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1. INTRODUCTION

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

cerned, on 0of the most important facts in 1975 is the appearance of

Volume 13/2a in the HOUBEN-WEYL series, Methoden der organischen
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Chemie [1]. In this volume, in almost 53V rpages,, Hiitzel reviews the
literature - till the beginning of 1972 - cdealing with Mg-organic
compounds, tesides the literature of organic compounds of Be, Ca,
Sr, Ba, Zn ané Cd (in cooperation with other authors). After Kha-
rasch's book in Bnglisn (19%4) and Yoffe and Kocheskov's worx, ori-
7inally in Russian, later on translated in Enzlish (1765), this new
German work is an-exiremely valuable recent compilation of the chem-
istry of orzanomagnesium comnpounds.

A review has been written by Wardell on the orzanometallic compounds
of Group II with some emphasis on Grisgnard chemistry [2].

In the series of Specialists! Reports on Organometallic Chemistry,
Crosse wrote a seven page review on organonmagnesium chemistry in
1971 [3].

Akhrem, Levina and Titov wrote a book on Alkylation of Unsaturated
Carbonyl Compounds by Grisnard Reagents [&].

In a review on the Chemistry of a-acetylenic ketones, Bol'shedvor-
skaya and Vereshchagin discussed, among other subjects, the reac-
tions of these unsaturated ketones with Grignard reagents [5].

Bell wrote a three-page, educational, review on the problems, rel-
ated to the Constitution of Grignard reagents [§].

Maercker wrote a review on NHR~spectroscopic investigations of 1li-
thium- and magnesium-organometallic compounds [7]}; this review in-
cludes some interesting informations on KMR-spectra made during
reactions of Grignard compounds, 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 {8].

In a review paver Alexandrov discussed, among other subjects, the
oxidation reaction of RMgX and of RZMg by means of oxygen [9].

The following dissertations have appeared in the U.S.A.:
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F.¥. Von Rein: Addition of Grignard and organolifhium reagents to‘a
kynols [13]. Li~Chungz Chazo: Kinetics ané mechanisms of methylmagne-
sium bromide and dimethylmagnesium addition to benzonitrile [11].
5.%. Ulmer: Preparation, characterization ané synthetic utility of
organometallic carbonylmasnesium compounds [12]. G.J. Lambert: Grig
narc recduction reactions. Reduction yield aberrations in the reactil
of tert-butyl phenyl ketone with Grignard reagents. HMechanism of be
zorhenone reduction with the 2-norbornyl Grignard reagent [13].

A.A, Ponaras: Reaction of imine derivatives of «,B-epoxy ketones wil
Griznard reazents and sodium borohydrides. Monoalkylation of a,B-umm
saturated ketones and synthesis of B-hydroxyketones [14]. L.F. Chan
bonneau: Kinetics ané mechanism of organolithium and orzanomagnesius
reagent reaction with xetones [15]. W.F. Erickson: New reactions of
anines with Grignard reagents, organolithium reagents and alkali
metal hydrides [16]. J.V. Kemnf: Reaction of Grignard reagents with

nitromethane to form HN,N-dialkylhydroxylamine [17].

2. FREPARATION OF ORGANOMAGNESIUM COMPOUNDS

After the report of a violent detonation of the reaction mixture, ol
tained during the preparation of m-trifluoromethylrhenylmagnesium
bromicde inr diethyl ether (Annual Survey 1971, page 4) it is worth-
while to notice that Novotny, Collins and Starks were successful in
preparing p-trifluoromethylzhenylimasgnesium chloride in THF up to thi
50 moles scale, The yield was improved from 9% to 75% by use of an
entrainment procedure [18].

Riexe and Bales report an improvement of their preparative procedure
forvhighly reactive magnesium (Annual Survey 1972, pagé 72) : magne-
sium chloride was reduced in boiling THF by potassium in the presenc
of pptassium iodide [19]. With this reactive magnesium p—chloro£olu-

ene yielded 94% of the corresponding Grignard compound within ten mi
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nutes at roosmtemperature whereas commercial magnesium as well as reac~
tive magnesium, rrepared as previously reported, yielded no Grignard
reagent at all under the same conditions. Furthermore p-fluorotoluene
and l-chlorobicyclof2.2.1]heptane also gave organomagnesium compounds
in fair yields (707%) with the newly reported reactive magnesium.

In three patents tne use of sodiumraluminumalkoxyhydride additives to
ethereal solvents is reported for improved prerarations of Grignard
reagents:

Vit claims the application of HaAlH(O—CHe-Cﬁa-O—CHB)B [20] as well as
of Naﬁlﬁz(-0~(CH2)n—0-CH5)2 (n = 2 or 4) and of
NaAlHa[-O-(CHZ)a—N(CHB)z]é [21].

Uehara, Hori and Aoyagi, in a Japanese patent, claim the use of com-
pounds of the same tyre such as I\’aAlHX(~0-R)4_x [2z].

