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1, INTRODUCTION 

In his History Of The Grignard Reaction, Urbanski comes to the con- 

elusion that, based on the work of Barbier, Valeur and others, the 

Grignard reaction should be renamed to Barbier-Grignard reaction[l] 



..3 ,. 

Miginiac and Courtois published an extensive review on the Reacti- 

vity of allylic organometallic compounds of lithium, sodium, mag- 

nesium, zinc, cadmium and aluminium, dealing with the main recent 

results (since about 1960) [2]. 

Together with Laemmle and Neumann Ashby published a review on The 

Mechanisms of Grignard Reagent Addition to Ketones which contained 

some new information on work with Grignard reagents, prepared from 

single-crystal magnesium [3]. 

In his Recipes and Ingredients for Controlled C-C lin,kges with 

Organometallic Reagents Schlosser specially mentioned Cu-cataly- 

zed alkylation with Grignard reagents [Q]. 

Tagaki published a review on Grignard's reagent [5]. 

A lecture of Bickelhaupt on Free Radicals in_Grignard reactions 

was reprinted in short [6]. 

In a journal for science education Medcalf published an instruction 

for small-scale preparations using a Grignard reagent [7]_ 

The following dissertations, dealing with Grignard chemistry, have 

been published in the U.S.: 

R.B. Allen, Free radical reactions of Grignard reagents and peroxy 

compounds. CIDNP (Chemically Induced Dynamic Nuclear Polarisation) 

study [S]; P.J. Wepplo, Use of allylic Grignard reagents in lactorie 

synthesis, including iridolactone and nepetalactone 191; ?.L. Den- 

ton, Preparation and nuclear magnetic resonance studies of magne- 

sium, zinc and cadmium derivatives of hexaborane (10) and nonahydro- 

hexaboratok%s (cyclopentadienyl)titanium(III) [lo]; A.-B. wu, 

1,4-Conjugate addition of Grignard reagents to a,@-unsaturated 

ketones and structure of Grignard compounds, derived from hinderec 

ketones [II]; R.P. Zerger, Bonding and stereochemical studies of 

Group IA and IIA organometallic compounds [E]; R.A. Lynd, Reac- 
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tions of vinylaluminum compounds with Grignard coreagents [13]; 

S.S. Szucs, Reactions of Grignard and organolithium reagents a% 

.carbon-carbon multiple bonds [14]; H.S. Veale, Cyclizations Of al- 

kenyl Grignard reagents [15]. 

2. PREZ'ARATION OF ORGANOMAGNE!SIUM COMPOUNDS 

Introduction ----------_- 

As in the previous years Rieke and 

the preparation of highly reactive 

Bales reported improvements in 

magnesium [16]; the addition of 

potassium iodide to the reaction mixture containing metallic potas- 

sium (or sodium: and magnesium halide proved to be of great influ- 

ence on the reactivity of Rieke's magnesium. 

Another-form of highly reactive magnesium was developed by Klabunde, 

Efner, Satek and Donley [17]; magnesium vapor (atoms) is coconden- 

sed with solvents at -196 0 ; upon warming a Q-solvent slurry is 

formed that allows reactions of unreactive aryl halides at relati- 

vely low temperatures. 

W. Novis Smith Jr. extensively investigated the preparation of or- 

ganomagnesium compounds in hydrocarbon solvents without organic ba- 

ses [18]. In particular alkyl iodides gave high yields of.organo- 

magnesium compounds (round 85%). 

2A. Discussion of reactions leading to the formation of organomag- __---o__-- -- --------- .__W___ -- --_ _-------- -- -- ----- - 

nesium comgounds ------ B-0 ----- 

By means of competitive reactions of mixtures of organic halides 

with magnesium Whitesides, Rogers, Mitchell and Fujiwara determined 

relative reaction rates in diethyl ether [lg]. Although correlation 

of the data obtained with E,,2 for the alkyl halides is not parti- 

cularly close it appeared better than that characterizing reduc- 
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tions with tri-n-butyltin hydride, which indicates that the rate- 

determining transition state in the formation of an alkyd Grignard 

reagent does not involve a heterolytic fission of the C-X bond, nor 

is it diffusion limited. 

Martin, M&chin, Leroux, Paulmier and Meunier studied the rates of 

the metal-halogen exchange reaction of isopropylmagnesium chloride 

i-C3H7MgC1 + Br - i-C3H7Br + MgCl 

with heterocyclic bromides such as +bromopyridine, 3- and &methyl- 

2-bromoqyridines , 2-bronopyridine, 5-methyl-2-bromopyridine and 

2-bromo-furan, -thiophene and selenophene'[20]. 

Derocque and Sundermann discussed the radical nature of the reaction 

of cyclopropylidenephenylmethyl bromide with magnesium in different 

c6H5, 

C 
/ a 

Br 

+ Mg -+- pCa].- rearrangements 

/ 
Solvent 

\ 

Grignard reagent 

solvents [21], Remarkably high yields of hydrocarbons were isolated 

lo-15 minutes after the addition of the bromide (appr. 25%) which 

impossibly can be attributed to moisture that was inadvertently 

introduced as one of the referees of the paper pointed out. 

For the reaction of trimethylchlorosilane with magnesium and phos- 

phorous trichloride Schumann and Riisch applied triethylamine, di- 

methylsulfOxide,dimethylformsmide and diglyme unsuccessfully as 
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the solvents 1221. In THF as the solvent the authors claim to. have 
_ 

observed the following equilibrium 

(CH3)$iCl + Mg ,=_ (CH3)3Si-MgCl.nTHE' 

which however ( in their opinion) is strongly shifted to the left; 

Addition of PC&, causes the formation of-a precipitate of MgC12 

and the formation of tri(trimethylsilyl)phospbine (62% yield)! 

2B. Pregaration of organomapesium compounds _-_ W______ __ __ _____ ______ ___ _____ 

2Bi. Ha&ide_substituted organomagnesium compounds ______________- __ 

C-F, Smith, Soloski and Tamborski obtained perfluoro-n-octylmagne- 

sium bromide by the metal-halogen exchange reaction between per- 

fluoro-n-octyl iodide and ethyl- or phenylmagnesium bromide: 

n-C8F17 -1 f C2H5-MgBr -40 -70° 
P C2H5-I + n-CgF17-MgBr 

Yields as high as 100% in 

the same temperature were 

The same type of reaction 

diethyl ether at -70' and 88% in THF at 

reported [23]. 

was applied by Dua and Gilman for the 

preparation of n-decylmagnesium bromide (Derfluoro) and of 

CF5-CF(CF3)-0-(CF2)4-MgBr 1241. Both research groups investigated 

the thermal stability of the perfluorated Grignard compounds. 

The following reaction was reported by Smirnov and Tomilov [25]: 

F\ ,H 

F/=‘.& 
+. Mg/TEE - 

F, J 
C=C, 

F' MgBr 
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2Bii. Alkoxy-substitut&d:organomagnesium compounds. ______-_--_.________- -- 

The following reactions of alkyngl halides with magn&iumrem&n 

surprising although they don't seem to cause many difficulties 

1261: 

CH 
3 

a 

OH 

or CH3- + Mg - Grignard 

EC-Br 
compounds 

Furthermore the foUowing acetalysed Grignard compounds were rep- 

orted: 

Ferard and Casals 1271 

Abbas and Poller [28] 

Posner, Whitten, Sterling 

and Brunelle [29f 

czHg-o\ ,H 
/ 

C-C~C-MgBr 

C2H5-0 

Akhrem, Kamernitskii, Litri- 

novskaya and Reshetova c30] 



. . 

8 ., 

ZBiii. Unsaturated or~anoma~esium congounds _. _______I..__ __ --e-w -mm--- -w- --II-- ..’ : 

Suprunova and Xrichevskii prepared the following alkynylic G&na 
.- 

reagent L-311: 

73 F3 
C2H5MgBr -+ HO-Y-EC-H M BrMg-C-EC-M@ 

I 

(=3. CH 3 

iartanyan, Zhamagortsyan and Kucherov obtained CH2=(f-CZC-MgBr [32 

H 
\ 

cH3 

CH- 

-5&J 

c=%z 

-- was prepared by Voskanyan, Pashayan and Badangan 

CH ' 'MgBr 
3 c331. 

Gore, Dulcke and Roumestant prepared several substituted vinyl- 

allenylmagnesium derivatives [34] and [35]: 

R 
/ 

R-H&C 

\ /H 
C=C=C 

\ 
R 
/ 

MgX 
. 

in which R either is a methyl group or two groups R belong to a 

ring-system. 

2Biv. ~o;eoo$hfr_ofg~~m~~e+~_c~mgounds W_ 

The bifunctional Grignard compound 

,MgI 

*2 
‘MgI 

._ 

was ut,ilised- by-Ohtake, Myaao; Takeda and Hashimoto [36]. 

:; : 
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Heterocyclic aromatic Gri&ard-compounds have been prep&d- by Ma& 

tin and coworkers, as discussed-in Chapter 2A [20].--Grishina,' zakhs 

and Martynova prepared the following 

hetero-aromatic org&omagnesium com- 

pound and studied its reactivity to- 

wards ketones and aldehydes [37]. 

Among the enolate bromomagnesium compounds studied in 1974 the 

following two have to be mentioned: 

as studied by Ghozlaad, Meroni-Bvnaud, 

and Maroni [38]. 

as studied by N&f and Decorzant [39]- 

_. 

Ester-functionalized Grignard compounds were studied by several 

groups: 

Mladenova, Blagoev and I;'; 
HO 

Kurtev [40] and [41): 
C6H5-C-C-O-CH3 

LgEir 

and C6H5-+-6-O-MgBr 

MgBr 

Villieras, Disnar and J.-F; Normant / 
0-iC3H7 

[42] -and [43]: 
cQJg-c-=c\ 

,Cu 0-MgX 

R' 

-Maroni-Barn&ad, Roux-Schmitt and CH 

Seyden-Denne [44] 
3- or t-G4H9-0-C,_a2 

-I;@: . 

’ @&Cl 



lo 

A new type of Grignard reagent, derived 
.: 

l;lgBr :: 

from ethyl a-phenylsulfinylacetate (by 
C6H6-f-CH-COOC2H5 \ 

0 
addition of one molar equivalent of ethyl- 

magnesium bromide in diethyl ether) was reported by Kunieda, Noka- 

mi and Kinoshita [45]. 

Continuing work of previous years Meyers, Temple, Haidukewych and 

Mihelioh described the application of oxazoline substituted Grig- 

nard compounds as compounds containing masked carboxy groups [46]. 

Gatilov, Ionov, Kokorina and Munkanov reported 

reactions of arsenic Grignard reagents [47]: 

l3noto, Gomi, Masaaki, Okazaki and Inomoto prepared 

a phosphorus-functional Grignard reagent by the following reac- 

tion [48]: 

8 
(C6H5)2P-Cl + Mg h (C6"5)2P-Mg-Cl 

-On treatment of the chloride with magnesium for longer periods' 

(C6H5)ZP-Mg-P-(C6H5)2 was obtained. 

Jcnes and Shen used a sulfinyl-substituted t" 

Grignard reagent for synthetic purposes [49]: 
CH3-S 

-0 

-MgBr 

For the same reasons Bilow and Akawie utilized 

the Grignard derivative of diphenyl sulfide [SO]: 

gBr 

Trialkylsilyl-substituted unsaturated compounds 

were prepared with the aid of the corresponding -H3Si-CH=CH-MgBr. 

'vinylic Grignard compound as reported by Belyaev, Stadnichuk and 

-Petrov-[51]; 

. 



‘. 11 : 

.'Razuvaev; Vasileiskaya, Oleinik, Muslin 
-x .‘-. 

Klimov and Vavilina prepared and reac- 

ted a trimethylsilylo~.-substituted aro- 
MgBr 

matic organomagnesium compound [52].. +Q- .;_ 

I0 
(CH313Si 

The following metal-containing organomagnesium compounds were 

reported in 1974: 

Carrb and Corriu obtained evidence for the formation of a Germa- 

nium-Magnesium compound as an intermediate in a Nit111 catalyzed 

reaction of benzylmagnesium chloride with a chiral Germane deri- 

vative [33]. 

Felkin, Knowles, Meunier, Mitschler, Ricard and Weiss reported the 

preparation of .a cyclopentadienylironmagnesium derivative the 

structure of which will be discussed in Chapter 3B [54]. 

Block, Boschetto, Rasmussen, Demers and Whitesides synthesized and 

utilized the cyclopentadienylirondicarbonylmagnesium bromide [55]: 

C5HSFe(C0)2MgBr 

Benfield, Francis, Green, Ngoc Tuyet, Moser and Poland [56] as well 

as Green, Moser, Packer, Petit, Forder and Prout prepared complexes 

containing bis-cyclopentadienylmolybdenum or-tungsten entities 

bonded with magnesium [57]. 

A same type of complex, containing cyclopentadienylrhenium dicar- 

bony1 bonded to magnesium was obtained by Nesmeyanov, Kolobova, 

Makarov and Anisimov [58]. 

2C. New or uncommon reactions leading to the formation of ~__~________________~-~~~-~~~--~ -------------------- 

oreanomagnesium comgounds __ _____ _______-__ --w__ 

In a Hungarian patent Bor, Gabor, Kekessy, &vats and Reif reported 

Referencesp_91 
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very high yields of vinylmagnesiumchlorideunder the following read' 

tion conditions [sq]: 

CH2=CHC1 (j-4 atm) + Mg !PHF-benzene or Ir CH2=CHMgCl 98% 
toluene mixtures 

60-70° 

Ashby and Nackashi prepared alkyl- or arylmagnesium fluorides by 

the reaction of the diorganomagnesium compounds with fluorinating 

agents, such as BF 
3' 

etherate, SiF& etc [60]; e.g. 

