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1, INTRODUCTIOX 

There is no doubt that, as far as organomagnesium chemistry is con- 

cezned, on of the most important facts in 1975 is the appearance of 

Volume 13/2a in the tIoRBEX-WXL series, l4ethoden der organischen 

I 
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Che2d.e [l]. In this volume, in almost 3~ pages, .i-iiitze~ reviews the 

literature - till the beginning of 1972 - dealing vaith #g-organic 

compounds, besides the literature of .organic coar~ounds ol Be, Ca, 

Sr, Ra, Zn and Cd (in cooperation with other authors), After Xha- 

rasch's book in &g1ish (1954) and Yoffe and %ocheskov's ?:or'I',, Ori- 

qinally in Russian, later on translated in Znglish (1X5), this new 

German wor!~ is an extremely valuable recent coal5lation of the chem- 

istry oL c or,Tanomaznesium co3.noUn_ds. 

A review has been written by Kardell on the orsanometallic Compounds 

of Group II mith some emphasis on Grigard chemistry [2]- 

In the series of Specialists 1 Reports on Organometallic Chemistry, 

Crosse wrote a seven nape review on organomagnesium chemistry in 

1971 [sJ_ 

Akhretl, Levina and Titov wrote a book on Alkylation of Unsaturated 

Carbonyl 6ompounds by Griparc! Reagents [4]. 

In a review on the Chemistry of c-acetylenic ketones, Sol'shedvor- 

s!aya and Vereshchagin discussed, amonq other subjects, the reac- 

tions of these unsaturated ketones with Grignard reagents [s]. 

Bell wrote a three-page, educational, review on the problems, rel- 

ater! to the Constitution of Grignard reagents [5]. 

Maercker wrote a review on RHR-spectroscopic investigations of li- 

thium- and magnesium-organometallic compounds 171; this review in- 

cludes some interesting informations on hQ?R-spectra made during 

reactions of Grignard compolunds, e.g. with the ethereal solvent. 

In a series of review articles on solvent effects in organometallic 

chemistry Petrosyan and Reutov discussed, among other subjects, the 

solvent effects on the reaction of organomagnesium'halides with orga- 

nic halides [S]. 

In a review Rar;er Alexandrov discussed, among other subjects, the 

oxidation reaction of RXlgX and of R$g by means of oxygen [9]_ 

The following dissertations have appeared in the U.S.A.: 

References p_ 265 
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F. z _ Von Reir,: -Addition of Grignard and organolittiiz~ reagents to d 

Byrrols [L3]_ Li-Chunc Chaor Ki_netics and zechanisas of sefhylnagne- 

siutl broairfe ax? dtiethylEa&mesiua addition to be_hzonitrile [Ill- 

" -., 3-h, UL3ert Preparation, characterization and synthetic utility of 

orzanosetallic carbonylsaEnesiu cosgounds [IZ]. G.J. La!-llbert: Grig 

nard reduction reactions. Reduction yield aberrations in the reactil 

of tert-butyl RhenyL ketone with Grignard reagents. Mechanism of be 

zoqhenone reduction with the 2-norbornyl Grignard reagent [IS]. 

A,A. Ponaras: Zeaction of imine derivatives of c,S-epoxy tketones wa 

GrQpard reagents and sodiui3 borohydrides. I-ionoalkylatlon of c,S-urn 

satufated ketones aud synthesis of G-hydroxy!<etones [l4). L.F. Chan 

bonneau: Kinetics and nechaniem of organolithiua and orgaoma,zlresiw 

reagent reaction: with ketones [zs]. '%.F. Sri&son: Ne-* reactions of 

mines with GriSnard reagents, organolithiuro reagents an?i alkali 

netal hydrides [X]. J.V. Kengfr Reaction of Grignard reagents with 

nitronethane to form X,X-dialxylhydroxylaine [17]_ 

2. PREPARA'TIOIS OF OR~AXOMAGXZSIUM COXFOUNDS 

After the report of 2 violent detonation of the reaction Eixture, 01 

tained during the preparation of n-trifluorozethylghenylsagnesius 

broside ir, diethyl ether (Ansual Survey 19'71, page 4) Tt is worth- 

vzhile to notice that I'ovotny, Collins and Star& were successful in 

preparing p-tr%fluoronethylahenylmaSnesim chloride in TRF up to thi 

50 zoles scale. The yield was izproved fron 9% to 75% by use of an 

entrainsent procedure [la]- 

Rieke and Dales report a~ isrprovement of their preparative procedure 

for highly reactive magnesium (Annual SUrVeY 1972, pa& 72): magne- 

siug chloride aas reduced in boiling THF by potassium in the present 

of potassim iodide [19]. -With this reactive magnesiw p-chlorotolu- 

ene yielded 94% of the corresponding Grignard compound *tithin ten ai 



nutes at roamtemperature 

tive magnesium, prepared 

reagent at all under the 

143 

whereas commercial magnesium as %ell as reac- 

as previously reported, yielded no Grignard 

same conditions A. &Furthermore p-fluorotoluene 

and l-chlorobicyclo[2.2.l~heptane also gave organomagnesium compounds 

in fair yields (73%) xith the newly re_oorted reactive magnesium. I 

In three patents the use of sodiumaluminumalkoxyhydride additives to 

ethereal solvents is reported for improved preparations of Grignard 

reagents: 

Vit claizxs the application of IkAlh(O-(.X2-CX2-O-CHj)~ [2;0] as well as 

of h-&1Ei2(-0-(Cli2>,-0-CH~)2 (n = 2 or 4) and of 

KaAlH2[-O-(%2)2 -X(chli)2]2 [Zl]. 

Uehara, Hori and Asyagi, in a Japanese patent, claim the use of com- 

pounds of the same ty?e such as ikkI.Hx(-O-R)4_x [Z]. 

Concerning the effect of magnesium metal purity as me11 as of the me- 

thod of preparation of Grignard reagents on their reactivity the fol- 

lowing two resorts have to be mentioned: 

dshby, h‘eumann, Y!alker , Laemmle and Chao studred reactions of aethyl- 

ma=nesium compounds in diethyl ether with reactants such as (sibsti- 

tuted)benzoghenones and benzonitrile [23]. In those cases in which 

large excesses of benxophenone and benzonitrile were employed, no by- 

products were detected and the rate constants -were found to be inde- 

pendent of the manner in which the GriGard reagent was prepared or 

of the purity of the metal used. However the reaction of methylmagne- 

sium bromide with benzophenone under pseudo-first-order conditions 

(in excess methylmagnesium bromide) gives rate constants which do de- 

pend on the initial ketone concentration whereas furthermore these 

reactions give large amounts of non-addition products; these ef- 

fects are significantly reduced when the. purity of the magnesium used 

for the preparation of the Grignard reagent is increased and were 

essentially eliminated when ultrapure magnesium was used. Similar re- 

sults were observed in the‘reactions with benzonitrile. 
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Ho-use, Welillo and Sa*uter observed that in the reaction of o-methyl, 

~henylmagnesi~um chloride vxith th_e etLhy1 ester of eth_ylenetetracar50~ 

xylic acid in TEZ the reduction rea-L _ rLx~~ was cozqletely suppressed 

when the Grignard co mnound xas nreRared from ultrapure magnesium [2! _ 

i? f 

0-CX3-C ii. Z:i;igCl 

c,yo-c, /c-o-c2xi:5 

o+ -f- c=c WF 
_L_ 

c2i-i5-o--z 
1 \ t 

p-c2e5 2) ii20 

0 0 

+ o- 

Using "ordinary, Grignard-.Tade Kagnesium" 1 cl mas obtained in 26% 

yield together with 2 Cl (43% yield); with ultra cure ma-3esiu.m 2 0 cl 

was exclusively obtained (72% yielci), 

Reaction of j-dimethylamino-l-c hloropropane vith magnesium is consi- 

derably facilitated by the use of pure magnesium as was found by 

Sadet and Rumpf [24A]. EkpecFally magnesium with less than 10 -6 ir,i_ 

._Durities, prepared by zone-refining, was effective; the Grignard 

reagent obtained with this metal gave high yields on ketones on 

reaction with benzonitrile, 

2A. Discussion of reactions of oreanic halides with mqnesium --_--_---_ -- _-------- _- --P---- --_---- ,=__ __ ______ 

As already briefly mentioned previously (dnnual Survey 1972, p-e 73 

Eqiewitz, Sfo!s5erg ad- B%ckeZhauRt studied the Grign&d reaction tit 

the aid of CIDNP [25]- Polarization was observed in the Grignard rea 

gent as well as in byproducts (hydrocarbons and olefins) and, in the 

reaction of 2-iodogropane-in dibutyl ether, also in the starting ha- 
--. 

_~ ‘. -. . . 



l - side-products 

GQX 

+ 
side-products 

lia‘e. * . N reaction scneme x as nrorosed in nhich the first steR is the 

single electron transfer steg from the metal to the carbon-halogen 

bond under the formation of a radical-anion, which rapidly decomposes 

to form_ a radica1.R' and a halide anion, ivhich reacts with -magnesium 

attached to the surface (FIgi *) to form surface-bound nonovalent sag- 

nesium halide- In a rapid reaction this magnesium subhalide reacts 

with R' to form the Grignarti reagent. Although this-direct radical 

combination is regarded to be the main pattiJay to Grignard formation 

CIDNF phenomena indicate that F?&IgX formation also occtis via the ra- 

dical pair R' OR, formed from organic radicals which have diffused 

away from the site of formation. Escape reactions of R' out of the 

radical Fair are held responsible for 

in side-products. 

the occurrence of polarization 

Eased on the analysis of the products from the reaction of l-halo-l- 

methyl-2,2-diphenylcycloprogane (R-X) with magnesium in perdoutera- 

ted diethyl'ether and tetrahydrofuran solvents, ?klborsky and Aronoff 

obtained further evidence for the radical nature of the Griaard for< 
-. 

mation reaction [26]. The radical intermediates largely disproportio- 
: 

_.. (:..-..-.~. 
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nate on the surface of the metal and not in the solution. In per2eu. 

teratec? diethyf ether 20.2% hydrocarbon ~was isolated wSch contained 

not aore than 5.7% R-D, indicating the "cannibal-nature" of the rad- 

ical R' which removes hydrogen fron other R-entities rather than frcm 

the- solvent _ Although in perceuterated TEE' the yLeld of hycirccarbons 

ivas zmch less (l-z35 and lJ.&) the mount of R-D was relatively higher 

29-25 and 28.1%;. tlith optically active halides the stereochemical re- 

sults zere consistent with a surface-radical mechanism. it is note- 

worthy to read that *'neither the particle size nor the =)urity of the 

magnesium have-any effect on the stereocheaistry of the reaction", 

The reaction of the following bromides with magnesium leads , 

CE -C?-C --C-Sr or 
2-- ; 

diethyl ether or 

I P -* 
C82-Br •t Wg 

v-i. 
ca CB > tetrahydrofuran 

5 3 CB.. 
3 

disproportionation products derived 

from the osen chain radical 

according to Xaercker, Giithlefn and Sittmayr, exclusively to the for 

mation of disroportionation poducts in both diethyl ether and te- 

trabydrofuran [273. For each of the bromides these products vlere de- 

rived from the open chain radical, foraed on reaction with magnesium 

which evidently is more stable than the cyclo,cro~ylcarbinyl radical. 

From the corresponding chlorides the Pyrignard compounds could be pre 

pared under normal reaction conditions! 

In order 

cBer and 

products 

ponsible 

to stw2.y rearrangements in cyclic Grignerd compounds Naer- 

Geussobserved the formation of considerable amounts of side 

during the Grignard reaction [28]; radicals &e held res- 

for these Droducts as indicated in the schemes below, 



75% as the 

highest yield 

products as given above 

MgBr 

disproportionation 
products 

E-A, Hill and Shih observed the formation of biplienyls in the follow- 

ing Grignard reactions c.81: 

. ‘._. 
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1 •t XT J -/ Ar-Ar among other products 

yields j - 23% 

fz = pheayl, g3-tolyl or m-trifluorooethylphenyl 

It is of interest to report so5e of the results given in the (Tine- 

print) exFerinenta1 section: for Ar is -,henyl, Ar-Ar yields -were 

small (f-k%) b-ut in -mixed runs, involving a 4-chlorocyclo- 

hexenyl derivative with Jr = m-trilrluoro~ethylghenyl, &r-k yields 

xere particularly hish (15-209 althou& m-trifluorometbylbiphenyl 

never was obtained Tn yields higher than 3% 

fostein, Delmond and Pozzier interpreted the results, obtained in the 

reaction of 2-bromoalkoxysilanes with magnesium in diethyl ether, 

with .Yalborskyls type of radicals [jO]_ The relatively "tight" radi- 

cal Fair is held responsible for the formation of coupling 3rociucts 

R-R as well as of disproportionation products R(3) ark 3(-h), where- 

as the "loose" radical pair leads to the formation oT elimination 

prodtucts. In both a coupling and an elimination product from the 

the following bromides 

the authors observed polarization in the underlined protons. 

Trans- as well as cis-kphenyl-l-bromocyclohexane react with magne- 

sium to give a Gri,gnard reagent which on darbonation and esterifica- 

tioa of the resultant acid mixture Gives 99.8% and 98.2% methyl 

trans-&-phenylcyclohexan&te (Novis Smith) [Sl]: 



The correspooding reaction with mercury(I1) bromide gave 88% of the 

trans isoaer, but accordicg to the author "there are a nmber of pos- 

sible intermediates for!qed during reaction that can explain this 

slightly lovzer ';reference for equatorial bonding". 

Although, in general, the presence of i3puritFek in magnesium redu- 

ces the yield of GrFgnard reagent, obtained in the reaction of ah 

alkyl halide with the aetal, Allen, Lawler and i'iard found that exclu- 

sion of oxggez ;ray be zore iaortant for minizizir-,r the coupling 

reaction between R-X and RXgX than it IS for Rreventing oxidation- of 

the Grign-ord reagent [32]. Reduced heavy metals, the most comzon in:- 

purities in rzagnesiuz, are ineffective in catalyzing this coupling 

reaction. Since in prticular the addition of halogens decreases the 

yield of i?QX, the Rresent investigations suggest that the addition 

of iodine, as an initiator for the Grignard reaction, nay actually 

decrease fhe overall yield if low purity rnagnesiun is employed. 

The following repOrtS on (partially) unsuccessful Grignard reactions 

have been published: 

l-halo- or 3-halooctadienes are reported to give increasing amounts 

of cyclic cocpouncis on reaction with magnesium in TIFF (Fukutani, 

Tokizavra and Okada) [33]: 

Cl i- Mg L + other 
or 2) Hz0 

products 

WC1 
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in one case a yield-of 53% of vinylcyclopentane (after hydrolysis) 

is reported, 

SaLiaZ reports the foraation of hydrocarbons fro2 the reaction of 

exe-S-broaotricyclo[j.2,1,32'73-3-octene with zzagnesim (341: 

Zakhar_kirr, Babich, Litovcheno and Ivaaova observed the fornation of 

dtiers (the linear dtier XaS precioninantly formed) in the reactioi 

of lfriethyl-o-carboranyl)-j-bromopropene with ragnesius i353 : 

--“\ A-_ 
- C-CH=CH-CH2Br -I- :-3% 

Blo"lo 

disers 

According to Delmond, Pomier and Valade, 3-halo&koxytrihutyltin 

corzl~3unds react wit'n xagnesiuz to form non-isolated Grignard corn-- 

Rounds which rearrange (probably inkmolecularly) to yield 3-hydra. 

xyalkyltributyltin derivatives in fair to good yields [36]: 

F’ R' 

<C,+ii9>3Sn-O-~H-~-CH2Br + Kg v (C4H9)5Sn-6-~H-kCH2Z?,cBr 

R R" 

1 

R &I I 

R'F KO 
(C4Hg)$n-CH2-C-f-03 _Z 

T' I-I 

~C4~g)~Sh-C~2-~~-~-O-~f~Br 

R" R 
. 

R" 9 z 



%uudy, Lapoert and Pearce found sicieFroducts as dndkated below in 

the reaction mixture of chloroc?%rrethylsilytiethane and aagnesim [3?] 

The saze tgge of ar-omalous Froducts vere observed by BuyaiiOv, Gar 

and Mironov as the results of reactions of the following Si and Sn 

containing orzanLc halides with magnesium in diethyl ether [-ia]: 

The action of nagrtesim on the ketals af Z-oxo-l,j-dibromoallanes in 

Tg2 leads both to cyclo~ro~a?es and allenes, as Bas found by Giusti 

and Norales [39]; steric factors influence the ratio of the two sro- 

ducts. Open ketals yield zore allene-derivatives than cyclic ketals: 

CK,-0 
\ 

I 
CH2- 0 T mg, 

Br 

FLeferencM p_- 265 
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CH -0 
M~THF _ 1 2 

CH2- 0 



The reaction 

sium yielded 

of the follo:vin,r blcyc-, lit dfbroso comgound with magne, 

no Grignard reagent but only dixerization products 

(Xehta) CkO]: 

minor product major product 

&ltho-u5h the allenic as sell as the conjugated dienyXc ‘c_rO=lO Co!% 

pound, indicated in the equation belox, yield both types of Gricna! ---- 

reagents on reaction with magnesium, no equilibrium between these 

two reagents seems to exist accordizq to Kichel an5 Troyazoxsky am 

contrary to what has heen regzorted erroneously earlier by this sur. 

veys author (Annual S*urvey 1971, p- 15) [41]: 

co eqtilibriuz bet-ween these two 

Grignard reagents 

Duhamel, Duhamel and Valnot suggest ‘both a!~ ionic and/or a radical 

mechanism for the interpretation of the results observed in the fo2 

loiwin~ reaction [42]: 

9k Ti 3-c-c’ Mg in diethyl 
l 

ii/ 
\ 
x-t-c4E$ ether 

C2A 

5oc2H5 + c235)--J_H5 
I I 

t-C&H9 t-C4Hg 

1:l 



2s. Prexzration of orsar-omasnesium comx!ounds ___L_______ -- --L-----*-----^ ---c---_- 

2Si, Xafide substituted organoz_agnesiun c~$punds ___-____--_-- ---- -- 

As has alheady beea r*entioned iF- the previous cha?ter c-trifluorome- 

thylehenylmagnesiux chloride %as prepared in TW on a 5ill moles scale 

CW- 

'Ithe fOiloV;in~ two tri2luarosethyl-substituteZ ghenykmgiesduzz hali- 

des were reported: 

Other halo-substituted 2henylma,gesX??T halides reported in 1573 were 

rer’, [k;SJ ref, [46] 

Seyferth and Laqbert 3r, used the follovrinz diiodo-Grignard reagents 

for the synthesis of halo&enated organotin compounds [+7}: 

I ca I 
Fr-~-r<gcl 

I3 1 
and CR. -Sn -C-~%Cl 

; 
5 I 

caj ; ‘- 

The same authors observed the formation of t?io isomeric Grignard rea- 

gents by reaction of a -em-dibromocyclopropane derxvative with isopro- 

pylmaaesxum chloade t aI . -lOa in TXF [r;8]: 

JZeferenas p- 265 : .._ 
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i-C_!? &Cl 

~ ?‘__ 

THF - 108” 
a 

Lansbury and Stevzart prepared the dihalo-unsaturated Grignard 

pound [49-J- 

Snploying the low-temperature (-7C") metal-halogen exchange reactia 

of Pierce, Meiners and lSicDee (1953) as an approach to the preparatil 

of n-heptafluoropropylmagnesium bromide, Densoo, C.F. Smith and 

TamborSii synthesized perfluoroaliphatic msno- and di-Grignarci rea- 

gents from 

CliF71, C8F171, I(-CF2-)31, I(-CF_,-)81, CjF7Br, Er(-CF2-)6Er and 

F2C=CF2 

in excellent yields (gO-lJG%) [50], The choice of the Grignard ex- 

change reagent (either phenylmagnesium bromide or ethylmagnesium 

bromide) should be based not only on the perfluoroalhyl halide to b 

reacted, but also sn the solvent system employed as vrell as on the 

ease of isolating the final perfluorinated product from the exchang 

product. 

ZBii, Afkoxy substituted_org~oma=~e+.un comEounds -_______ _a_ __ 

Ethoxymethylmagnesium chloride 

C2H5-o-c~2-r~rgc1 

was used by Vartanyan, Avetsyan, Noravyan and Mkrtchyan for the syn- 

thesis of 4-hydroxy-4-alkoxymethyl-substituted pyrans [51], whereas: 

De B&ton used the same reagent, either in a Darbier-type (in situ) 



i&‘_:; :: 

synthesis or in a Grignard-type synthesis, for the preparation of -1. 

aldehydes [52]_ 

LDozen and Godefroi t?lade use of the ketal-Grlgnard reagent 

for reactions with heterocyclic aldehydes 153-J. 

For the synthesis of triarylphosphines with more than one carbonyl- 

function, Schiemenz ad Kaack r?ade use of the following aromatic 

Gri,piard reagents [Sr;]: 

For different synthetic -,urgoses use was made of 

CH2-0-THP 

&Mg -a \ 
and 0 

ref. [553 
TBF = tetrahydrogyrauyl 

A remarkable number of alkoxy-substituted acetylenzc'and vinylic or- 

ganonagnesium halides, of zvhich only the foraulas will be given here 

have been used: 

C2H5-0, 

C,H5-0-WC-K&r , 
/ 
CH-C=C-t-I=& 

C2H5-0 

ref- [55] ref- 1571 

References p_ 266 

cgH5 

, CH3-0-$-C"C-Ngbr 

‘6”5 

ref, [58] 



2 

R = alkyl; 2-R = cycfoalkyl 

ref, [597 

ref. [6X] 

ref. [So] 

ref. [62] 

ref. [653 

23iil. ~rpn~zaznesiuz cozipounds containin e unsaturated C-C bonds -- ---- --~---------------- 

In a Japanese patent KonlshZ., Zirata, Takayanagi, Xo-ri, Ka33ada and 

Toyoshipa clain that a roixture of X,2-dinetI5oxyethane and HKFA is 

superior to TiiF as a solvent for the preparation of virzylclagnesiur 

chloride [66]. Yields as high as 95% of the unsatlurated Grignard cod 

oound hay be obtained in the solvent tixture! 

Glaze and Xcl?aniel Frepared bis(neopentylallyl)zaghesiur? by a tech- 

nique which u;ill be discussed in chapter 2C [67]: 

In the saze chapter Thoreau and Gaudemar's novel synthesis of &ynyl 

Grignard reagents will be discussed [687: these French authors pre- 

pered tbe following conpounds: 



Kuzhetsov, Kuznenok, Selens and Svishchuk used unsaturated 3rignard': 

reagents for the synthesis of intermediates i^or the prepration oI”: 

&sect juvenile hormones [69]: 

For the synthesis of unsaturated silanes Florensova, Volkova, Karo- 

shin and Kryazhev zade use of t-.40 acetylenic Grignacd reagents [73] 

The anoaalous reactions of l-halo- and j-halooctadienes with mape- 

siuq (foraation of cyclic Grignard reagents) have been mentioned in 

Chapter 2A [~5]. 

In the saxe chapter the formation of an allenic Grignard co?c~ound, 

together with a dienylic one, during the reaction of either the alle- 

nit halide or the dienylic halide with magnesia% was mentioned [i;l]. 