Concerning the effect of mazgnesium metal purity as well as of the me-~
thod of prevaration of Grignard reagents on their reactivity the fol-
lowing two revorts have to be mentioned:

Ashby, Newnann, ¥Walker , Laemmle and Chao stucdied reactions of methyl-
masnesium compounds in diethyl ether with reactants such as (substi-
tuted)benzovhenones and benzonitrile [23]. In those cases in which
large excesses of benzophenone and venzonitrile were employed, no by-
products were detected and the rate constants were found to be inde-
rvendent -0of the manner in which the Grignard reagent was prepared or
of the purity of the metal used. However the reaction of methylmagne-
sium bromide with benzophenone under pseudo-first-order condéitions
(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 whern the purity of the magnesium used
for the preparation of the Grignard reagent is increased aﬁd were
essentially eliminated when ultrapure magnesium was used. Similar ré—

sults were observed in the reactions with benzonitrile.
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House, Melillo anc Sauter observed that in the reaction of o-methyl
- phenylmagnesium chloride with the ethyl ester of ethylenetetracarbo

» THF the reduction reaction was completely suppressed

N

xylic acid i

when the Grignard compound was prepared from ultrapure magnesium [2:

[0 o]
e u.-0-C ¢_o-c_u
CH.-C, i, ¥zCL + =7 =C =2 THF ,
O- a3— 6,:!"-‘5 L =
uzﬂs- - E—C—Czds 2) uzo
o] Q
2 ® ? 2
U2H5-O-C C-O—Czi'i5 C2H,-O—Q\ C—O—CZH5
H-C-C-H + O—CH»—CGH%—C-C—:
. 5.-0-¢"  Ng-0-C.i c.f.-0-57 c-0-C.H
275 it 5 275 2”5 8 I 275
v

Using "ordinary, Grignard-srade Magnesium" was obtainec in 26%
yieldé together witn (45% yield); with ultra vure magnesium
was exclusively obtained (72% yield).
Reaction of 3-dimethylamino-l-chloropropane with magnesium is consi-~
derably facilitated by the use of pure magnesium as was found by
Sadet and Rumpf [24A]. Especially magnesium with less than 10—6 in-
.purities, prepared by zone-refining, was effective; the Grignarcd
reagent obtained with this metal gave high yields on ketones on

reaction with benzonitrile.

24, Discussion of reactions of organic halides with nagnesiun

‘8s already briefly mentioned previously (Annual éurvey 1972, pase 73
Bodewitz, Blomberg and- Bickelhaupt studied the Grignafd reaction wit
the aid of CIDNP [25]. Polarization was observed in the érignard rea
_.sent as well as in_bypi‘oducts (hydrocarbons and olefins) and, ‘in the

-reaction of 2-iodopropane in dibutyl ether, also in the starting ha-
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Schexe

R~-X

lnx
®

R-X* © + e
‘ S

side~procducts - R° + x© —L 5 }:'-igé————> side-products
. .
RR ——> R*(#), ¥ (-8), R -R"
[l XMz
2 R —— 5% R HzX

side-grocuctis
lide., 4 reaction scheme was proposed in which the first step is the
single electiron transfer step from the metal to the carbon-halogen
bond under the formation of a radical-anion, which rapidly decomposes
to form a radical R* ané a halide anion, which reacts witn magnesium

attached to the surface (}g: ) to form surface-bouné monovalent mag-

M

nesium halide. In a rapid reaction this magnesium subhalicde reacts
with R® to form the Grignard reagent. Although this direct radical
combination is resarded to be the main pathway to Grignard formation

CIDNP phenomena indicate that RMgX formation also occurs via the ra-

dical pair R* °R, formed from organic radicals which have diffused
away from the site of formation. Escape reactions of R®* out of the
radical pair are held responsible for the occurrence of polarizatibn
in side-products. V
Based on the analysis of the products from the reaction of l-halo=1- "
methyl-2,2-diphenylcyclopropane (R-X) with magnesium in perdéutera—
ted diethyl ether and tetrahydrofuran solvents, Walborskj and Aronoff_

obtained further ev1dence for the radlcal nature of the Grlgnard for-;

mation reaction [26] The radical intermediates largely dlSproportlo—l
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nate on the sdrface oi the metal and not in fhe solution. In perceu-
terated ciethyl ether 20.2% hydrocarbon was isolated which containecd
not more than 5.7% R-D, indicating the "cannibal-nature" of the rad.
ical R* which removes hydrogen from other R-erntities rather than from
thes solvent. Although in mercdeuterated THF the yield of hydrocarbons
was much less (1.0% and 1.i4%) the amount of R-D was relatively higher
29.2% ané 23.1%. #ith optically active halides the stereochemical re-~
sults were consistent with a surface-radical mechanism. 1t is note-~
wortny to read that '"meither the particle size nor the purity of the
maenesium have any effect on the stereochemistry of the reaction'.

The reaction of the following bromides with magnesium leads ,

CH.j
CH, CH. 1
?5 4 2 - -
CH,=CH-C —C-Br or ~ CH,-Br + Mg diethyl ether or
[ Cnb tetrahydrofuran
CH, CH :
< CH.
5 T 3

Gisproportionation products derived
from the open chain radical

accordins to HMaercker, Gilithlein and Wittzayr, exclusively to the for
mation of disproportionation procucts in both diethyl ether andé te-
tranydrofuran [27]. For each of the bromides these products were de-
rived from the open chain radical, formed on reaction with magnesium
which evidently is more stable than the cyclopropylcarbinyl radical.
From the corresponding chlorides the Grignard compounds could be pre
pared under normal reaction conditions!