CH3MgCH3 + SiF4 - CH3MgF + Si(CH3j4 (100%) 

During the metal exchange reaction between di-5-hexenylmercury and 

magnesium St. Denis, Oliver, Dolzine and Smart observed almost qua 

titative formation of the di-cyclopentylmethylmagnesium derivative 

although the presence of the hexenyl derivative of magnesium was il 

d+cated by the high field triplet in the NMR spectrum [613: 

Kg + Mg - 

A magnesium-isoprene complex was reported in a'Japanese patent by 

Inoue, Kanbe, Takada, Miyazaki-and Yokokawa C6.23; reaction of the 

CH 
3 

+ Mg---_,magnesium-isoprene complex 

. 

complex with zinc chloride at -80° in THF yielded the correspondin 

zinc compfex. 



In an US patent Shepard claims the reaction.of ethylmagnesium 

bromide and of allylmagnesium bromide with polycyclic unsaturated 

hydrocarbons [63]; a typical and remarkable example is given hereby: 

+ C2H5MgBr - 
BrMg c2H5 

11 

A C2=5 

MgBr 

Ford.and Buske investigated the stereochemistry of different routes 

to 7-benzonorbornadienyl Grignard reagents MgX 
either via cycloaddition of benzyne to cyclo- 

pentadienylmagnesium bromide, via reaction 

of syn- or anti-'+chlorobenzonorbornadiene * 

with magnesium in THF or, finally, via reac- 

tion of these two halides with sodium naphthalenide in THF which 

contains an excess of anhydrous MgC12 [64]. anti-7-Chlorobenzonor- 

bornadiene forms a Grignard reagent at saturated carbon with Hg more 

stereoselectively than any other alkyl halide known. According to 

the authors two disturbing features of their results are-the forma- 

tion of substantial amounts of undeuterated products (afterdeute- 

rolysis of the reaction mixtures) and the low yields obtained with 

the syn-7-chloronor_bornadiene. 

Vinyl Grignard reagents could be obtained, according to Colomer and 
-.. 

Corriu, by the reaction of diphenylacetylene with isopropylnag&--.:._. 

sium bromide in the presence of dicyclopentadienyltitanium(IV) di- 

chloride [65]: 

Referehcesp.91 
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: _.-, 

C6H5-CsC-C6H5 -+ i-C3H7MgBr/Cp2TiC12 ,:-.c6H5-CH=y-C6H5 ‘; 
* 

MgBr 

Vermeer, Meyer and Eylander reported the following reaction, leading 

to the forma'tion of an acetylenic Grignard reagent [66]: 

0 0 

RlMgX -i- R2-C&:R3 - RI-8-s + R2-CzC-MgX 

The reaction of 2,5-dibromo-3-alkylthiophene with ethylmagnesium 

bromide demonstrates an isomer distribution in the halogen-metal 

exchange which is similar to that obtained with ethyllithium, as 

studied by Gronowitz, Cederlund and Hijrnefeidt [67]; the direct 

reaction with magnesium 'is susceptible to steric hindrance, in par- 

C2H3MgBr 
zw 

or Mg 

titular with a tert-butyl group in the 3-position. 

Gilman and Dua [24](see also Chapter 2Bi) and Gilman, Howells and 

Dua reported the formation of perfluoroaliphatic &d -aromatic 

Grignard reagents by metal-halogen exchange, either at low tempera- 

tures or by inverse addition [68]. 

The following metallation reaction was published by Marxer and 

S&~&t [69]: 
\ 

MgBr 

C2H5tigBr 
4PD---- 

&J .. 

Gilman, Sethi and.kow&ls reported the formation of perfluorophenyl- 



magnesium bromide ixi the following reaction [?O]: 

.~. 
-. _ 15..- 

-- 

‘gF5, CH3 CR, : 

6-I 
/ J 

3 
- or C2H&,MgBr + s,' 

/' 
-C6F5MgBr + R2Si, 

C65 .H -H 

Maksimova, Koshutin and Danyushin, in a Russian patent, 

formation of alkylmagnesium halides in diethyl ether by 

of alkyl halides with magnesium in the presence of SiH4 

tiator of the reaction [71]. 

Claim the 

the reaction 

as an ini- 

In a German patent Vit claims the preparation of ethylmagnesium 

chloride complexes with magnesium alkoxides, useful for reactions 

with ketones and esters [72]: 

Mg + ROH and R'OH + C2H5C1 in toluene in the presence 
z- 

of NaA1H2(OCH2-CH2-OCH3)2 

nC2H5MgC1.Mg(OR)OR') 

Felkin and coworkers reported the following reaction for the prepa- 

ration of lliron*U-Grignard reagent [54]: 

CpFeHr(C6H5)2PCH2CH2P(C6H5)2 + 
THF 

THF+ Cp-Fe-+g*r] 
cH2p(C6H5)2_THF 

Mg + 10 mole-% BrCH2CH2Br 
THF 

CH2P(c6H5)2 

One THF molecule was easily displaced e-g, by recrystallisation 

from benzene. 

ZD.Reactions with."in situ" Grignard compounds ---________-_-______-------- ___---_- ----- 

Sat?, Ogawa, Kojima, Takeuchi and Shirai reported the unsucceksful 

RefeRncesp.91 
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one step %ynthesis of Y-apino alcohols, derived from. &Oti~~ [%I: 
-; 

7 
CH 

3\ 
H 

N-CH2-CH2-X + Mg 
/ 

+ C2H5-CHO -+ 
/ 

N-CH2-CH2-&-OH 
I 

‘6’5 ‘SH5 c2H5 

With crotyl chloride and acroleine Richet and Pecque observed the 

following interesting anomaly [74]r working with small quantities 

co,10 - O-25 moles) the expected product was obtained by the Ifin 

situ" method: 

CH3-CHSH-CH2-Cl 

I large quantities 

+ Mg + CH@H_C=O mall quantities H2° z 

.in diethyl ether 

CH2=CH-CH-CH-CH=CH2 
I. I 7046 

+ OH CH3 

CH2=CH-CH-CH=CH-CH2-~~-~~=~~2 

bH3 
I 
CH 

3 

Working with larger quantities ( 2 - 4 moles) causes the decrease 

of the amount of the expected product and the formation of an un- 

saturated hydrocarbon in amounts up to 23% of the yield of the un- 

saturated alcohol. 

In a Japanese patent Kato and Hirayama report the successful appli- 

cation of "in situ" reactions with aliphatic ketones when the Grig- 

nard reactions were first started in an ether followed by the addi- 

tion of the ketones in benzene and refluxing at higher temperatures. 

.Yfith acetone e.g. 9& yield of the tertiary alcohol was observed 

r.751: 



R 
-0 

(C'H2)n-X + Mg + aliph. ketones -_tert+ry-alcohols 

17. 

n = o-3 

Campaigne and Rogers obtained surprisingly high yi'elds of keto-es- 

ters in the following reaction [76]: 

0 0 0 
II I1 11 

Cl-CH2-C-O-C2H5 + Mg/(C,H5)20 refluxz Cl-CH2-C-CH2-C-0-C2H5 

2 

Trialkylgallium coapounds were prepared by reaction of alkyl iodides 

with a magnesium-gaLlium alloy at 160' (Zakharkin, Yushkov, Gravi- 

lenko, Ivanov, Fatyushina and Sychev) [77]: 

160' 
R-1 + Ga/Mg (mixture or ahoy) -* R3Ga 

Mladenova, Blagoev and Kurtev probably applied the one step synthe- 

tic method for the synthesis of p-hydroxy-esters [40]: 

H COOR H 

C H -&OOR + 
I 1 

651 
C H -CHO 
65 

+ Mg A C6H5-(A--- y-C6H5 
2) H20 

T! OH Br 

mixture of diastereomers 

Gaudemar and Gaudemar-Bardoue 

reaction [78]: 

published the following interesting 

,co2c2H5 

CH2 -+ Mg + 

\. 
C02C2H5. 

0 

R-CH=CH-1-R 
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The same type of reaction was also performed prith an unsaturated 

dioster. 

Esafov, Kachakov and Maiskii obtained vinylic coupling produ& ir 

reasonable yields in the following Cu(I)-catalysed reaction [79]: 

CH3 
\ /IE 

CH, H 
. .-._. 
C=C + Mg/Cu2C12 = 

J\ / 

CH ’ \E, 50-65O 2 “=“, y3 43% 
3 m3 /c=c\ 

H 
cH3 

Ramsden, in a German Patent claims the preparation of organoma&e- 

sium halides by the one-step reaction of conjugated dienes with 

magnesium in the presence of allyl- or alkyl halides [SO]. Reac- 

tion temperatures vary between 5 and 200°; ethereal solvents of 

different types, such as THF or dioxan ( !?> as well as the diethyl 

ether of diethyleneglycol can be used. 

In another (US) patent, Ramsden claims the preparation of lavendu- 

101 in the reaction of isoprene with magnesium and prenylchloride, 

followed by air-oxidation[81]: 

Although it is not at all sure that in the following Wiirtz-type 

coupling reactions Grignard compounds are really formed as inter- 

mediates they will be mentioned in this chapter for systematic 

reasons: 

Van Tamelen, Grieder end Lees reported the following coupling reac 

tion [82]: 



H 

ArYl 
I 

H-.%-Cl f MS - 
1 
ArYl 

Gerval, F'rai>.ret, Lain and 

Moulines [83]- 

The research group in Bordeaux reported several results, obtained 

with the (CH > SiCl/Mg/HMPA couple: 
33 

pN .' /Si(CH3)3 ; Bourgeois, Duno,oubs, Duf- + CHq-Nd j CH2=G, 

0-Si(CH3)3 faut and Lapoujade [84] 

4. chlorinated organic compounds such as t-C4H9-C=N-Cf15 to give 
I 

(on hydrolysis) t-C4H9-;-Si(CH3)3 ; Cl 

0 

Bourgeois [85] and Dunogu~s, Jousseaume and Calas [86]. In this 

latter publication the authors discuss the mechanism of formation 

of products and retain their conclusion that no Si-Mg compounds 

'are possibly formed as intermediates (see also Chapter 2A, Schu- 

mann and Rijsch's work [22]). 

The reaction of the silylating couple with unsaturated esters was 

studied by Picerd, Dunogubs and Calas [87]. Besides-C-cilylation 

in the @-position reactions take place that lead to the formation 

of l,.&-diesters by a reduction together with coupling: 

Referenwp.91 
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jcR3 
CH 

(CH3)3SiCl/Mg/i-IMPA e. ,3 y3 
CH,=C 

\ 
CO2C&H9 

> C,H,O,C-CH-CH,-CII2-CH_cozc4H9~ 

5056 

Dunoguik, Pillot, Duffaut and Calas finally studied the reaction 

of the couple with vinylsilanes in the presence of iron(III) and 

titanium(IV) salts [883: 

(CH3)3Si-CH=CH2 silylating ) (CH3)3Si-CH=CH-Si(CH3)3 
couple + Fe salts 

and other products 

In a series of three papers Bazant and Cerny investigated the reac- 

tion of para-dihalobenzenes with magnesium in the presence of seve- 

ral diphenylsilanes [89], [90] and [91]; depending on the type of 

magnesium used [89] as well as on the solvent and the starting 

dihalobenzenes mono- as well as disubstituted diphenylsilyl-ben- 

zenes could be obtained. 

The reaction of isoprene with magnesium in the presence of dichlo- 

rodiethoxysilane in THF yields the following products: 

Si(OC2H5)2C12 + CH22=CH-F=CH2 + 
reflux 

Mg/THF p> Si(OC2H5)4 

cH3 

The spirosilane could.be isolated in 80% yield when 0.183 mole 



of isoprene was reacted with 0,074 mole- of the dichlorosilane in 

the presence of 0.185 gat Mg (Terunuma, Hata and Araki[$Z]. 

The same type of spirosilane was obtained by Solomon in the reac- 

tion of active magnesium with butadiene in the presence of Sic14 

c933. 

Two reports have appeared on the ring-opening reaction of tetrahy- 

drofuran -Jnder influence of halides: 

According to Louis the tetrahydrofuran ring is opened by Mg12, 

formed on reaction of Mg with methyl iodide; in the presence of ’ 

tr'imethylchlorosilae the following products are obtained L-941: 

(CH3)3Si-O-CH2-CH2-CH2-CH2-Si(CH3)3 and 

By the same type.of reaction C.L. Smith and Gooden observed the 

formation of a cyclic siloxane [9_5]; the reaction of magnesium 

diphenyl-, dimethyl- or methyldichlorosilane in THF, catalysed 

by magnesium halides yields ring opening products of THF: 

R2SiC12 + Mg/MgX2 + TkIF - 

Duhamel, Duhamel and Valnot observed the following azole-formation 

reaction [96]: 

lieferences p_ 9: 
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Benzylic and allylic halides were used in coupling_reactions with 

-the aid of magnesium; : 

CH2=CH 
-0- 0- 

-: 
c~2cl + Mg --+ (CH~=GH CH2-12, 

as reported by Tanimoto, Miyake and Okano [97]; 

R 

.,,-F-Cl + . Mg + Cl-CH2-cB=CB2 diethyl ether 
> 

C5H5-r-CH2-CH=CH2 with R = H, CH3, C2H5 or C6H5 

(Maksimova, Koshutin and Smirnov C98]). 