Five reports have appeared on the synthetic utility of bronomagnesio- 

allroxy-substituted acetylenic Gripard reagents: 

CW 
5 

CH_ 
3 

ref, [71] and [72] 



ref. [74] and [75] 

In a Japanese patent mention is made of N-heterocyclic substituted 

acetylenic Grignard cornFounds [76]: 

Corriu and _Mass& synthesized silicon containing aflylmapesiun brom 

des suck as 1773 

A bifunctional sillcon containing acetylenic Grignard cornFound vas 

reported by Gverdtsitefi, XeZua and Doksog~lo [78]: 

ca. 
I' 

Br&-CXL~-CZ-~&$k 

CH.. 
I 

Vodolazskaya and Baukov used a carbethoxy-functional acetylenic Wig. 

nard reagent for the synthesis of silicon derivatives [79]; 

Erickson obtained the stable (no cyclization occured) chloroacetyle- 

tic Grignard reagent [SOT: 



159 
BrMS-CH2-(X2-C" -C=C-Cl 

2 

A great number of alkoxy-substituted unsaturated organomagnesium Con- 

pounds have been mentioned in ChaRter 23ii (references [561 through 

L-6511. 

2Biv. Some other organomagnesium compounds --__-- _------- -_ 

Bell and Scott synthesized 

for reactions with 25-oxo-27-norcholecalciferol acetate [8~.3. 

Zavita, Yasumura and Tsuruta prepared complexes of organomagnesium 

compounds by reaction of R2M0 = with 2-alkoxy-l-ethanol [82-J; the com- 

glex, obtained from di-n-butylmagnesium and 2-methoxy-l-ethanol e.g. 

had the follov~in~ composition 

n-C4Ho-i@-O-CH2-CX2-O-CH~.M~(-O-CH2-CX2-O-CH~)2 
/ 

and -aas highly reactive in styrene polymerization. In such systems 

Fon pairs are produced, separated by the coordinating agent. 

Several Gri.gnard reagents containing ester or ketone functions (in 

such "Crignard reagents" enolate structures predominate) have been 

used for synthetic or theoretical studies: 

The Ivanov reagent, C6H5CB(t-IgBr)C02QBr, 

Fetrov ard Goleashirrs!& [8S]- 

F.Y. Johnson and Davis prepared the same 

"Grignard reagent I1 from aliphatic esters 

CH, 

was used by Ivanov, Kirilov, 

sort of ester-functional 

[841: 

CH_ 
I 3 I z 

CH>-y-C02C2"5 Mg.fdiethyl 

ether 0' 
) Czi3-~-C02C2"5 

9r Mg* 
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r%oa the labozato_ry of >&ie Karoni-Eazrraud stereochemical 53.5fstiga 

tions have been -* rdblished for which orga3onagnesiuzt deriqatives of 

esters and ketones acre aaqlied such as: -2 

r 
i 

t-C4H9-04Ah -;1 +_x 

_i 

ref, [SS], iS71, [8Pl 

ref- [it!?] 

ref, ia51 ref. [36] 

t-c_ 9: 

[ 
49 

-O-C;;-ca-cii 
I 1 MgX 

2 q-y 
( i-C3H7) 

C&7? 2 

[P,91 

1 

Treatment of the diethyl ester of car5ethoxyzethaneghosghosshonic acid 

xNith isopropykna?pesium bromide or with n-pro?ylmagnesiua chloride 

resulted in the iormation of the correspondins ;r,a.pesim derivativt 

as rel;?orted by Kirilov a.tzd Fetrov,[93]: 

c2H5-o\ r" 

/ 
P-CH(KgX)-C02C2H5 

C,H5-0 

The preparation of a carbethoxy-functional acetylenic Grigrard com- 

sound has been reported in Chapter 2BFii L-793. Furthemore, in the 

same chapter mention was made or' bromomagnesioalkoxide-substituted 

Griguard reagents ([71], [721, [731, [74] and [751) as well as of 



amino-functional zcetylenic Srignarcl recqents (C74] and [76-j)_ _ '::_~. 

Apart S’rOZl the sillcon-substituted Grignard reagents, reported in. < .:- 

previous chaRters (in Chagter 2A, [37]; in Chapter 2Eii_, [77] ami : '. 

[78-j) the followlag reagents have to be mentioned: 

An exitlns report is the one by Schumann end R%ich, who claim to have 

reacted trisethylsilyl chloride (0.5 mole) :vith magnesium (El.5 

in the presence of ViR8PA (I mole) to form the silicon-magnesium 

gouna [91]: 

gat) 

c om- 

The reaction mixture eras heated for two.hours at 75O before it was 

further reacted with phosphorus derxvatives (see Chapter 51). It has 

not been made clear why this siliconmagnesium compound, the first 

ever Rrepared, is SO stable under the reaction conditions mentioned 

above, 

Other interesting silicon containin g Grignard compounds are 

ref. C923 ref. [95] 

Jarvie and Rowley synthesized and reacted the following silicon-Grig- 

nards [943: 

CH 
I 3 

CH- 
I= 

E-Si-CR -N@r 2 

References pm 265 
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CH3-Ti-CH2-KgBr 

H 



Seyfe_rth and LaTbert Jr. C&7] as veil as Delz~~nci, Pomier ad Valada 

[>6] synthesized and reacted the fol_lo'Mng tin-containi= Grignard 

conqounds: 

CE13-Sn-G-_bfgCl and 

c; i 

(n-CkHJ3Sn-H&k 
/ 

3 

ref. [;C73 ref. [36] 

Kazantsev and A.ksartov n;ade use of o-carboranylmagnesiwn bromide 

(o-R-C(s,o"~~)C-~~~Er) in synthesis [9_5]. 

Aside fro- the trirzlethylsilyl-Gripard cozqound centToned above, 

.S&UW.IX~ and T25sch also _c;re!ared the gemanius and tin homologues 

(C33)3Ge-H&I and (CX3)3Sn-&Cl [91]. 

I+ an A5erican patent, iyillians and Cook claix the -Jreparatiol? of 

the followRing lrlead-Grigna-d cozqound" [96): (C2?15>3Fb-MgCl 

Cont&ming their work in oxazine-chemistry, Meyers and co-workers 

(see also Annual Surveys 1969 and 1970) investigated the reactivity 

of ttre a-substituted 4,4-dtiethyl-dihydro-1,3-oxazine [97]: 



. 
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Schroeter , fa z Gtirman patent, cleizs the sreg aratio= of N-xethyl?,l- 

3eridyl-4-nagesiun chloride [98]: 

Kaiser, Eeard and ikxer [99] as xell as Koshar and Xitsch [100].pre- 

pared sulfozyl-s-ubstituted Gricnzrd reagents: 

CH 
65 

-SO2-CU&C1) -C6E5 i3~-so,-cE(~~,gx) -R 

2c. V AS?!! $!f U"CE!E" r!Sac~&~El _-'--ti -- -2, le-dinz to the formation of oprezo- _____-___ __ _:s-2-e 

xazczesxuz co.T-ounds 
--I_--_-- ---P----- 

Norcau and Gaudenar prepared acetyieni-c GrFgcerd COI~OUTLC z3 -- froz _nro- 

?arsylic bromides by the following sequence of reactions [6SJz 

As the startinE bromides CX3-CX(Zr>-C-G-H md n-C-3 3 7-Ca(&+-CEC-H 

were ag@ied. 

Glaze and McDaniel prepared bis(neo~entylallylf~agrxesTum by the reac- 

tion of anhydrous nagnesiuu chloride ivith neopentylallyllFthiu;3 [67]. 

Bis(neo~entylallyl)na~nesium is the first hydrocarbon soluble allylic 

magnesiwn covqound and several contrasts in its Droperties in hydro- 

carbon and ethereal solvents sre denonstrated by the authors. 

Kasienski [lOl] and Karniensti together with Eastham [102], in lineri- 

can patents, claim the preparation o f dialkyimegnesius as well as of 

nixed alkylarylmaguesium coapounds by reactions, similar to those 

References p_ 265 : -. :.: 



mentioned above: activated aa.pesiun chloride reactior! with orgaoc 

.zetallic cozqounds. The lithiurr chloride foraed in these processes 

caz be recycled by reaction ;vith sodiua an-d c-butyl or n-aayl chic 

ride. 

Several reactions of .Tagnesim with unsaturated hydrocarbon.S, lead 

to the formation of OrEanozaCnesiuz co!zpounds, have been resorted, 

rminly in the patent literature: 

In Tao Gerroan patents Bazzsden claizs the synthesis of lavendulol b 

the reaction of isopreoeaa,qesiuz XLth +chloro-2-methyl-2-butene, 

followed by air oxidation [lOj] and [l&l: 

In a U.S. patent Ramden reports the Freparation and reactions of 

zmgnesiuz+olefin compounds [105]. Reactions with aldehydes, oxiran 

or oxidizing agents yield alcohols and diols; diketones are formed 

on reaction ~75th nitrlles, diacids on reaction nith carbon dioxide. 

Linalool and geraniol u:ere prepared by reaction of zagnesiun smith 

zyrcene, either io the presence of tUr%:Sten, zinc or cogper salts, 

followed by oxidation of the internediates with oxygen [KG], or 7.6 

cyclopentadiene-type cowounds in the presence or" a Lewis acid such 

as boron trifluoride etherate follov1ed by oxidation [X37]. 

The reaction of conjugated dienes Mth nagnesim in the presence of 

trialkylaluninur? conpounds leads to the fornation of nixed magnesiu! 

aluminwa co!nplexes of the following type, 2s studied by Lebz&uhl, 

Culjkovic and Nehl [X)8]: 

+ Ms&H~+U],.~THF 
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Several other dienes and organoaluminum cornFounds have been used 

by the authors. 

Ea,rllesluzi fZlzz.s cause -Lbe reductFon (selfhydro.+aation) or" alkynes 

aud l,Z-alkacienes by an interactFon between the absorbed nolecules 

and a hgdrocazbo_n_ residue, strongly held on the surface (U. Gault) 

[I_39]. The author could not find any evidence for the intermediacy 

of species to diene-x'agnesiun compounds as mentioned above. The 

hydrocarbon residue on the surface probably is a polper, 

as already resorted in Chapter 2Bi, Seyferth and Lambert Jr. pre3a- 

red a-brocmorganoaagnesiux compounds by reaction of Lso~rol;JylnagIe- 

sium chloride with a gem-dibronide in ELF at -108O [48]. 

iiennedy, Kuivfla, Tien and Considine prepared bromo norbornene-7- 

rr,a,Tesium by the peculiar reactron of nagnesius broznide with the 

corresponding brosocorbornene and sodiun-nanhthalene [1X3]: 

Xa-naphthalene + MgBrz + 

L-6-A 

Addition of trimethylstmyl chloride yielded only 976 of the norbor- 

nenyltin-compound; in a modi~ %cation of this procedure, in which the 

formation of the Grignard reagent was by-passed, the trimethyitin ha- 

lide was added to the reaction mixture instead of magne&iwn bromide 

which ires-ulted ir- the formation of the norborneny1tin derivati-ue 

in 31% yield. "This may indicate, that trimethyltinchloride is a bet- 

ter trap for the anion than is magnesium bromide" the authors state. 

On measuring the ph of dtiethoxyethane solutions of magnesium salts 

wL.th the aid of a hydrogen-electrode, Caillet and Bauer observed the 

formation of organomagnesium compounds by the following reactions 

[111-J: 

-_ _ : 
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light of SC~LEIZE~ and Rkch' report on the preparation of trimethyl-. 

silylmagnesium chlorFde in HEPA as rzeationed 3-k Chapter 2ETv Cpll- 

In one of their publications the French authors report that; for 

the interpretation of their results, they _Taintain the model in vlhich 

the radical-anion develops to a silylated radical, ;vhich makes the 

mechanism analogous to one in which a silylated organoma~nesium COm- 

?ound :yith radical behavior is proposed [11&l. 

Together :vith Solourtchian, Z&ran and Cuffaut, Dunoguhs and Calas in- 

vestigated the reaction of the (C~3)~SiCl/!-~~/~XiGA couple with unsa- 

turated conjugated ketones :vhich leads to the forzatioc of ~roducte, 

resulting from l,$-disilylation as xell as fro= reductive duplica- 

tion [ilk). 

Together with Arreguy, Siran and Pisciotti, CunoguSs and Calas stu- 

died the reaction of (CI!.)..SiCl/Mg/:SMFA :vith conjugated Foly-enes 
23 

[1153_ l,ii -addition of trimethylsilyl groups is observed. Shen dl:r,e- 

thyldichlorosilane is used instead of triaethylchlorosilane in reac- 

tion with butadiene silacyclogentane is formed: 

Finally, together with Jousseaune and ?ilot, Dunoguk and Calas stu- 

died the reaction of the silylab., Lion couple -with chlorinated compounds 

such as chloral, hexachloroacetone and l,l-dimethyl-2,2,2-trichloro- 

l-ethanol [116]. The products obtained, indicate the reductive gro- 

perties 0-f M@XFA toxards carbon-chlorine bonds. 

Eiir:kofer and Friistel report the formation.of silacyclopentenes by the 

rather mild reaction of magnesium with dichlorosilanes EUI~ 1,3,,5-he- 

xatriene in the presence of Cu(I) chloride in refluxing THF [117]: 

Ff.eferences p. 265 
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e 
I 
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The autA?ors suggest that a radical-an?on zechanis~ Is resporsible 

Ior the sflylztion or' the triene iz the X,4-position. 

De 3otton reports the synthes+s of aldehydes Sy zezns 0Z reactions 

of terpeu2-ketones vFth Grlgiard coz~ounds, derived froa ch_ioror;;.e- 

thoxyetbazze [52]; ?or this purpose the reactfons can be 2erfomed 

either in a Mbier-type fashion (in situ) or iu the %Or.asl" 

Gri.znard procedure, Kc &fferences in yields xere o-aserved between 

the t-t~O .Tetlmds except for the unsaturate6 terzeze iketozes such as 

pulepne, isopulegone or carvone, vihere the Earbier techniqus yield 

lie&S of the desired ,JrodUct. 

~atzenellenbogen aud Lemx, finally, reported the synthesis of ally: 

carbinols by spveral methods, among which the "ip_ situ" GrFgnxd 

technique [118]_ Y!ith cyclohexanone and cyclo;entauone, fen&one am 

di-tert-butyl ketone the yields were good to excellent. The sa;?le gr: 

cedure was unsatisfactory for dfisogro_3yl ketone, 

2E, Eiscellaneous ------------- 

iilqer, Skarstad, Burlitch aud Hugbee report the gre+ration of the 

folloting pyridine coixgler of a sagnesluz-30lybdenu~-cyclo~entafii2- 

The reduction of hydrocarbon solutions of di-n-butylaagnesium, di- 

set-butylraaguesiu and di-tert-butylmagnesiun by alkali metals has 

been described by Easthazz 2nd ?-fdgaes cl20]; in general coapounds 



potassiua also rubidium and 

hydrocarbon solable. 

-'169-._ 

obtained. Eesides lithium, sodi*&- and 

caesiup were applied. The products ivere 

Tplik and ~~olochw~.5cz obtained a conplex of ne_;nesiun with titanium 

(III) chloride in TIfF which shoaed hi,5hly reductive properties [121]; 

;'rith ketones di3erizatZon prod*lcts *rrere 0btaineC.t 

In .cer,eral the yields of such products 7;ere excellent; i:'ith benzo_ohe- 

3oEe O%, .flith benzaldehyde .%%, v!ith acetone 05x. With cyclohexanone 

the Binacol teas obtair?ed. 

Thiessen, Desseyn and Alderiveireldt obtained aridine conrslexes of 

.?lagnesium bro:Eide on addition of ipalkoxy-substituted Ryridines to 

solutions of ethyl- or ghenylmagoesim bro:ride [f22]: 

2F. Analysis of orFano3asnesiwr conaounds -_-_ --_ -_ ,-~,--I-~-----~ __-L,--___ 

Karavanov and La?Irin developed a technique for the determination of 

halosagnesiu;z alkoxyde in a mixture o-t it with organonagnesiua halide 

as it is obtained on air-oxidation of Grignard solutioxzs [Us]: hydra- 

lysis of an aliquot followed by acid titration yields the amount 

Of "basicl'-~agnesiu~. Extraction of the hydrolysed portion with ben- 

zene and determination of R-OH (from R-0-MgX) by the modified active 

hydrogen nethod of Terent'ev, finally yields the analytical data re- 

quired. 
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3- PHYSICAL PROPERTIES, STRUCTURE AND MOLECULAR ASSOCIATION OF 

O~ANOMAGNESIUM COMPOUNDS 

3A, NMR studies of organomagnesium compounds. --- --VW--- _- __ _-___ _-_--- --- ----- 

As already mentioned in Chapter 1 a review on NMR-studies by Maerck 

has appeared [7]. The paper-is chiefly concerned with the methods f 

routine transference of air and moisture sensitive compounds into N 

tubes as well as with the preparation of organometallic.compounds u 

der inert atmosphere directly in the sample tube. 

In two separate reports Haercker and coworkers studied the NMR-spec 

tra of the following Grignard compounds in equilibria 

CH CH 
13 I 3 

CHz=CH-C-C--Cl B 
I 

Ck3 CH3 

CH2-MgCl ref. f27J 

and in reference [ZS]: 

MgBr 

x 
CL -- MgBr 

d 
CHz-MgBr 

d 
CHD-MgEir 

/ 

Hill and Shih studied the same sort of equilibrium with the aid of 

NMFt-spectroscopy in sealed tubes; solvent THF, temperature 122O [29 



AI- MgCl CH2-MgCl -. 

Ar = phenyl, p-tolyl and m-trifluoromethylphenyl 

Glaze and McDaniel reported NMR-spectroscopic studies of bistneopen- 

tylallyl)magnesium in THE'-dg and diethyl ether d10 1673. The results 

are most conveniently interpreted in terms of a dynamic allyl-system: 

neo-C5H11 H 
\ / 
c=c e 

H' 'CH 
/2 

Mg 

H 

‘C&' 

H 

/\ 
CH neo-CgH1l / 2 

Mg 
\ 

At high temperatures, rapid equilibria exist between the trans and 

cis primary forms and the secondary form which is present only in low 

concentrations, At lower temperatures, these equilibria are slowed 

and individual resonances of the trans and cis-isomers are observed. 

It is interesting to note that the isomers.are present in nearly 

equal amounts. No conclusions coul.d be drawn from the NMR-spectra of 

bis(neopentylallyl)magnesium in n-pentane and in benzene-d6 since no 

fine structure in the olefin region could be interpreted. 

In an analogous study, Hutchinson, Neck, Benkeser end Grutzner deter- 

mined the structure of substituted allylmagnesium chlorides with the 

aid of NMR-spectroscopy [124]: 

R-CH&H-CH2MgCl with R = H, CH 
3' C& iso-C31Li, and tert-CqH9 

cH3 
\ 

/ 
C=CH-CH2-MgCl 

cH3 

Ref-p-255 

and 
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In case the ally1 Grignard compound is asymmetric the chemical shif 

are characteristic for a structure with a primary magnesium atom. 7 

there is any of a compound with secondary magnesium present in the 

solution, it must be in rapid equilibrium with the p~L~~ary compound 

Furthermore a rapid equilibrium between the cis and trans stereoiso 

mers about the double bond is observed; the magnitude of the coup15 

constants provides a measure of the equilibrium population of the i: 

mers, This equilibrium population could also be obtained by quenchi! 

with acids and the results, obtained by both methods, compare *Nell 

with each other. For Y-substituted allylmagnesium chlorides the 

cis/trans ratios were: 

R = methyl ethyl iso-propyl tert-butyl 

cis 60 45 33 3 

trans 40 55 7;3 9i 

At loo temperatures the Schlenk equilibrium vxas detected and furthe 

more, the behavior of the diallylmagnesium compound wzs found to b 

stiilar with the corresponding allylmagnesium chlorides. 

Ducom and Brodzky observed changes in the i%R-spectra of solvent mo 

cules, complexed with diethylmagnesium [12>]. By measuring the than 

ges of the chemical. shifts of protons both in the basic solvents an 

in diethylmagnesium in different solvents, the authors observed rep 

cement of solvents in the complexes vzith diethylmagnesium on additi 

of competing bases. Such than,, "as in chemical shifts allowed the det 

mination of an order of relative basicities of basic solvents versu 

diethylmagnesium which showed the following order: 

tetrahydrothiophene<isoprOPyl ether, tri(dimethylamino)phosphine< 

triethyl sine <dibutyl ether< N-methylpyrrolidine< dioxane 

dmethoxyethane <2-n?ethyltetrahydrofuran< tetrahydropyran<tetra 

hydrofuran< diglyme< tetramethylethylenediamine< RWA, 



Especially the position of triethyl amine Tn this series is rather- :. 

surprising. 
.- 

Lehmkuhl, Culjkcvic and Mehl reported the NKR-spectra of the mixed 

organoaagnesium-aluminum compound [1083: 

r 
M& 1 

The hNR-spectra of diethylmagnesium, complexed with RMPA were measu- 

red in diethyl ether as the solvent, by Tomoi and Kakiuchi [126]. The 

chemical shift of the methylene protons remained unchanged till one 

molar equLvalent of I-MFA was added, than changed considerably from 

0.60 ppm to 0-83 sgrn in the region between one and about two equi- 

valents'of RMPA, after which the chemical shift remained constant, 

Similar experiments with THF and calculations with the aid or' the 

relationship or" Barasimhan and Rogers lead to values for the electro- 

negativity of magnesium 

of 0.89 in the presence 

the presence of 3 molar 

in diethylmagnesium of 0.94 in diethyl ether, 

of 3 molar equivalents of THr" and of 0.79 in 

equivalents of RMPA. 

3B Other techniaues ----- ------~--- 

Several reports on the determination of the structure of organomagne- 

sium compounds with the aid of infrared spectroscopy have appeared: 

The infrared spectrum of the bromomagnesium derivatives of carbetho- 

xymethanephosphinic acid indicates, that besidesstructures as given 

by 151, also complexes of magnesium bromide with the acid, as given 

by 16[, are present in the solid state [SO]: y 
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I 
0-C2Hs 

cl 5 

Infrared spectroscopic investigations have been reported of Grigna 

derivatives of the following bromides 1683: 

H H 

CH$-EC-H 
f 

I 
C>H+CZC-H 

Br Br 

The spectra indicate the existence of both the allenyl (:C=C=k-Hg-) 

(C2H5-O)2pXo 

/ '*, 

H2c \ ,"gDr2 

c =O/ 

b-C2H5 

cl 6 

and D-EC-CH2-Br 

I 
and the Dropargyl (-EC-FMg-) organomagnesium compounds in diethyl 

ether solutions, 

Kress and Guillermet have studied the infrared spectra of 

MgDr2.2(CH3)20, MgDr2.2(CD3)20, 

Mg12.(CH3)20 [127]. The spectra 

nesium in the complexes and the 

atom in the f:l complexes. 

MgBr2.(CD3)20, MgC12(CH3)20 and 

suggest a tetra-coordination of mag 

presence of oxygen as the bridging 

The infrared spectrum of magnesium chloride, trapped in solid Kr at 

20 K was studied by White, Calder and Hemple [128]. A linear confi- 

guration of the molecule is confirmed. 

Electronic spectra of magnesium fluorenide, obtained by reaction of 

diethylmagnesium with fluorenh in diethyl ether in the presence of 

HMPA have been reported [126]. A solvent separated ion-pair of magne. 

sium fluorenide is observed. 