In order to study rearrangements in cyclic Grignard compounds Maer-
cker and Geussobserved the formation of considerable amounts of side
products during the Grignard reaction [28]; radicals are held res-

ponsible for these products as indicated in the schemes below.
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E.A. Hill and Shih observed the formation of biphenyls in the follow-

ing Grignard reactions [2¢]
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Ar@-(:l + Mg —— Ar-Ar among other products
. yields » ~ 20%

Ar = phenyl, n~tolyl or m-trifluoromethylphenyl

It is of interest to report some of the results given in the (fine-
print) experimental section: for Ar is phenyl, Ar-ir yields were
small (3-4%) but in mixed runs, involvinsg & 4-chlorocyclo-
hexenyl derivative with Ar = =m-trifluorozethylohenyl, Ar-ar yields
were particularly high (15-20%) although m~trifluoromethylbiphényl
never was obtained in yields nigher than 3%. 4
Fostein, Delmond ané Pomrier internreted the results, obtainec in th
reaction of Z-bromoaikoxysilanes with magnesium in dietkyl ether,
with ¥alborsky's type of radicals [50}. The relatively '"tight" radi-
cal pair is held responsible for the formation of courling zroducts
R-R as well as of Zisproportionation products R(H) and R(-H), where-
as the "loose' radical pair leads to the formation of elimination

products. In both a coupnling and an elimination product from the

the following bromides

H
: o Mg 0 Cu_Cn ’
¥ _-C- ; =, C = ot zroc
66“5 ? CHy8r —=— v6ﬁ5Cn CH, + other groducts
?
CHB-Z!‘vi—CHj
Ci

e R . Hg . i _O_CH_ - _OH O e
(an)SSI-O—CHé—ansr’ (Chj)bbl Q Chz ng ng Cn2~0 DJ_(CHJ)-J
the authors observed polarization in the underlined rrotons.

Trans~ as well as cis-4-phenyl-l-bromocyclohexane react with magne-
sium to give a Grignard reagent which on carbonation and esterifica-
tion of the resultant acid mixture gives 99.8% and 28.2% methyl

trans-4-phenylcyclohexanate (Novis Smith) [31]:
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—~— 1y o, | COLH
RMgX — 2
Ao_— 2) SHR, '

—

The corresconding reaction with mercury(II) bromide gave 88% of the
trans isomer, but accordinsg to the author '"there are a number of pos-
sible intermediates formed during reaction that can exnlain this
slizhtly lower ypreference for equatorial bonding'.

Although, in zeneral, the presence of impurities in magnesium redu-
ces the yield of Grignard reagent, obtained in the reaction of an
alkyl halide with the metal, Allen, Lawler and Ward found that excliu-
sion of oxygen may be more important for minimizirng the coupling

reaction betweer R-X and RiigX than it is for preventing oxidation of

of

he Grignard reagent [352]. Reduced heavy metals, the most common im-
purities in magnesium, are ineffective in catalyzing this coupling
reaction. Since in particular the addition of halogens decreases the
yield of RMgX, the rresent investigations suggest that the addition
of iodine, as an initiator for the Grignard reaction, may actually
decrease the overall yield if low purity magnesium is employed.

The following reports on (partially) unsuccessful Crignard reactions
ha&e bteen published:

l1-halo~ or %-halooctadienes are reported to give increasing amounts
of cyclic compounds on reaction with magnesium in THF (Fukutani,

Tokizawa and Oxada) [33]:

NN

C1 THF
or 2) H20

44&7\\v//’\\\//‘§§§///“\cl

+ other

pfoducts

References p. 265
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in one case a yield'of 55% of vinylcyclopentane (after hydrolysis)
is reported.

Sakai reports the formation of hydrocarbons from the reaction of

exo-s—bromotricyclo[j.2.1.02'7]-5~0ctene with magnesium [34]:

N

8r \
B, / + 10%
2) =
2) .20 P

90% - A -
95% 4% 4%5§f§;>

”<r

Zakharkin, Babich, Litovcheno and Ivanova observed the formation of
dimers (the linear dimer was predominantly formed) in the reactio

of l{iethyl-o—carboranyl)-5—bromopropene with rmagnesium [35]:

C"B—C<:;:;;—CH=CH—CHZBr + Mg @— dimers
10710

According to Delmond, Pommier and Valade, 3-haloalXxoxytributylitin
compounds react with magnesium to form non-isolated Grignard com-

pounds wnich rearrange (probably intramolecularly) to yield 3-hydro.

xyalkyltributyltin derivatives in fair to good yields [36]:

Rt R
t ]
H,).Sn-0~-CH-C-C} + Mg C, H,) .3n-0-CH-C-CH_Mg
(cqgg) jsn 0 c'1H ¢ H,Br g —>i( s 9) 55n 0 (l:h cl: CH,MgBr
R R" 1R Rll

BOE g Bon
(C Hg ) 3SI!.--CHZ--C‘: — (ll-OH -<2—- (CI.;HQ) 3S-n—CHZ—C‘— q-O-MgBr
R" R s llqu =
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Cundy, Lapnert and Fearce foundé sideproducts as indicatedé below in

the reaction mixture of chlorodimethylsilylmethane and masnesium [57]

o ¢35

-Si~cH e 1 S5 -4 u S3i-CH_—3i=!
H §? Ca,Cl + HKg ————~>—(C"3)5bl 8 o+ (Ch5)5°~ CH, ?? 7+

CH. CH,

2 1% 6% 2

The same type of anomalous producis were observed by Buyaitov, Gar
and MHironov as the resulis of reactions of the {ollowing 3i ané Sn

containing organic halides with magnesium in diethyl ether [38]:

CH5 C:, CH..

1 1 [
~5i.0H_~Sn-C! ~CH_-Sn-3 4..).Sn-CH

ci ?; CH, §? C#,Cl , Br-CH, §% Br and (Cnﬁ)sbn Ci,Cl
C1§ ?Hj Cr!5

The action of magnesium on the ketals of 2-oxo0-1,3-dibromoalxanes in
TEF leads both to cyclopropanes and allenes, as was founc by Giusti
and Morales [%9]; steric factors influence the ratio of the two Tro-

Gucts. Open xetals yield more allene-cerivatives than cyclic ketals:

CH,—O Z Br

s Hg/THF  CHz—O - P
S R + /C:C:Q\
anf—o Br Chz——O
CoHg0 Br wg/ar  CoflgO .