Markov, Chorbadzhiev and Tarpanov synthesized dibenzyl sulfide in 

the following one-step reaction [Yy]: 

C6H5CH2C1 -I- Mg + s 
NH3.1iq 
.v C6H5CH2-S-CH2C6H5 

2E. Miscellaneous ------------- 

Westera, Blomberg and Bickelhaupt, investigating reactions of ethyl 

magnesium bromide with 2-ethyl-1,3-dioxolane, prepared the Grignard 

.compound in benzene in the presence of one molar equivalent of 

either. tetrahydrofuran, diethyl ether or diisopropyl ether 

C2H5Br c Mg/one equivalent of a basic solvent benzene> 

C2H5MgBr.solvent 

[loo] : 



With diisopropyl ether. a precipitate is formed which contains con-' 

siderable amountsof organomagnesium compounds resulting in a ratio- 

’ of C2H3MgBr:ether = 1 : i.32. With THF (which w&s perdeuterated) 

considerable precipitation of _MgBr2 occured resulting in the forma- 

tion of a solution containing dietliylmagnesium and ethylmagnesium 

bromide in a ratio 1.0 : 1.3 

Mixing equimolecular amounts of a 4-substituted pyridine with either 

ethyl-, allyl- or phenylmagnesium bromide resulted in the formation 

of a white amorphous precipitate of the formula MgBr2.2-pyridine 

(substituted in the 4-position) as reported by Thiessen, Desseyn and 

Alderweireldt [101]: 

R R-Mg-Br - (R 

It is noteworthy that 4-CgH5 -CO-pyridine did not lead to the forma- 

tion of adducts of the same type. 

Atwood and Smith reported the isolation of bis(indenyl)magnesium 

by .thermal decomposition at 190° of indenylmagnesium bromide under 

vacuum ( ca. low4 mm Hg)[102]; the white crystalline substance was 

separated from an accompanying yellow oil and could be purified by 

1900 ; 10-4 mm 
MgBr 

sublimatiion. 

Savel'eva investigated the reactivity of the product, obtained by 

hydrogenation of ethylmagnesium bromide in THF or benzene clO3]. 

Magnesium naphthalenide was prepared in liquid ammonia by Mafkov, 

Referencesp. 91 
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Dimitrova and Ivanov [104]; it reacted with 2-bromo-propanoic and 

-butanoic acid under formation of the duplication products: ..-- 

H 
I 

CH3-CH-CO2H 

Mg/naphthalene/NH3.1iq + CHs-y-C02H - C,-;H-C02H 

+ Br 

3. PHYSICAL PROPERTIES OF ORGANOMAGNESIUM COMPOUNDS 

3A. NMR spectra ----- ----_ 

The NMR spectra of various Grignard reagents, derived from bromopy- 

ridine, -furan, -thiophene and -selenophene, as mentioned in Chap- 

ter 2Biv (Martin and cotiorkers [20]) were measured and related to 

the electronic structure. Furthermore these authors evaluated the 

activation functions for the rate-determining step of the formation 

and for the Schlenk equilibrium. 

Oliver and coworkers determined the NMR spectra of bis(cyclopentyl- 

methyl)magnesium as well as of bis(5-hexenyl)magnesium [613 (see 

Chapter 2C). 

Fraenkel, Appleman and Ray investigated the ligand magnesium exchan- 

ge kinetics of the system 1-sparteine, dineopentylmagnesium and 

THF-dimethoxymethane [105]. 

Together w%th Yu, Fraenkel studied the kinetics and thermodynamics 

of carbon-magnesium bond exchange in the system diphenylmagnesium- 

dineopentylmagnesium [106]- 

Ashby and Parris studied the structure of a monoetherate of cyclo- 

pentadienylmethylmagnesium dissolved in benzene , diethyl ether or 

‘ELF among others by means of NMR techniques [lo?]. 

Westera, Blomberg and Bickelhaupt studied the kinetics of the reac- 
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tion of ethylmagnesium bromide with 2-ethyl-l&dioxolane in benae- 

ne with the aid of NMR spectroscopy [loo] (see also Chapter 2E). 

The lgF NMR spectrum was measured of the following biphenylmagne- 

sium bromide derivatives, as prepared by Koridze, Gubin and Ogorod- 

nikova [ 1081: 

BrMg-Q(@P (meta or para position) 

3B. Other techniques ------------ _-- 

X-ray analysis of organomagnesium compounds was reported by several 

groups: 

Paradies determined cell-constants, densities and space-groups 

of magnesium derivatives of 2-pyridyl (R) such as l?MgBr.2THF, 

RMgI,THF, RMgBr.2(C2H5).20, R2MD. = RI and even of a compound which 

was mentioned RMgBr in the table (solvent-free Grignard compounds 

have not been demonstrated before) [lOy]. 

The following crystal structures have been reported: 

Cyclopentadienyl-1,2-bis(diphenylphocpb.ino) eth~?neiro~,ij,esiurn 

bromide tris(tetrahydrofura), which was &ready mentioned in 

Chapter 2Biv 1541 (tiieiss and coworkers). 

Fr.eferencesp.91 
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Bi.s(indenyl)magnesium (see also Chapter 2E_ [102]; k~ood and Smith) 

in the solid state exhibits magnesium atoms.& two different envi- .- 

ronntents and indenyi groups of a ,fund&entally different nature: .- 

Spek, Voorbergep, Schat, Blomberg and Bickelhaupt reported the fol- 

lowing structure of dimeric ethylmagnesium bromide/diisopropyl 

ether complex [llO] ( a stereoscopic pair of the dimer is shown in 

the figure): 
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The molecular structure of dicyclopentadienylmaggnesiumwas determi- 

ned by gas-phase electron diffraction +. by Haaland, Lusstyk, Novak, 

Brunvoll and Starowiegski [ill]; no significant deviation from plak 

narity is found for.the C H rings and no indication is found-for 
55 

an asymmetric position of magnesium between the two rings as was 

found earlier for dicyclopentadienylberyllium. 

Ashby and Parris studied the structure of cyclopentadienylmethyl- 

magnesium monoetherate with the aid of infrared spectroscopy [107]; 

in the solid state the magnesium atoms are associated via methyl 

bridge bonds, the cyclopentadienyl ring has approximately D5h sym- 

metry. There is partial cleavage of the methylbridge bonds when the 

etherate is dissolved in diethyl ether, cleavage of these bonds is 

complete in THF. 

With the aid of infrared and Raman spectroscopy Sourisseau, Guil- 

lermet and Pasquier studied (among others) magnesium derivatives 

of allylic compounds; vibrations of metal-ally1 valences were 

325 cm-1 for C3H5MgC1, 311 cm A' for C3H5MgBr and 317 for (C3H5)2Mg 

[xE], The force constants for these compounds were smaller.than 

1.0 mdyne& which indicates that the bonds of magnesium with cyclo- 

pentadienyl groups are much stronger than with the ally1 group. 

Inanother publication the same authors reported the mean frequen- 

cies IrcH of the same allylmagnesium compounds [113]. 

Kress and Novak reported infrared and Raman spectral studies of 

solid MgBr,,2(C,H5)20 at temperatures between 90 and 300'5 in the 

4000 to 30 cm'1 range and at various pressures up to 10 kber [114]. 

Vapor- pressures Bs well as heats of vaporisation of magnesium bro- 

mide were measured by Topor and Moldoveanu [115]. In the vapor 

phase magnesium bromide exists in monomeric and dimeric form. 

The basicity of Grignard compounds in !i!HF solutions was measured by 

Referencesp.91 



28 

Chevrot, Folest, Troupe1 and Perichon by determining zero current 

potentials of hydrogen electrodes in such solutions [ll6]. The 

0 authors proved the dissociation of RHgX to RMg and fi 

Acid-base constants of the system RB/RMgX were determined by Che- 

vrot, Folest, Troupel, Cachelou and Perichon~[ll7]. 

Electrolysis of zilhylmagnesium bromides was reported by T. Holm 

using platinum electrodes [118]. Two different mechanisms for the 

discharge process were detected: one for allyl-, benzgl- and t-bu- 

tylmagnesium bromide and one for methylmagnesium bromide. Ethyl-, 

butyl- and isopropylmagnesium bromide behave like methylmagnesium 

bromide at low current densities but change over toward t-butyl- 

magnesium bromide at high current densities. Values of the anodic 

polerisation at high current densities were correlated by the author 

to the reactivity of the Grignard reagent toward benzophenone. 

Tuulmets deduced an equation for the quantitative description of 

the influence of the solvent upon the reaction kinetics of organo- 

magnesium compounds [llg]. Apart from a suggested formulation of 

the "effective" basicity of the solvent the author introduced the 

notion "index of effective acidity" of the Grignard compound; such 

indexes were given in a Table for phenylmagnesium bromide, methyl- 

magnesium bromide, ethylmagnesium bromide and for diphenyl- , die- 

thyl- and di-n-propylmagnesium. 

.Horiba, Hara, Inoue and Kubo determined the magnetic susceptibility 

of magnesium 2,2'-dipyridylide in.THF at 1,6 and 20 K [l20]. 

3C. Structure and reactions -----~~~~-~~~~~-~~~-~~~ 

In two. publications Tomoi and Kakiuchi determined the activity of 

_RMgBr/HMPA mixtures in styrene polymerisation Cl.211 and. [l22], The 

.’ 
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activity decreases in the series 

benzyl >allyl-> argl /~sec-allsyl >n-al&l 

and the phenomenon was explained by the ease of formation of a 

carbanion from RMgBr and its activity. 

G, Miller noted that in the following reaction 

.&H2MgX + CH3Jy-k2- addltlon *roducts 1,2 as well a6 1,4- 

_ _ 

attack at the carbonyl oxygen increased with increasing electron- 

donating powers of the substituent R, independent of any steric 

effects [l23], 

In the reaction 

C2H5-7"'CH2-MgCl + 
C6H5,C_C,cN 

\ 
_ reduction, addition and 

cH3 
co2c2H5 enolisation products 

as studied by Cabaret, Welvart and Carrie; Grignard reagents prepa- 

red either from a racemic or from a.chiral halide have the same 

reactivity, which suggests that the species R2Mg does not partici- 

pate significantly in the reaction [l243. 

According to Sonnet, Bier1 and Beroza in the reaction of allylic 

Grignard reagents with allylic halides in THF/HMPA productsare 

formed in which the double bond from the Grignard reagent is pre- 

dominantly cis Cl.253: 

Referen~p.91 : 
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I 

n-C4H9&H=CH-CH2MgC1 + cl-~~-CH=~-(~~)~-O-T~ e 

(2) and (El (2) -. 

(Z,Z) n-C4H@EidH-C~-CHr-CH=CH-(CH2)6-O-THP 

4 
S 

The following proparmlic allenylic rearrangement was observed by : 
I 

Perriot and Gaudemar Cl.263: 
j 
: _i 
5; 

RbmIi2-Mg3r + Br-CH-EC-CH-O-t-CR3 > 

2 
Al 0 

H H 

R3-C=C=G&-~=_~_f$-O~ 

The same type of rearrangements were given in the next two publica- :I 

tions: 

Voskanyan and coworkers [33]: 

CH a /Me3 CH 

+ Ai? 

CH CH 
1313 

c=c=c 
/ \ 

- HO-C-C-C%CH&H2 61% 

m3 CH=CH2 2) H20 &i3 hHs 
-2 
.+ -1 
.j 

\ 

-I- H20 

cH3 
'c=c=c 

NH 

/ \ 
cR3 

CH=CH2 



Thecouplingreaction of a Grignard compound with an aromatic or 

vinylic halide, catalysed by Nit111 salts, as investigated by Kuma- 

da, Tamao, Sumitani and Kiso, is accompanied by rearrangement 

from secondary to primary when secondary alkyl Grignard-reagents 

are applied [LZ?]. 

3D. Theoretical calculations ____________________---- 

CharEn published the results of MO LCAO spin-lattice relaxation 

calculations of MgX2 ( X = F, Cl and CR31 [lzS]_ 

4. MRCHANISMS OF REACTIONS OF ORGANOMAGNESITJM COMPOUNDS 

4A. Reactions with carbong comgounds ~~~~-~~~~~~~~~I~~~~~~ -_-_- ----- 

4Ai. Addition and reduction reactions -_-_-____-____-- 

Tuulmets and his group continued studies on solvent effects Ln the 

reactions of organomagnesium compounds; with Viirlaid he studied the 

effect of anisole on the reaction of n-propylmagnesium bromide with 

2,2-dimethyl-3-butanone [129]. Anisole seems to solvate the Grig- 

nerd reagent weakly. Comparison of the present results with those 

obtained earlier by Tuulmets and coworkers demonstrates that the 

effect of the medium on.the rate of the reaction is determined by 

polarity, basicity and steric effects of the solvent. 

Tuulmets, together with Viirlaid and Kurrikoff studied the kinetics 

of the reaction of .diphenylmagnesium with benxophenone in dibutyl 

.'. 
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ether, diethyl &her, anisole, tetrahydrofuran and their mixtures 

with n-heptane [130]. The sensitivity of Lhe reaction rate -to chan- 

ges in the polarity of the medium could be demonstrated; the magni- 

tude of this sensitivity is apparently determined by the effective 

basicity of the solvent. 