With the aid of electronic spectra Narita, Yasumura and Tsuruta ob- 

served the existence of a coordination-agent-separated ion-pair in 



the product from the reaction of di-n-butylmagnesium with Z-alkoxy-s 

ethanol [82]. The complex was highly reactive in styrene polymerlza- 

tion; furthermore it could metallate fluorene. 

In another study of the carbanionic character of RMgX-HMPA complexes, 

Tomoi and Kakiuchi studied the reactivities of these systems as init- 

iators in anionic polymerization [129]. The reactivity decreased in 

the order: benzyl >allyl >aryl >s-alkyl >n-alkyl. The results 

are explained in terms of both the ease of carbanion formation and 

activity of the ion formed. 

With the aid of ebullioscopic techniques, Jarvie and Rowley determined 

the degree of association of 

which compound was monomeric in tetrahydrofuran [94]. 

Vink, Blomberg and Bickelhaupt measured the degree of association of 

ethylmagnesium bromide in the weakly basic solvent l-ethoxy-2-methyl- 

butane [130]. Furthermore these authors report the optical rotations 

of ethylmagnesium bromide in c+)(S)-1-ethoxy-2-methylbutane and ben- 

zene. The following equilibria were postulated: 

‘; Kl 
C2H5 

Ek 

2 C2H5-;g-Br e ‘Mgd \ 
JL 
"-C2H5 K2 

'2R3, car\ JL 
1 

L L 
f\ 

Br 
2 

L 
LY"g\8rJMg\ 

C2H5 

L = l-ethoxy-2-methylbutane 

The values for Kl and K2 (103 mole/l and 1.41 mole/l respectively) 

indicate that the dimer with three solvent molecules is an important 

constituent of the solution. For each of the three Grignard complexes 

the molar rotations were calculated. 

The enthalpies of reaction of seventeen organic halides with magnesium 

in diethyl ether were measured by Holm with the aid of a flow-calori- 

meter [131]- From the values obtained, it can be concluded that the 
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krbon-magnesium bond strength is constant for the various primary 

-alkylmagnesium halides with groups such as ethyl, n-butyl and isobc 

For methyl and phenyl the value is 11-12 kcal/mole higher; for iso1 

PYl, -set-butyl and tert-jutyl it is lower by 5.5 and 15 kcal/mole r 

pectively. Thus carbon-magnesium bond dissociation energy is lower 

than for R = benzyl or R = allyl,.even though these groups form bon 

to magnesium which are 3 kcal/mole Eeaker than the bonds between ma 

nesium and prtiary alkyls, 

Vith the aid of p&measurements with a hydrogen electrode, Caillet 

Eauer determined the equilibrfum of the fol-lowing reaction in 1,2-c ! 

methoxyethane 

R-Mg- 

[1321: 

+ H 0 ~ R-H + -Mg 0 

in which R-R was e.g. tert-butyl alcohol, indene, phenylacetylene c 

benzene, The resufts could be applicable 

a) for the synthesis of an organomagnesium compound by this displac 

nent reaction, 

b) for the quantitative determination of organomagnesium compounds, 

and finally 

c) for the-identification of an organomagnesium compound. 

Lehmkuhl, Kintopf and Janssen measured the half-wave-potentials of 

alkali and of alkaline earth metals in THF by _oolarography of metal 

tetraafhyl aluminates (such as Mg[Al(C2135>4]2> tith a dropping mere 

ry-electrode [133]- 51~ of magnesium was found to be -0.056V. 

SC Structure and reactions ______--- _-- --------- 

For the nickel(II)-catalyzed cross-coupling 

magnesium chloride with aromatic halides: 

reactions of isopropyl- 



i-C3H7MgCl +- fir-x 
N~[(cH~)~P-c~H~ -P(CH&]C12 

3 i-C3H7-Ar -I- 

n-c$$-Ar •i- Ar-H 

Kiso, Tamao and Kumada observed, that the lability of the leaving 

halide i6 practically of no influence on the extent of isomerization. 

On the other hand isomerization is strongly influenced by the elec- 

tronic nature.of the substituents on the aromatic ring [134]. 1-Bro- 

monaphthalene gave the non-isomerized product as the main compound: 

73% versus 1% n-propylnaphthalene .and 8% naphthalene. For almOSt all 

other aromatic halides, isomerized products were the major ones. 

The oxazine-Grignard reagent, reported in Chapter 2Biv [97], failed 

to react to any appreciable extent with benzaldehyde, benzonitrile, 

3-pentanone or ethyl chloroformiate, but on addition of one equiva- 

lent of magnesium bromide to the ethereal solution of the Grignard 

compound its reactivity was enhanced considerably; with benzaldehyde 

the expected carbonyl addition reaction product was isolated in 65% 

yield! 

a. benzonitrile 

>(ljziMgDT :i ;f;:z::’ \ no reaction 

I 

d. ethyl chlorofor- 
+ MgBr, mate 

1 benzaldehyde 
65% C=O addition 
reaction product 

The reactions with ethyl chloroformate OF benzonitrile in the presen- 

ce of magnesium bromide were less effective (35-50% product yield). 

No reaction occured with 3-pen&none. It was assumed by the authors 

that the lone electron pairs, present on oxygen'or nitrogen were com- 

plexing with magnesium which causes reduction of reactivity of the 

Grignard compound, The purpose of the added salt wa6 twofold: a) to .-.- 
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.compZex with either oxygen or nitrogen, thus relkasing the Grignarci 

compcknd, and b) to enhance the electrophilic nature of the eleCtrQ 

.philes. 

On hydrolysis of a part of a mixture of the 

Grignard compounds (both formed on reaction 

bromides [+I] ); 

_R 
/ 

CH2=C=C -I- 

CH2-C-C&H2 
\ 

I I 
CH2-MgBr 

RBr 

dienylic and allenic 

Df each of the startin'~ ./. 

CH2=F-F=CH2 

R MgBr 

the composition of the remaining Grignard solution thanked consider: 

bly, due to the much greater reactivity of the primary Grignard corn 

pound, Since no change in this new composition of the solution was 

observed on standing during several days no equilibrium seems to exl 

between the two Grignard reagents. 

Lehmkuhl, Reinehr, Brandt and Schroth could not establish with cer- 

tainty the existence of an equilibrium between the following two pal 

cyclic Grignard com_oounds [135]: 



The narbornene derivative could not be distinguished with certainty;- -1 

the main hydrolysis product being the tricyclic hydrocarbon. It ap- 

pears that the equilibrium lies far to the right. 

For the formation of different products, obtained on hydrolysis of 

Grignard solutions, formed after heating fl and @ at 85' for-24 

hours, Lehmkuhl and Reinehr formulated the following equilibria [X361: 

and 

/ G / 
M&l 

El 10 

The ringopening from 191 to H and, analogously from .a to @ 

is a novel type of reaction in organometallic chemistry. No five- 

membered ring opening has been reported previously. 

Ref-wp. 265 .= ._ 
..: 
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In a third publication dealing with the same type of Grignard them 

try, Reinebr, Henneberg, Lehmkuhl and Schroth suggest the existent 

of the folfoiKing equilibria to account for the formation of the pr 

ducts, isolated on hydrolysis of the Grignard solutions 11371: 

Although the rate of rearrangement of the dimethyl-substituted 3-bul 

tenyl-Grignard compound 15, was slowed down considerably as cornpal C 
red to the rearrangement of the non-substituted organomagnesium-corn 

pound (half-life time 30h at ?O" as compared to 30 h at 27') 

CH, 
I = 

CH 

u 

tca3>2 13 
CH@H-CH2-C-M&X 

I 
p-- XMg-CH2 w CH2=CH-C-CH2-MgX 

I 
CbH 

3 

El 16 

the equilibrium still lies almost completely to one side (99.9% of 

@ present in solution; only 0.07% of the cycfoproRyl derivative 

could be detected) as Maercker and co-workers observed. Theseauthor 

obtained the first stable primary cyclopropylmethy3_-Grignard by in- 

creased substitution [27]: 



CH CH3 
t3 I 

(CH312 

CH2=CH-C-CC-MgX 

CL AH 

e XMg-CH2 

3 3 
(-3) 2 

The equilibrium lies almost completely to the right: 99.9% of the 

cyclopropyl derivative was present in solution. 

No rearrangements of the followin g types could be detected by Maer- 

cker and coworkers when d&ethyl ether or THF was used as the solvents 

[28]: 

o- I ---+ ucH2-F H2C=CH-CH=CH-CH2-MgT 
C 171 MgBr 

Grignard compound cl 17 did not undergo decomposition on heating at 

80~ for 14 days but decomposed at 120' in ten days. It is interesting 

to read that q decomposes readily at roomtemperature when the sol- 

vent is removed in vacuum, The same is true for the corresponding 

di-organomagnesium compound. 

On the other hand, the following equilibrium was observed in diethyl 

ether as well as in THF at 80~ within a few hours: 

cl 18 

No NMH-signals from 

ture that contained 

@/ cl 20 

cl 19 could be detected in the equilibrium mix- 

about 90% of q . The authors made a study of 

solvent and temperature effects on the position of the equilibrium as. 

well as of thermodynamic secondary isotope effects. The rate of equi-- :. 

R~fer=zncesp_265_ 
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libration was measured: in diethyl ether this rate was about ten t 

mes faster than in THF', 

E.A. Hill and Shih studied the same sort of rearrangements with ths 

aid of l-a.ryl-substituted+-chlorocycLlohexerSylma.gnesium halides [2' 

Ar = phenyl, _n-tolyl and m-trifluoromethylphenyl 

A noteworthy feature of the results obtained is the slow rate of r~ 

arrangement of all three Grignard conpounds. Experiments were carri 

out at 122O? For Ar = phenyl the half life time for rearrangement i 

350 h at that temperature. The rate-retarding effect of-phenyl-sub-\ 

stitution and the modest acceleration by electronwithdrawing groups! 

appear to be best accounted for by a four-center addition mechanism 

No positive evidence was found for a d-interaction with the carbon 

magnesium bond in the transition state of the reaction. 

No addition reaction to unsaturated carbon-carbon bond was observe< 

in the following chloro-alkynyl-Grignard reagent [80]: 

Cl 

cl-cg-CR,-CH,-CR,-MgHr +* 

N:&? 

The only lower boiling product, isolated after hydrolysis was 

l-chloro-I-gentyne. 

Several reports concerning rearrangements during reactions of organc 

magnesium compounds have been published, 

The formation of 

indolylmagnesium 

Grignard reagent 

3-acylindoles in the reaction of acyl halides with 

chloride, is favored by the use of an excess of the 

(Rusinova, Smushkevich and Suvorov) [138]: 



With LO% excess of the Grignard compound only 13% of 3-nicotinoyl- 

indole is formed, with 50% excess 6% of the 3-isomer is formed. 

Y-Triphenylsilylallylm~esium bromide reacts with either water, c.ar- 

bon dioxide or ox%rane to give mainly linear products whereas attack 

on the Y-position was observed in reactions with benzophenone and 

trimethylchlorosilane [77]: 

(C6H5)~Si-CH=CH-CHr-M~~r/~G~K~)~0 
H20, CO2 

+ linear products 

I 

oxiran 
tCgH512C=0 

t (CH313SiCl 

products resulting 

from attack at Y-po- 

sition 

Lion and Dubois studied the reaction of substituted allylmagnesium 

halides with 4,l+-dimethyl-2-substituted-oxazolines and observed the 

formation of the rearranged and unrearrenged product [139], as was 

concluded from the structures of the unsaturated ketones, obtained 

after hydrolysis of the primacy reaction product: 

FLeferenccs p. 265 
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mines lead to a variety of products: 1,2-addition products with. arid 

wsrithout rearrangement and-l,&addition products with and without rear: -. 

rangement (Miginiac and Mauze) [I413 and 

Viith (R = CE3, iso-c3R7 -or tert-CqHg), unrear- 

ranged 1,2-addition products were rormed mainly, together with unre- 

arranged l,&addition product. 

The following propar,?yl-allenyl rearrangements were reported: 

Plouin and Glenat studied the composition of the products, obttined 

from the reaction of allenyJ_magnesium bromide with several ethyl es- 

ters of aliphatk acids; a comparison was made with the results, ob- 

tained with the aid of other techniques among which one included the 

preparation of the organomagnesium compound in a mixture of diethyl 

ether and benzene and a reactTon temperature as high as the reflux 

temperature of the solvent mixture [143]: 

i 
OH OH 

CH2=C=CH-MgBr + R-C-0-C2H5 2) , R-6-CH2-@C-H + R-&.CiI=C=CH2 

2 CH2-C=C-R 
I 

CH,-EC-H 
L 

Working at lower temperatures gave less of the mixed allenyl-alkynyl- -- 

carblnol. The best products (loa& contaminated wFth the mixed car-- -__‘: 

R.ef-y~.=es p_ 265 
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binol) were obtained by the use of organoaluminum compounds of the 

same type. Independent of the method applied, ethyl formate and et: 

benzoate gave only one product, i-e, the dialkynyl carbinol- 

The reaction of the Grignard reagent, derived from +bromo-l-butync 

-which exists mainly in the allenyl form in solution- with aliphat: 

aldehydes as well as with benzaldehyde or acetophenone was studied 

by Sanisre-Karila, Capnau and Chodkiewicz [144] 

3 
CH+H=C=CH-MgBr + 

y p 
R-C-H --+ R-t-CH-EC-H (thre0 * erythr0) 

OH 

In particular the authors studied the three-erythro ratios of the 

different Rroduct mixtures, 

Two publications appeared from the laboratory of Moreau and Gaudema 

Organomagnesium CornPounds, derived from the following alkynyl bromi 

H 

H-C=C-CH2-i3r, Rl-+X-H and F?-CX-CH2-Br 

Br 

reacted with aldimines, $-CH=N-R4 to give both the alkynyl and the 

allenyl amines, resulting from addition to the carbon-nitrogen doub 

bond [145]: 

CH2=C=CH-M@r + G-CH=N& 2) 
2 

H 

$-LH=c=cH~ 

HI& 

The rearrangements of the unsaturated Grignard compounds, on reac- 

tion with aldimines, leadin g to the formation of a-acetylenic Grig- 

nard compounds have been mentioned in Chapter 2C [68]. 



3D- Theoretical Calculations ----------- -_-----_---- 

Theoretical calculations on bond breaking enthalpies in CH3MgF, 

CH+CI, CRjMgCRr5 and (CH3MgF3)2-, made by Aetier and Milli&, lead 

to the conclusion that the radical mechanism is energetically more 

favorable than the ionic mechanism 11461. For each of the first three 

organomagnesium compounds mentioned, the enthalpy of bond breaking 

was about 39 kcal/mole, independent oI' the other bond to the magne- 

sium atom. Ionic bond breaking leads to enthalpies of 244, 182 and 

224 kcal/mole respectively. On the other hand, the important role of 

solvent could be demonstrated: in solutions MgX + and CH 
3 

- are fa- 

vorably formed. The energies of formation of methylmagnesium fluoride 

and methylmagnesium chloride *were 51 and 58 kcal/mole. 

Kato and Tsuruya examined the plausible structures of Grignard rea- 

gents on the basis of the energies, obtained by them via the CNID/Z 

method, which does not consider the d-A0 of the Mg-atom [147]. For 

sake of simplicity the authors chose methylmagnesium chloride in 

diethyl ether and calculated the energies of the different species, 

monomers as 

favored and 

compounds. 

well as dimers. 

halogen-bridged 

The latter seem to be energetically more 
,x-e_ 

dimers, R-Mg Mg-R, =_x/ 
are the more stable 

4. MECHANISM OF REACTIONS OF ORGANOMAGNESIUM COMPOUNDS 

4A. Reactions with carbonyl comuounds --------- ---- ------ - ___L_-_-_ 

4&L, Addition and reduction reactions ---------------- 

Four different research groups have reported about the mechanism of 

reactions of organomagnesium reagents with carbonyl com:ounds. 

The influence of the purity of magnesium - applied for the prepara- 

tion of methylmagnesium compounds - on the amounts of non-addition 

products as well as on the rate constants of reactions with subst%- '. _ 
. . . :- _- 



tuted and non-substituted benzophenone has been mentioned in the 

troduction to Chapter 2 [233_ '#hen ultra pure magnesium was used, 

rate data were found to be consistent with a specific mechanism in 

which both dLmethyhagnesium and methylmagnesium bromide react wit 

the ketone in a first-order fashion. Pfethylaagnesium bromide, prep 

red from doubly sublimed aagnesiua, employing an excess of magnesi 

gave only 73% addition to henzophenone at low concentrations of ke 

tone, while a comparable run :c-ith a Grignard SolutLon, prepared wi 

excess bromoethane, gave 92% addition. For single crystal magnesfu: 

for the same type of ex_oeriments values of 88% and 95% respective11 
7 

were obtained. The new data are consistent with the 

blished earlier (Ashby and coworkers; Annual Survey 

mechanism esta 

1971, page 43 : 

Annual Survey 1972, page 111). 

Contrary to the above-mentioned mechanism, based on the reaction 01 

cyclopentylmagnesiIr=r reagents with 4-_._ methylmercaptoacetophenone in 

diethyl ether, S,G, Smith, Rudolph and Charbonneau propose a mecha- 

nism for the reaction with carbonyl compounds in which complex for- 

nation precedes product formation [148): the reaction is first ordc 

in ketone and the kinetic order in organomagnesium compound approac 

one in dilute sokutions and zero at high concentrations. The author 

extensively studied the ratio of the products formed in addition, 

reduction and enolization reactions. It is to be noted that the ad- 

dition of magnesium bromide <up to a RMgBr/M@r2ratio of afmost one 

causes an increase in the relative amount of reduction reaction prc 

duct. Hith R2&/EJgBr2 = 4.5 approximately 67% reduction was observe 

when _RM@r/MgBr2 = 1 86% reduction was found. 

Using 2,2,5,5-tetradeuterocyclopentylmagnesium bromide, asuming 

that there is no isotope effect on additfon and enolization reac- 

tions, the authors calculated a-value of 2-O for the primary kineti 

isotope effect on the reduction reaction, which differs from the re 

suits of a related study by Rolm (Annual Survey 1971, page 54). 3?ro 
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their results Smith and coworkers conclude that a mechanism, invol- - : 

ving a biradical intermediate and separate rate-determining and pro- 

duct-determining steps, as proposed by Helm, is not applicable to 

their data. 

Hofm studied the mechanism of the reaction of Grignard compounds 

w-ith benzophenone in diethyl ether with t‘ne aid of deuterated com- 

pounds [149]_ Kinetic isotope effects of the reaction of $-deutera- 

ted ethylmagnesium bromide or tert-butylmagnesium chloride were al- 

most negligibly small (1.01 and 1.0 respectively); at the same time 

reduction of benzophenone by these Grignard compounds was li-mited 

(6% and 3% benzhydrol was formed). For isopropyl-, n-butyl- and iso- 

butylmagnesium bromide, the kinetic isoto_ne effects were 1.16, 1.28 

and 1.46 respectively i 2C%, 55% and 91% reduction products were ob- 

tained). This observed correlation would indicate a primary isotope 

effect, which is associated with the reduction reaction only. Com- 

_Detition between epual aounts of deuterio- and non-deuterio-isobu- 

tylmagnesium bromide for a very small amount of benzophenone gave a 

ratio of benzhydrol to a-deuteriobenzhydrol of 2.4. According to the 

author the 1acIr of correlation between the two values of the deute- 

rium isotope effect **requires in some way a separation of the rate 

determining steR md the product determining step." Holm therefore 

comes to the conclusion, that the reaction 

electron transfer mechanism as for example 

step mechanism: 

H/c\C’ 
\ 

(C6HS-)rC\o,,-E;;-R 

occurs partly by a sFngle 

in the following two 

H@-b/ 
\ 

/Cl-- 

< f.J 
-Z- 

__J (C6K5-)2C;O/Mg-R e (C H -) : 6 5 2 \O/M;-R 

Furthermore, interpretation of the results requires separation of a 

rate determining step if Grignard reagent is in excess, but's one 

Fkferencesp.265 . . 
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step mechadm is proposed for the reaction with benzOphenOni? in 

excess. 

Three publications from Tuulmetsr group have appeared, dealing witk 

the kinetics of ketone reactions with Grignard compounds. 

Together with 'TruuvZlja, Tuulmets measured the kinetics of reactior 

Of substituted diphenylmagnesium with benzophenone and with pinaco; 

lone in diethyl ether as well as in THF (150]. Pinacolone is slight 

ly less reactive tiran benzophenone and the reaction is somewhat lei 

susceptible to the inductive effect in the latter case. Considerabl 

greater influence is exerted by the solvent: with diphenylmagnesium 

benzophenone reacts 45 times faster in diethyl ether than in TEE'; 

for pinacolone this ratio is 25. The authors conclude, that the tra 

sition state of the reaction is cyclic and that the reaction "may b 

specified as that of a S&i or S,Ci mechanism*': 

/ 3 1’ ..j I 
c-cl-Mr- 
I - 

From the activation parameters, obtained, it was concluded that a 

considerable loss of entropy occurs in the activation which also 

indicates the formation of a rather rigid, cyclic, activated ccmplw 

Since the enthalpies of the activation are very low, the authors COL 

sider radicalsto be formed in these reactions. This led them to the 

conclusion that "it cannot be excluded that the activated complex,ir 

consequence of a single electron transfer, collapses to free radical 

that, without leaving the solvent cage, rapidly form the reaction PI 

ducts. It must be emphasized, however, 

possible explanation of the appearance 

of the reaction". 

that this cannot be the only 

of free radicals in the tours 



Together with Luuk, Tuulmets determined the rates of reactions_ of-ali:- 

phatic ketones, R-CO-CR3, with isobutylmagoesium bromide (30-SO fold:' -..' 

excess over ketone) in diethyl ether at 20° [15l}. The yields of re- ._ 

duction reactions were determined vihich allowed the authors to deter- : 

mine the partial rate constants of the reduction reactions. The de- 

pendeace of these rates on the structure oarmeters of the ketones 

were expressed in a mathematical equation, 

In another publication together with Luuk, Tuulmets investigated the 

kinetics of the reaction of aliphatic ketones, R-CO-CH 
3’ with isopro- 

pylmagnesium bromide (50 fold excess) in diethyl ether at 20° [152]. 

The yields of addition and reduction reaction products were determi- 

ned and by substraction of these yields from the initial amount of 

ketone added, the yields of enolization products could be calculated_ 

Rate constants for the enolization reactions were given: R has little 

if any effect on the enolization of the methyl group, The transition 

state of this reaction is an "early one". In order to explain the 

strong inductive effect of alkyl groups in the Grignard reagent, one 

has to assume, that the formation of a new C-H bond anticipates the 

breaking of the C-Mg bond. It appears, therefore, that the mecha- 

nisms of Grignard addition, reduction and enolization reactions are 

very similar. 

4Aii. Steric course of reactions with carbonxl_comEounds __________________- __ 

In the reaction of methyl- and phenylmagnesium bromide with 2-methyl-, 

3-methyl- and 3,4-dimethylcyclopentanone in diethyl ether, Ashby, 

Laemmle and Roling observed preferential trans-attac%leading to the 

formation of the cis-alcohol [153]. For 3-methylcyclopentanone the 

cis-trans ratio in the product was 58~42. For methylmagnesium bro- 

mide with 2-methylcyclopentanone this ratio was hardly any higher 

(60r40). With 3,4-dimethylcyclopentanone however both.Grignard com- 

Reference.p_265 ~. : --. 
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pounds show preferential. trans-attack: 98%. 