. e — + /C:C:C
C,H50 Br CoHz-0

Br
CH.—O > CH.— O
[ 2 . Mz/THF | 2 "
(Cha) n T ( CHZ) n
CH,—0 , , -  CH;—0— /

Br .

References p. 265 B
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The reaction of the following bicyclic dibromo compouné with magne.
sium yielded no Grignard reagent but only dimerization rroducts

(fehta) [LO]:

¢ bromo com-—

ko

Althoush the allenic as well as the conjusgated cienyl
pound, incdicated in the equation below, yield both tyves of Grigha
reagents on reaction with magnesium, no equilibrium vetween these

two reagents seems to exist according to Michel and Troyanowsky anc
contrary to what nas been reported erroneously earlier by this sur-

veys author (Annual Survey 1971, p. 13) [41]:

/.
\C'I
2
no eguilibrium btetween these two
Grignard reaczents

C;—i2=C:C + CH —C—1C=CH2

H,y=C
~-H4g3r R MgzBr

Duhamel, Duhamel and Valnot suggest both an ionic and/or a radical
mechnanism for the intervpretation of the results observed in the fol

Jowing reaction [42]:

c.d )3 i i 275, 25 2°a
2 g:c-cl\ ¥z in diethyl . / )
Ve N - ether
Br N-t-C, B + C.H
579 N N 275
I ]
t:--(‘,er9 t-CL}H9
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2B. Prevparation of organomagnesium comnounds

A4S has already been mentioned in the previous chanter p- rifluorome-~

thylrhenylmagnesiun chloride was preparec¢ in THF on a 50 moles scale

{18].

Tne following two trifluoromethyl-substituted phenylmnagnesiur hali-

des were renorted:

ref. [&35] ref. [&4]

Seyferth and Lambkert Jr. used the following diiodo-Grignard reagents

for the synthesis of halogenated organotin compouncs [47]:

I CH3 I
1

H—Q-MgCI and CPj—Sn—-C—ﬁ&vl
I CHb I

The same authors observed the formation of two isomeric Grignard rea-
gents by reaction of a gem~dibromocyclopropane derivative with isopro-

pylmasznesium chloride at ~108° in THF [48]:
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Br Br ciMg Br Br __ _ MgCi
1-C3H,MACL N
T - 108°
17% 57%

Lansbury andé Stewart prepared the dihalo-unsaturated Grignard com-
oound [49]:

C1i
01,/l§§§///A\\\////MEBP

Fmvloying the low-temperature (-70%) metal-halogen exchange reactida
of Pierce, Meiners and McBee (1953%) as an approach to the preparatﬁ
of n-heptafluoropropylmasnesium bromide, Denson, C.F, Smith and
Tamborski synthesized perfluorocaliphatic mono- and di-Grignard rea-
gents from

CyF,I, CgFy T, I(-CF,-)4I, I(~CFy-)gI, CF,Br, Br(-CF,-) Br and
F20=CF2

in excellent yields (99-100%) [50]. The choice of the Grignard ex-—
change reagent (either phenylmasnesium bromide or ethylmagnesi
bromide) should be based not only on the perfluoroalkyl halide to b
reacted, but also on the solvent system employed as well as on the

ease of isolating the final perfluorinated product from the exchang

product.

2Bii. Alkoxy substituted organomagnesium compounds

- wm e e e - o e wm mm e e em e T ae s e em

Bthoxymethylmasnesiuxn chloride
C,H5-0-CH,-MgCl

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

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

De Botton used the same reagent, either in a Barbier-type (in situ)
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synthesis or in a Grignard-type synthesis, for the preparation qf-f;i
aléehydes [52]. o

Loozen and Godefroil made use of the ketal-Grignard reagent

CH— O 77 g
1 RN 1
CHE——O CHZ~?-MgBr
CH..
HJ

for reactions with heterocyclic aldehydes {53].
For the synthesis of triarylrhosphines with more than one carbonyl-
function, Schiemenz and Kaack made use of the following aromatic

Grignard reagents [5&]:

/ ——‘CHZ /O
Brig L lq and BrMs C\O
g . \n.a —,H3

For different synthetic purrvoses use was made of

CH2—0-THP
(::) MgBr Bng“4{i:§>
and o
O-alkyl
ref. [i3] ref. [55]

THP = tetrahydroryranyl

A remarkable nuamber of alkoxy-substituted acetylenic and vinylic or-
ganomagnesium halides, of which only the formulas will be given here

have been used:

C . H
C_H_-
H_-0-C3C~MgBr 2> O\CH C=C~MgB H,-0 § 5= N
C, 5-0-C3C~Mghr , CH-C=C~Hg r , CHy- -?TC-C-ngr
CZHS- C6d5
ref. [56] ref. [57] ref. [58]
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€H, ~0-C-C=C-H5Er ! 0-CH_,-C=C-HsBr
% —l? -2

ref. [5%] ref. [60]
€sf5  coC-mgbr CoHg-0_
) ' s/ = 275
¢, H.~C-0~CH v“-CHZ-V—C-hhor
Sl e c 4o
o1 w ey T -
Cgis 5711 275
ref. [61] ref. [62]
500
R-O-CH=CH-CEC-is3r C,H5~0~C-0~C~CEC-CC-HsBr
F T
R = alxyl vhiy Ol
ref. [6>] and [64] ref. [55]

281ii. Jrganomagnesiux compounds containing unsaturated_C-C_bonds

IO

In a Japanese patent Konishi, Hirata, Takayanagi, Mori, Hamada and
Toyoshiza claim tkhat a mixture of 1,2-dimethoxyethane and HMFA is
surerior to THF as a solvent for the preparation of vinylmagnesiux
chloride [65]. Yields as high as 95% of the unsaturated Grignard coﬁ
vound may be obtained in the solvent mixture!