As already discussed in Chapter 3B, in a third publication, TuUl- 

mets, in-a further refinement of his interpretation of solvent ef- 

fects, introduced the notion "index of effective acidity of the 

Grignard reagent*' [119]. 

In a further study of the influence of impurities in magnesium on 

the mechanism of reactions of organomagnesium compounds with ketone1 

Ashby and Wiesemann concluded that it is clear that CH3MgBr reacts 

with bensophenone predominantly, if not entirely, by a polar mecha- 

nism, whereas the reaction of t-C4H9MgC1 under the same conditions 

is proceeding by a Single Electron Transfer pathway.[131]. Further- 

more the authors conclude that it is also clear that a reaction 

that would normally proceed by a polar mechanism can proceed by 

a SET pathway, if the magnesium used to prepare the Grignard reagenl 

contains parts per million of transition metal impurities. 

The amounts of benxopinacol formed in the reaction of methylnagne- 

sium bronide with benzophenone in diethyl ether with increasing 

amounts of FeC13 is as follows: 

1.0 96 benzopinacol for 4 ppm FeC13 

2.6 % benzopinacol for 40 ppm FeC13 

18.7 % benzopinacol for 400 ppm FeC13 

40.0 % benzopinacol for 4.000 ppm FeCl3 

70.5 % benzopinac.01 for 40.000 ppm FeC13 

-For the double addition of RMgX to thioketones Dagonneau proposed 
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a two-step-mechanism [132]: 

"L + 
R\,SR 

R2' 

RMgX -‘RiJC\lJaX+ *gx* 

R< ,SR 

R2/c1MgR 

? 
R<,SR 

- R2Yc\R 

As indicated, it Is not clear by what mechanism the second step PO- 

ceeds. According to the author the solvent may play a role there. 

The same sort of two-step mechanism was proposed by Dagonneau for 

the reaction of vinyli c Grignarci reagents with several different 

thioketones [133]. 

Abram and Watts discussed the reaction of.methylmagnesium bromide 

with acetglferrocene which leads to the formation of t-butylferro- 

cene [134]: 

I/ 
Cp-Fe-Cp-C-CH3 + CH3M@r - Cp-Fe-Cp-t-C4H9 

A stabilised carbonium ion is supposed as an intermediate in this 

uncommon reaction. 

4Aii Steric course of reactions with carbongl_cgrqog@ -_-____-__________- 

Mme Maroni and coworkers studied the stereochemistry of the reac- 

tion of bromomagnesiun enolates with carbonyl compounds: 

with benzaldehyde a mixture of diastereomers is obtained [38] 

Referencesp.91 
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With substituted cgclohexanones axial and-equatorial .attack was 

studied [L$+]: 

R-0-C-CH 0 
,;-2 M@l + - axial and equatorial 

0' 0 
attack 

The stereochemistry of the additi.on of methyl; and propyl Grignard 

reagents to tert-butylcyclohexanone in the presence of lithium per- 

chlorate or of tetrabutylammonium chloride was studied by Chastrette 

and Amoroux C&j]: 

R-Mg-X + v axial. and equatorial attack 

Other researches of this same type were those with the follotig 

cyclic ketones: 

Racquet and Sevin [136]: acetylenic Grignard reagents with 

y-$ Q -------- 
0 0 

RMgx + ’ Ad _+ ; Jochims, Kobayashi and Skrzelewski 

‘6=5 
L-1371 



CH2 
+ !Ff 
m3 B 

0cH3 

-80' in diethyl 
ether 

-35 .-. 
: 1 

exclusively axial at- 

tack [138]; under the 

same reaction conditions 

methylmagnesium iodide 

reacted with 4-tert-butglcyclohexanone to form both axial and 

equatorial attack products (Miljkovic, Gligorijevic, Satdh 2nd 

Miljkoviq. 

Andryushina and Grinenko observed stereospecific addition to the 

carbongl group in the following reaction [139]: 

Montebruno, Fournier, Battioni and Chodkiewicz [140]: 

------*cis and trans addition 

According to Borne, Clark and wade the reaction of phenylmagnesium 

bromide with either of the following cyclic ketones proceeds ste- 

reoselectively to give only one of the possible two phenylcarbi- 

nols [14l]: 
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For the interpretation bf the regioselectivity observed in the 

reaction 

- ringopening products 

Trolliet, Royer, Longeray and Dreux developed a model which is 

based on an enlarged electronic delocalisation in the transition 

state [142]. 

The following stereospeciric reaction 

cH3MgI + (+I 

(=3 

predominantly 2R,4S 

was reported by Tramontini, Angiolini, Fouquey and Jacques [143]. 

4B. Radical reactions of organomagnesium compounds ____________________--- -_-_- -__-__-__- --___ 

As has already been mentioned in Chapter 4Ai Ashby and Wiesemann 

observed the formation of radical products in the reaction of me- 

thylma&e&m bromide with benzophentine when small amou$zs of iron- 
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(III) salts ivere present in the reaction mixture..For tert-butyl- 

magnesium chloride howeverthereaction with benzophenone proceeds . . 

by a SET pathway, even when pure magnesium was used for the prepa- 

ration of the Grignard compound [lil]. Besides benzopinacol also 

the 1,6-addition reaction product was isolated by the authors. 

Radical intermediates have been observed by Dagonneau and Vialle 

in the reaction of several aliphatic Grignard reagents with thio- 

benzophenone [144]. The authors suggest the following equkibrium 

t0 exist in solution 

+ MgX’ 

which might, among others be responsible for the formation of a 

thiacyclopentane derivative in the reaction of thiobenzophenone 

with 3-butenylmagnesium bromide: 

f 
c6H5-c-c6H5 + -- 

C6H5 

Parham and Montgomery discussed the radical nature of the reaction 

of the meta-cyclophane organomagnesium reagent indicated below 

with oxygen or tert-butyl hydroperoxide [145]: 

+ oxygen or tert- 

butyl hydroperoxide 

‘. 
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The reaction of tert-butyl 

1 

peroxide with Grignard reagents '3 :k 

was also studied by Kochi, Nugent and Bert&i_ [146]. The relative 1 .$ 
:-. >3 

rates of reactions were as follows: 

Phenyl : 0; methyl : 1.0; ethyl : 

: 1800. 

-,. 
7 
3 

52; isopropyl : 5%; tert-butyl :3 
4 
:: .: -; 

This sequence is expected for the process : 

since it reflects both decreasing stability of the radical and 

increasing stability of the carbanion. The authors accounted for j 

all the tert-butgl and ethyl fragments among the products; the ‘i 

product distribution could be quantitatively related to known values' 

for the relative rates of the combination and disproportionation i .’ 

reactions of tert-butoxy and ethyl radicals which are postulated : 

to arise via a single mechanistic pathway, 

For the formation of N-alkylanilines in the reaction of 2,4,6-tri- 

tert-butylnitrosobenzene with isopropgl- or tert-butglmagnesium ha- ! 

lides Okazaki, Inagaki and Inamoto proposed the following 

mechanism [147]: 

7 
=W + Ar-N=O + [&r-;-O-MgX + iz ] __j Ar-N-0-MgX 

RMgX 
H2o Ar-N-MgX -p Ar-N-H 

B B 

The yield of the aniline was 6% with isopropyl- and 43% with tert- ; 

butglmagnesium halides. 
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Hori, Kataoka, Shimizu, Hsu, Asahi and Misuta [148].and Hori, &a- 

oka and Shimizu [149] proposed radical mechanisms for- the reactions 

of aromatic Grignsrd reagents with the followingheterocy.clic corn- 

pounds: 

ref Cl481 and ref Cl491 

4c; 

For 

Miscellaneous reactions _~~------------- ---_--- 

the reaction of ethylmagnesium bromide with 2-ethyl-1,3_dioxo- 

lane in different ethereal solvents Westera, Blomberg and BLckel- 

haupt proposed the formation of several complexes which reacted 

with first-order-kinetics [loo]. The rate constants observed were 

related to basicities of the ethers. The results confirmed that 

the reaction proceeds via a transition state with oxocarbonium 

ion character. 

Kinetics and mechanism of the reaction of Grignard reagents with 

hexyloxirane in diethyl ether or THF were studied by Ssno, Kodama, 

Matsuda and Matsuda [lsO]; 

RMgX + n-36H13-C~-~Hz 

0 

The order of the reaction depends, among many other thirrgs, of the 

degree of association of RMgX in the solvent6 studied. 

For the reaction of substituted 2-pyrones with methylmagnesium com- 
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pounds Lhoste, Moreau end Dreux propose the 

between the organomagnesium reagent and the 

CH3MgX + - complexes 

formationof~complexes 

pyrone before reaction 

occurs [151-J. 

Echeg and Veale determined the rates of cyclisation of 5-hexenyl- 

magnesium derivatives [l52]: 

Mg- 

-Mg- - 

At 100° the rate of cyclisation is lx10 -6 -1 set for the RMgBr spe- 

cies and 44.8~10 -6 -1 set for the R2Mg compound. Since the Schlenk 

equilibrium between the two compounds in THI? 

R2Mg + MgBr2 . -2RMgBr 

has a value of 30-40 the authors concluded that the rate determin- 

ing step of the addition of the Grignard function to the alkene 

function proceeds without involvement of an extern,al molecule. 

Hopiells and Gilman reported-the following pyrolysis reaction of 

perfluorooctylmagnesium bromide [153]: 

C8Q-M& 
slow warming up 47% yield 

till roomtemp, 96% pure 

Another elimination reaction of a fluoro Grignard compound was 

reported by Smirnov and Tomilov. [25]: 
.-- 
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F 
\ /= 
,c=c, 58-60°> F-CsC-H (more than 41.6%) together with 

F ‘MgBr some CH,=CF, and HC=CH 

In the reaction of phenylmagnesium bromide 

having oxygen- and nitrogen-atoms adjacent 

with some peroxides 

to the peroxide function 

these hetero atoms seem to play an important role in offering a 

possibility to the the cationic species to form coordination com- 

plexes (Okubo, Saito and Tomiyoshi [154]). 

According to Bolton and Kearns the reaction of eryl Grignard reag- 

ents with benzoyl peroxides or tert-butyl peroxybenzoate exhibits 

a bright red chemiluminescence [155]. The emitting species was 

identified as (C6H5)3C'.- 

The same authors studied the chemiluminescence of the reaction 

of aryl Grignard reagents with oxygen [156]. The main emitting 

species in the chemiluminescent reactionti of phenylmagnesium bromi- 

de and p-chlorophenylmagnesium bromide were identified as an iso- 

merit mixture of brominated biphenyls, identical with that formed 

through photolysis of the Grignard precursor. 

For the formation of l-3% indole derivatives in the reaction of 

methyl: or ethylmagnesium halide with phenyl-substituted oximes 

Bartnik and Laurent propose the intermediate existence of a vinyl 

nitrene [157]. 

The enhancement of the reaction rate of organomagnesium compounds. 

by the addition of lithium or quaternary ammonium halides or per- 

I&f&ncesp.91 
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chlorates wss studied kinetically for the systems benzonitr+le/pro- 

pylmagnesium bromide and benxonitrile/dipropylmagnesium (Chsstrette, 

Amouroux and Subit.[158]). 

CsH7-Mg- + G6HgCN 
+ Li halides or 

* 
tetrabutylammonium 

halides 

Ekcept for LiBr all the salts investigated gave rate enhancements; 

the results were related to the formation of complexes between the 

organomagnesium reagents and the salts. 

A. Helm, T. Helm and Huge-Jensen investigated the reaction of Grig- 

nard reagenls tith alkyl cyanates. fUkylmagnesium.halides and phe- 

nglmagnesium bromide react with alkylcyanates to form a white com- 

plex that has the following composition [159]: 

R'OCN + RMgX 
(C2H5)20 

+ R'OMgX.RCN.l/2(C2Hg)20 

Yields of the alcohol and the nitrile are high in several cases. 

Kinetic measurements of these reactions were published in two other 

papers [160] and [161]. Towards aryl cyanates arylmagnesium bromi- 

des are found to be more reactive than dibutylmagnesium, whichagain 

is more reactive than butglmagnesium bromide. The reaction is best 

described as involving a concerted four-center mechanism, first or- 

der both in cyanate and organomagnesium species. 

Tiiziin and Erdik, continuing their earlier work reported the kinetic 

measurements of the reaction: 

RMgx + (C2H5)2N-H diethyl ether 
> 

25O 
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The authors propose a S$_ mechanism for the reaction.[162].- -. 

Two more reactions of this type have been investigated: 

l9nptoz and &et compared the reactivity of 'l-hexyne towards' 

diethylmaguesium, ethylmagnesium bromide, diethyl-zinc and diethyl-. 

cadmium [163], 

fillin and LCtie investigated the rate of reaction of acetylene 

with phenylmagnesium bromidi in diethyl ether at O" in the presence 

of catalytic amounts of amines [164]: 

C6HyM@r + H-CZLH h BrMg-C-C-MgBr + C6H6 

Siginificant catalytic activity was found for diethyl- and trfethyl- 

amine. The latter enhanced the rate of reaction 2180 times! 

Other amines investigated were ethylamine and ammonia, 

Corriu and Henner published the kinetic studies of the coupling 

reactions of Grignard reagents with organosilane derivatives such 

as 

co 
00 

CG 0 
Si -'X 

The rate of reaction increases in the order diethyl ether< THF< 

x= F or ‘O-CH- 
3 

dimethoxyethane [165]. 