In two publications, Jasserand, Granger, Girard, Chapat and Rossi 

discussed the results of the stereochemical outcome of the reactior 

of aliphatic Grignard compounds with cis- and trans-3,4-dimethylcy- 

clohexanone [lYeI and [155]. Roth the addition and reduction reacti 

products were analyzed: 

red. 
R:-+X c add. 

Ii i +F+-- 21 

S 

@- 

OH 

22 

Especially the Rroducts derived from the bans isomer show pronoun- 

ced changes in the ratios of axial and equatorial attack vith incre, 

ing bulkiness of the aliphatic radical R. For tert-butylmagnesium 

chloride e.g. cl 23 was obtained as the only addiLLon product and 94: 

of 22 was obtained in the mixt*ure of reduction products. For cis- 0 

dimethylcyclohexanone, the effect of the buliriness of group R was 

less pronounced and the authors could prove the influence of the prt 

sence of two conformers of this ketone on the steric course of the 

nucleophilic attack: 

The results were discussed in the light of classical theories either 

de-g with purely steric control on the approach of the~nucleophiJ 

or dealing with competition between steric and torsional interaction 



_- : .- __. : 
.-&.- ;- j:-,__.;: 

.-- I 

which theories appeared insufficient for the reactions with a sub-- -1. .,. .. 

.trate w‘nich is inhomogeneous in its conformation. 

Landor, O'Connor, Tatchell and Blair reacted Grignard compounds with L - 

3,3,5-trimethylcyclohexanone and obtained only one of the two possi- 

ble tertiairy alcohols (besides reduction products in some instan- 

ces) [156): . 

0 
3 

R-Q-X i- 

R = methyl, ethyl, vinyl, ethynyl, Rropyl, allyl, Z-Prop- 

nwl, isonrcpyl and tert-butyl 

The stereochemistry of reactions of organomagnesium derivatives of 

esters and ketones (see Chapter 2Biv) with cyclohexanones has been 

studied by the group of Nne Maroni: 

Reactions of enolates of tert-butyl ketones or esters such as 

wZth cyclic ketones, among *which mainly 4-tert-butylcyclohexanone and 

3,3,5-trimethylcyclohexanone *were studied, lead to products 

from equatorial or axial attack on the carbonyl group: 

formed 

Referent p_ 265 
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Whereas in diethyl ether 

hydroxyl groups, in RMPA 

@-hydroxy esters are obtained with axial 

the stereochemistry is almost completely t 

opposite: in the above mentioned reaction the ratios of the two pro! 

ducts were 96/4 in diethyl ether and 19/81_ in HWA [86). The sym- 

metrical magnesium enolates, R2Mg, also gave quite different stereo. 

specificity [86] and [87]. Remarkable solvent effects were observe1 

apart from the one mentioned in HMPA: a diethyl ether/benzene mix- 

ture (lo/go) was almost equivalent to diethyl ether alone, but THF 

and dimethoxymethane caused considerable changes [88]. To the au- 

thors* opinion it might well be possible, that C-metallated species 

are responsible for attack on the axial position, but current theo- 

ries are not applicable to the results obtained in the new resear- 

ches. Apart from steric control and torsional strain in the transi- 

tion state, it seems almost sure that "orbital factors" as well as 

"hardness and softness" and net charges on the the reacting entities 

have to be taken into consideration to account for the results ob- 

tained [86] and [SS]. 

The stereochemistry and relative kinetics of the reaction of methyl- 

magnesium iodide with hicyclo[f,Z,l]octan-2one and the corresponding 

-3-one in diethyl ether at O" have been studied by Volpi, Biggi and 

Pietra tl573: the partial relative rates are indicated in the fol- 

lowing pictures: 

2.35 
\r" 

W 

1.0 
\ 
2-65 

FX 

d 

_CP O 

Bicyclo[3,2,l]octane-2-one reacts five times faster with methylmag- 

nesi-um iodide than the corresponding -3-one. 

Avram, Dinulescu, Nenitzescu, Jones, Katritzky and Wyatt discussed 

the steric effects of the addition of methylmagnesium iodide to the 

following dibenzoblcyclicoctadienones [158]:- 



The results, obtained by Korvola, from the reactions of n-propyl-, 

isopropyl-, n-butyl-, set-butyl-, tert-butyl- or cyclohexylmagne- 

siUm halides in diethyl. ether at 40' with fenchone, indicate that 

a-fenchol is the principle product [159]: 

a-/g-feachol isomer ratios varied between 76/24 (obtained with cy- 

clohexyl Grignards) and 93/7 (with isopropylmagnesium iodide). No 

significant influence from the halogen was observed on the steric 

course of the reaction. The fastest reaction was observed with iso- 

proDy1 Grignard reagents: 100% consumption of fenchone within one 

hour with isopropylmagnesium chloride (formation of 92% a-isomer). 

The formation of sterecisomers on reaction of Grignard compounds 

with non-cyclic carbonyl compounds was reported in the following 

publications: 

Gonzales and Perez Ossorio obtained 51.1% of the threo-isomer in 

the reaction of phenylmagnesium bromide as indicated below, which 

value correlated well with the one obtained from theoretic& calcu- 

lations , based on conformation populations of the carbonyl compound. 

and its non-bonded interaction with the reagents [160]: 

References p_ 265 
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In order to establish the limits of applicability or" their model o 

asymmetric induction, Karabatsos, Zioudrou and Moustakali studied 

the effect of the tert-butyl groug, directly bonded to the carbony: 

in addition reactioos of methylmagnesium chloride o-r bromide with 

tert-butyl-I-phenylethyl ketone [161]: 

dlethyi ether 

One of the diastereomers was formed in 

H OH H OH 

9% Or >99% (for X = Er or 

Cl respectively), corresponding to -n&G' values of f-9 and >2-.5 

kcal/mole. 

Investigating temperature effects of asymmetric induction Kara 

batsos , Zioudrou, Chrysochou, Herlem and Nioe studied, among others, 

reactions of methylmagnesium halides with deuterated 3,.&,4-trimethyl 

2-pentanone (162]: 

DO 
I 11 

CH MgX 
3 

i- t-C4H9-y-C-CD3 - two diastereomers 
i 

cH3 

For X = Cl in THF the diast'ereomer ratio changed from 73.V26.5 

(_cgd? = -0,690), obtained from the reaction at 66O, to J4.2/64.8 

~cG+ = +0,310) from the reaction at -24o- Enthalpy favors the 

%rong*' diastereomer, However, methylmagnesium bromide in diethyl 

ether and in THF, and methylmagnesium iodide in diethyl ether, were 
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* normal; i.e. ALIG* and ~a had the same sign and magnitude, As the 

authors state "these comments underscore the fact that models of 

asymmetric induction should be used primarily as starting points for 

further exper%mentation and thinking". The authors made use of the 

Cram model of diastereomeric transition states to explain the results 

obtained in the reactions or’ Grignard compounds with alkyd 2-phenyl- 

ethyl ketones. 

Excess methylmagnesium iodide reacts with l,Z-ferrocenedialdehyde 

to yield the folIosring products (Xoise and btugnier) [163]: 

5 CH- 
5 H 

a., 
.3 

I 
0 Fe 0 0 Fe 0 
__ 
n H H i B 

In total 80% of both meso-isomers was obtained and 20% of the racemic 

mixture of glycols. 

Guillerm-Dron, Capmau and Chodkiewicz observed the formation of dia- 

stereomers in reactions of organomagnesium compounds with a-methoxy 

ketones, both of the open chain and the cyclic type [X4]: 

R'-CH-CO-CH3 e two diastereomers 
f 
OCH 

3 
R-M&-X + C&-~-CO-R" ____f two diastereomers 

OCH3 

G- 
P two diastereomers 

-_ 
OCR3 

0 
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Among.the Grignard compounds used were ethyl-, n-propyl-, l-propy- 

nyl-, Z-propynyl- and 2-phenylethynylmagnesium halides. For R' = 

iso-C3H7 or tert-C4H9 only one of the stereoisomers was formed. Va- 

riation of the isomer composition was rather great in some reaction 

investigated; three types of transition states were developed by 

the authors to account for the steric courses of the reaction stu- 

died. 

Together with tie SaniBre-Karila, Capmau and Chodkiewicz investiga- 

ted the composition of the products obtained in the following reac- 

tions 11443: 

RL 

H 
I 

-- i- CH3-CH=C=CH-MgX - R-C-CH-CZH two isomers 

bH t, 

0 R' 

A&R'+ CH3-CH=C=CH-MgX 
I 

___3 Ar-C-CH-CECH two isomers 
1 1 
OH CH- 

5 

An eclipsed transition state, requiring a S$' reaction mechanism, 

seems to account for the results obtained by the authors: 

Two more publications from Mme Maroni and coworkers deal with the 

addition of halomagnesium enolates to enones; with Gorrichon the 

reaction of several different enolates with benzylideneacetone was 

investigated [893: among the ketones from which the enolates were 

derived mention has to be made of the following ones: 



IQ the products obtained by the authors, i.e. rather sterically 

crowded kdiketones, quite often only one of the possible two isoaers 

was observed, indicating a high stereoselectivity, Only in-the case 

of the reaction of the first mentioned ketone enolate was 1,2-addi- 

tion to the unsaturated ketone observed, In other caseSexclusively 

1,4-addition was observed, 

The question rose to what extent carbon-metalated magnesium compounds 

participated in these reactions. 

Together with Bertrand, Cabrol and Gorrichon-Guigon, reactions with 

benzalacetophenone were studied [85]. Here again 1,2- and 1,4-addi- 

tion was possible as well as formation of threo and erythro products: 

c! 

HgBr + O-CH=CH&J - 

t-CqHg._ /0 
H&C-C?CH=CH-@ 
/ 

cH3 
“OH 

t-C4Hy., / 
CH=CH-O 

0 

-qH9., / 
CH2&-@ 

i- H-C-C+@ -I- 

CH ' \GH 

H&C-Cl,-@ 
/ 

3 
CH 

3 
'.H 

t-c4"9\, @ 0 

+ H&Z -C$CH2-!-0 

CR ’ ‘H 
3 



With R2"g only 1;4-additfon was observed whereas with halomagnesiuI 

enofates the main product was the 1,2-addition reaction product. 

More surprising is the observation that in the first 10 minutes of 

the reaction 1,2-addition is the main reaction whereas after one 

hour almost 100% X,4-addition products were isolated, indicating 

that a reversible reaction occurs. 

The product yield was 85 I after three minutes and the ratio of the 

two product tyiJes was almost 50/50 at that time, This ratio change{ 

to O/100 after three hours.-Furthermore the threo/erythro ratio 

changed in the 1,4- addition product from 15/85 to 84A.6 in 24 hour: 

4B. Radical reactions of organoaapnesium comnounds ------- --------- -- -,*-----a------ ---a----- 

In Chapter 4_Ai, Helm's paper on the mechanism of the reaction of 

benzophenone with deuterated organomagnesium compounds, for which 

the author proposed - at least Rartly - the formation of radicals 

by a single electron transfer, has been discussed [149]. 

R, Gelin, S, Gi?lin and Dehondt reported more extensively on the 

reaction. of alkyl- and aryl-Grignard compounds with unsaturated 

o-diketones during which reactions duplication of the diketones oc- 

curs, as was published earlier (Annual Survey Magnesium 1971, [I351 

Cl651 - 
'i'lith the aid of eRr-spectroscopy the authors observed the folfowiq 

ketyl in the reaction mixtures 

filler suggests a mechanism, including phenoxy and hydrocarbon rz 

dicals, for the reaction of Grignard compounds with ortho-auinol 

-. 
: 

.’ 



acetates, although it does not seem certain yet, whether radicals 

are genuine intermediates or whether they simply represent resonance 

contributors to the transition state of a sin&le step displacement 

on oxygen [X63: 

0 

r3< I/ i? o-c-m3 

R 

0' 

0 
r> 

In case the a-quinol acetate is trimethyl substituted, ether forma- 

tion is less than 0.1% with methylmagnesium bromide, 4% with ethyl- 

magnesium bromide and.28%, 67% and 91% with tert-butyl-, see-butyl 

and benzylmagnesium halides respectively! 

Dagonneau and Vialle, together with Paquer and Metzner, continued 

their researches in the field of reactions of Grignard compounds 

with thioketones where, by means of epr-spectroscopy, radicals have 

been proved to occur (see also earlier publications, Annual Survey 

Magnesium 1972). 

With throcamphor, methylmagnesium bromide reacts to form the methyl 

enethiol ether in 100% yield when diethyl ether was used as the sol- 

vent [ 1671: 

CH3MgBr -I- & 
S 

diethyl ether 
* 

16 h. 
100% 
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no reaction at all with thiocamphor, but the saturated thioether 

was obtained quantitatively when the reaction mixture was irradia- 

ted with ultraviolet light during two hours: 

CH3MgBr -I- & , 
S 

THF 

uv-light 2h, 
iOO% 

With other cyclic thioketones several products could be isolated; 

investigation of reactions of unsaturated cyclic thiones with ali- 

phatic Grignard compounds revealed the occurrence of I,.&-conjugate 

addition, analogous to copper(I) catalyzed reactions with unsatura- 

ted ketones [168]- As an illustration the following reaction is - 

given: 

10% 20% 35% 

f 
l&-addition 

product 

The same authors proposed the following mechanism to account for the 

formation of different prOdUCtS during the reaction of organomagne- 

sium compounds with thioketones, e.g. with thiopivalone [169]: 



R-Kg-X -I- 'I,' 
S 

With cyclobutane-1,3-dithione a peculiar internal elimination reac- 

tion was observed, leading to the formation of a bicyclo[l,l,O]bu- 

tane derivative [170]: 

S 

i T’HF ;- 

Dagonneau and Vialle, finally, reported the g-factors as well as the 

couplicg constants of the following radicals [171]: 

I -0 _ 
S-R S-R - -v _ 

S-R 

R = methyl and ethyl 

RJzferen~sp-265 _. 
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The iQfhzeQce of the purity of ma.gnesium, used for the preparation 

of Grigmrd compounds, on the yields of these compounds, has been 

mentioned in Chapter ZA 1323; radical reactions have been studied 

of isopropylmapesium bromide , prepared from magnesium of several 

grades of purity, with isopropyl bromide underdifferent reaction c 

conditions, Addition of styrene inhibits catalysis by metal tipuri, 

ties, whereas large CIDNP enhancements are observed for the dispro. 

portionation reaction products, C f! and C-H 
38 

j 6, demonstrating the 

intermediacy of isopropyl radicals, 

The same authors, Allen, Ward and Lawler, studying the CIDh9 .speot:L 

obtained from the iron-catalyzed reaction of selectively deuteratec 

isopropylmagnesium bromide with selectively deuterated isopropyl 

bromide, come to the conclusion that free radicals are Produced on- 

ly from the alkyl halide, since CIDXP is observed exclusively in ti 

products, derived from this product [172]: 

<CF&,)2CEi-MgBr + 
FeCIZ 

(CHs)2CD-Br - CH3CD=CH2 + CH3CH=CH2 

+ 
'3'8 -f- coupling products 

Only 2-deutericpropene was polarized; no polarization in undeutera- 

ted propene was observed! 

epr-Studies of reactions of triphenylmethylmagnesium chloride with : 

various reagents such as CuC+, C6HsNzBF+, C6H31, KOR, tritylsodium, 

and others, revealed the formation of triphenylmethyl radicals (Po- 

nomarchnk, Kasu_khin and Fieleleeva) [1737_ -With iodobenzene or with 

phenylmagnesium bromide, C6H5' was also formed, The authors concludi 

that the one-electron reaction contributes to the reactivity of tri 

phenylmethylmagnesiu halides, 

Davis, Deady, Finch and Smith report the intermediacy of radicals 

during the reaction of ethylmagnesium iodide with chloroform in th' 



presence of a large excess OT cyclohexene [174]: 

C&M& + CHClg + diethyl 

ether 

It is likely that the products are formed in radical reactions in- 

volving the dichloromethyl radical; in none of the reactions evi- 

dence was found for products, arising from the formation of the 

trichloromethyl radical. 

One-electron transfer from tert-butylmagnesium bromide as well as 

from benzylmagnesium chloride was demonstrated by CIDNP-spectra 

from reaction mixtures of these Grignard compounds with para-chloro- 

phenyl diazonium tetrafluoroborate (Savin, Temyachev and Kitaev) 

c1751: 

CH 
I 3 

CH 
I 3 

t-C4H9-MgCl + N2EF4-- CH3-C=C~Ii + CH3-C-(X3 

rt 

among other products; 

polarization observed in the 

underlined protons 

The observation of polarized absorption by chlorobenzene in the 

reaction of the same terafluoroborate with benzylmagnesium chloride 

apparently is connected with the formation of a radical pair, con- 

sisting of a benzyl and a chlorophenyl radical. 

Hori, Kataoka and coworkers published three papers on the reaction 

of Grfgnard compounds with Y-sub&it-uted xanthylium, selenoxanthy- 

_. 
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lium and thioxanthylium salts L-1761, [177] and [178]- BY study of 

the epr-spectra, radical intermediates were detected and analyzed. 

From the products, obtained by reacting Grignard reagents *with UE- 

saturated ethers, Mkryan and Gasparyan concluded that radical inter 

mediates occured [179]: 

R-Mg-X + t-C4"9-c"z -EC-CHZ-0-Rf + coupling products of 

allene, acetylene and 

R (alkyl) radicals 

Pack reported that many radical anions can easily be prepared by 

one electron reduction with readily available organometallic com- 

pounds in HMPA sol-ation [1803. Snzylmagnesium chloride reduces 

10-4 M biphenyl to its radical. anion quantitatively in less than 

ten minutes. 

Methyl-, ethyl-, n-PrOPYl- and isopropylmagnesium compounds in 

diethyl ether solution reacted with photochemically generated tert- 

butoxy radicals to afford epr spectra, consisting of the superposi- 

tion of the individual spectra of two species with different g-fac- 

tors (Kuang, Battioni and Kochi) 11813: 
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-c R$H c t-C4Hg-O-Mg- 

R2CH-Mg- -s- t-C4H9-O- 
. 

-R2CMg i- t-C4H9-O-Mg- 

The spectra disappeared on shuttering the light and was not obser- 

ved in the absence of peroxide, No spectrum of a paramagnetic spe- 

ties, attributable to a magnesium-centered radical, has been obser- 

ved; if any is formed it must have a fleeting existence, even at 

-13oO. 

4C. Miscellaneous reactions ------------- -________ 

The influence of the purity of magnesium, used for the preparation 

of methylmagnesium bromide, on the mechanism of reactions with ben- 

zonitrile is similar to the influence on reactions of methylmagne- 

sium bromide with benzophenones (see Chapter 4ki ref. [23]): with 

ultra pure magnesium no by-products are formed and the pseudo-first- 

order rate constants-are essentially independent of the initial 

benzonitrile concentration. 

The kinetics of the reaction of benzonitrile with methylmagnesium 

bromide [182] and of dimethylmagnesium in diethyl ether Cl831 were 

investigated by the s-e group (Ashby, Chao and Neumann). 'When the 

Grignard reagent was prepared from single crystal magnesium the al- 

kylation product, acetophenone, is obtained quantitatively. The ki- 

ne'tfc data show a second-order reaction: first order in the orga- 

nomagnesium compound and first order in nitrile. The reaction rate 

decreases markedly on addition of magnesium bromide, indicating 

that the bimolecular rate constant for reaction with the Grignard 

compound is considerably smaller than for reaction with dimethyl- 

magnesium: 1.0 x 10 -3 versus 17-7 x 10e3. The initial product for- _ 

med 
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CH3M"CH3 
+ C6H5-CzN - 1 ,c6H5-C=+M&X-Ig 

I 

reacts rapidly with magnesium bromide to form methylmagnesium bro- 

mide. 

Laurent and Alvernhe observed the formation of primary amines in 

the reaction of nitriles with Grrgnard reagents in toluene as the 

main solvent Cl&]. Tne Grignard reagents were first prepared in 

diethyl ether after which toluene is added and the ether removed by 

distfllation; addition of the nitrile at reflux temperature of the 

reaction mixture yields the amine as given in the following equa- 

tions, representing the reaction of ethylmagnesium bromide wFth ben- 

zonitrile: 

MgBr 
C,K5Mg%l- 

C6H5-EN tolueneb C&-;-CH,-CH;, 
C2K5MgBr 

- 
toluene 

c6E5-C-ka-CHj + C2H6 

M ; 
YYgBr 'MgBr 

C2H5Mg%r 
.-C H -C - CH-CH, H2o 

toluene 65 I 3, 
B C6H5-C(C2H5) $JH2 

N 
*(MgBr)2 

For this particular case the yield of the amine was 60%; in the 

reaction of phenylmagnesium bromide with acetonitrile the main pro- 

duct under these reaction conditions remained the %ormal" product 

acetophenone, whereas the amine was formed for not more than 10%. 

From other reactions with nitrogen containing organic compounds 

reported, those with imines have to be mentioned: 

Mrne Miginiac and Mauzit observed reversibility of the reaction of 

bromo 2-pentenylmagnesium with benxaldimines, containing bulky sub- 

stituents on nitrogen [1403: 



C,H5-CH=CH-CH2-MgSr + C6H5-CH=N-R 

H 
I lR 

C2H5-CH=CH-CHz-y-N\ 

C6H5 
iM,oBr 

209 

! R 

cl 26 

For R = isopropyl, within 24 hours 65% of the unbranched product 26 
cl 

IS formed versus 6% after 20 minutes. For R = tert-butyl, after 24 

hours the reaction mixture contains 92% of m versus 9% of 26 El 
after 20 minutes, No change at all in the composition of the reaction 

mixture Fs observed for R = methyl, but the addition of zinc bromide 

causes an increase in the amount of this product from 2% to 44% in 

24 hours. 

For the 1,2-addition reaction of allylic Grignard reagents to unsa- 

turated aldimines the same authors also observed reversibility [141]. 

In the reaction 

C H 
25 

-CH=CS-CfI2-MgBr + C6H5-CH=CH-CH=N-i-C3H7 ---+ 1,2-addition 

72% addition to the double bond is observed versus 15% 1,4-addition; 

these percentages were not altered after 24 hours, but the composi- 

tion of the 1,2-addition reaction products changed from 25% branched 

+ 58% linear products to 0% branched and 86% linear product (rela- 

tive yield, calculated from the total amount ofproducts obtalned). 

For the X,&addition reaction no reversibility could be proved he- 

cause of the low absolute yields and the difficult separation of the 

different products. 
:’ 

According to Thomas, reactions of diethylmagnesium with benzaldimines i 
~_ 
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proceed via preliminary complex formation between the organomagnesj 

compound and the imines [I8531 

’ -c / 
S N’ 1 

/ ‘C=N + c + 
c2H5-yg-c2H5 - / C2H5-M&-C H 

+ 
25 - 

S S 

Whether reaction occurs within this com_olex or by attack of a se- 

cond molecule diethylmannesium on this complex could not be settled 

by the author. Considerable solvent effects were observed: the more 

basic solvents yielded less product in a given length of reaction ' 

time, It should be mentioned that one mole of diethylmagnesium reac 

with two moles of an imine to yield 9% product. It appears that th' 

ethylmagnesium anide, formed by the first attack on the C=N double 

bond, reacts further with a second molecule of the imine. Finally i 

has to be mentioned that reduction o f the C=N double bond was obser 

vedl 

On the other hand, no such reduction was observed by Thomas in the 

reaction of ethylmagnesium bromide with the same aldimine [186]. 