Glaze and ¥cDaniel prepared bis{neopentylallyl)masgnesium by a tech-

nique which will be discussed in chapter 2C [67]:
CH§
~C—-CH_ ,—~CH=CH~ - 1
(CrI:)CCZCrI hCH2 )2}5
CH3

In the same chapter Moreau and Gaudemar's novel synthesis of alkynyl
Grignard reagents will be discussed [68]: these French authors pre-

rared the following compounds:



CoHg-C=C-HzBr  and  C, Hy-C2C-HgPr

Kuznetsov, Kuznenok, Selens and Svishchukx used unsaturatec¢ Grignard ‘!
reazents for the synthesis of intermediates for the prerxaration of
insect juvenile hormones [6%9]:

&)

oo ~H
. C,H = 5
SC=CE-CH_-CH_—MgBr S C=CH-CH,-CH_-C=CH-CH,~CH ~4g
//C_Cn Cﬂ2 C.;2 {zBr and /’u—Cd CHZ uﬂa C=CH Hy Cha MgBr

75
” T
Hy CH

Q

Q

>

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

shin ané Kryazhev macde use of two acetylenic Grignard reagents {70]
CH -CSC-MgBr  and  CH,=CH-CZC-iighr

The anomalous reactions of l-halo- and j-halooctadienes with macne-
sium (formation of cyclic Grignaré reagents) have been mentioneé in
Chapnter 2A [35].

In the same chapter the formatior of an allenic Griznard com?ound,
tozether with a dienylic one, during the reaction of either the alle-
nic halide or the dienylic halide with magnesium was mentionecd [4l].
Five reports have appeared on the synthetic utility of bromoxraznesio-

alixoxy-substituted acetylenic Grignard reagents:

- .
?“') (,:d)

2 3255::551— + H-02C-C-0H — > BrMg-C=C-C-0-izBr
1 1
cH 5 CH

1

CH.
;2
BrMg-0-C-C=C~-C=C-MgBr ref. [75]

i
CH3
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O-MgBr O-MgBr

C=C-MgBr . ~C=C-MgBr

ref. [74] and [75]

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

acetylenic Grignard compounds [76]:

Bng-czc-caa-é::>

Corriu and Massé& synthesized silicon containing allylmagnesium brom
des such as [77]
C H
675
~83 ~CH=CH-CE_—MgE
CGHE ?1 CH=CH-C > igEBr

CGHS

& bifunctional silicon containing acetylenic Grizgnard comround was
reported by Gverdtsiteli, Melua and Doksorulo [78]:
C?j
Bng-CEC—?i-CEC-MgBr
CH.
2

Vodolazskaya and Bauxov used a carbethoxy-functional acetylenic Grig

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

0
"
BrMg-C=C-C~0-C,H,

Erickson obtained the stable (no cyclization occured) chloroacetyle-

nic Grignard reagent [80]:
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BrMg-CH,-CH,-C3,-C=C=C1 -

2 2 2
4 great number of alkoxy-substituted unsaturated organomagnesium com-

pounés have been mentioned in Chapter 2Bii (references [56] throush

[651).

Bell and Scott synthesized
CT. Mg
b) g
for reactions with 25-oxo0-27-norchdlecalciferol acetate [81].
Navita, Yasurura and Tsuruta rrepared complexes of organomagnesium
compounds by reaction of R,Mg with 2-alkoxy-l-ethanol [82]; the com-
nlex, obtained from di-n-butylmagnesium and 2-methoxy-l-ethanol e.g.

had the following composition

n-C, Hy-Mg-0-CH,~CH

, Hg 5~Cil,-0~CH, . Mg(~0-CH

2—CHZ—O—CHB)2

and was hishly reactive in styrene polymerization. In such systems
ion pairs are vroduced, serarated by the coordinating agent.

Several Grignard reasents containing ester or ketone functions (in
such "Grignard reagents" enolate structures predominate) have been
used for synthetic or theoretical studies:

The Ivanov reagent, CcHCH(HgBr)CO MgBr, was used by Ivanov, Kirilov,
Petrov and Golemshinski [83].

P.Y. Johnson and Davis prepared the same sort of ester-functional

"Grignard reagent" from aliphatic esters [84]:

CH. CH.
r 2 Mg/diethyl |2
CH..~-C-CO,C.H v CH_-C-CO.,C.H
577 72725 Tether o° 5y 225
Br MgBr
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From the laboratory of ime Maroni-Barpaud stereochemical irvestiza
tions have been published for which organomagnesiun derivatives of

esters anc xetones were arplied such as:

1 MgX | CH,-C—CE-CH, | HsX i-cqﬂg-g;=CH-iCjn7 i

9 -’ 2 N
4 6 J
ref. [35]1, [85], ref. [35] ref. [36]
(871

res. [851, [871, [88] ref. [36], [87],
(851, [291

<:::>}-C:rCH—CHH MgBr ;Z§;7>\
14 2 =
o in::;\dp'"o HgBr

ref. [89] ref. [89]