By means of competition reactions Dubois, together with MacPhee and 

Boussu studied the relative rates of reactions of Grignard compounds 

with acid chlorides, catalysed by copper (I) chloride [166].'The 

results are consistent with a cyclic transition state in which the 
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chloride is displaced-from acid chloride without addition to the 

carbony group, by either a mixed cuprate intermediate or a 

loose RCu . ..MgX. complex. 

5. REACTIONS OF OHGANOMAGNESIHM COMPOUNDS 

Introduction ----_-__---- 

In two Japanese patents Miyake, Kondo, Nishido and Onagawa report 

the preparation of vinyl cyclododecanols by a rather uncommon 

sequence of reaction [167] and [168]: 

1.5 hr at 0' 
+ CH+XMgCl > 

0.75 mole 0.825 mole 

+ 0.75 mole CH2=CHMgC1 -I- CH5OH 
> 

+ CH+XMgCl 
I- / 

15 h at 55O lh 3h . 

Another abnormal reaction of acylferrocenes was reported by Hozsk, 

Riley, Fawns-and Javaheripur [169]: with methylmagnesium iodide or 

with phenylmagnesium iodide in a diethyl ether benzene solvent mix- 

ture the authors isolated products resulting from the.following 

type of reaction: 



‘45. : 
: 

R -. R 
I I. :I 

FcCOR + GH3MgI - Fc-C-OMgI - 
I 

- Fc-C=CRR 

a3 
R R 
I I 

Mladenova, Blagoev 

ing reaction [40]: 

and Kurtav observed reversibility in the follow- 

i-C3H7 or t-C4H9) + C6H5CH0 - reversible 

Cabaret and Welvart studied the reaction of the following unsatura- 

ted esters with chiral organomagnesium compounds [l?O] and [l?l]; 

for , 

7% 

O\R 
+ chiral RMgX Prelogs rule for predic- 

ting the stereoselectivi- 

ty is no longer vslid for 

the reduction reactions. The difference is rationalized by the de- 

gree of complezation of metallic ions in the transition state. 

The reduction of 

GN 
Q 

B and C&-C-CH3 

25 

by chiral organomagnesium 
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t$. These results were rationalised by the cyclic nechank of 

Whitmore (1938) for the ketone reduction and by a non-cycl& mecha- 

ni'sm with polar orientation df the reagenk in the reduction of 

the ethylepic-compound [171]. 

Remarkably high-asymmetric reductions were observed by Guette, Ca- 

pillop, Perlat and Guettg in the following reaction [172]: 

Y 0 -$-m2TBfgc1 + 
c2H5 

Q-pQcF3 

With P-Z R an optical purity 

ned; with Y = 0CH3 even 32%. 

of 26.5 % of the benzhydrol was obtai- 

The authors suppose that a rather sta- 

ble charge-transfer complex between two aromatic nuclei must-be held 

responsible for this effect. 

A.7 : 3 mixture of R,S and R,R diastereoisomers was obtained by 

Kunieda, Nokami and Kinoshita in the following reaction of a Grig- 

nard compound with a chiral substrate 1173-J': 

Complexation of a Grignard reagent with chiral oxazolines followed 

by addition of ketones leads to asymmetric synthesis of tertiary 

carbinols with optical purities as high as 25%; Meyers and Ford 

[174]: .- 

: 



+ CH+Hr ;i- CgH5-C-C2H5 - tert.:. carbinol. ,. 

25% optically -pure -. 

According to Moss and Banger the reaction of Grigr&d compounds 

with ctiral diazotates leads to inversion at carbon atom in a-degree 

depending from the temperature of the reaction mixture [1'75]: 

'6'5 ,'sBS 
C2H5MgBr + '-Cc-N=N-0 @ 

H--l 
b CzH5-C-__ 

\ 
CHZ 

- 

a3 2 

8-249'0 inversion 

'The reaction of 2-butylmagnesium 

halides in the presence a chiral 

chloride with aromatic or 

Ni(I1) catalyst, existing 

villglic 

of a 

complex of NiC12 and (-)-2,3-O-isopropylidene-2,3_dihydroxy-l,& 

diphenylphosphinobutane, leads to the formation of coupling pro- 

ducts with enantiomeric excesses of about 15% (I(iso, Tamao, Miyake. 

Yamamoto and KGada [1763) 

2-C4H9gC1 + C6~5-~ 
Ni[(-)-diop]C12 

+ 2-C4H9-C6H5 
: 

Arbuzov, Klimovitshii, Yuldasheva, Remizov and Lygininvestigated 

the stereochemistry of the following reactions [i77]: 
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cis-trans 

isomer mixture 

0 cc Cl 

R-Mg-x + 3 

Cl 

-.. 

_ 

ct cl . . 

0 R 

as the diequatorial 

cis isomer 

cx R 

R 

R = p-Cl-baazyl- 

The follotig asymmetric reduction reaction was reported by Portyu- 

agin and Chernyk [178]: 

+ i-CqE19MgBr - 22.4% C=O addition product + 

64% 9.8% 

According to 

&methyl and 

marooones is 

Arventiev and Wexler combined steric hindrance of the 

the 3-phenyl groups in the following substituted cou- 

responsible for a decreased evolution of metha- 

_ne in the reactiqti 

the coumaronone 

with methylmagnesium iodide as compared with 

without substituent in the &position [179]: 



Buchanan, Dunn and Edgar who observed-C=0 

addition in the reaction of H-EC-MgBr with 2,3-O-isopropylidene- 

D-ribose or with 2,3:5,6-di-O-isopropylidene-D-mannofuranose [185]. 

Cerny, Kollmann, Pacak and Budesinsky reported reactions of methyl- 

magnesium iodide with 1,6-anhydro -2,3-di-O-p-toluenesulfonyl+- 

D-ribo-hexopyranos-3-ulose and the correspond$ng D-lyxo-derivative 

CI.863: 

Toso~Tos ‘Osp OTos 

Bannerjee and Venkataramu reported the following reaction [187]: 

CH2-CH2-MgBr i- r attack at the least 

hindered carbonyl 

function 

Reactions tith dihydroanthraquinone derivatives have already been 

mentioned in Chapter 4Aii 

[1401: 
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Bartn3.k and Laurent determined the ratio of stereoisomers, obtai- 

ned in the following reaction [180]. 

RR 
1 I 

c6H5-i-z-m3 + RMgx ___f C6H5-s;-C-/CR2 

\ 
OH 

E H" 

5A. Reactions with aldehgdes and ketone8 -~----~---~---~-_-_~ ~---_----~_---- 

Normal addition to the C=O double bond was reported for the follow- 

ing carbonyl compounds: 

Ar-C-C&r + ArMgX ; with twofold excess of R&X both C=O grouFS 

react; Baddar, Fahmg and Aly CI.813. 

m3-~-m2-~-crr,-c6H5 
; Castelli and Canonne [182]. 

With the following spirobiC!xxtional carbonyl compound reaction 

takes place under ringopening: 

m ; Ismtilov, Musaev.and Bairamov Cl831 

0 



The stereochemical investigation with the 

following 1,3-dioxa-5-one wan already rep- 

orted in Chagter 4Aii [137] 

Reaction of methylinagnesium iodide with 

the following phospha-cgclopentanone 

yields mostly the cis-isomer, as repor- 

ted by Quin and Stocks [189]: 

0 

0 

0 P, 
CH3 

Messinger reported the reaction with the sulfonyl ketone [lgo]: 

%.trogen-containing ketones were also used in reactions wLth orga- 

nomagnesium compounds: 

in Chapter &Iii the reaction with: 

nas already mentioned [141]. 
: 
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In a German Patent phenyl 1,Ediazine 

ketones were reported in reactions 

with Griguard reagents [191] 

Gaset and Lattes studied 1,2-asymmetric 

ketones [192]: 

RMgBr + R-N-CH2-~-Ru - 

k* 

A stiilar type of asymmetric induction with 

inductions in a-amino- 

an amino ketone 

has already been reported in Chapter 4Aii [143]. 

Schlude reported the reaction of a uitroxide 

containing ketone [193]: 

Several reactions of organomagnesium compounds w%th chloroketones 

were published: 

was used for stereochemical studies as already men- 

tioned in the Introduction of Chapter 3 [178}, 

? 
Cl-ff-f+O reacts under formation of products arising either from 

R' = H-migration or from migration of the group introduced 

by the Grfgnard reagent ( Riehl, Smolikiewicz and Thil 

C1941). 



According to JUy, Combret and Coutrot R-y-C-C-0-R' reacts very 

stereoselectively with Grignard Cl 

compounds in THF or in HMPA-[195]. 

Arylmagnesium halides react with keto acidamides like- 

UK? 
R N-C-C-CH3 

under formation of products, resulting from addition 

cerbonyl function (Petyunin, Mashevskaya and Konshin 

to the ketonic 

[I96 1) . 

Mention has to be made of another publication by Dagonneau and 

Vialle dealing with reactions of organomagnesium. compounds with 

thj_okstones[197]: the authors studied the reactions of such ketones 

with allylic Grignard reagents (for other publications see Chapter 

4Ai-f1323 and cl333 and Chapter 4B [144])& 

Several reactions have been reported with derivatives of aldehydes 

and ketones: 

Shimuchi, Matsumoto and Hakajima reported addition to the C=N double 

bond [198]: 

/H ?? 
c6H5cH2”gx + Ar,f,-CH2-CH2-N=C 

H 
\ 

- &2?-CH2-CH2-N-C-C H 

cH3 
H I 65 

cH3 

The same type of addition wae mentioned 

? 

H 

by Noravyan, Sarkisyyan and Vartanysn 0 LN-cH 
3 

with the following aldimine [199] 

as well as by Bracheva, Vsemirnova 
7 

H 

and Potapov with C6H3-y-N&( [200]. 

m3 c6H5 
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:. 

Belavin, Fedoseeva, Baukov end Lutsenko obtained unexpected Products 

I on trimethylsilylation of the reaction mixture,- obtained by the 

following reaction [201]: 

t 
MgCl + 

t 

y--” + (CH3)3SiC1 
) > 

Reaction of ethylmagnesium bromide with the ketoxime 

R_JCO~-~@&OR F:IRr> no formation of aziridine 

N 

did not lead to the formation of an aziridine(Campbel1, 19&f+) as 

Hamacher observed but instead a nitrile and a styrene derivative 

were isolated [202]. 

Investigations of aziridine formation in such reactions were repor- 

ted by Imai Kawazoe and Taguchi [2O3] with oximes of the following 

type: 

Several other publications on the aziridine formation by reaction 

of Grignerd compounds with oximes 'came from Laurent and coworkers 

(see also Chapter 5 Introduction [190]), Together with Diab and 

Misson Laurent investigated 



and c2H5-c\‘NOR ' c6H5-c=~-c~~oH 

55’ :- 

wbkh gave reduction~reaction-pro-. 

ducts with isobutylmagnesiti bro&e 

PJtl 

reaction products with isobutglmagnesium bromide but different pro- 

gave reduction 

ducts with isopropyl-magnesium bromide [205]. In Chapter 4C mention 

has already been made of nitrene intermediates formed during reac-- 

tions of this type [157]. 

5.B. Reactions w%th esters la&ones anQdrides amides etc ~~~~~~~~~~~~~~-,~,,,-t,,,,,,,,,t,,,, ------L-------A----Z 

Watanabe, Suga, Fujita, Takahashi and Koiso continued their resear- 

ches in the field of reactions of vinylic Grignard reagents with 

acids and esters; with esters vinylmagnesium 

nes and diving1 carbinols [206]: 

CH2=CH-MgCl 
+ R-Fo-cH 3' 

CH,=CH-5-R 

0 0 

chloride yields keto- 

OH 

-I- .R-bt-CH=CH& 

Ketone formation in reactions with esters has been mentioned in 

several papers: 

0 0 

RSMgX/iC2H5)3N + R-&OCR3 - R&R' ; Kitsukawa [207] 

fi’ .Y 
Alkyl-MgX + C6HS-CH2-CH2+LO-aminebase ---_) AlkyLC-CH2-CH,-C6H5 
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A8 the amine base E-pyridgl, 2-benzoxazole‘or H-methyl-2-imidazole 

cao be utilized; yield8 are ae high a8 100% (Mukaiyama, Araki Ad 

Takei [208]; and yak%, Sakata, Takei and Mukaiyama [209]>., 

Mori and S&an reported excellent yields of diketones in the folio- 

wing reaction [210]: 

c5H11MgX + CH3-!-CH2-CH2-i-0 0 

I3 

> diketones 

Karavanov and Kraznodar obtained prOdUCt from the reaction of 

Grignard reagents, modified with cadmium chloride and diethyl oxa- 

late [211]: 

flR “7 P 
ArMgX + CdC12 + C2H5-0-C-C-0-C2H5 h (Ar),C-C-0-C2H5 

The 8ame type of products was obtained 

Eezuglyi and PetyunSn [2l2]): 

with oxalic amides (Petyunin, 

?P HO 0 

Ar-MgX + $85.O-C-C-N b A&-N 

H .& -0 

Reactions of keto esters were_ studied by Castelli and Canonne [182] _i 
: 

who made a detailed investigation of the expertiental conditions -1 

required to obtain the desired products. 