Ethylmagnesium bromide appeared more reactive than the symmetrical 

organomagnesium compound. 

The reaction of nitromethane with aliphatic Grignard reagents was 

studied by Wawzonek and Kempf [18?3- Here too, the first step is a 

complex formation: 

y4H9 
C4H9-Mg-Br + CH3-NO2 -CH3-r@ G-MgBr 

OQ 

This complex reacts further, either to give the bromomagnesium alko- 

xide of N-butyl-N-methylhydroxylamine q or the nitrone. cl 28 which 

add6 a Grignard reagent to form the bromomagnesium alkoxide of N-pen 

tyl-N-butylhydroxylamine: 

. . ~.. _: ,... 
-. ‘. 
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c *o 14 ’ 
c Ii, 
i4 ’ 

CH3-A-0-MgBr ; 
7489 

CH2=N-0 f C4EY-Hg-Br 
80 

- C4HY-C"2-N-0-MgBr 

El 27 cl 28 

Substitution in the azulene system by reaction of Grignard coa- 

pounds with diethyl. azulene-l,+dicarboxylate, followed by hydro- 

lysis and dehydrogenation, as represented in the following equation, 

is highly influenced by the sterLc requirements of the Grignard 

compound, as observed by Abe, Morita and Takase [188]: 

RWgX ;; &dro_y 
genation 

The following results were re_oorted: 

Grignard reagent 

CEi5-Kg-1 

C61i5-Mg-Br 

a-C10E7-Mg-Br 

tert-C4XY-Mg-Ek 

2-subst. 

15 % 

10 % 

6% 

4-subst. 6-subst, 

5% 1% 

70 % 2% 

45 % 7% 

1% 23 % 

Several publications deal with the stereochemistry of reactions with 

silicon compounds: 

Seyferth, Shih, Dubac, Mazerolles and Serres observed no change in 

the cis/trans ratio of 1,5-dimethyl-l-silacyclobutane in the reac- 

tion of the I-chloro derivative with n-butylmagnesium bromide [18Y]: 



cis/trans = 1 cis/trans = I 

- 
The silyl ketene f29r xas synthesized with an over-all stereospeci- 

ficity of 5040 % by Vodolazskaya and Baukov in the reaction of an 
I 

.- acetylenic Grignard compound with the chlorosilane given in the fol 

lowing equation [?Y]: 

Irrversion about the Si atom occurs during the reaction with the 

organomagnesiup compound. 

Corriu,.Massg and Keunier investigated the stereochemistry of the 

reactrons of the same type of organosilanes with Grignard compounds, 

catalyzed by trlphenylphosphine/nickel(II) chloride [lYO], [1Yl] 

and [lq2] (see also Anual Survey, 1970, ref. [205]>. Substitution 

of a Si-H bond by a Si-C bond with the tid of a Grignard reagent 

and the nickel(II) catalyst was accomplished only when no reactive 

@-hydrogen atoms are present in the Grignard compound as is the case 

for methyl-, allyl-,benzyl- or phenylmagnesium halides. In particu- 



lar the allyl-Girignard reagent is very reactive [ISO]. Other nickel 

catalysts such as (AcacI2Ni or NiC12 were much less effective as 

were salts of other transition metals. The reaction proceeds with 

retention of configuration: 

i- I’@?.& 

drethyl ether 

Reducing Grignard reagents (having a reactive p-hydrogen in the or- 

ganic group) cause the formation of a Si-ii bond on reaction with 

X-substituted silanes, most 1ikeLy via a RF-H intermediate [lgl]: 

\ YX 
Si- , \ f C2:i5MgX 

fP(CgH5)312hiC12 \ _/Ii 

r Si* 
diethyl ether 

'\ 

Retention of configuration was observed in this reaction for X = 

x = 0-cx 
3’ 

F or D; inversion was observed for X = Cl. Other Grig- 

nard compounds are less effective in this reduction and shone the 

following order: C2H5 > n-C 
37 
H >iso-C3H7 >n-C4x9 >fso-C+Hg . 

Remarkable is the reduction of a vinyl silicon derivative by the 

GriSnard-Nickel catalyst combination: 

\ 
> 
-Si- + -Si- 

I 

R-&-X/xi catalyst 2) 

2 I 

An organomagnesium compound is supposed to be formed as one of the 

reaction products since deuterolysis of the reaction mixture yields 

deuterated ethylsilanes: 

Referencesp.265 
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YgBr 
C2HsMgBr Y 

-si-0-CH 
D20 

-yD 

P 
3 

-si-0-m 
K-catalyst 1 I 

Furthermore the stereochemistry of these reactions has been stu- 

died (see also [X923). 

high stereospecificity was observed by Tamao, Zembayashi, Kiso and 

K-mada in the reaction of phenylmagnesium bromide with cis- end 

trans-bromostyrene in the presence of DppNiC12 as a catalyst ( Dpp 

(C6H5)2P-CH2-~H2-~~2-~(~gii5)2) c1933: 

C&-&fg-sr -f C6Y5-CH=CH-Er Xi(II) complex _L C H -CB=CIJ-C H_ 100% 
65 6> 

yiel 

100% trans P 93% trans + 7% cis 

100% cis r 7% trans + 93% cis 

On the other hand, in the reaction of cis- as well as of trans- 

1,2-dichloroethene the isomer ratiosof the stilbenes formed were 

equaf , the thermodynamically less stable cis-isomer being formed in 

excess: 

Cl 
\ 7 
/“=“\ * 

H Cl 

According to the 

suggests that an 

nickel. However, 

H ;H 

R&jCX/Pii(II) catalyst --2- 
\ 1’ 
c=c 

/ \ 
main produc-i 

R R 

authors the high cis-stereoselectivity strongly 

elimilation-addition mechanism is operative on 

in several instances trans-selectivity was obser- 

ved which obviously requires the intermediacy of other Ni-acetylene 

complexes than for the cis-stereoselective reactions.. 

Ohba and Matsuda continued their investigations on the Kharasch 

reaction of allylic halides with Grignard reagents in the presence 

of FeCZ 
3' 

cotx2, NiC12 and CuC12 (see also Annual Survey 1972, ref, 
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R-cH&H-CH2X + R'-CH2-CH2-M&X 
/ 

R-CB=CH-CH2-CH2-CH2-R' 

- (R-CH=CH-CH~)~ and isomers _ 
\ 

h R-CH2-CH=Cii2 

+ R'-CH=CH2 

-i R-CH=CH-CH3 

The authors state that, analogous to the view, presented by Ta- 

mura and Kochi (Annual Survey 1971, ref. [148] - [1.53]>, the reac- 

tive species in the presen t reactions are reasonably considered to 

be allylic-metal intermediates; thus the catalytic reaction would 

be essentially between the allylic-metal intermediate and either 

ally1 halide or Grignard reagent. For Ni and Co catalysts the inter- 

mediate may better be described as a c-ally1 complex. 

According to C.R, Johnson, Herr and Wieland cl951 there is a good 

possibility that the so-called deconjugation reaction of isophorone 

by combinations of Grignard reagents and iron(1I.I) or cobaIt(I1) 

chlorides, may occur via the formation of a metal-alkyl intermediate 

(see also Meinwald and Hendry, J. Org. Chem. 36 (1971) 1446): 

J = -HMxn 

Although ethylmagnesium iodide reacts with chloroform or carbon te- 

trachloride, in the presence of cyclohexene, under the formation of 

products qhich justify the occurrence of radicals as intermediates 

(Chapter 4S, ref. L-17431, the reaction of phenylmagnesium bromide 
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proceeds via a carbenoid interaediate, which reacts with cgclohexc 

c6”pBr -I- ccl4 
- c6”5c1 * Gi++gBr 

Cl .--_ 1 a Jfg-“ar Cl 
z/-= cc:- i 

.- 0% f &MgCl 

Al 
“Cl Cl 

support for the initial exchange reaction comes from the detection 

of substantial amounts of chlorobenzene in the reaction mixture. 

Some halogen rearrangement in the carbenoid intermediate may give 

a possible explanation of the formation of surprisingly large ZmOU 

of bromochloro- and dibromobicyclo[4.l.O]heptanes. 

As reported 5y Blckelhaupt and Jongsma, the reaction oi Grignard 

reagents with 2-bromobenzophenone leads to 'the formation of sub- 

stantial amounts of a product which see.ms to result from a substi- 

tution reaction of the Er atom by the organic group of the Grignar 

reagent, in addition to the normal carbonyl addition reaction pro- 

duct [196-j- The authors suggest thatoccurrence of a ketone-Grignar 

complex in which nucleophilic substitution takes place: 

The reaction of a five fold excess of phenylmagnesiun bromide with 

ethyl c:hromone-2-carboxylate leads to the formation of 1-(o-hydrox: 

phenyl)-3,4,4-triphenyl-3-buten-l-one, possibly by a reductive fis 

sion of the ether bond between the atoms in the positior?s l~and 2, 

as proposed by Holmberg and Sjaholm [X9+]: 



T:risiin and Erdik studied the kinetics of the reactLon of ethylmagne- 

sium bromide with weak acid6 such as amines, alcohols and l-alhynes 

[198]. The authors propose a SEi mechanism for the (Zerewitinoff) 

reaction: 

C,H+-Br + A-H i. - A-MgBr * C2H6 

The same authors, in another study, compared the reactivity of al- 

kylaagnesium halides by a kinetic method [IY?]; the Zerewitinoff 

reaction rate constants were measured of ethyl-, propyl- and butyl- 

Grignard compounds wFth diethylamine in diethyl ether at 25'. The 

relative reactivity of alkylmagnes%um halides increases in the or- 

der=@hloride&romide<Lodide, A linear dependence of lo& k on the 

number of i-hydrogen atoms in the alkyl group was observed, Finally 

in this S,& reaction, the relative strength of the carbon-metal 

bond increases in the order tert-butyl<isopropyl< ethyl<sec- 

butyl< n-butyl< n-propyl<isobzutyl<methyl. 

Tomoi and Kakiuchi studied the kinetics of the metallation reaction 

of fluorene by diethylmagnesium in t‘ne presence of HiiPA [126]. Dif- 

ferent reactions occur, depending on the amount of HMPA present, 

relative to diethylmagnesium. When the ratio Et2Mg/BMPA = l/2 the 

order of the reaction was unity in both fluorene and diethylmagne- 

sium; the active species is the complex-between Et2Mg and BMl?A- 

Hydrolysis of magnesium-bis(-1,4-(dimethylalumino)-2-butene) with 

a 1:l H20/D20 mixture, reveals an isotope effect whose magnitude 

indicates that cleavage of the OH ( or OD) bond determines-the rate 



of the reaction (Lehmkuhl and Reinehr) 

The reduction of triphenylchlorosifane 

[2003. 

by dimethglsilylmethylmagne 

siua bromide and by 2-diphenylsilylethyl.ma~nesIum bromide in Ttir" 

?gives good third-order kinetics (ir = 4.75 x 10e4 12. x101-~. s-I an 

3.83 x ZO-6 X2. ,01-~_ .s-' respectively) which is explained by 

Jarvie and Rowley with the following reaction scheme which repre- 

sents a ISwaiF _'I type mechanism f-941: 

f (C6H,-)$GiH 

Baryshnikov and Kvasov determined the _inetics of the autoxidation 

of phenylmagnesiuz-tert-butoxide, C6H5-&-O-t-C H 
4 9' 

at O", 20°,.30c 

azd 40° [2013- 

5. R&UX'IOXS OF ORGA?JOXAGNESIUM CO&fFOLiNDS 

Introduction _--_---- 

Benzhydryl ethers were prepared by Lapkin, Belonovich, Zenkova and 

Dvins!dkh by addition of an alcohol to the reaction mixture, obtain6 

on addition of phenylnagnesium brolcide to benzaldehyde [202]: 

C6H$frBr + C6H5CH0 R-OH/HC02C2H5 c6Hii1C 0 R _-- 
/ 

c6H5 
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stereochemistry of reactions of Grignard compounds with carbo- 

compounds has been discussed in Chapter 4Aii. Mention has now 

to be ffiade of asymmetric synthesis with bromo 2-butylmagnesium and 

broao 1-phenylethylmagnesium in reactions with vinyl chloride or 

with phenyl chloride in the presence of a chiral Ni(II)/diFhenyl- 

phosphine complex as the catalyst [2Oj]. Consiglio and Eotteghi re- 

port 17% asymmetric synthesis in the following reaction: 

CH- 
i 5 

CH. 

C2H5-~-N@r + chiral Ni(fI) catal. I 5 
CgH5C1 P C2H5-~-C6H5 17% OF- 

H tically 

Asymmetric synthesisin reap&i _ &.-ons of organomagnesium 

chiral substrates which contain menthyl groups were 

following reactions: 

compounds with 

reported for the 

a-naFhth-Qi-O-Gig + R-Q-X -menthyl 

I 
- chiral product 

group 
0-menthyl 

Corriu and Lanneau, Ref. [2Ort] 

p-CH3-C6H5-S02-menthyl * 
il 

Cs>MgI I p-CH3-C6H5-S-CHz chiral 
J 

Estep and Tavares, Ref. [205]. 

C6R5-C-C-0-menthyl + i-C4HS- or t-C4H9MgC1 -+ a.symQetric 

reduction 

product 

D, Cabaret, ref- [2061. 

Asymmetric synthesis with chiral substrates were furthermore repor- 

ted by: 
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Besancor,, Tirouflet, Card and Dusausoy [20?] in 

reactions with chrome-carbonyl com?oundsr 

forriu and Moreau [208] in reactions with asymmetric silicon ccc+ 

pounds: 

H H 

i?-Hg-X + a-Xaphth-&-O-i? - &apht&-B 

Calinaud and Gelas [2O9]r _ 

ca2- 0 

CH3HgI f 1 

~ ,“H3 

CH-0 
A 

> 75% erythro and 2k% three isc 

CH . . mer oT the CEO addrtion pro- 
I 3 
?=O 

duct 

ii (chiral) 

Yiith asimilar type of l,j-dioxolanyl phenyl iretone Merit and Vig- 

nero-n- even obtaTned products with 97% optical purity [223]; in both 

instances the optically active substrates were derived front carbo- 

hydrates. 

Cahier-Rivanlt and Vigneron obtained 75% optically pure products by 

reactions 3f the followin,r chiral 1,5-dioxofanyl ketone with 

nethylmaEFesiun iodide [211]: 

C6H5_FH - F=O 

0 0 i- 

X 
CH.MgI - - 

5 
HO-&Cff> 

;=0 7596 
H $-C6H5 A optic. 

0 H pure 



gA. Reactions with aldehgdes and ketones __________ _____-- 

Stereochemistry 

In addition to the reports of reactions with carbonyl compounds 

dealing with the stereochemical aspects as mentioned in chapter 4Aii 

(ref. Cl.%], Cl%], Cl571 and [158)) the publications of Kitahara 

and Ragakura (reactions.with 9-methyl-6-ene-1-cis-decalone) [212] 

and of Joska, Fajkos and Sorm (reactions with S-methyl analogs of 

B-norsteroids) [215] are given here. 

Enolization 

Sadet and Rumpf report the formation of products, resulting from 

condensation of the enolate-anion, formed on attack of chloro 

+dimethylamino-propylmagnesium on aldehydes and ketones, on unreac- 

ted ketones and aldehydes [21ri]. 

Durnham, Eelton and Eisenbraun observed o-methylphenylmagnesium bro- 

mide to act as a base in the aldol condensation with tetralone to 

form the tetralone aldol which reacts further [215]. 

Dicarbonyl compounds 

-The stereochemical studies of reactions of organomagnesium compounds 

with ferrocenedialdehyde were reported in Chapter 4Aii [162], Other 

dicarbonyl compounds used in reactions with Grignard compounds were: 

0 

CHj (C5H5) 

=Lj q-y Schoenberg and Mamluk [216] 

0 

R-H?. Lagidze, A.I. Dvalishvili, L.P. Chigogidze, D.R. Lagidze aud 

Devdariani observed the followin g hemiacetal formation [Zl?] 



CH,M@r 

2) s20 

I!-C-C6H4-g-H ; 
d 

Vereshchagin, Kirlllova and Denina [218] 

0 

Ye-k ; Badder, Fahzzy and Aly [219]. 

00 

Double addition T<. 

Double addition of ketones to the bifunctlonal Grignard reagent der 

iived from acetylene, &-Xg-E-C-Mg-Sr, was reported for the followin 

compounds: 

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
0 

Krupowicz and SaFiecha [220] 

OH Krupowicz and Sapiecha [221] 

Other ketones 

Mironov, Ivanov and .&hreii; [222] 

0 

+ C2H5 -0-CEC-MgBr 

Allen [223]. 

product dehydrates I 

spontaneously [56] 1 



(C6H5-~~=CH-C6HL;-),c=0 + 6 5 C H -CH=CH-C6H4-MgBr 
2) Hz0 

(CgHg-C"=CS-CgH4-)~-~ Myahina and Kotiyarevs-kii [224]. 

Hydrolysis of the product gave p- and m-formylphenyl phenylcarbinols 

(Leznoff and Wang) [225], 

Carbonyl compounds with other functional groups. 

Ether or ketal function. 

A-&=, stereochexical investigation reported in Chapter 4Aii [164] 

0 x 
0 AC ref, c2091: 

0 

Vig, Ram and Fig [226] 

;HyCqtO + CHX-Kg& - Hahn [227] 

Reactions of acetylenic Grignard compounds with di-isopropylidene- 

or di-benzylidene protected aldehydo-D-ribose were reported hy 

Ogura, Ogiwara, Itoh and Takahashi [228]. 

The same type of reactions of protected carbohydrates with Grignard 
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compounds were reported by Brimacombe, Rollins-and Thompson [229] 

as well as by Kiely, Walls and Black [230]- 

ReactTons with pyranone derivatives: 

were reported by Va~tarnyan, Noravyan, Avetsyan and Mkrtchyan [Sl], 

Karaev, Novsumzade, Aganirzoev and Askerov [231] and Baranov, Bdrya 

and Krivun [232]. 

Cagniant, Kirsch and Legendre studled 

reactions of the following heterocy- 
0 

clic selena or oxa-ketones [233]: 

Protiva, Sindelar, Metys and Wetyosova 
Se 

studied similar compounds in their reac- 

tions with Y-dimethylaminopropyl Grignards & 

c2341 0 

Tine hydroxy-ketone 30 reacts normally with methylmagnesium iodide cl 

when R= isopropyl or ethyl but produces the tert -carbinol when 

R = tert-butyl (Esafov, Wshlivkov, Markova an.d Svalova) [235]: 

R 
: 

CH, 
I I 3 

CE3&!& f CH3-C-Cii2-C-R' p \ R-C-CH 

&I,,I 
2) I320 13 

OX 

for R = tert-butyl 

Secorxd carbonyl function 

Vaskan and Kovalev studied reactions of Grignard compounds with teF- 

1,5- or l,&ketoaldehydes [236] 

f 
Ii 

CH3-C-(CH,)&O n-= 5 or 6 
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2 
0 

CH -C H -C-(C62)$-0-C2H5 
3 64 

; Vie, Kumar, Salota and Sharna [237]- 

t? ! 
'c~_c~~~-c-~~-C-O-C~H~ ; Gallardo [233]. 

$2 
R-C-C-O-R’ i- H"MgX + CdC12 - Karavanov [239]. 

jco2c2s5 
R-C5H4-NH-N=C 

\ 
reacts with R&X to form the normal C=O 

C-R' addition reaction products of the IietO 

d car5onyl group (Harhash, Kansour, Elnagdi 

and Elmoghayer) [2L;O]. 

Di-carbony addition products 

were also obtained in reactions 

of RMgX with the following di- 

ketone, as reported by Mansour, 

Ibrahim and &her [2&l]- 

In the following two compounds Grignard addition occurs to the car- 

bony1 group indicated with an arrow: 

0 
Sc,irnova and Glushkov c2Li.21. 

\. d 

Harhash, Elnagdy and Tiussein [2&s] 
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Carbonyl-nitrogen Functions in combination 

Eormal C=O addition o&red in reactions of Cirignard CornpoundS wftl 

the following N-containing substrates: 

; Chaterjee [244) 

7 5: 
; Loozen and Godefroi [53] 

; ir!,rtski and Sierra-Zscudero [245] 

; Bergman and Xkkrell [246]; rlngopen%ng of the 

cyclopropanone ring occurs. 

Halosubstituted ketones 

The above-mezxtioned spirocyclopropanone 

reaction [246] 

was formed in the following 



Other o-chlordketones used as substrates were: 

0 

CAJ-!-CH2-Cl ;Shchelkunov and Vasil'evB [57] 

R!!Cl --- 
I 

; Kuprianova and Tatarchuk [73] 

R' 

0 
11 

Cl-CH2-C-Cil2-Cl ; used by C.R. Johnson and Herr in reactions with 

bromo 2-magnesiunipropene, leading to the forma- 

tion of cyclic products [247]. 

; Karaev, Movsumzade. Amanirziev and Askerov [231] 

HHR HH H 
I I I 

R-Mg-X -I- CH_-C-C-C=0 ____j 
Dl I 
Rr Br 

2)K20 
C,+-h-R 

I \o/ 
L-711 

F3r 

Thioketones 

Reactions of thioketones with organomagnesium compounds have been 

referred to in Chapter 4B: [167], [168] and [X91- 

Carbonyl derivatives. 

Oximes 

Chaabouni and Laurent observed ringopening in the reaction of cam- 

phoroxime with phenylmagnesium bromide [248]: 

+ C6HsMgBr - 

N-OH 

Fteferences p- 265 
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The &ne authors observed 

oxime [2491 

the following reaction with 

. . :/ 

cyclohexanohe 

and with other cyclic oximes [250]. Toluehe was used as the diluent 

is these cases. 

Imines 

The reactions 

aad by Thomas 

the reactfons 

Another oxi,ae 

with imines, as studied by Gauze and Xiginiac [140] 

[185] aud [lab] have been reported earlier, as -were 

studied by Koreau and Gaudenar [68] and [U+S]. 

RY 
I- I 

studied :vas sr-C-C&4 
\ [42] 

I 
H R 

Condon, Thakkar aud Goldstein observed the following reaction zhicir 

represents an addition to the C=R double bond [251] 

/C*3 czR5\ F3 
CH3ilIgi + CS2=M-N R-R 

\ 2) / \ 
C2H5 H C25 

53, Reactions with acids esters lactones la-tam Paines etc ___-__--___~__~-~_~_r-,-~--_--~~----~~~~~__~~-_-_~__~~__-~--__~ 

Suga, -Watanabe, Fujita and Takahashi continued their researches in 

the field of reactions of vinytiagnesius chloride with acids, anhy- 

dsides and their diesters [2X]; one of the reactions reported is 



0 o- OH 
II u I 

CH2&H-M&l ~-k cgj-C-o-"-c"3 - Ci!2=C&C-CH=Cil 
I 2 + 

@Hj - 

0 
II 

CH2=CH-CH2-CH2-C-CH- 
5 

Reactions of aronatic Grignard reagents with trifluoroacetic acid 

lead to the Formation of substituted trifluoroacetophenone [41-i]. 