Treatmert of the diethyl ester of carbethoxymethanephosphonic acid
with isopropylmasnesium bromide or with n-propylmagnesium chloride
resulted in the formation of the corresponding masnesium derivative

as reported by Kirilov and Petrov [90]:

H -
C,Hs o\ 79 )
/P-CH(ngX)—COZCZH

C2"5-O

5

The preparation of a carbethoxy-functional acetylenic Grignard com-
pound has been reported in Chapter 2Biii [79]. Furthermore, in the
same chapter mention was made of bromomagnesioalkoxide-substituted

Grignard reagents ({711, [72], [73], [74] and [75]) as well as of
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amino-functional acetylenic Grignard reagents ([74] and [76]). o
Apvart from the silicon-substituted Griznard reagents, repﬁrtedriﬁr’
previous chapters (in Chapter 24, [37]; in Chapter 2Biii, [?7] and -
{78]) the following reagents have to be mentioned:

An exitinz report is the one by Schumann and RGsch, who claim to have -
reacted trimethylsilyl chloride (0.5 mole) with magnesium (3.5 gat)

in the presence of HHMPA (1 mole) to form the silicon-magnesium com~
oound {91]:

(ca.j)ss:ac:l + Mz PA, (CH-j)}SiMe—;Cl

The reaction mixture was héated for two hours at 750 before it was
further reacted with phosphorus cderivatives (see Chapter 5I). It has
not been made clear why this siliconmagnesium compound, the Ffirst
ever prepared, iS so stable under the reaction conditions mentioned'

above.

Other interesting silicon containing Grignard compounds are

CHs THs
CHB—?i<<:::>—HgBr and CHB-iifCHa-HgCl
CH§ CH3
ref. [92] ref. [93]

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

nards [94]:

5 Vo ¥

Qs _OH N S5 _CH oS _CH

K ?1 CH-MgBr b ?1 CH,-MgBr CrI5 z% CH,-MgBr
CH5 GHB E
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C§HS $H} C§H5
H—fi-Cda-dEBr H—?i—CHZ—HgBr H-5i-CH,~CH,~tgBr
CGH5 C655 C6H5

T o T

-Sw-CH2~V4 -CHZ—mCBr and F-?l-CIZ-5;~CH -MegI

CH5 CHj C‘l5

Seyferth and Lambert Jr. [47] as well as Delmond, Pommier and Valade

[36] synthesized and reacted the following tin-containing Grignard

compounds:
C?} I
t
CHB-Tn-i-thl and (n—Chﬁg)SSn—HgBr
C:{3
ref. [47] ref. [36]

Kazantsev and Aksartov made use of o-carboranylmasnesium bromide
(o-R—C(BlOHlO)C—HgBr) in synthesis [95].

idside from the trimethylsilyl-Grignard compound mentioned above,
Schumann and Risch also Trepared the germanium and tin homologues
{CH. )Bue- zC1 and ("d ) Sn—h,Cl [91]

In an American patent, Nllllams and Cook clair the preparation of
the following "“lead-Grisnard compound" [96]: (c H5)3Pb—MgCI
Continuing their work in oxazine-chemistry, Meyers and co-workers
(see also Annual Surveys 1969 and 1970) investigated the reactivity

of the 2-substituted 4,4-dimethyl-dihydro-1,3-oxazine [97]:
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Schroeter, in a German patent, claims the prexaration of N-methylpi-

veridyl-h-maznesium chloride {$8}:

CH,-N  )-HsCl

Kaiser, Beard and Hauser [99] as well as Koshar and Mitsch [100] pre-

parec sulfonyl-substituted Grignard reagents:

C_ H_-50_,-CH(iigC1)-C H Rw-Soa-CH(MgX)—R

ref. [99 ref. [1200]

2C. Y¥ew or uncomron reactions, leading to the formation of organo-

siacnesiun comznounds

Moreau and CGCaudemar prevared acetylenic Crignard compounds from »pro-

parsylic bromides by the following sequence of reactions [68]:

. o opren e . o o 1
CH,=C=CH-MsBr + H-E{ — CHy-CSC-H + CH,=C=CH, + Brig-EJ

=

CH,-C=C-H + Brig-H{or + CH,=C=CH-Mghr — > CH,~CZC-izBr
£s the startinz bromides Cﬁj—CH(Br)—CEC—H and n-CBHT—CH(Br)—Cicgﬂ
were applied.

Glaze and HcDaniel prepared bis(neozentylallyl)magnesium by the reac-
tion of anhydrous magnesium chloride with neopentylallyllithium [67].
Bis(neorxentylallyl)magnesium is the first hydrocarbon soluble allylic
magnesium compound and several contrasts in its properties in hydro-
carbon and ethereal solvents are demonstrated by the authors.

Kamienski [101] and Kamienski together with Eastham [102], in &meri-
can patents, claim the preparation of dialkylmagéesium as well as of

mived alkylarylmagnesium compounds by reactions, similar to those

'References p. 265 o ) » ) S
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mentioned above: activatecd masnesium chloride reaction with organo

metallic compounds. The lithium chloride formed in these processes

b

can be recycled by reaction with sodium andéd n-butyl or n-anyl chlod
ride.
Several reactions of magnesium with unsaturated hycdrocarvons, leadi]
to the formation of organomagnesium comnounds, have been reported,
rmainly in the patent literature:
In two German patents Ramsden claims the synthesis of lavendulol by
the reaction of isoprenemasnesium with 4-chloro-2-methyl-2-butene,
followecd by air oridatiorn [105] and [10:i]:

Ood

1) Mg

In a U.S. vatent Rarsden reports the preparation and reactions of

magnesium-olefin compounds [105]. Reactions with aldehydes, oxirane
or oxidizing agents yield alcohols and diols; diketones are formed
on reaction with nitriles, diacids on reaction with carbon dioxide.
Linalool and geraniol were prepared by reaction of megnesium with
myrcene, either in the presence of tunassten, zinc or copper salts,
followed by oxidation of the intermediates with oxygen [106]}, or wi
cyclopentadiene-tyse compounds in the presence of a Lewis acicé such
as boron trifluoride etherate followed by oxidation [107].