The following 4,4-ditibstituted .+oxazolone 

reacted with Grignard reagents to give nor- 
\ 2 

maZ,C=O addition reaction products [213]: 
+_ 
N--O 

;(Jacquier,-Petrus, Verducci and Vidsl), 

. . 1 



-. -5-7 
: 

Reactionof Grignarti reagent& with 2-pyrones: 

'as investigated by Dreux-and coworkers have 

been mentioned in Chapter 4@_ [142] because 

of the stereochemistry and in Chapter 4G [151]- _ ._ 
D 

because of the compl&x formation , preliminary to reaction.In 

order to check if only 4-substituted 2-pyrones lead to 2-H pyrans 
. 

Trolliet, Longeray and Dreux studied reactions of 4-unsubstituted 

2-pyrones [214]. 5,6_disubstituted 2-pyrones give only linear pro- 

ducts, 3,5,6-trisubstituted 2-pyrones may give 2H-pyrans. 

Other lactones studied were 

D 
0 i3.T 0 

0 

which both, among 

sium .compounds. 

Hamon and Taylor [215] 
. 

Gourmelon, Graff and Le Tutour 

C2161 

others gave ketones on reaction'with organomagne- 

Reaction of two molar equivalents of 

a Grignard compound with the following 

addition (J.G. Smith and Wikman [217]): 
E 
0 /O 

Q 

la&one leads to a step-wise double 

The following anhydrides were reacted with Grignard reagents: 

&-C-O-C-R2 R1 = 1-phenylethyl or 3-ketobutyl 
8. .; 

FA tert-butyl, 2,4-dichlorophenyl, &methoxyphe-- : 

nyl and:4-e_thoxyphenyl(Araki and ~Mukaigama)&.~]. 
-. 
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Shenouda [2&l; 

R-C-EE12)n-~-O-$-O-R' 

;3 

Araki, Sakata, Takei and Mukaiyama [220]. 

0 0 

Miginiac and Pornet used iminocarbonates and guanidines [221]: 

~“‘2~5 

c6Hg-N=c.\ 
0-C2H5 

Gaudemar rclported reactions of unsaturated esters: 

Br-CH-CX-CH-0-;-CEi 
I 3 

Perriot and Gaudemar [I_261 [222]. 

A R' ' 

R' 

ri2c=c=c( 

CH-0-C-CH 

8 

Perriot and Gaudemar 
/ 3 

[222]. 

R 

Three distinct modes of reaction.of Grignard reagents with 

mates were observed by.Patai 12231. 

Reactions with amides were reported by 

eaatz and Korte [224]- 

,. __ -- 
- 

carba- 

_ 



: -. .. 
‘_ 

.. _.. ~ ; -. 

.. ; 5Q; .. _- -. 

H-C-N(CH3)2- + --R3Si-CH=,CH&Br ; 

6. 

Bely&$v, Stadn+huk and:Petrov .[$+]' 

: 

i-C3H7-i-N(CH3)2 + n-C+H+Cl/FMPA - ketone (82% yield) 

ae reported by Cutigny, Rullot, Larchevsque and H. Normant [226]. 

Villieras, Disnar and J.-F. Normant studied reactions of Grfgnard 

reagents with a,a-dichloro esters and copper salts [43]. 

Berdinskii, Kazakova, Petyunin and Petyunin applied the following __ 

esters in reaction with Grignerd reagents [227]: 

R*-CH=N-NH-$-$-0-C2H5 

00 

Leger and Saquet investigated reactions S 

with thioesters and observed S-alkylation R&S-CH 
3 

[228].. 

Wesdorp, Meyer, Vermeer, Bos, Brandsma and Arens observed remarka- 

ble solvent effects in reactions of the following thioester with 

Grignerd reagents in 'E-IF and diethgl ether [229]: 

Br-G-CC-S-CH3 
I 

CK3 

RefeRncesp.91 -- 
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5C.-Reactions with unsaturated carbongl co&ounds, esters amines __~_~________~______~~~~~~~~~~~~~ _--__ M--L_ ,,,-,,,L-,-,,--2 

halides nitriles etc ,,,,,,,t,,,,,,,,_t,,--= 

Conjugate addition to unsatux&ed ketones was observed by the fol- 

lowing groups: 

Menshova, Sorokina, Grinenko, 

Suvorov, Gurevich, Kemertilidze, 

and Pkheidze 12301: 

Nosseir , Aziz, Doss and Risk [231]: 

Duperrier, Moreau, G&lin and Dreux [232]: 

Ogawa, Tagaki and Matsuda [233]: 

o= 
I- 0 

- 

Gocmen and SOUSS~II [234]: 

W 

Ef and De.corzant investigated conjugate addition of magnesium bro- 

m&de enolates (see Chapter 2Biv) with different unsaturated com- 

pounds such as the followir& ones [39]: 



llylic, vinylic and phenyl Grignard reagent add in the 1,4-coajuz 

ate position exclusively with unsaturated 

euk, MawA and Miginiac [235]: 

H3-CHSH-CH=N-i-C H 
37’ 

C6H5-CH=CH-CH=N-R 

aldimines as studied by 

(with R = methyl, iso- 

propyl and tert-butyl) 

Feactionb of enamines with Grignard reagents lead to displacement 

If the amino soup: 

CH3MgX - c6H5-j-c=c\cH 

3 

tuhamel, Duhamel and Truxillo [236] a~ well as tihamel, PUS and 

Zommare [237]. 

Kith vinylmagnesium halides the same type of enamik was-studied 

by NPf and Decorzant [238]; 

+(X=CH_&QX + (c2R5)2&CH=CH-$-R’ - R-CH=CH-CH=CH-2-R' 

0 0 : 

tefetr&esp.Sl -. 
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Noravyan, Sarkiayan and Vartanyan obgerved addition to the C=C 

double bond in the following reaction of an enemine [239]: 

/= - H 
I 

C2H5MgBr C 

'N(C2H& 

y-C2H5_ 

NW2R5I2 

Ficini, Barbara, D'Angelo and Dureault [24O] and Ficini together 

with Dureauit [241) reported reactions of isopropylmagnesium chlorj 

de and of alkyl-, allyl-,vinyl- and alkynylmagnesium halides with 

di- and trichloroenamines: 

Cl 
P 

Cl Cl 
\ 
,c=c and 

\ / 
c=c 

H 'N(C61;512 Cl' 'N(C2H5)2 

Dorofeenko, Mezheritskii,and csH5 

Vassermann reacted the follow- 

0 

/"I 
CH=C 

ing unsaturated ether wLth aryl- 
\ 
0-C2H5 

magnesium bromides [Z&Z]: '6"5 

Alkynyl and allenic prcducts vrere obtained in reactions of Grig- 

nard compounds with 2-alkynyl ethers: 

CH 
I3 

Badanyan and Sargsyan [243-j: alkyl-0-C-EC-CH=CH2 

d, 

Troyanowsky and Tsamantakis [244]: CH3-0-CH2-EC-CH2-& 

Rose and Taylor observed ring opening reactions as well as conjugate 

addition to the double bond combined with ringopening when Grignard 



compounds reacted with vingloxirane [~!45]: ..’ -: .. 

. . 

7. 

d 
Anhgdroecgonine alkyl esters react 

II 
-O-a&f1 

with arylmagnesium halides to form 

CT *. 

-N \ 
F;roducts resulting from conjugate 

addition (Clarke and Daum [246]): 

Holmberg, Jalander, Norrgard and 

Petterson continued their invest- 

igations in the field of conjugate 
X& 

,corC2H5 

CH=C 
\ 

co2c2H5 
addition to furfurylidene malonates 

[247] : 

Investigations of Welvart, Cabaret and Carrie on the stereochemistry 

of reactions of Grignard reagents with Unsaturated cyan0 malonates 

have already been referred to in Chapter 

Latif, Mishriky and Mohsen reported 

more extensively on the reaction of 

methyl- or isobutglmagnesium halides 

with substituted cyanonitriles 

12481: 

Reactions of unsaturated halides 

have already been referred to in 

3C [1241. 

CN ‘%CN 

with organomagnesium compound6 

previous chapters: 
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7 ?’ 
HC=C-C=C-CH-Cl 

Allglic Grignerd reagents 

Beroza [&I; see Chapter 

-_. 

; Dulc&e, Gore and Roumestant, Chap- 

ter 2Bi-7 (343 

with allylichalides ; Sonnet, Bier1 and 

3c. 

Mkryan, Mkrtchyan, Gasparyan, Voskanyan and Razaryan studied the 

reaction of ethyl- and propylmagnesium bromide with l-chloro-2- 

butyne 12493 

CH3-C=C-CH2-Cl +. RMgx - CH3-EC-CH2-CH2-EC-CH3 and 

CH2&y-I;=C=CH2 

H3C CH 
3 

among other products. 

Rather unexpected products were isolated 

by Blazejewski, Cantacuz&e and Wakselman 

in the mixture of products obtained from 

the reaction ofGrignard compounds tith 

the following unsaturated chloroamine [25O]: 

Arylmagnesium halides react with the following benzylidene hetero- 

cycles under addition to the exocyclic C=C bond6 

Shalby, Daboun and Boghdadi [251] : 



Kassab, Abdallah and Messeha c.321 c 

Addition to the C=N bond in the following 
7 

ester was observed in reactions of aryl, R'-C&-N-N-$-j-C-C2R5 

2-thienyl and alkyl Grignard reagents [227]: 

3D. Reactions with C-C unsaturated bonds __________~_________~~~~-~-~~~~~~~~~ 

The preparation of organomagnesium compounds by addition of 

or allylmagnesium bromide to the double bonds in polgcyclic 

rated hydrocarbons has been mentioned in Chapter 2C [63]. 

ethyl- 

unsatu- 

Akutagawa, Watanabe, Somya, Yoshida and Komatsu, in a Japanese pa- 

tent, claim the cyclization of isopreae under the influence of 

dialkylmagnesium compounds with Ni(II) salts [233]: 

+ R,Mc + Ni(II)-----, 

Reactive organomagnesium.compounds 

react with enynes to form prod&x resulting from either carbon- 

carbon 

ved by 

double bond or carbon-carbon triple bond addition, as obser- 

Courtois, Mauze'and Miginiac [234]: 
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i- H$=C=CH-yH-C,+H9 Together 37% 

ally1 

HCnCiCH2-F-CkH9 :-:. : 

ally1 

Trans addition to the allsynylic bond was observed by 

and Bouet [255]: 

X-CH2, 
1" 

,c=c, 

X = OH, NR; 

OR or SR 

5E. Reactions with organic halides ~--L---~-----_~-- _-----_----~ 

Where- anti-7-chlorobenzonorbornadiene 

does not react with phenylmagnesium bro- 

mide the sJm-isomer reacted very slowly 

with the same organomagnesium compound 

(Cristol end Maxwell [256] ) to give 

syn-7-phenylbenzonorbornadiene. 

Mornet, Gouin 

R' 'CH2-NR2 

Cl 

& 0 / 

According to Nefedov and Agavelyan methylmagnesium bromide reacts 

with 2,2-dihalobicyclo[S.l.O} octanes to give both reduction 

products ,r257] 

.$MgHr/THF + 
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Ohtake and coworkers report the:formation of cyclopropylboxqene by...- 

the folloaring reaction [36]: 

CH2(MgI)2 + 
0- 

Brl3r 

The stereochemical investigations by 

Arbuzov and coworkers using a-halo cg- 

clic ethers have been referred to in 

Chapter 5 Introd. [177]: 

A variety of products was obtained by Suga, Fujita, Watanabe, Taka- 

hashi in the reaction of vinylmagnesium chloride with acid chlorides 

? :: 
R-C-Cl + CH2=CH+Cl - R-C-CH-GR2=CH=CH2 

LO 

R 

Riehl and coworkers reported reactions of 

among other pro- 

ducts. 

R 
I 

alkynylic Grignard reagents with a-chloro- 
cl-z=o 

aldehydes [194]: R 
R 

Arens and coworkers reported reactions of Grignard I 

reagents with a-bromodithio esters [Z29]: Br-Y-cs2w3 
R 

Perriot and Gaudemar investigated 

reactions of orgauomagnesium com- 

pounds with bromoalkynyl esters 
Br-CH-EC-CH-0-$-CH3. 

k 
I 
R .' 

[I263 and L-2223: 

Referencesp.91 
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Ary3. Grignard reagents 

satisfactory yields of 

react with 2-chloromethyloxasie to give 

coupling products which ultimately lead to 

aWlacetic acids as reported by Malone and Meyers [259]: 

=YlMgHr +_ P D - aryl-CH2-COOH 

Alkyl Grignard 

ting that this 

reagents however give an array of 

process will not be synthetically 

products, indica- 

useful. 

Suprunova and coworkers studied reactions 

of organomagnesium halides derived from 

Q 

Y1 
C 

slkoxyalkynes (see Chapter 2Biii) with the 

following chloroaldoxime (313: 

\N-OH 

Ae studied by Rozov, German, Zeifman, Cheburkov and Hnunyants ben- 

zylmagnesium bromide reacts with perfluoroisobutene as follows [260] 

C6H5-CH2-MgHr + CF3-y=CF2 - C6H5-CH2-CF2-y=CF2 (40%) + 

cF3 

The reaction of an alkylmagnesium bromide with perfluorocyclobutene 

bF3 

C6H5-CH2-CF=g-CF3 (BO%) 

cF3 

has been found to favor 

duct 

m 

the formation of a vinylic mono-1 pro- 

B 

R-Mg-Rr + 
F2 F2 

F2 F2 F 
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whereas an alkylmagnesium chloride favored the synthesis of a vin- 

TuC dialkyl compound (Park; Croft and Anderson [2&j). 