Purthernore reactions xere reported with 

0 
Cl 

0 3 0 

3 

d 

0 0 
II II 

R-O-C 
'P-C 

,C-O-R 

R-O-C '-- 'C-O-R 
!I 
0 : 

r'ateen, Omran and Kaddah [253] 

,.---. 
i \ / 

P 0 
\ 
2 
‘1, and 

ZK c=o 5 r 
OR 

ref. [24] 

Esters 

CSgMgI had no specificity in the cleavage of fatty acids in reac- 

tions with triglycerides and gave 1,2- and 1,3-diglycerides, I- and 

References p. 265 
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-2- ndnoglycerides as well as tertiary alcohols (Franzke, Hollst&in, 

Cerashova and Baturina got evideace that steric hindrance reduced 

the reaction of phenylrnagnesius bromide with the carboxyl grouP 

of esters of pentafluorobenzoic acid, thus leading to substitution 

in the aromatic ring [255]: 

In the reactions of branched alkylmagnesim halides with aliphatic 

esters in HMPA mainly the least sterically hindered enolates are 

fomedwhich can be trapped by acylation (Eiuet, %ptoz and Ju- 

bier) [256]. 

Reactions xith oxalic acid esters were inve stigated by Lapkin and 

Kashinsfii [257] as well as by Karavanov who added cadmium chloride 

to obtain hyrkoxyesters [2%]- 

Cl 
I 

Reactions of al!qlaagnesim halides with ciij-~-c02c2"5 

which was opticalLy active yielded opti- ii 

tally active carbinols (Vasi, Eianavati and 

Pate11 [259]. 

Ferwanah, Pressler and Reichardt obtained the "expected" ketals in 

6040% yields in the'following reactions of orthoesters [260]: 

R-CH2-MgBr + CH(-OC2H& - R-CH,-CH(-OC,H$, 

!f!he following reactibn was rePorted in a Japanese patent 12611: 



yCzH5 
0 0 0 : 
II THF II II 

cEg-~-CH~-CH2-C-OC2H5 -I- cy-C6H11M@L----+ 
2) A+ 

CH,-G-G"2-C~L2-C-C6~~~ 

0CZH5 

Mukaiyama, kahi_ and Takei obtained high yields oI' ketones by the 

followins reactions of g-(2-pyridyl)thioates [262]: 

Odic and Pereyre studied reactions of the ii 

following tributyltin ester with Grignard I 
CH3-CHz-C-C02C2H5 

reagents [26S]; metal exchange reactions I 
Sn(C4ii913 

seem to take place. 

Des Abbayes, Keveu and Salmon-Legagneur studied reactions of Grig- 

nard reagents wFth the following acid derivatives [264]: 

Normal addition to the carboxylate group under formation of terti- 

ary carbinols was repo-r. pied in the reactions of the following esters 

with arylmagnesium halides: 

; Berdinshii and Nezhdanov [265] 
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; Konshin and Chesnokov [266J 

; Shklyaev and Kalugina 12671 

Lactones 

Reactions with the following lactones have been $xblished: 

; Chiron and Graff [268]. Yields ring- 

opened products- 

; French Fatent [265]. 

S 

a ; Manya, Tsunekawa, Suzu!i and Kaekawa 
9 [270]. 

0 

; German Patent [271] 

; Calinaud, GELas and Thiallier [272] 

; Ofenberg and A-rventiev [273] 



; French Patent [274] 

; Petrus, Verducci and Vidal [275] 

bides 

; Sugden and Chaughan [276] 

0 
II 

DialkylfornaW.de, H-C-NC-R)2 reacts with secondary Grignard reagents 

to for= C=O addition products which on dehydration yield vinylic 
R 

amines 
R 
)C=CH-N(-R) 2; Hansson and Wickberg [277]. 

N-substituted carbaminic acid esters: 

s i? 
(C2E5)2~-~-0-~2~5 0r 

Y-C-o-C2H5 
alkyd 

react witb alkylmagnesium bromides to 

products (Wiessel, Suchi, Michman and 

2 
0r (AI.-)~N-c-~-c~H~ 

give the following types or 

Patti) [278]: 

f 3 +W 
R2N-C-R' and Ar-N-C-N-_& 

I 
al,kyl 

El-Garby Younes and Islam observed mono C=O addition in reactions 

of imides with Grignard compounds p791 and L2801 

Refereoces p_ 265 



Omram and Harb finally studied reactions of 0 

Grignard reqyents with thiophthalic anhydride 

[r-917 
G 

5C, Reactions with unsaturated carbony?. comoounds ethers anines ___-___--_-_--_-____-~~~~__~-~-~~ ,,,,,,,,,__1_~___,,~,,-,___~~~~ 

and others ---------- 

Unsaturated aldehydes, ketones and derivatives. 

in Chapter 2D mention has been made of the reaction of "in situ" 

trinet.hylsilylmagnesiuP compounds with unsaturated ketones [I&]- 

in Chapter r;B the radical character of the reaction of Grignard Co12 

-Jounds with unsaturated diketones was discussed [165]. 

The reaction ol’ unsaturated ketones -with bromomagnesium enOlateS, 

prepared from ketones (see Chapte- r 2%~) leads to the formation of 

Ldiketones [S5] and [39]. 

The following reactions have been reported: 

; Bernath, Gruber and Toaoskozi (282) 

; German Patent [2S3] 

R-CHAX-CH=N-R' (R' is methyl, isopropyl or tert-butyl-) [l&23 

CH H 
I3 I 

CU3-C-_-C&-C-R wFth aromatic Grignard reagents gZves normal C=O f 
,<: 
i _. >: _- .:: =c 
-2 
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addition-reaction products according to Zsafov, Vshivkov, Klepikova 

Ryzhanovskaya and Tsoi [284]. 

3X-O 
/ 
R' 

\ 
UC-CI-12-LN=C=C 

\ 
; A-1. Meyers, E.&f. Smith and M.S. AO 

/ 
! 

R" [2851- 

Unsaturated esters 

Reactions have been reported with the following unsaturated esters: 

; Holmberg, Olli, Strand and. Jalonen 

12861; with tert-butylmagnesium C2H5-O-C=0 

chloride reduction, as well as 1,4-, 1,6- and 1,8-addition reaction 

products were obtained. 

C2H5-02c,c~C/Co2-c2H5 

/\ 
; House, Melillo and Sauter [24]. 

C2R5-02c C02-C2H5 

!? 
The stereochemical aspects of the reaction 

of Grignard reagents with the annulene de- 

rivative have been discussed in Chapter 4C 

[188]. 
$-0C2H5 

0 

; Aboussali, Royer and Dreux [2873 

; Rolmberg, Malmstrom and Wennstram 

II2881 

/)(°C2H5 
; Finar and Okoh [289] 

0 
. 



Vatanabe, Su&a and r'ujita studied the reaction of unsaturated este 

of different types with vinylznagnesim chloride [290], Besides nor 

ma1 addition reaction products (leadinq to tertiary alcohols) the 

authors observed the foraatiolr of butenyl ketones -C-C?Z2-CH2-c~~=c~ 

ti 

Unsaturated ethers, 

The following unsaturated ethers xere investigated in reactions wi 

Gri,onard reagents. 

; Nelson and '.Y.J. Miller [291] 

CH2=CH-CX-S-R (R = methyl or ethyl) which,aqong other products, 

yKeld allenic thioethers (Radchenko and Cherkasov) [292]. 

C2H5-O+C/R 

! I 
C-C\ 

0 

0 
u 

e2H5-0-C-(CH2)5 / 3-L ; Var. Bulle, Sipido and Van de LYalle 

0C2Y5 

0 x2+ 
[2?41. 

; Ficini, Claeys and Depezay {293] 

The radical nature of the reaction of Grignard CH. 
1 5 

compounds with acetylenic ethers has been dis- HEC-c -o-m- 

6H 
3 

cussed in Chapter L;B l-1791. 3 

Enazines: 

(269, 
‘3-C B 

If I 
C-C-C6H5 

NiC2H5)2 

; Ficini, Claeys and Depezay [295]. 

.- 



; Traynelis, Sib and Borgneas [296] 

FH 
I I 

C&-;-C=C-RR2 

0 

; Elkik and Inbeaux-Oudotte [2?7] 

Finally the following unsaturated compounds have been used: 

; Wessiha, Doss and Nosseir C29Sl 

R H 
I 

CH -c-o-c-c~c-LoE 
3 II 

; Raudouy, Gore and Roumestant 12991 

0 1: 
I 
CB 

2 

R-CB=CH-NO2 reacts with carboranylmagnesium broui-de to .give G=C 

addition reaction products [95]. 

5D. Reactions with double bonds _--_-________^_____-------- 

Lehmkuhl and coworkers have published a series of papers on the 

reaction of benzylmagnesiua chloride and of allylic Grignard rea- 

gents with double bonds [155], [1367, [137] and [300]. The steric 

course of these reactions as well as the occurrence of equilibria 

between the different possible products have been discussed in 

Chapter 3C. Among the unsaturated systems, studied by the authors 

were alkenes, including ethene, and norbornene as well as phenylethe- 

ne. 

Nesmeyanova, Rudashevskaya and Kazans'kii investigated the stereo- 
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_ chemistry of the addition reaction of phenylmagnesium bromide.with 

methylcyclopropene 13013: 

C6H5M@r -I- _ A ‘t 

2) D20 

CE. 
5 %R!5 

D 

Cis-addition appears to occur. 

_n-llylma~nesium bromide gives facFle addition to conjugated unsatu- 

rated systems such as 

C4H9-CH=CH-EC-H 

aa reported by Eerradou, Maurn& and k&e Miginiac [3021. 

limo intramolecular addition to the tziple bond occured in 

c1-Cac-cE2-cF12-cii2-"gar 

as was already reported in Chapter gC [so]. 

Likewise, Courtois and Mme Miginiac observed no diaerization of 

allylmagnesium bromide on heating during several hours [303]. 

Several reports have been published on addition to double and 

triple bonds, catalyzed by metal salts, These reactions will be 

summarized in Chapter 3L. 

5E, Reactions ~5th or,~anlc halides ~-~,~,~~~~~~~-~-~~-~-~-------- 

The reaction of an organic halide with a Grignard reagent is of 

seat importance in the Grignard reaction (reaction of R-X with MS) 

itself, The influence of oxygen on the catalysts, present in the 

ma,szesiur?; as impurities, has been discussed in 

The radical character of such reactions in the 

ties was discussed in Chapter 4B [172], 

fn the same chapter as well as in Chapter 4C a 

Chapter 2 A [3Z]. 

presence of impuri- 

discussion was given 

of the mechanism of the reactions of Grignard reagents with Ccl, or 

eth cHc~~ in the presence of cyclohexene 11741. 
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Bickelhaupt and Jongsma observed substitution 03 the bromine atom 

Ln 2-bromobenzophenone 

& 

in reactions wizh methylmagnesium bromide [196]. 

Wono- and disubstitution or fluorine in 

0 

F LO-R 

!? F 

during reactions with phenylmaanesium bromide was reported by Gera- 

simova and Yaturina [255]. 

Activated halides 

Reactions with the -following benzylic halides have been reported 

OS 0 

Cl 

a K 
CH,Cl 

; Burnha, Duncan, Eisenbraun, Keen 

and HamrzCn,r .[jO4] 

; Mitra, Kulkarni and Joshi [SO53 

Ailylic halides, investigated were: 

a i 

Br 

; Joulain, Moreau and Pfau [SO63 

Ref-ca p_ 266 
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-0. 
n 

HO-c-CH=CH-CE$-Er ;Reslinga, Pabon tid Van- Dorp [307] 

R' 
I 

ii-E&ii-C-Br ; Duhamel, Duhamel and Valno [4+2] 

; 

c6H5-cH2-cH=cH-cff2-c1 ; USSR Patent [~6] 

No reaction was observed with the cyclobutyl dibromide isO in 

in the followiu,t equilzbriua 

the reaction with Grignard reagents, which was observed by Straub, 

Rao and Mueller, proceeds via the biallylic cyclooctatriene dibre- 

nide although this compound could not be detected in the eouili- 

brium by means of nmr-spectroscopy [3WJ. 

Other allylic and propargylic systems studied were: 

; Hesnard and Miginiac [SlO] 

L-H34 -c-cH=CH-CH2-Br 

JR' 

; Zakharkin, Babich, Litovchenko and 

10HIO Ivanova 1353 

H-CsC-CH2-Br ; Kurbanov, Dzhurakulov and Kuchkarov 

C601 

as well as Yamonaka and Ao and Tsuruta [55]. 

. 
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-. 

R-C-CL was studj_ed.in reactFons with indolemagnesium halides as was 

i! discussed in Cha_nter.jC [758]. 

0 0 
ll 11 

CHg-0-C-CH2-CiQ-C-Cl ; amnet, Paquer and Rioult [311] 

0 
II 

C2H5-O-C-Cl ; Uhle and Werner [$A?] 

The t'ollowin~ haloethers were studied: 

n 0 
Cl 

; Nelson and Miller [2?1] 

R-O-Cff2C1 ; Volkov, Nikol'skaya, Levanova and 

Zarudneva [63] as well as Mikol'skaya, Vqlkov and Levanova [6L;]. 

c H 
I ; German Patent [312] 

/ 
N-CH-C-CB -O-C& 

21 2 
Cl 

H 
I 

R-C-S-R' 

AI 

; tiurd, Koe and Starke [313] 

No reaction was observed with the following B-bromo cyclic ketals as 

reported by Volkov, Skvortsov, Danda and Khudyakova [3&l: 

Ff.eferencesp.265 



unsaturated halides : . . 

F= 
o-I?-c=c-cL 

I- 
; Ionin, Mashlyakovskii, Ignat'ev, Tie 

0-C2H5. nofeeva, Mingaleva, Vorov'ev and 

Petrov, [515]. 

D = ABr ; Heyd and Hanack [316] 

CF3 
\C=C'F 

Cp/ 'F 
3 

; US Patent [3173 

Halocarbonyl compounds 

The in situ reaction of trimethylchlorosilane/Mg/RMPA with choro- 

aldehydes has Seen mentioned in Chapter 2D [116] 

; Bergmann and Bkkrell [246] 

; i!Iori, Nishimura and Ban [318] 

Finally mention has to be made of the reactions with the fcllowing 

compounds 

0 

CF,-CI'-‘Cp, 

k 

; Watts, dllison, Barthold and Tarrant 

c3191 

0 

li 
Cl-cs-C-CH2-Cl 

. 
; C.R. Johnson tind Herr [247]. _ 
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$', Reactions-&it& oxiranes oxetanes and azirines 
:_.~.. ._... ._. 

--,_,,,,,-,,-,,,,,,-~__--___---__-_-~~-~~~~~~~~~ __ .: 
I_’ 

The.ratio RH.&/CF -CF-CF strongly influences the product formatiori~,. 
3 \*/ 2 .. 

*\ .H f 
~. 

With excess Grignard reagent ,C=C-C-R is formed [sjrg.]. 

R 

Delmond and Pommier studied the reaction of trioutyltinmagnesium 

halide with oxetane [36]. 

Vaultier, Da&on-Bougot, Danion, Eamelin and c6Ea5,c4_ c ,co2cH3 .. 

Carrier studied the reaction of the azirine 
\I/ 'CO CR. 

[320]: I 
2 j. 

C6R5 

s_ Reactions with ethers acetals orthoesters and aminoethers ----_-__--__________- ~__---_-~_______--_I____,-,,_-_____--~~~~ 

Reating a solvent-free mixture of methylmagnesium iodide and a phe- 

nol ether for several hours at 150-165°, followed by hydrolysis 

leads to the formation of the phenols: 

; Moreau and Rouessac [32l] 

; Razdan, Pars, Zitko, Kane and Thomp- 

son [322] 

*bI 
3 

In his review paper on nmr -spectroscopy of organomagnesium com- 

~&und&.Maercker mentions some reactions with ethereal solvents 171. 



.kurthermore the following reactions were reported 

and reactions with 

; Abdullaev, t4aisa and Alizade [3&j 

5E, Reactions with heterocyclic compounds --_-___--___________-- --------L----- 

The radical character of reactions of g-substituted xanthyliu=r, sele- 

noxanthyliuz and thioxauthyliua salts 

x=0, S or Se I 
with Grignwd reagents has been discussed in Chapter 4B [176], [f77] 1 

ad [I783 

Tadino, Christiaens and Renson studied the 

reaction of phenylmagnesiua bronide with 

the selena homologue of benzopyriliua per- 



zeactions of chrbmone and thio>yrone as well as pyrone derivatives 

with Grignard compounds were reported earlier (Chapter 4C; ref. 

[lg?]; Chapter 5A; ref. [232]) 
0 

Furthermore the following sulfur-containing 

were used in reactions with organoma,Riesiu!n 

heterocyclic compounds 
. 

compounds: 

; Eeckendorn and Gagneux 13261 

; Harhash, Elnagdi and Abdallah [327] 

Nitrogen-containing heterocycles 

~~ononitro en z 

; Surana, Kishore and Joshi [329] 



.DinitroSen 

Crossland studied the stereochemical course 

of the Rrotonation of addition podusts, 

foraed between Gri-guard reagents and pyri- 

dazines [33G] and._[331] 

Tas and Kfeipool observed substitution 

of pyrazine on reaction with allylmagne- 

siua chloride 13323 
. 

Samrtour, Selizz, Elkasaby and Abdalla 

described reactions of Grignard rea- 

Eents with quinazolone [333] 

Yasasoto, Ishizumi, Tori, Inaba and Yasa- 

3oto studied reactions of Grignard reagents 

with quinazolinedione derivatives [334] 

Slnazdi, Shawali and Elokbi reacted the 

following diazacyclopentanedione with 

phenylaagnesiup bromide [335] 

Trinitrogen 

Daunis, Jacquier ad Pi&i&e reacted Grignard reagents with the fol- 

lowing triazine derivatives: 

ref, [336] 

(S) H 

R ,P; 

x hi/ 
N 

R 

ref- [3377 ref. C3331 



; Etienne, Loncharnboux, Giraudeau and 

Dmand [3391 

C6H5 
; Igeta, Iv'a?rai and Tsuchiya [340] 

Xixed heterocyclic compounds 

Sulfur-nitrogen 

; Timberlake, Hodges and Garner [341] 

; Samnour, Selim, Fahz~y and Elewa 

C3421 

R" 

i Kassab, Ehagdi and Hamed [343] 

Nitrogen-oxygen sixed heterocycles 

P 
C6H5 

Harhash, Elnagdi, Hussein and FaImy 
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; 

fr . -‘i ; 
0 x 

: Lion and Dubois [139] 

; Lion am? Dubois [3463 

; 

i Etienne and coworkers [339] 

Petrus, Verducci and Vidal 

Nakagawa, Aki and Yarnamoto 

T.Y. Johnson and Davis [8L;] 

Lion and Dubois [3477 

c2751 

L-3457 

Adeabri, Scotton, Speroni and Tede- 

schi [3483 

Meyers and coworkers [97] 

SWIUOU~ and coworkers [333] 
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5I Reactions with Doron Nitrocen Silicon Phosphorus Germanium,:‘ ____,_,,,_____,_____~_~____~_~~~~~~~~~~~___~~ _.-_,_J._,,,,_,-_- 

Sulfur Arsenic and Antimony compounds ______2_______,~___~_~~__~_ ---- _-___ 

Boron co=3ounds 

Nitrogen derivatXves 

; Dorokhov, Boldyreva and Kikhailov 

The mechanism of the reaction of n-butylmagnesium 

tromethane was discussed in chapter 4C [187]_ 

The radical character of the reaction of Grignard 

para-chlorophenyl diazonium tetrafluoroborate was 

ter 4B [175-J- 

bromide with ni- 

reagents with 

discussed in chap- 

Reactions have been reported with the following nitroso compounds: 

a;> NBXO 

A 
‘2*5, 

N-NO 
/ 

C2ii5 

LC4Hg -0 NO 

References p.265 

; Arziba, Kawamura, Risaoka and Ina- 

mot0 [3513 

; Nichejda and Schluenz c352] 

; Brittish Patent [353] 
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; Uazarci and Lusinchi [354] 

Silicon derivatives 

Fritz, together with Boettinger, Ekauna,cel and Danap?el and Matern 

studied the reactions of di- and tri&lacycloalkanes with methyl- 

magnesium chloride [355-j, [356] and [357]: 

_2< 
C12Si Sic12 

cl2 I, Si c12 

cl2 

The stereochemical aspects of the reactions of Grignard compounds 

with sflicon compounds have been mentioned in Cha?ter 4C (ref, Cl89 

Cl90], Cl911 and [192]) as well as in Chapter 5Introd. (ref, 2041 

and [208],. 

The formation of unexpected products in the reaction of mapesium 

with stanna-silanes has been mentioned in Chapter 28 [383. 

Reactions of Grignard reagents with chlorosilanes of different 

types have beenreported by several ,qoups: 

tH3 
SiTI_ 

G ; 

R-O MgBr + HSiC13- ; 

Nametkin, Vdovin, Poletaev and Us- 

hakov [358]- 

Lapkin, Mukhina, Xirillov and Sigovz 

13593 



C6H5-!i~ 

&i3 
12% 

Gverdtsiteli, Doksopulo and Tabidze [XXI] 

GverdtsiteLi, Chernyshev and Fdiberid- 

232 C591 

The mechanism of reaction of sila-Grignard reagents with chlorosi- 

lanes has been discussed in Chapter 4C [94]. 

Reactions of acetylenic Grignard reagents with (CH3)3Si-C1 and 

(CH3)3SiF have been reported by Florensova and coworkers [70]_ 

Andreev, Streyugina and Levdil! reported 

reactions of aromatic Grignard reagents 

with chlorosiloxanes [46] 

Reaction of phenylmagnesium bromide with phenyltrichlorosilane and 

other trichlorosilanes, followed by reaction with dimethyldichloro- 

silaoe leads to the formation of silicone resins as reported in 

a German patent [361]. 

References p_ 265 
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phosphorus compotrnds 

-(CjR5)3_n FCln was reacted with aromatic Grignard reagents to give 

the expected phosphorus-containing coupling_product [54]. 'Phe sazxe 

type of ?roduct xas formed in the reaction with (C 2 3-0)2P-Cl I-I [833 

Nifant'ev and Shilov obtafned bromomagnesium tetraalkylphosphoro- 

diamidites by the followfng reaction [3@]: 

Trimethylsilylphosphine derivatives were prepared by the reaction 

.of the trFnethylsilyl_magnesiun compound (see Chapter 2R.v !) with 

chlorophosphorus derivatives such as FC13, tert-C4HgPC12 and 

(tert-CkH9)2PCL [Vl]. 

Tne reaction of dioxadigermacyclohexene 

with methylmagnesium iodide causes the 

formation of tetraphenyldimethyldigermane 

C3631- 

(C6H5)2Ye' 

0, 
C-CH. 

II - 
(C6Z,-)2Ge,0,C-CX~ 

Sulfur derivati_ves- 

Meijer, Veraeer and Brandsma [364] as well as ?iinther and Senning 

reported reactions of Grignard reagents with CS2 [363]. 

The formation of an asymmetric sulfoxide by the reaction of menthyl 

(-)(S)-p-toluenesulfinate has been reported in Chapter 5Introd, 

[ZO5]. The formation of sulfonyl-substituted Grignard reagents by 

reaction of organomagnesium compounds with sulfones has been mentic 

ned in Chapter 2Biv [99] and [loo]- 

N 

0 

I 
-CR2-0-Tos has been applied in reaction with phenylmagne- 

sium bromide [305] 

C 
65 
Y -S-S-C6H5 was used in reactions with fifteen different Grignarl 

reagents to prepare.C6H5-S-R f366]. 
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Boberg and Oentzkow used the following sulfur derivatives in reac-. 

tions with Grignard'reagentsr 

R 
ref. [36?1 ref. [363] ref. [369] 

Finally the following arsenic and antizohy-compounds were used in 

reactions with Grignard reagents: 

FLs(C2F5)2, by Kopaevich, BelenlXkZ, Xysov, German and Knunyants 

WO] 

(C4fiy>3Sb3r2, by Resneyanov, Borisov, Norikova, Fedin and Petrovs- 

kii [371] 

3J Reactions with 0xyssg Deroxides and selenim -_--------------- L_~_____________________ 

Ol'dehop and Livshits prepared isoProPy1 and set-butyl hydrogerox- 

ide with 96-97% Purity by reaction of the corresponding Grignard 

reagent with oxygen in di_ethyf ether at -75O- The yields were be- 

tween 63 and 3O% [372]. 