The reaction of conjugated dienes with magnesium in the presence of
trialkylaluminum compounds leads to the formation of mixed macgnesiu

aluminum complexes of the following type, as studied by Lehmkuhl,

Culjkovic and Nehl [108]:

2 Mg + & AUCH) + J — Mg | (C,iig) a1 (|| .3THF
2

+ Mg[(C,Hg), A1],.7THF
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Several other dienes andé organcaluminum compounds have been used
by the authors. 4 ‘
Kaznesium films cause the reduction (selfhydrogenation) of alkynes
and l,2-alkacienes by an interaction between the absorbed molecules
and a hyd@rocarbon residue, strongly held on the surface (¥. Gault)
f109]. The author could not find any evidence for the intermediacy
of species to diene-magnesium compounds as mentioned above. The
hyérocarbon residue on the surface probably is a polymer.
As already revorted in Chapter 2Bi, Seyferth and Lambert Jr. prepa-
red ag-bromoorganoxagnesium compounds by reaction of isopropylmagne-
sium chloride with a gem-dibromide in THF at -108° [48].
Kennedy, Kuivila, Tien ané Considine prepared bromo norvovornene-7-
masnesium by the peculiar reaction of magnesium bromide with the

corresponding bromonorbornene and sodium-naphthalene [110]:

Br MgBr

Na-naphthalene + MgBrZ + ‘// ——— ///

Addition of trimethylstannyl chloride yielded only 9% of the norbor-
nenyltin -compound; in a modification of this procedure, in which the
formation of the Crignard reagent was by-passed, the trimethyitin ha-
lide was added to the reaction mixture instead of magneéium bromide
which resulted in the formation 9% the norbornenyliin derivative

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 dimethoxyethane solutions of magnesium salts
with the aid of a hydrogen-electrode, Caillet and Bauer observed the
formation of organomagnesium compounds by the following reactions

[111]:
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20 4 s
ZR@-i—:

h")

@
@ —

i

‘§:>stems from the sodium or tetrabutylammonium salts of acids such

as acetylacetone, aniline or iriphenylmethane.

2D, Reactions with intermediate or "in situ" Grignard comgounds

Grav11eqxo, raty nina, L'vova, Kolesov, Kavaisin and Zakharkin re-

port the formation Of trimethylgallium by the reaction [112]

CHI o+ He/Ga Siethyl ether or (cn )i5a  (70%)
cib uty7 ether

ir which reaction iost vrobabvly an intermediate methylmagnesium der
vative is formed.

The effect of trace elements in the above meniioned synthesis of tri-
methylgallium was studied by Grivov, Hozyrkin, Federov, Nokxoltsxii .
and Solomatin {113]; the results suggest that the process of prerpa-
ration of trimethylgallium may serve as a mean of reduction of the
contents of the trace elements in the final product.

#illiams and Coox, in an American patent, claim the preparation of

trimethyl- and triethylleadmagnesium chloride by the following reac-

tion [96]:
R-C1 + #g + PbCl, --———-~—-—-———>R5Pb——MgCl

Three more publications appeared from Calas' and Dunogu@s' sroup
dealing with the trimethylchlorosilane/magnesium/HMPA reaction with
several different substrates; the theoretical problem of an interme-

diate silyl-Grignard comnound becom951mportant, especzally in the
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light of Schumann and Rdsch! report on the preparatioﬁ of'trime%hyl—
silylmagnesiurn chloride in HMPA as mentioned in Chapter 2Biv [91].'
In one of their publications the French authors revort that; for
the interpretation of their results, they maintain the model in which
the radical-anion develons to a silylated radical, which makes the
mechanism analogous to one in which a silylated organomagnesium com-
pound with radical behavior is proposeé [114].

Together with Bolourtchian, Biran and Duffaut, Dunogués ané Calas in-
vestigated the reaction of the (CH5)55101/H¢/HMPA couple with unsa-
turated conjuzated ketones which leads to the formation of products,
resulting from 1,h-disilylation as well as Irom reductive duplica-
tion [11%4].

Together with Arresuy, Biran and Pisciotti, Dunogués and Calas stu-
¢ied the reaction of (CHj)jSiCI/Mg/HMPA with conjusated poly-enes
[115]. 1l,4-acddition of trimethylsilyl groups is observed. When dime-
thyldicnlorosilane is used instead of trimethylchlorosilane in reac-

tion with butadiene silacyclopentane is formed:

A c1  CH. CH.
\N 7 D Lt e ST S 7/ 2
. Si Mg/HMFA 35
7
S ci cum \cz'5

Finally, together with Jousseaume ané Pilot, Dunoguds and Calas stu-
diec¢ the reactién of the silylation couple with chlorinated compounds
such as chloral, hexachloroacetone anc 1,l-cdimethyl-2,2,2-trichloro-
l-ethanol [116]. The producis obtained, indicate the reductive pro-
perties of Mg/HHFA towards carbon-chlorine bvonds.

