H-B(OiPr)2~PhCH0 

198 

coupling with azomethine imines 

ifically [5471: 

Rl R2 R1 

Ph (70%) 

occurred non-stereospec- 

The reaction of surface groups on graphite and carbon 

with MeMgI was studied [548]. Cyclic esters were considered 

responsible for surface acidity. 

Thermal decomposition. A review of metal alkyls considers 

thermal decomposition reactions 163. The decomposition of di-t- 

butylmagnesium was studied 15491: 

-I-+ -Mg++Hi ==(+.+f-- 

Analysis of AS + and the ratio of disproportionation to combination 

indicates a radical mechanism. A CIDNP multiplet effect in the 

monomeric products indicated a non-cage radical process. Similar 

results were found for Zn, but the polarization with Hg favored 

a cage mechanism. 
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