F F 

CH30 

O- 
0 copI3 

F 
0cH3 

_Grasimova, Baturina, Fomenko, Chertok; 

Kollegov and Fokin report reactions 

of phenylmagnesium bromide with aroma- 

tic fluorocompounds to form phenyl 

substituted aromatic derivatives [262]: 

and 

F F 

SF. Reactions with oxiranes and oxetanes -~----~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Ilyukhina and Akhrem as well as Ilyukhina, Kamernitskii and Vozne- 

senskaya reported reactions of methylmagnesium iodide with 16,1?- 

epoxypregnenediol diacetates [263] and L-2641: 

and other stereoisomers 

Ohtake and coworkers reported the reaction of diiodomagnesiummetha- 

ne with phenylox-irane [36]. 

The reaction of Grignzrd compounds with vinyloxirane has been refer 

red to in Chapter !X [245]. 
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Skiba and Tatarchuk reported 

with ethynyloxiranes [265]: 

:- 

reactions of alkyl.magnesium halides 

Hambrecht,Straub and Miiller reacted 

organomsgnesium compounds with cgclo-s 

octatetraene epoxlde [266] Z 

The kinetic studies of Seno and coworkers on the reactions of RMgX 

with hexyloxirane in diethyl ether and in THF have been mentioned 

in Chapter 4C [150]. 

Together with Endo, 3. Matsuda and S. Matsuda Sane also studied 

solvent effects of reactions of RMgX with 

alkoxyoxiranes of the following type [267]: 
RI-0 

Riehl, Casara and Fougerousse studied reactions of Grignard reagent2 

with differently substituted oxiranes: 

[268-j, and 

with CH5-2-0- , C6H5-i-O- or (C2H5-O),;-0 f.2697 

Donnelly,- Hoey and O*Donnell investigated 

the reaction of phenylmagnesium bromide 0 

with spirooxetan-3-one [270]: ow 
0 .I 

.I. : 

.T_ 
.; -.;. 
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5G. Reactions with ethers thioethers and acetals ~-_~~~~~~~~~~_~,,~,_,2,,,,,,,,,,,,,,,,,,~~~~_~ ._- 
: 

Reactionswith 4-Ryridyl ethers were investigated bi Vompe, Monich 

and Meshki [271]: 

R-M&X i- G6H5-0 3-10 h ~ 

115~7@ 

Joshi, Rao and Anand studied reactions of phenyl- or indolylmagne- 

&n bromides with several heterocgclic ethers and thioethers [272] 

0-CHg or S-CHs 0-CH3 or S-CHg 

and 
QQ N 

0-CH3 or S-CH3 

Gerasimova and coworkers observed reaction F F 

of phenylmagnesium bromide with 
s 

a methoxy. C$-0 C-0CH3 

group in the following fluoro ester [262]: 

Ether bond cleavage on reaction with methylmagnesium iodide or 

with phenylmagnesium bromide was observed in the following com- 

pounds (Cabiddu, Maccioni, Seccio and Sotgiu [273]): 

H 

p-R-C6H4-$c285 
I;' 

and 

0gH5 
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Mangiavacc~ and Scotton'observed the foilowing reaction [2741: 

.:. 
+ C6H$-fgBp - 

The kinetic investigations by Westera, Blomberg and Bickelhaupt of 

the reaction of ethylmagnesium bromide with 2-ethyl-l&dioxolane 

in benzene with one molar equivalent of diethyl ether, 'I!HF or diisoa 

Rropyl ether have been mentioned in Chapter 4C [loO]- 

Forrest, Heacock and Forrest observed ring 

opening of the dioxolane entity in the 

following compound on reaction with 

ethylmaaesium bromide [275]: 

Cabiddu, Ronsignori and Cerioni studied 

reactions of the following thioketal [276]: 

Zskenazi and Maitte reported the following reaction [2771; 

CH3MgI + 95-o 

Kuznetsov and Myrsina investygated the reaction 

of Grignard reagents with the foilowing Spiro- 

ortho esther [278]: 



-. 13 .’ 

i%kaiyama &d Ishikatia reported a facile reaction of Grignkd'reai .., 

gents with.u&aturated acetak at very.10~ temperatures in the : 

presence of TiCl, [279]: 

-? 
RMgX + R'-CH=CH-C(-OCH& 

Tifq+ H 

= R*-CR&H-&R 

'ED? -78’ 6 
&H 

3 

gS. Reactions with heterocgclic compounds ______________________ _-__---- -W-B- 

Mono-oxygen heterocycles: 

Qcl.tio Tickle, Melton and ELvidge [280] 

cxx-0 Ivanov and Ekxhilova [281_7 

Depending on the type of Grignard reagent with both heterogycles 

ring substitution as well as ring opening reactions are observed. 

Mono-nitrogen heterocycles: 
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cH3 a 
N&H3 
0 

Thiessen, 

C283] 

Yamakawa, Sakaguchi and Osumi [284]. 

Lepoivre and Alderweireldt 

in each 'of these reactions addition to the heterocyclic ring occurs. 

Ring opening occurs in the reaction of Grignard compounds with 

pyridine-N-oxide as observed by Schiess, 

Monnier, Ringele and Sendi [285]. 

Mono-sulfur heterocycles: 

The radical nature of the reaction of phenylmag- 

nesium bromide with 9-phenylthioxanthene-l&ox- 

ide was discussed in Chapter 4B [149]: 

Hetero ring opening as well as addition was observed by the follow- 

ing type of sulfur heterocycles: 

; Hori, Kataoka, Shimizu and Miyagski [286] 

; Hori, Kataoka, Shimizu and Sugai [2871 



&other ring-&pansion wasreported by kertov, 0nishenko:and Be&o- 

nov [.X0] with 1-benzylind&le derivatives:_ 

Mixed sulfur-selenium and oxygen heterocycles : 

Rm. , ‘-.‘, ‘. 

I 
CH,-k-y1 

c 

; Baddar, Latif and Nada [3Oi) 

Tadino, Christiaens and Renson [N2] 

~~CsH5 ClO,? ; Degani, Fochi and 

Tri-nitrogen-heterocgcles: 

cpH5 
O NYs 1: 

c6x5 
‘hFN 

CH AN 
+ 

; 

3 0 
CHj (or C6H5) 

, 

'Fundo I3033 

; Mansow, Ibrahim and EXd [304] 

Etienne, Lonchambon and Girondesu [3051- 

an6 Etienne, Bonte, Lonchambon and 

Roques [306]. 
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Some other heterocgcles: . 

. 

Higashino, Iwai and Hagashi tfo71 

; Bertini, De Munno, Menconi and Tissi 

C3083 

or di-phenyl 

; Bahme and Arens [309] 

'6=5 

5I. Reactions with B N Si P S Ge and Cr compounds ~,,,,,~~,,~,,,,,z~,t~~~z-~,~~~~~ ---w_ 

Kacheishvili, Firtskhalava and Dzhioshvili prepared mixed boron 

compounds by the following reaction [310]: 

c6H5-cH=cH-~2-MgC1 + R3B __) % 
B-CH2-CH=CH-C6H5 

Bortovoi prepared mixed smines in high yields as follows [311]: 

C4Hg-M&l + (c H ) N-Cl diethy ether> 
252 

C! H -N(C H ) M&l 
49 252' 2 

The stereochemical outcome of the reaction of chiral l-phenylethane 

diazotate with Grignard compounds has been discussed in the Intro- 

duction of Chapter 5 [175]. 



Cldq@ ; Hori, Kataoka, Tadashi, Shimiau, Poshi- 

mura C&38]. 

Ring substitution was also observed 

by Stackhouse, Senkler Jr.,M&%yanoff 

and Mislow with the following selena- 

heterocyclic compound [289] : 

Maerkl and Heier studied reactions of 

benzylmagnesium bromide with 2-phenyl- 

1-phosphanaphthalene [290]: 

Nitrogen-oxygen heterocycles: 

; Adachi, Harada, MiyazaW and Kano [291] 

; Elkaschef, Abdel-Megeid and Yassin [29.Z!] 

0 

i sammour, Zimaity and Abdo [2g3] 
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; Zaher, Jahine.,. Aknockb and Ger& [294] 

; Khalifa and Abed [295] 

Nitrogen-sulfur heterocycles: 

; Elkaschef, Abdel-Megeid and Salah [296 

; Abramovich, E.M. Smith, Humber, Purt- 

schert, Ssinivasan and Singer [29?] 

Dinitrogen-heterocycles: 

; Elkschef, Abdel-Megeid and Abdel-Kadel 

C2983. 

In a Russian Patent Tertov and Onishchenko claim the following 

ring-enlargement 

C6H5MgBr/diethyl 

reaction [299]: 
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The radical character of the reaction of tri-tert-butyl~nitrosoben- 

zene with~Grignard reagents, as studied by l&moto and coworkers 

was discussed in Chapter 43%L-1471, 

Inamoto, Okazaki and Inagaki studied the 

reaction of Grignard compounds with tri- 

text-butyl-nitrobensene and observed the NO2 > 

formation of products, derived from en 

0 

. . 

attack of the reagent onto the ortho or 

para position to the nitro group [312]: 
Y .-' 

wolfsberger and Schmidbauer reported the form&ion Of tridLky1 

phosphine [3133 

alkyl-Hgx + (C6H5-0-)p A wkYl)3F 

Imamura and Nabekawa and Ohzubo, in a Japanese Patent claim the 

following reaction [314]: 

Alkyl-(or aryl)-MgX + P2Ss 
+ R'OK 

p R-~-S-E 

2) R20 
? 
R' 

From Corriu's laboratory again a series of investigations on the 

stereochemical aspects of displacements reactions by means of Grig- 

nard reagents on Si have been reported. -In Chapter 4C one aspect 

of this reaction has been referred to [165]. TWO other reports 

were from Corriu together with Chaviare, Kpoton and Lanneau -[315] 

and from Corriu together with Moreau [316]. 

The synthetic aspects of the reaction of Grignerd comp&inds with 

bis(pentafluorophenyl)methylsilane, reported by Gilman, were men- . . 

tioned in Chapter 2C [70]. 
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The stereochemistry of displacement reac- :' ?._ 

tions on silicon in the following sila-cy- 

clobutane wan studied by Dubac, Mazzerolles 

and Serres (3171: 

Fritz and Bosch continued their series of publications on the.poly 

methylation of polychlorosilanes with the aid of methylmagnesium 

chloride [5l8]: 

CH3MgCl. + Cl-Si-C-Si.-_-&i-Cl 

Al 

__j CH3-Si-EC-Si-CH3 

AH3 AH3 

among other products 

In a German patent the following reaction is claimed by Takamizawa, 

Shinohara and Nishimura [319]: 

CH 
13 ? 

CH2=~-si-O-(si-O-h_Si(CH3)3 + CH3Mg& in dibutgl ether/toluene 

‘6’5 cH3 n = about 1000 

73 VH3 
H-Si-0-Si-H 85%. 

1 I 

=3 cH3 

The reaction of Grignerd reagents with alhynylsulfoxides, leading 

to the formation of aLkynyl.magneslum halides has been mentioned in 

Chapter 2C [66]. 

Vilsmayer, Tropitzsch and Vostrowsky 

reported reactions of Grignard com- \/ 
and 

S S 
pounds with l,l-thiirane diotides[320): O2 O2 



Oishi, Osumi end Rayashi reported the 

formation of unexpected products in 

the reaction of Grignard reagents with 

the following sulfur compound [32l]: 

Anderson, Caret and Kerup-Nielsen studied 

the stereochemical aspects of reactions 

of methylmagnesium compounds with the 

following cyclic sulfoxide (3221: 

Cleavage of the sulfur-sulfur bond in the 

following compound was observed by %berg, 

Ghoudikinn and Khorgemi [323]: 

81 '_ 

S02CH3 

cc 0 'N 

A 

CD- 
a 

SYLLO 

J-c 
Cl R 

Lazar and Vinkler reported the following reaction [324]: 

C6H5-S-SO241 * C6HS-Mge -78O z C6H5-S-S02-C6H5 

Furukawa, Suda and Hayashi studied reactions 

of the following thioaryl imides [325]: 
N-S-Aryl 

c' 
II 

Carri? and Corriu studied 

of reactions of Grignerd 

germanes [326]: 

6 

the stereochemistry 
Yap"""* 

compounds with chiral (;)-C6H5-~e-G-CR3 

i-c3R7 

Reaction of the following chromium 

derivative with methylmagnesium iodide 
(CO13C 

C02CH3 

leads to the formation of the di-methyl- C0,CH3 

ketone [327] 
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55. 

The 

Reactions with oxygen and peroxides ----------------- ------- -------- 

radical nature of reactions of a meta-cyclophane Grignard rea- 

gent with oxygen or with tert-butyl hydroperoxide as studied by 

Parham and Montgomery has been referred to in Chapter 4B [I45]- 

The same is true for the reaction of several different Grignard 

compounds with tert-butyl peroxide as studied by Kochi, Xugent and 

Bertin% [X46]. 

Chemiluminescence studies by Rolton and Kearns in reactions of 

aryl Grignard reagents with either oxygen [156] or peroxides 11571 

have been discussed in Chapter 4C. 

In Chapter J+C furthermore mention has been made of the mechanistic 

investigations by OJsubo, Saito and Tomiyoshi of the reaction of phe 

nylmagnesium bromide with some peroxides having oxygen- and nitroge. 

atoms adjacent to the peroxide function [154]. 