Sindelar, Svatek and Frotiva Prepared thiogheneselenol 'as follovs 

[3?3] : 

L-2 I i 
S M@r 

-I- 
Se diethgl ether c7- I I 

S SeH 

As 

of 

In 

already nentioned in ChaPter 4C the !<%netics of the autoxidation 

C6E5-l'j-0-t-C&E9 were studied at different teaperatures [2Ol]. 

Chapter 4E! mention was made of investigations on reactions of 

Grignarc? recents with photochenically generated tert-butoxy radi- 

cals [X31]. 



1% Reactions with nitriles ---__--_____________--- 

Reactions of Grignard reagents with nitriles, leading to the for- 

zation of the usual ketones were reported : 

; RyLski, Gajewslri and Dabrowska 

[37+] 

NC 0 

; Reynaud, lYandereau and Nguyen Tri- 

Xuon,- [3751 

; S-our, Fahmy, Abd D-R&man, 

Khnookh and Bbd 5oez [376] 

; Sammour, Raouf, Rlkasaby and Hassan 

c3771 

; Jahine, Sayed, Zaher and Sherif [37i 

In a number of reports abnormal reactions of Grignard reagents 

nitriles were given: 

The formation of amines when Grignard reagents were aPplied at 

temperatures by using toluene as a diluent, has been discussed 

Chapter 4C [l&j. 

Odic and Peryre found alelation Products in Sn(CkH9)3 
I 

reactions of methylmagnesium halides and methyl NC-C-CH2-CK, 

iodide with the following tributyltin-substituted 
k 

nitrile [263] 

with 

high< 

in 



Displacement of the nitrile group by the alkyl 

nard reagent was found as the main reaction of 

les: 

CN 
; Matyukhin, 14alina and Unkovskii [3791 

255 

group from the Grip : 

the following nitri- 

; UnkovsikZi, Matyu_khin, Malina and Uri- 

novich [3803 

CN 

CQ N 

; Reinecke and Daubert (see Annual 

Survey l-972; ref. [278]) [3811 

5L. Reactions with or in the nresence of metal salts ~~~~~~~~~~~~~-~-~-~-----~~~~~~--~~~~~~~~~~~~~~~~ 

a. Preparation-of organometallic compounds -----------~-------- 

Reactions of organomagnesium compounds with metal salts, mainly the 

halides,in order to produce organometallic compounds, have been re- 

ported with a large number of metals. 

BeC12 or BeC12.etherate were used to prepare R2Re with R = alkyl, 

as studied by Carley, Lowrance and Maughan [382]. 

NeopentylPagnesium halide reacts with TiC14 to yield tetraneopen- 

tyltitanium. Mowat and :Yil.kinson [383]. 

With (cyclopentadienyl)2TiCZ2 R-&-X (containing silicon or germa- 

nium) reacts to form (cyclopentadienyl12TiR2, Collier, Lappert and 

Fearce [384]- 

Van Oven reported the following reaction [3853: 

Refereaces p_ 265 



Vanadium tetrachloride, VCQNZS reacted by Razuvaev, Latyeava, 

Lineava and Drobotenko [S86] as well as by Latyeava, Lineava and 

Drobotenko [ji87] with benzylmagnesiua chloride under different reac 

tion conditions to obtain, amorrg other products (benzyl)t;V, 

Xays and Sears reacted zethylaagnesiua iodide Tith 

C5Z5Fe[(C6H5)2 r-eH,-Cii,-P(C6~~),]~~ ref. [3X!] 

GeCli, was used by Kuznetsov, Podzolko, Kovalev and !3iislaev [j89]. 

Koblftz and i'G_Zke prepared (COT)zZrRz from the corresponding dichlo. 

z-0 col?rpound [3903. 

Tetraneopentylzkrconium was prepared in the sazne way as the corres- 

ponding titanium compound, mentioned above [j&]. 

The s-e authors investigate& niobium salts in their reactions with 

triaethylsilylnethylnagnesiun halides [383]. 

Furthermore tris(triphenyZphosphinyl)rhodZum chloride was investi- 

gated in reactions ~5th the same organomagnesium halide c371. 

In an US patent 

clained [391)- 

A large number of tin compounds have been reported: 

the preparation of bis(6-&ethoxynaphthyl)ca&tium is 

GieJ_en, DePoorter, Sciot and Topart prepared racemic methyXbutyl- 



isopropylcyclohexyltin in a series of reactions, starting from tri- 

butyltin chloride [392]_ 

Furthermore Gielen, DeFoorter, Liberton &d Poelinck used different 

unsaturated, alkyd and aryl Grignard reagents in reactions with 

R3SnCl [395]- 

Seyfert h and coworkers used several a-haloorganozagnesiu compounds 

in reactions with trhethyltin chloride [47] and [48], 

(Cg"5)Fe[(C6ti5)2F-CH2-C~2-P(C685)2]SnC~~ QJ~S used in reaction with 

oethylmagnesium iodide [388]- 

(c~C~I-I~~)~S~C~ was prepared from SnC$ and the corrrespond%ng Grig- 

nard reagent in toluene as the cosolvent [394]'_ 

Also the preparation of hafnium derivatives [384] and tantalium 

derivatives [j8;j] has been reported. 

Ta;?lakz acd Kochi prepared methylgold coaplexes with different 

ligands [395] _ 

Fhenylmagnesium brontide reacts with ccis ClCE=CHH~l to form the 

corresponding chlorovinylphenylercury derivative [396]: Kesaeyanov, 

Prokof'ev, *dyneev, Borisov and Okhlobystin : 

H 
\ / 

fi 

c=c, 
Cl 

/ 
Sg-C6R5 

highly pture mixed tetraaI!;rlleads were prepared by Clinton, Gardner 

and Kochi in reactions of alkylmagnesium halides with leadacetate 

Brandi, Brunelli, LuCli and Mazzei, fiually, prepared benzyluranium 

derivatives by reaction of the corresponding uranium chloride [398]. 

Refmencei p_ 265 
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'0. Ketal salts as catalysts in reactions of organomagnesium com- _-------_- ----_-----_--------- 

r?ounds L__ 

Conjugate acidition of organomagnesium com_aounds to unsaturate6 car- 

bony1 derivatives was reported by several grou_os: 

For the synthesis of grosta@andines and congeners Schauh and iVeiss 

used tributylphos_phlne-Cu(I) iodide in the reactlon of the aparo- 

Friate Grignard compound with the 

following unsaturated cyclic ketone 
C,H5C$-(CH& / 

0 
c3991. 0 

Ia another oublica'tion Eernady and Xeiss used the same catalyst in 

a similar synthesis [6X3. 

For l,&addition of simple al!wlmagnesium halides 

to cyclooctenoae Damiano and Diara applied cataly- 
0 

O- 

sis by copper(l) chloride C4001. 

Organoma=nesium cqtrates, having one or more B-hydrogen atoms show 

no reductive power towards 4-methyl-l-cyclohexenone contrary to the 

corresponding Grignard reagents. Nainly 1,Gaddition was observed 

CJallabert and Spassky) [WI]- 

In the same sense‘Mme Rivikre and Tang used organomagnesiun cupra- 

tes for the investigation of l,+addZtion reactions to unsaturated 

ketones [432], .- 

Bolt and Zeelen obtained 1,4-addition reaction products with methyl- 

ma_Fesium iodide and 5a-l-estren-3-one, catalyzed by copper(I) bro- 

mide, in 82% yield. [403] 

Gocmen and Soussan studied conjugate addition reactions of ma-e- 

siun compounds mixed with cadmium salts [404]. 

Addition to and reaction with double and triple carbon-carbon bonds 

were reported in the following publications: 

Xthylmagnesium bromo cuprates, C H CuMgRr2, 
25 

react with l-alkynes 
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to form cis-addition products: Piormnt, 

Cahiez, Chuit and Villi&as [405]: R\CzCiH 

C2H5' 'Cu 

In an US patent the addition to the triple 0 
II 

bond in the following acetylenic ester cii -CaC:C-O-CE- 
5 2 

was reported [436] 

Addition of arylrnagnesium bromides to alkyries, catalyzed by tri- 

phenylphosphinenickel(II) chloride was reported by Duboudin and 

Jousseaume [407]. In several of these reactions the stereospeci- 

ficity was very high. 

The reduction of vinylsilicon derivatives by alhylmagnesiurn halides 

in the Rresence of nickel(II:) catalysts has been discussed in Chap- 

ter 4C [191]. 

A Japanese patent mentions the use of mx>ed titaniuzn chlorides 

as catalysts in reactions of Grignard compounds with isopreze, fol- 

lowed by air-oxidation, leading to the formation of allylic alco- 

hols [408-j: 

CH 
I 3 

CH2&H-C&H2 -t 

CH- 

*2 I 3 
RMgX/Ti-salts - - 

2m20 
R-CH2-CH=C-CH2OH 

Cii- 

I 5 
+ R-CH2-CH-C&II2 

ba 

Disproportionation of l- and 2-pentene by alkylmagnesium halides 

and tungsten(V1) chloride as the catalyst in benzene/isooctane as 

the solvent at 25O was reported by Mar'in, Sheboldova, Dol*shinkova, 

Khidekel and Kalechits [409]. Max&al yields of propene and l- and 

2-butene were obtained with a Mg/W ratio of 7O:l. 

References p- 265 ‘_ __.~ 
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B_considerable number of reports on the metal salt catalyzed reac-. 

tiOn Of or&anomagne8ium halides with organic halides have appeared' 

in 2973: 

The investigation of the mechanism of the iron catalyzed reaction 

of isonro?ylmagnesium halides with deuterated isopropyl bromide 

has been mentioned and discussed in Chapter 4B [172]. 

The isomerization accompanying the nickel-catalyzed cross-couI+ 

ling of set-alkyl Grignard reagents with organic halides was dis- 

cussed in Chagter 3C [134]. 

The stereospecific cross-cou@in 0" reaction of secondary, racemic, 

Grignard reagents with unsaturated halides, catalyzed rrL.th a Thiral 

nickel complex was mentioned in Chapter 5 Introd, [2C3] 

Kershenbaum, Makovets!ii and Dolgoplosk studied the reaction of 

ethylma,aesium bromide, treated with nickel(II) or cobalt(i1) chlo- 

rides, with ethyl bromide [410]_ Zthane and ethene were formed ir 

eqximofesular amounts as well as some butane. Zerovalent Co and Ni 

xomplexes are suggosed to be formed, 

Tamao, Zembayashi, Kiso and Kumada observed stereosgecificity in 

the reaction OF Grisard reagents with aonohalo olefins, catalyzed 

by nickel(I1) complexes [193]- On the other hand, reactions with 

1,2-dihalo olefins proceed non-stereospecifically! In a Japanese 

patent the same authors cl& the preI?aration of styrene and stil- 

benes by reaction of the required reagents, catalyzed by dichloro- 

[1,2-b+s(diphenylphosphino)ethane]nickel [4Il], 

The reduction, coupling and isomerization reaction of Grignard 

reagents with ally1 halides in the presence of iron, cobalt, nickel 

or cuprous salts has been discussed in Chapter 4C [19.!+], 

Levy reports the formation of polychlorobighenyls by reaction of 

pentachlorophenylmagnesium chloride with chlorophenyl iodides, cata. 

lyzed by cogper iodide [412]- 

T'horsett and Stermitz investigated the 'effect of the ligand in the 
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nickel(II) complex used as the catalyst in the coupling reaction of ~ 

chloroquinolines and isoquinolines with several tyPes of Gri&ard 

reagents. Deoending on the catalyst coupl&gor reduction of Cl 

could take place. Also preferential couplin, c sites were observed 

-5th ~~lychforo quino?_ines [4X3]. _- 

The folloT*ing reaction with iron catalysts was reported [247]: 

:: 
CH.. 
I = r”eC1 f C E &$3r 

cpcH,-c_cE2-cr t CHz=C-Hgi3r - 
3 

25 

Nori , Mishimura and I3an did not observe 

the formation of the cross-coupling Product in the following reac- 

tion but instead obtained z m75xture of several products [318]; 

Luong Thi, i&e Rivi8re and Spass'ky studied the reaction of 

magnesium cuprates ipith acid chlorides of a-chloro acids [414]. 

Niscellaneous reactions 

salts. 

of Grignard reagents, catalyzed by metal 

In Chapter 4C mention has been made of a number of investigations 

by Corriu and his group on the nickel catalyzed reactions of organo- 

magnesium halides with Si-derivatives [192] and [IgO], See also 

ChaPter 51, 

Cadmium chloride was used by Karavanov to modify the reactivity of 

a&yl_magnesium halides towards oxalic acid ester [415] [239]. 

References p_ 265 
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A new.route to a,B-unsaturated ketones having a silyl 

group attached to the carbon-carbon double bond has been. 

developed C1681, a-Lithiovinyltriphenylsilane (CVIIIa, R= H) 

and I-Zithio-1-triphenylsilyl-2-phenylethylene-E (CVIIIb, 

R = Ph) coupled with both acetic (R' _= Me) and benzoyl (R' = Ph) 

anhydrides to provide the corresponding acyl derivatives. 

Ph3Si\C=C/H 
(R'CO&O 

> 
Ph3Si\ /H 

hi/ \R dc=o 'R 
,c=c 

Cvlll 

A vinyllithium reagent has been developed which, after 

alkylation and hydrolysis, afforded good yields of ketones 

(equation 90) 11691, Treatment of the l-(alkylthio)vinyl- 

lithium intermediate with aldehydes (equation 91) and epoxides 

(equation 92) similarly gave good yields of the respective 

acyloins and a,&unsaturated ketones, 

R'SCH=CHR" f secBuLi Hz&) 
- R'sF=CHR" 

(90) 

ii 

4-2 0 
RX HA > 

aq CHQCN 
R&H2R" 

OH 0 

via (presumably) RL=CHR" t_ RZCH2R" 

HO 
with RCHO - R'SFCHR" ---+- )C=CHR" i91) 

RdHOH R&OH $ 

Nearly 

appropriate l-rnetallocyclopropene upon addition of at least 

one equivalent of alkali amide (M = Li, Na, 

ammonia has been reported 11701. Mono- and 

K) in liquid 

dialkylated cyclo- 

0 
%CH,R" 

RC&H 

quantitative and instantaneous formation of the 



R'S, 
> ,c=cHFr - 

RCHCH2 
I 

0 
>C-CHSR" 

RHC=CH 

63 -- 

(92) 

propenes were formed upon alkylation. Standing for 18 hours 

or much longer produced dimers and trimers of cyclopropene. 

Among the methods attempted for the preparation of l-acylcyclo- 

propenes was the alkylation of lithium acetate by the cyclo- 

propenyl lithium intermediate CIX which produced the desired 

acyl compound CX and the corresponding alcohol (CXI) in a 

product ratio of 2:l [i713_ When lithio intermediate CIX was 

treated with dimethylacetamide, a small amount 

CXI was produced along with the major product, 

5-hexanedione. 

t CH3C02Li + 

of the alcohol 

3,3-dimethyl-2, 

Y OH 

CXI 

An approximately 14-fold greater extent of lithiation 

of I-methoxy-2-phenoxyethane (CXII) over anisole was observed 

upon competitive metalation in hexane or ether 11721. It 

was concluded that complexation was a factor in such metalations. 

o-tert-Butylanisole (CXIII) has been found to undergo 

directed metalation at the remaining ortho position to the 

extent of 7.5% under conditions that gave a 65% yield of ortho 

metalation in anisole [173], With TMRDA present a 30% yield 

of metalation as determined by isolation of the trimethylsilyl .- 



derivative was obtained, These results indicated steric in- 

terference with the conformation(s) necessary for co-ordination 

with n-bukyllithium in the transition state, 

0-k" 

d 

3 CR30 

0 @ 
0 

Cxll CXIII 
Pyrogallol trimethylether has been stepwise rnetalated 

and alkylated at the positions ortho to the two methoxy groups 

(equation 931 11741. 

OXe OMe 

Me0 
OMe n-BuLi 

3 (93) 
stepwise 

A novel synthesis of 2,4-diarylbenzoChlquinazol.ines beginning 

with the directed metalation of l-methoxynaphthalene has been 

reported (equation 94) 11751. Similar metalation of 2-methoxynaph- 

thalene led only to the benzoylation product (equation 95) _ 

I$ 
R' = OMe; R2=H 

R=H or Cl 

V 

(94) 
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Lithium diisopropylamide metalated the- side-chain in 

N,N-diisopropyl- and N,N-diethyl-o-, m- and p-toluamides 

E1761. With n-butyllithium, Z,N-&ethyl-o-toluamide also 

underwent side-chain metalation, but the m- and p-isomers pro- 

vided mainly addition to the carbonyl, Lithiation of 1,3- 

bis(trifluoromethyl)benzene with n-butyllithium occurred 

at both the 2- and 4-positions while similar metalation of 

the 1,4-isomer occurred at the 2-position [1773. Sites of 

xnetalation were determined by carbonation and subsequent 

examination of the products by 100 and 220 E!Hz pmr. 

Directed lithiation of chloroferrocene has allowed preparation 

of the 2-trimethylsilyl derivative 11781. Conversion of the speci- 

fically substituted molecule to 2-deuteriotrimethylsilylferrocene 

(CXIV) has resulted in the identification of the chemical shifts of 

the 2,5- and 3,4-position protons. 

1. n-C,HgLi 
Cl 2. (CH.$$iCl 3 

Fe 
I 

D20 
of------- 

Fe 
I. 

CXIV 

Fe 
I 

Fe 
I 

Sequential directed metalation of l,l'-dichloroferrocene 

has led ultimately to the preparation of decachloroferrocene 

(equation 96) 11791. A similar route involving seven sue-. 
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. 

cessive limation-chlorination steps 

thesis of the ruthenium analog. 

Fe 
n-BuLi 

CC~,CCl, 

was used for the syn- 

Cl Cl 

(961 

Cl 

A series of 2-substituted I+ethylferrocene carboxamides 

were prepared by directed metalation of U-ethylferrocenecarbox- 

snide (equation 97) C1803, 

2 equiv_ 
n-BuLi 

Fe 

I 
Fe Fe 

! I 

Directed lithiation of (R)-N,N-diraethyl-l-ferrocenylethyl- 

amine followed by condensation with p-anisaldehyde provided 

asymmetric induction not only at the incipient chiral plane, 

but also at the incipient chiral carbon (equation 98) [18l]. 

A single crystal X-ray structure of the predominant product 

from this metalation (S,R,Sl-2- (p-metboxyphenyl)hybroxymethyl- j 

N,N-dimethyl-1-ferrocenylethylamine has provided confirmatory 
-_ 

evidence for the absolute configurations assigned to a series 

of 1,2-disubstituted ferrocenes. 

. 



NMe2 

c ale l_ n-BuLi 
A OMe (98) 

H 2. &'kOC6H4CH0 

Fe Fe 
1 I 

Methoxymethylferrocene (CXV, X= OMe) afforded approximately 

equal amounts of 2-and 1 '-lithiation as determined by derivati- 

zation experiments with benzophenone [182]. a-Methoxyethylferrocen 

&El?) upon lithiation gave a mixture of all three possible metal- 

ation isomers. (+)-MEF, when metalated and condensed with 

benzophenone, led to the expected mixture of three products, but 

only the l-isomer possessed induced ring asymmetry. The activity 

possessed by this compound was found to be only about 10% of that 

exhibited by an otherwise identical sample prepared by a route 

involving asymmetric induction in the ferrocene system where 

metalation was directed by nitrogen (CXV, X=NMe,). 

X=-031e; R=H 

X = -NMe - R = Me 2' 
Fe 

I cxv 

1,3-Pentadiyne, when treated with n-butyllithium/TMEDA 

reagent, has been reported to form a tetralithium species 

which after hydrolysis yielded the three acetylenes shown 

(equation 99) [183], An ir spectrum of the C5Li4 species 

suggested that a Li2C=C=C=C=CLi2 structure predominated. 

n-BuLi/TMEDA 
CHQC=C-C&H > 

JLi* 
HC=-C-CS-CH3, HC&-CH~CSCH. HCEC-CH=C=CH8 (99) 
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Hexa -2,4-diyne upon addition of six equivalents of n-butylfith- 

ium followed by, after 65 hours, additioa of trimetbylchloro- 

silane produced the trisilyl derivative (equation 100) 11841. 

It was thought the protons were all abstracted from the same 

carbon. For a shorter metalation period (16 hours) and two 

equivalents n-butyllithium significant monometalation was ob- 

served. Intermediate periods of metalation following otherwise 

the same procedure brought the unusual cumulene, MeC=C=C=C=C(SiMe, 
SiMe3 

CH,C=C-CCC-CH, 

A synthesis of (t)-undeca-5,6-diene-8,10-diyn-l-01 has 

1. 6 equiv_ n-BuLi 
P ~~eC~C-~i~~~=C(Si~~e,), (1001 

2. Ne3SiCi 3 

been recorded (equation 101) Il851, Novel features of this 

synthesis were an allenic bromide/butadiynyl(trimethyl)silane 

coupling reaction and the ring opening reaction of 2-hydroxypyran 

by lithium acetylide, 

HBr 

cuer (101) 

L=c" 

Me3SiCl 
> 

HMDS 
Me3SiO(CH&CH=C=CHBr M HO(CH&CH=C=CH(CG2)2H 

&fq and Li derivatives of phenylacetylene and vinyl- 

acetylene were treated with &Ie$SiCl and MeSSiF to afford the 

expected mono trimethylsilyl derivatives [1863. 

Ferrocenylacetylene was lithiated and reacted with EtSSiCl 

and EtaSiC12 

11871. 

to give FcCZCSiEt3 and (FcC=C)~S~E~~, respectively 
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V. Heterocycles 

Lithiation of tert-butyl-3-thienyl sulfone afforded 

mainly the 2,4-dilitbio intermediate [188], This was in 

contrast to the behavior of tert-butyl phenyl sulfone 

which formed benzyne under these conditions. 

4H-Cyclopentalclthiophene (CXVIa,R=H) and its 1,3- 

dichloro derivative (CXVIb, R=Cl) have been metalated with 

n-butyllithium 11891. Analysis of carboxylic acids pro- 

duced by carbonation of the lithio intermediate(s) showed 

that CXVIa was metalated 70% at the allylic position and 

305 at the two thiophene positions. The dichloro compound 

(CXVIb) was metalated exclusively at the allylic position. 

HMO calculation of bond orders and charge 

the allylic lithio intermediate, a formal 

system, were provided, 

distribution for 

Hfickel lo-a-electron 

Upon treatment with organolithium reagents thiazoles (Y=S), 

1,3,4-thiadiazoles (X=N; Y=S) and 1,3,4-oxadiazoles (X=1?: Y=O) 

all rearranged to the ketenimine structure which could be iso- 

lated in a dimer form (equation 102) C1901. 