In a Japanese Patent Kimura, Masuda and Gunjima report reactions 

of aryl Grignard compounds with 

the following peroxide [328]: 
51 

C6H5-C-C-O-t-C4H9 

Ohubo, Kusakabe, Hiwatashi and Kishida studied the reaction of 

magnesium bromide with a mixture of an olefin and benzoyl peroxide 

L-3291: 

2 
Mgb2 f (C6H5-C-0-)2 + olefin - olefindibromide 

Mg-benzoate both in almost quantitative yieid. 

3K. Reactions with nitriles and isonitriles ____________________~~~~~~~~~~~~~~~~~~~ 

+ 

In Chapter 4C mention was made of kinetic investigations by Chas- 
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trette and coworkers of the influence of salts ore the rates-of rc?aC- 

tions of Grignara reagents with benzonitriles [l58]. 

'Reactions of tiethyl- or isobutylmagnesium halides with unsaturated 

dinitriles, leading to reduction as well as to coupling products, 

es studied by Latif and coworkers have already been mentioned in 

Chapter 5C [248]. 

Other dinitriles investigated were: 

; Moisan and Robert [330] 

(in 39, 4-, 5- and &position) 

;'Skala, Kuthan, Dedina 

and Schraml [331]. 

Riobe studied reactions of 

HO-(CH2) 4-CN and 

with large excesses of Grignard reagents [332]- 

Walborsky together with Niznik and Morrison [333] and together with 

Periasamy [334] 'studied reactions of Grignard reagents 

riles not containing a-hydrogens. Reactions proceed by 

to produce metallo aldimines. 

5L. Reactions with or in the presence of metal salts _____________^___________ ____________________-- 

Metal salts may change the reactivity of or&anomagnesium compounds 

in an unexpected manner. More and more publications appear each 

with isonit- 

an a-addition 

year dealing with this subject; in particular copper(I), nickel and 
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cobalt are used for many different types 0: 

Regardirg the reactivity of orgenomegnesium 

reactions. . 

compounds towards unsa- 

turated organic compounds the 

the presence of nickel salts, 

has been mentioned in Chapter 

dimerization of isoprene by R2Mg in 

as studied by Akutagawa and coworkers 

5D [2531. 

Conjugate addition to unsaturated ketones has been investigated 

by _&&rein, Levina, Titov, Khripach, Bubnov and Mikha&lov who used 

CuSr as the catalyst [333], as well as by Alexandre and Rouessac 

who applied Cul together with diisopropyl sulfide in reactions of 

viny&xgnesium bromide with unsaturated ketones [336]. 

Conjugate addition of phenylmagnesium bromide to unsaturated ketals 

in reactions catalyzed by Tic14 were reported by Mukaiyama and Ishi- 

kawa [279]: 

C6H3MgBr 
Tic14 

i- CH3-CH=CH-CH(-OCH3)2 - c6H5-y-CH=CH-0CH3 

cH3 

The use of copper(I) salts in the couplin g reaction of a Grignard 

reagent with acid chlorides was reported by Ford and Dubois: 

0 0 

Cl-&H2)&Cl ( n 
B 51 

= 1, 2, 4, 3, 8) and Cl-C-(CH2)n-C-O-C2H5 

were reacted with tert-butylmagnesium chloride and with isopropyl- 

magnesia iodide [337] (Ford). 

Stericallg hindered R-$-Cl + C2H5MgBr + Cu(1) chloride was stu- 

died by Duboisand ' Boussu [338]_ See also Chapter 4C [166]. 

The reaction of ethylmagnesiuz bromide with a a-bromoanilide in the 

presence of catalytic amounts of a Ni(II) complex leads to unexpec- 

ted products as observed by Mori and Nishimura [339]: 
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CH 
13 

$-N-i-CH2-Br + C2HpgBr + NiC12(P(C6H$3)2 - 

CH 
I3 PB 

CH 
I3 

is-N-GB2-C-C-CH2-N-C6H5 (38%) among other products 

tliikas, Disnar and Normant [43] discussed the formation of reac- 

re organ0 metallics by the reaction of a,a-dichloroesters with 

;anomagnesium compounds in the presence of CuI. 

uquet andschlosser reported the following reaction [340]: 

w+ + R-S03-CGH4-p-CR3 THE’ , -78’ 
* R-R'. 

Li2CuC14 

! same catalyst was applied by Friedman and Shami to accomplish 

tctional multicarbon homologation by the following coupling reac- 

In [3411: 

;X + Br-(CH2),-Br Li2CuC14 7 R-(CH2)n-R n = 3, 4, 5, 6 

or 10 

t&ions of 7-chlorobenzonorbornadiene with phenylmagnesium bromide 

THE', as discussed in Chapter 5E, were also performed in the pres- 

:e of CuBr [256] (Cristol and Maxwell). 

R" 

JCrc-6 pCH2 

'O/ 

C:C-S-CH3 + 

+ ~~g~/l0% CU(I) ; Vermeer, Meyer, De Graaf 

and Schreurs [Z&7] 

RMgBr/Cu0.) __) 
Rt 

c=c 
,S-CH3 

R' 'H 
; Vermeer, De Graaf 

and Meyer [348]* 



CH2&=C + 
'O-CH 

RMgx/Cu(I) __f R-CH2-CEC-H (75~94%); Vermeer an 

3 

Meyer L-3493. 

C6F5-EC-MgHr + Br-t-C4Hg or Cl-Si(CH3)3, catslyzed.by CuI gives 

the coupling products in moderate to good yields, as published by 

Bogoradovskii, Zavgorodnii, _Mingoleva and Petrov l350]. 

Corriu and coworkers published several papers on the stereochemistr: 

of Ni and Ti catalysed reactions of Si- and Ge derivatives: 

Corriu and Meunier reported on the stereospecific reduction of 

alkoxy? chloro- and fluorosilanes, involving the catalytic activa- 

tion of a Grignard reagent by Cp2TiC12 [351]. 

Colomer, Corriu and Meunier studied'the substitution and reduction 

reaction mechanisms of organosilanes by Grignard reagents in the 

presence of nickel complexes [352]. 

The formation of an o_aticaIly active frgermanium'f-Grignard compound 

by the reaction of a chiral germane with benzylmagnesium chloride, 

activated by Ni(II) complexes has been referred to in Chapter 2Biv 

c533- 

Chbe, Doi and Matsuda [S+2] as wel-1 as Ohbe, Tagaki and Matsuda 

[343] studied the mechanisn of the Ni, Co and Fe catalyzed reactions 

of alkylmagnesium halides with ally1 and crotyl halides, 

Alkylation of vinylic iodides by Grignard compounds in the presence 

of Cu(1) salts gives alkenes with retention of configuration as 

published by J.-F, Normant, Comercon, Cahiez and VilliBras [344]: 

R' 

LC 
7 

R' 

R' 'H + 

R"MgX Cu(I1 catal. \ 
,R" 

, c=c 

R' 'H 



In a German Patent Vonlautem and Donzel claim the:coupling of c&lo- 

hexylmagnesium br_omide with vinyl chloride to give excellent yields' 

when catalyzed by Fe(III) or Ni(I1) complexes [345]. 

Colomer and Corriu report the formation of an effective reductor 

for vinyl and aryl bromides by combination of isopropylmagnesium 

bromide and dicyclopentadienyltitanium dichloride [65]. Olefins 

and acetylenes undergo competitive reduction and isomerization 

by this reagent. 

Coupling of Grignard reagents with aromatic halides proceeds in ex- 

cellent yields when NiC12, complexed with diphenylphosphine deriva- 

tives, is used as the catalyst (Kumada and coworkers [127]), 

Dibromostyrene is coupled with allylic organometallics as reported 

by'Klein and Levene [346]: 

/Dr 

C6H5-CH=C\ + 
CH,=CH-CH2-MgCl 

Br 

Cu(I1) / 
ally1 

.A. C6H5+H=C\ 

ally1 

Other unsaturated compounds, treated with Grignard reagents in the 

presence of catalysts were the following: 

CH,=CH,a Copper acetate promotes conjugate addition- 

as observed by Rose and Taylor [245] 

Carr6 and Corriu published another paper on the stereochemistry of 

reactions of Grignard compounds with Ge-H bonds, catalyzed 

complexes [353]. 

Modifaction of the reactivity of Grignard reagents towards diethyl 

oxalate by the addition of cadmium chloride has earlier been mentio- 

ned in Chapter 5B (Karavanov et al C2~~lk 
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%rahashi, Tanba, Yamamura and Moritani report ortho-substitution 

in benzaldehyde by the following reaction [354]: 

Q .l) aniline 

y=o 
2) Pd(OAc)2 ,- ( Qpd '322,.@> QR 

H 
HRC% 

I 
;r 

'SH5 

5M..Organomqnesium comgounds as ~0Qmerization catalysts -----_-- -----_--__ --------- -- ---------------- --- 

Olefin polymerization 

Atitagawa, Moriya and Komatsu in a Japanese Patent claim the trime- 

rization of isoprene under the influence of organomagnesium com- 

pounds and other additives [355]. The product formed is trans, tran! 

trans-1,5,9-trimethyl-1,5,9-cyclododecatriene. 

Butadiene polymerization with the aid of (s-C~H~)~M~ in hydrocarbon 

medium was reported by Kemiensb and Nerkley [356] and by Kamiensky 

and Eastham [357]. 

Hargis and Livigni reported diene-styrene copolymerization with the 

aid of di-n-butylmagnesium [358]. 

The polymerization properties of RNghr/HMPA mixtures in reactions 

with styrene has been discussed in Ch'apter 3d (Tomoi and Kakiuchi 

[IX] and [122]). 

Polyethylene formation and otherwise polyolefin formation has been 

reported many times: 

Creemers who.used di-n-butylmagnesium together with TiCl,+ and orga- 

noaluminum compounds [359]. 

Durand and Wangin who applied n-butylmagnesium chloride together. 

with TiCl, and other additives [360], [361] and [362]; the same 2s 



;rue for publications .by Avaro_ and Mangin [363]. 

latsumura, Kazuo, Ruroda, Matsuzaki and Mitsuyoshi used mixtures 

If R&X and Ti alkoxides for olefin polymerization L-3641. 

lkada, Morinaga and Taguchi ( and in the last reference given to- 

zether with Tsubaki, Iwabuchi and Iida) used RMgX together with 

siloxanes and other additives for olefin‘polymerization [365], [366] 

:367] and [371]. . 

tick, Grant, Butcher and Timms [368] as well as Fletcher and Haward 

[369] used Tic14 as an additive for polymerization of ethylene. 

qatsuura, Kuroda, Kanagawa and Matsuzaki used approximately the 

asme mixture of reagents for ethylene-propylene copolymerization 

[3701. 

Met&rylic esters polymerization was studied by Matsuzaki, Konoi, 

Yamawaki and Rung [372]; ethyl and methyl a-chloroacrylates were 

polymerized.by organomagnesium compounds treated with esters, ket- 

ones and epoxides, as studied by Uryn, Ohaku and MatsuzakL [373]. 

Methacrylonitrile polymerization was reported by Natta, Mazzanti 

and Dall'Asta [374]. 

Trioxane polymerization was reported by Glavchef, Kabaivanov and 

Natov [375]. 

Guillot reported polymerization of alkylene oxides by R2Mg/amino- 

propanediol [376]. 

5N. Miscellaneous -_----_------ 

Addition reactions of allylic zinc compounds to the double bond 

of viriylic magnesium compounds lead to the formation of 

CH.. 
I 2 

CH,&H-CH,-CH,-C-ZnBr 
1 
MgBr 
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which at the boiling p-oint of THF leads to the formation of zinc, 

magnesium bromide and a triene as reported by Frangin and Gaudemar 

c377 I: 

CH 
13 

CH,=CE-C~~-CH~-C=C-C~-C~~-C~=C~~ (51% yield) 

AH 
3 

Pornet and L. Itiginiac reported reactions of different types of 

organomagnesium halides with 

,N(CH312 
guanidines: 

c6H5-N=c\ 
c2211, as well as with 

N(CH3)_, 

carbodiimides: R-N=C=N-R [378-j. 

Work of Ho&n, ITolm arrd Huge-Jensen, dealing with reaztions of orga- 

nomagnesium compounds with alkyl- and sryl cyanates has been dealt 

with in'chapter L;C [59-j, L-1603 and [161-J. 

Bowles and KatzenelLenbogen published the following method for the 

preparation of alkyl. sulfinyltoluidine [379]: .' 

Rngx + N=S=O - CH 
3 

T-S-R 

HO 

Miura, Morimoto and Kinoshita reported 

reactions of alkylmagnesium bromides 

with 1,3,5-triphenylverdazyl [380]: 

‘SH5 

NA N- 

,N> 

‘SH5 “SH5 

Sprangers, Van Swieten and Louw reported the formation of a variety 

of products on reaction of alkylnagnesium halides with carbon mon- 

oxide [381] in HMPA: 



t-C4H9MgX + CO in HMPA 30 atm 1 
t-C,-C-;-t-,,,, 

Similar reactions with primary al&y1 halides gave ketones. 

Semenenko, Bulychev and Bitsoev reported the preparation of mixed 

magnesium, aluminum, lithium hydrides by reaction with magnesium 

chloride ofLiAlH4 etc. [38.?]. 

Jezowska-Tzrebiatomska and Sobota reported on the reactivity of 

the system TiCl4-Mg-THF; 

first on its reactions with carbon dioxide which lead to the for- 

mation of formic acid [383]; 

secondly on its reactions with hydrogen and carbon dioxide [384]. 
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