(102) 

Syntheses via alkylations of dihydro -1,3- oxazines 

and 2-oxazolines has been extensively studied during 1973. 

A review of this area has been published [1911, 
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The use of dihydro-X,3-oxazines in the synthesis of sub- 

stituted acetaldehydes has been reported (eqwtion 103) [192]. 

The scheme amounts to an aldehyde equivalent to the malonic 

ester synthesis, 

1 

RX ) RCHZCHO 

CHZR (103) 
R 

Starttig with 2-isoalkyloxazines, a series of highly substituted 

ketones could be prepared by treatment with organolithium rea- 

gents and alkylation (equation 104) 11931, The presence of a 

ketone intermediate was varified by isolation of its trimethyl- 

silyl derivative, Essentially the same results have been reported 

by Lion and Dubois [194]. 



1,4-Addition of organolithium 

alkenyloxazines has lead to a 

and Grignard reagents to 2- 

synthetic route to a-substituted 

aldehydes and ketones (equation 105) [195]. 

0 

CH2R' or ii 

d' HCvCH2R' 

R 
I 
R (105) 

a-Mctalation of isocyanides followed by treatment with 

an epoxide has provided a method for the synthesis of 5,6- 

dihydro-4H-1,3-oxazines (equation 106) 11961, 

:i '7% RE;CH$; 
RGH2NC n-&Li_ RCHNC ----%I- (106) 

R 

Anionic cycloaddition reactions have been utilized in 

the synthesis of heterocycles, trans, trans-1,3-diphenyl-2- 

azaallyllithium, formed by thermal ring cleavage of N-lithio- 

2,3_diphenylazirid&e, has been observed to undergo cyclo- 

addition reactions with co2, cs2, IW=C=X (X=S,O) and C6HllN=C= 

NC6Hll to'produce a variety of heterocyclic derivatives 

(equation 107) 11973. 

Cycloaddition of 1,3-azaallyllithium compounds to nitriles 

has been found to yield 3-imidazolines or, in some cases, 

imidazoles (equations 108 and 109) 11981. 
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L”2 5 \ = -N-CH 

R=H,Ph 

(-107 

(J-09) 

The reversibility of the cycloaddition reaction shown 

in equation 110 has been demonstrated. Similar reversibility 

in the pyrrolidine and pyrazolidine systems were also reported 119s 

I!i 
A series of a-haloketones 

Schiff bases to afford pyrrole 

C cH2 
-CH---C6HIi 1 Li C 

have been reacted with lithiated 

derivatives (equation 111) '[200]. 

0 

(11: 

I 

'6"II 

3-(24minoethylI- (equation 112) and 3-benzoylamino+- 

bromopyridine when treated with fithiunt amides in inert solvents 



underwent intramolecular cyclization via the respective 

heteroaryne intermediates [201], 

The benzenesulfonyl and methoxymethyl moieties served as 

N-protecting groups for the lithiation of indole in the 2- 

position (equation 113) C2021, Reaction of this intermediate 

with aldehydes, ketones, acid chlorides. esters. and nitriles 

was accomplished. The bertzenesulfonyl protecting yroxp was 

conveniently removed by mild alkaline hydrolysis. 

OJ tert -Buti 0 I-------, m >’ 0 (113) 

3 
Li 

X : 

X= PhS02-, MeOCH2- 

Formation of the dilithio derivatives of benzimidazoles 

allowed reaction with alkyl halides, aldehydes and ketones 

selectively at the side-chain carbanion site (equation 114) 12031. 

2-Benzothiazolyl(trimethyl)silane (CXVIII) and a 

series of di(Z-benzothiazolyl)silanes have been pre- 

pared by metalation of benzothiazolewithn-butyllithiun 

to. form the 2-lithiated intermediate CXVII followed by 

reaction with the appropriate silane. The silicon- 
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carbon bond in these systems was found to be very reactive 

[204], 

The preferred route to 2tand 3-chloro furan and selenophene 

was fomd to be by reaction of the corresponding lithio deri- 

vative with hexachloroethane (equation 115 and 116) IZOSI- 

EiLi 
> 

cci3cc13 
3 Z-chloro der (115) 

X=0, Se 

cct,ccl, 
> 3- chloro der. (116) 

X= 0, Se 

Metalation of thiophene derivatives has provided some 

interesting results in 1973. 2-(2'-ThienylJ-pyridine (CXIX) 

has been observed to undergo metalation not only at the 5- 

position, but also at the 3-position as determined by deriva- 

tization of the mixture of these organolithium intenuediates 

with trimethylchlorosilane 12061, 2-(2'-Thienyl) -quinoline 

and a pyrimidine derivative of CXIX were also found to ex- 

hibit this metalation pattern. 

Cithiation of 5-tri~thylSily~-2-R,N-d~e~yl~iophenesulfona- 

&de (CXX) afforded 3-metalation and, in one instance, spontan- 
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eous loss of the trimethylsilyl group 12071. When n-butyllithium/ 

TMEDA reagent was used a rearrangement to produce the amine 

CXXI was discovered. 

Me3Si S08NMe8 
n-BuLi dry - ._ 
TMEDA ice 

Me.$ii 

CXX CXXI 

Dimethyl-di(2-thienyljsilane was metalated with n-butyllithium 

to afford a mixture of the 2-lithio- and 2,2'-dilithio inter- 

mediates (equation 117) [208]_ These were 1) coupled with 

CUC12, 2) di- and trimerized with 0.5 mole C12SiNe 2 and 3) trans- 

formed into a cyclic dimer with 1.0 mole C12SiMe2 (equation 118). 

Nucleophilic substitution of four fluorines on hexafluoro- 

benzene by trichloro-2zthienyllithium in THF has been 

observed E2091, Tetrakis(trichloro-2-thienyl)difluorobenzene 

was obtained in good yield, Data to support a contention 

that the remaining fluorines were para to each other was in- 

cluded. 

n-Elul-i 

Bithienyl dimer and trimer 

t 
CUCl2 

Z- lithio and Z,Z’-dilithio specie 

i 

0.5 mole 

C12SiMe2 

Dimer and trimer 

(117) 



RLi(R = 5-chloro-1-methyl-2-imidazolyl) in ether was added 

to the lactone CXXII with the ring-opened product CXXIII being 

isolated after hydrolysis [ZlO]. cyclopropane CXXIV 

product, 

was a by- 

Et CH OH 
i/2 

+ RI-i + RCOCHCH 
\ 

CH2R 

CXXll CXXlli 

A new synthesis involving directed 

+ R-20 A 
Et!-kH OH 

CXXIV 
2 

metalation of a 

2,4-dimethoxyquinoline system of the furoquinoline alkaloids, 

dicat amine(R,R' = H), pteleine(R = 0Me.R' = H) and evolitrine 

(R= Ii, R' = OMe) has been developed 12111. The method was ex- 

tended to the synthesis of a b-naphthofuran (equation llg), 

b-naphthocoumarin and oxaphenalene. 

$84" ?Me 

Directed metalation of 1,3_dimethoxybenzene produced the 2- 

lithio intermediate which, after treatment with 1,4-dimethyl- 

pyridinium iodide, afforded a high yield of the crude 1,2- 

dihydropyridine derivative CXXV 12121, Subsequent reactions 

in this series culminated in the synthesis of derivatives of 

1,5-benzoxazocine and its 1,3-isomer CXXVI. 



/ 
Me 

L cxxv 

A series of (3-substituted-2-pyridyl)-2-propanones was 

synthesized by lithiation of the appropriate 3-substituted 

2-picoline with n-butyllithium followed by acylation with 

acetonitrile (equation 120) 12131. 

R=OMe, OEt, 0CHMe2, Me 

2,4-Lutidine, 2,4,6-collidine and 2,4_dimethylquinoline 

gave exclusive metalation at the 2-methyl group (CXXVII) with 

n-butyllithium. On the other hand, with alkali amides in 

liquid NH3 or LiN(i-Prj2, only metalation at the I-methyl 

position (CXXVIII) was observed 12141. 
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VI. Addition Reactions of Olefins, Carbonyl Compounds and 
Similar Substrates_ 

A review article on the addition of alkali metal reagents 

to unsaturated systems has been published [215]_ 

A study of the reactivity of propynyllithium and propynyl- 

sodium in aprotic solvents has resulted in the delineation 

of conditions that allow a high yield of products to be ob- 

tained [216]. A maximum yield (91%) of 1-(l-propynyl) cyclo- 

hexanol was obtained from the lithio intermediate and cyclohexanone 

while the maximum yield (87%) of 2-butynoic acid was obtained 

from the sodio intermediate and carbon dioxide. 

The addition reaction of alkyllithium reagents with 

aldehydes and ketones was examined in detail [217]_ Optimum 

conditions involved addition of the carbonyl compound to the 

organolithium species at -78". Only small losses in yield due 

to enolization and reduction pathways were discerned for any 

of the systems, An improved synthesis of carboxamides from 

addition of organolithium compounds to isocyanatesderived 

from the Curtius reaction has been reported [218], 

Addition of excess tert-butylethyloxalate to the lithium 

salt of the acetylene derivative CXXIX gave the keto ester 

which, when reacted with lithium ethexyacetylide, afforded 

CXXXI- This compound could be hydrolyzed to the.diester CXXXII 

but this ester could also be prepared directly from keto ester 



CXXX by treatment with a-lithio methylacetate. 

were found useful in a regiospecific synthesis 

of harringtonine CXXXIII [219]_ 

PhCH20 
+ 

1 n-BuLi 
C=CH 

E . . . . 
CXXM 

2. EtOCCOt-Bu 

EtOC-CLi 
> PhCHpO+CX +COEt 

CxxXl 
CO.pBu 

\ 

OH 
CsMe 

C02Me 

._ 
79 

These compounds 

of the acyl portion 

PhCH20 
+ 

CXXXlli 

Synthesis of C-17 epimeric Sa, 13a-cardenolides was 

‘CO$ -Bu 

CXXX 

LiCH2C02Me 

?” 
t------ PhCH20+ C=C---t_CH2C02R 

CXXXll 
ti02t - Bu 

R=Me,Ef 

accomplished by-means of the route shown (equation 121) [220], 

Treatment of ketones with RSCHR'Li afforded 41 - 100% 

yields of B-hydroxy sulfides. Alkylation of these sulfides 

with Me1 or Me30+BF~ gave the corresponding oxiranes in from 

43 to 98% yields (equation 122) C2211. It is advantageous to 

use this reagent for reaction with highly enolizable and sterically 

hindered ketones. 



OH OH 
R”X 

0 -C RSCHti 
I lTHFz- + 2Hf 

GHSR .- 
+ 

R’ 
I 
R’ 

base , 

rr,-lithiochloroxnethanesulfonornorpholide (CXXXIV) reacted 

with CC, c~ and CO unsaturated linkages to afford the correspond- 

ing cyclopropane (CXXXV), enamine (CXXXVI) and hydroxy 

derivatives (CXXXVII), respectively 12221. 

Sulfoximines CXXWJIII (R = H, Me, Pr) have been a-lithiated 

with n-butyllithium and the lithio intermediate condensed with 

aldehydes and ketones, Treatment of the resulting B-hydroxysul- 

foximines CXXXIX with aluminum amalgam followed by aqueous acetic 

acid provided reductive elimination 12231, A series of 16 olefins 

was prepared by this technique. 

? 
0 

0 

==+ Pb!Lmi 
d&’ ypy LAVHg 

PhrH2* -nfF 
- PhSMCd h 

rke 
Ilek,, 2Aq HOAc 

CXXXIX cxxxvlll 



Condensation of the-a-lithiosulfoxide intermediate CXL with 

various carbonyl compounds such as acrolein, adamantanone, 

benzaldehyde, benzophenone, cinnamaldehyde, cyclohexanone 

and isobutyraldehyde gave good yields of the corresponding 

vinylsulfoxides 12243. 

d\ QLi 
MegSi$!HLi •t ,c=o v RC-CHSiMe3 

SOPh R li' &OPh 

ti, ,H 
3 ,c=c + NegSiOLi 

R %OPh 

Ketone 

reaction of 

amines with 

thioacetals can be prepared in high yield by the 

aldehydes, ketones and formamides of secondary 

2-lithio-2-(trirnethyl.silyl)-l,3-dithi~e and re- 

lated intermediates (equation 123) [2251. 

-Me3SiOLi 
(123) 

Rs/ ’ 

Condensation of LiR(R = 2-benzothiazolyl and 2-thienyl) 

with acetone followed by hydrolysis and dissolution in acetic 

anhydride/perchloric acid afforded 4-substituted 2,6-dimethylpy- 

rylium perchlorates (equation 124) [2261. These were converted 

into the corresponding pyridines via treatment with ammonia. 

R 

tiR + Me$O + RCMe20Li 

I. l-$0 
2Ac o HCIO) )f), 0 CIO;; (12J) 

2’ 4 
O+ 

R.eferrnccsp.l2o 
~,_ 
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Aseries of aryloxazinols (R 

Et=6H4, P--B~C~H~, m-MeC6H4) 

= Ph, pMeC6H4, p-MeOC6H4, p- 

has been prepared by the addition 

of RLi to the parent oxazinone (equation 125) ~71. 

(125) 

Dilithio cytosine derivative CXLI was condensed with 2,4: 

3,5-di-O-benzylidene-D-ribose to give a mixture of the pentitols 

CXLIIa (R = H, R' = OH) and CMLIIb (R = OH, R' = H) 12281. 

Acid hydrolysis provided a mixture of 4-amino-2-hydroxy-5-($-and 

a-D-ribofuranosyl)pyrimidines, 

IiNSiMe 

cxu 

CHO 

H 
+ 

90 
9c 
OWPh 
/ CH20 

2,3-0-isopropylidene-D-ribonolactone with lithium and PhECH in 

THP gave a 32% yield of the l-phenylethynyl derivative CXLIII 

c2291, Reduction with NaBH4 provided the acyclic heptyne CXLIV. 

Similarly, 1-octyne-L-glycero-L-talo-3,4,5,6,7,8_hexol derivatives 

were prepared, Benzothiazole or 1-benzylbenzimidazole upon treat- 

ment with lithium in THF afforded 40% 2,2'-bibenzothiazole and 45% 

l,l-dibenzyl-2,2'-bibenziroidazole, respectively. 

Rpoxynitriles upon reaction with organolithium reagents 

afforded a series of products resulting from addition to the 

nitrile function (equation 126) 12301. Dimerization of the 

epoxynitriles was found to compete effectively with addition 
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Li, HCECR 

THF 3 

CECR 
B 

NaBi-& 

R=C6H5 

.R=CH20 

CXLlll cxuv 

in several cases and was attributed to the relative basicities 

of the organolithium reagents. The weaker bases, MeLi, PhLi, 

LiCH2CN and LiCH2C02Et promoted addition while the stronger 

bases, n-HuLi, LiCH2C1, LiCHC12 and LiCH=CH2 provided dimerization, 

2 =O,NH 

(126) 

Treatment of vinyltrimethylsilane (CXLV) with tert-butyllithium/ 

TMEDA afforded only addition of the tert-butyllithium reagent to 

the double bond while similar treatment of the trans isomer 

CXLVI caused metalation exclusively at the silylmethyl group. 

under these same conditions, the cis isomer CXLVII gave a 

mixture of a-silylvinyl proton and silyl methyl group metalation 

[2311. 

References p_ 120 
_- 



. &Q . 

“w” 
HASie 

*T-./H “l-l” 

3 HAS&k Me3Cnsiie ‘3 3 

CXLV Cxul CXLVII 

A series of allene amines, RCH2CR=C=CHCH2NEt2 (where R = Et, 

n-Pr, Me2CH) have been prepared by the addition of RLi or RCaI 

to CH2=CFIC-CCH2NEt2 C2323, Combining the ally1 organometallic 

agent CXIXIII with dldimines (R = Me, Ph; R' = Me, Me2M. Me3C) 

afforded reversible 1,2-additon and some 1,4-addition (M = ZnBr, 

MgBr) [2331, 1,4-Addition was not preferred for these organo- 

metallics but was the exclusive pathway when M = Li. 

RCH=CHCH=ER' + EtCH=CHCH2N --++ l-2-and1.4-addition 
cxUnlil 

Alkalinaphthalenides &lkali= Li, ha, K) in THF have been 

reported to effect addition of amines to conjugated olefins 

(equation 127) 12343. 

,d- + HNR2 - R2Ny (127 

Lithium pentafluorobenzenethiolate was added to various 

acetylenic compounds to give benzolblthiophene derivatives and/or 

olefins (equation 128) 12351. 

- t 
CSFSS Li + R’CcCR” - 



n-Butyllithiuxa in the presence of TMRDA has been observed 

to add to a-cyclopropylstyrene to form a cyclopropylcarbinyl- 

which undergoes a ring-opening-cyclization- 

t0 give l-pentylnaphthalene (equation 129) 

lithium derivative 

oxidation sequence 

[2361, 

ii+ fHzBu CH@J 

a@vLi@y Q/+&t Li@ (129) 

oC"2 4.. trans isomer 

A process which allows a Michael-type addition reaction to 

a four-carbon unsaturated system has been described (equation 130) 

C2371, The necessary thioacetals can be prepared from 2-lithio- 

2-(trixnethylsilyl)-1,3-dithiane. 

(130) 

VII. Copper-Lithium Reagents and Their Reactions 

Five new alkylhetero-and arylhetero (alkyl) cUPrate 

reagents, Het(RICuLi, where Het = t-BUO, PhO, t- BuS, PhS and 

Et2N have been prepared [238), These reagents allow selective 

alkyl transfer to acid chlorides, a,a-dibromo ketones, alkyl 

halides and a,8-ethylenic ketones. 

Replacement of a 8-acetoxy group in a series of a,$-unsaturate< 
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carbonyl compounds using Mez&Li has been reported (eqUatiOri 131) 

E2391. 

This reaction of lithium dialkylcuprates with B-acetoxy-a,f?- 

unsaturated esters which provides stereoselective synthesis of 

8-alhyl-u,B-unsaturated esters was successfully utilized in a 

S-step synthesis of geraniol (equation 132) 12403. 

OCH3 

I- 

(cH3)2C~i 

(132) 

LiAlH30Et 
0CH3- 

geraniol 

primary tosylates combined with a wide variety of lithium 

diorganocuprates (I) to afford substitution products in 70-100% 

yields .[2411, 2-Octyl tosylate reacted with Me2CuLi to give an 

87% yield of 2-methyloctane but other secondary tosylates gave 

lower yields of the coupling product because of competition by ; 

anE 2 process- 
The coupling-reaction of such tosyla%es was found 



87: 

to proceed at a significantly lower temperature than the analogous 

couplings with alkyl bromides; in addition the tosylate couplings 

were noted to proceed faster in ether than in TEIF, Coupling re- 

actions of difunctional substrates where both functional groups 

could compete for reagent were examined; preferential reaction 

at the tosylate of a keto tosylate, some selectivity at the 

tosylate of a bromo tosylate and little selectivity in an epoxy 

tosylate were observed. 

a,a-Dichloro esters when treated with lithium dimethyl 

cuprate afforded a mixture of a-chloro-a-methyl ester and the 

reduced a-methyl ester (equation 133) [242]_ At -70° a-chloro 

ester enolates were produced which upon warming to 20" gave 

a-methyl ester enolates. 

Me 

Me2CuLi H,O+ 
BuCC12C02i-Pr ___3 __) 

Bu&1C02i-Pr (52%) 
(133) 

2o" BuyHC02i-Pr (48%) 

Me 

(+I-(S)-2-Butyl tosylate or mesylate, when treated with 

Ph2CuLi in ether, afforded (-)-(RI-2-phenylbutane of such rotation 

as to indicate 100% inversion of configuration (equation 134) 

12431. Likewise the reaction of Me2CuLi Kth cis and trans -4- 

tert-butylcyclohexyl tosylate and with endo-2-norbornyl tosylate 

also afforded complete inversion but with varying amounts of 

elimination, With exo-2-norbomyl tosylate considerable loss 

of stereospecificity was discovered. A second-order rate constant 

of 2.8 - 10 -3 %/mol.sec. was determined for the reaction of n- 

octyl tosylate with Me2CuLi in ether at -42". It was concluded 

that these transformations proceed by an "Sn2-like" mechanism 

and that a triorgano Cu(II1) intermediate was likely involved: 

H R 
RCu(r + '/C-X 

/ 
- L-&l-C-- 

/ 

L = ligand) k \ 
h R-C- 

\ 
(i34) 

FMerences p. 120 



Displacement of a series of substituents from mono- 

arid difunctional silanes has been effected with Me2CuLi, 

When the silicon atom was asymmetric, displacement took place 

with retention of configuration (equation 135) 12441, 

fS'-X 
_Me CuLi z > $.Si-&Ze (1351 

X = H. BIe. F. Cl. OJlenthyl 

Dialkylcopper lithium reagents at low temperatures can be used 

to replace a halogen on an allene to produce the alkylated 

&lene (equation 136) [2453- 

(136) 

trans-Nucleophilic ring opening of oxiranes can be effective11 

accomplished by lithium diorganocuprates [246 1. A triorganocopper 

(III) intermediate CXLIX was discussed_ Correspondence was noted 

on the concept of hard and soft acids and bases with the selectivii 

of lithium diorganocuprates in reactions containing epoxide and 

other electrophilic sites, 

Ii0 

J-C 
LGJR* 

CXLVC 

Epoxides with neighboring oxygen functions (HO, MeO, AcO, Et02C) 

were found to exhibit little regiospecificity in their ring- 

opening reactions with lithium dimethylcuprate 12471, 

A stereospecific ring opening cleavage of an oxirane in 

carbohydrates which utilized Me2CuLi has been reported (equation 

137) C2481, 

.: 1~ 
_ 



allo (down) tide _ d=Mq R"=OH 
manno (up) oxide- d=OH; R"=Me 

An unsymmetrical lithium cuprate reagent has been prepared 

which offers the advantage of utilizing only one equivalent of 

RLi in its preparation (equation 138) [2491. This reagent has 

been examined in both substitution and conjugate addition re- 

actions (equations 139 and 140). 

CXCN -+ RLi ___) kCuCN]Li (138) 

ECuCdLi + dBr +. R-R i CuCN tLiBr U-39) 

A new copper lithium reagent, 

effective in substitution and 

> R+H&=O (140) 

(~-BuOCUR)L~, has been found quite 

conjugate addition reactions 

(equation 141) [250]. This is important in that much lower 

excesses of this reagent as compared to other such reagents 

were sufficient for high conversion, Also important was the 

fact that R in (t-BuOCuR)Li could be a secondary or tertiary 

alkyl group, 

t-8uOCu 
RLi 

) ti-BuOCuR)Li, Q ) ~ (141) 
5 --50°!THF 

-500 
R 



Conversion of 8-alkoxy and 8-alkyltbio a,@unsaturated carbonyl 

compounds into their respective 8-alkyl and S,B-dialkyl derivative 

has been observed (equation 142) 12511. 

-0 

Addition of a methyl group to the a,+ethylenic ketone system. 

in bicyclic ketone CL was observed to take place stereospecifically 

in 50% yield to give the trans decalin compound CL1 12523 

OH 
Cl-l 

Unhindered intermediate enolatesmay be alkylated regio- 

specifically at the a-carbon (equation 143) C2531c These 

enolates can be formed by conjugate addition of a lithium 

organocuprate reagent to an a,B-unsaturated carbonyl system. 

when the B-position was already substituted, various amounts 

of equilibration of the a-positions was observed. 

(143) 