Birkxofer and Fristel report the formation .of silacyclorentenes by the
rather mild reaction of magnesium with dichlorosilanes and . 1,3,5-he-

xatriene in the presence of Cu(I) chloride in refluxing THF [117]:
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ci1  CH. CH..
b g JTHT VA
+ \Si/ .-:;/T--L Si
/ -
_ cr’ Ncu, Supfl Nou
3 5

Y

The autaors sugzest that a radical-anion mechanism is responsible

I
Q
5]

for the silylztion of the triene in the 1,4-posit
De Botton reports the synthesis of aldehydes by means of reactions
of terpene-ketones with Grignarcd compounds, derived from chiorome-
thoxyethane [52]; for this purvose the reactions can be performed

3z L

either in a Barbier-iyve fashion (in situ) or in the "normal"

U

[¢]

Fad

Griznard vprocedure. No differences in yields were observed betiween

¥

the two methods excert for the unsaturated terxzene ketones such &s
pulegone, isopulegone or carvone, where the Parbier technique yield
lees of the desired product.

Katzenellenbosen and Lenox, finally, reported the synthesis of ally
carbinols by several methods, amons which the "in situ" Grignard
technique [113]. ¥ith cyclohexanone ané cyclorentanone, fenchone anc
¢i-tert-butyl ketone the yields were good to excellent. The same ore¢

cedure was unsatisfactory for diisopropyl ketone.

2E. Miscellaneous

Ulmer, Skarstad, Burlitch and Hugnes report the rzrevaration of the
following ryridine complex of a magnesiuz-molybdenum-cyclorentadie-
nyl dicarbonyl compound [11¢]:

ts/Hg + Hg[H0(CO)sCotcl, CoHok Hg(pyridine), [Mo(CO) CcHo T,

The reduction of hydrocarbon solutions of di-n-butylmagnesium, Gi-
sec-butylmagnesium and di-tert-butylmagnesium by alkali metals has

been described by Eastham and Malpass [120]; in general compounds
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with the formula.RBMgM were obtained. Besides lithium, sodium and.
pbtassium also rubidium and caesium were aprlied. The rroducts were
hydrocarbon soluble.

Tyrlik and Wolochowicz obtained a complex 9f mazpnesium witn titanium
(III) chloride in THF which showeé hignly reductive prozerties [121];

with ketones dimerization v»rocducts were obtained:

5
C .8 C H
] 0-C_H -l
¥} + C . H.-CO-C_H —_— =
[ 6ii5~C0-Cgig E=0
C H_- C.H
In sereral the yields of such producis were excellent; with benzophe-

none 6£7%, with benzaldehyée £3%, with acetone 95%. With cyclohexanone

he rinacol was obtained.

g e

niessen, Desseyn and Alcderweireldt obtained pyricdine comvplexes of
magnesium bromide on addition of 4-alkoxy-substituted pyridines to

solutions of ethyl- or drenylmasgnesium broxide [122]:

-MgBr  + CH,.~0K(OF ——— Hs5r,.2 O O-Ciiy

2F. Analysis of organomasgnesium compounds

Karavanov and Lapkin developed a technigue for the determination of
nalomagnesium alkoxyde in a mixture of it with organomagnesium halide
as it is obtained on air-oxicdation of Grignard solutions {123]: hydro-
lysis of an aliguect followed by acid titration yields the amount

of "vasic"-magnesium. Extraction of the h&drolysed portion with ben-
zene and determination of R-OH (from R-0-MgX) by the modified activé
hydrogen method of Terent'ev, finally yields the analytical data re-
quired. :
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3. PHYSICAL PROPERTIES: STRUCTURE AND MOLECULAR ASSOCIATION OF
ORGANOMAGNESIUM COMPOUNDS

3A. NMR studies of organomagnesium compounds .

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 Maercker and coworkers studied the NMR-spec

tra of the following Grignard compounds in equilibria

0?3 (13H3 (CHB) >
CH2=CH—([3 - cl; —MgCl ———=x {>F CH,-MgC1 ref., [27]
H
CH3 CHy (CHB) >

and in reference [28]:

MgBr
= O = O
’ MgBr

CHZ—MgBr

D D
MgBr CHD-MgBr
[ . -
MgBr
CD_-MgBr D -
2 MgBr
— |

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

NMR-spectroscopy in sealed tubes; solvent THF, temperature 122° [29



EET I

ClMg
Ar—OMgCI =~ |ar E A_r@-CHZ—MgCI
Ar = phenyl, p-tolyl and m-trifluoromethylphenyl

Glaze and McDaniel reported NMR-spectroscopic studies of bis(neopen-
tylallyl)magnesium in THF-dg and diethyl ether d;, [67]. The results

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

neo-CSH11 H neo—CSHll H H
. ~ - ~ ~ /
c=C —_— H-C-CH=CRH _— C=C
- ~ P 2 - N
H CHZ Mg neo-C_H CH
N 5711 2
Mg\ Mg

AN

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 could 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, Beck, Benkeser and Grutzner deter-
mined the structure of substituted allylmagnesium chlorides with ﬁhe

aid of NMR-spectroscopy {124]:

R-CH=CH-CH,MgCl with R = H, CHy, C,H, iso-CsH, and tert-C,H

2 1y
CH}\ cus\, .
 C=CH-CH,-MgC1 and ,C=CH~C-1gC1
cu H CH

5 Hs

References p. 265




172
In case the alljl Grignard compound is asymmetric the chemical shif
are characteristic for a structure with a primary magnesium atom. 1
there is any of a compound with secondary magnesium present in the
solution, it must be in rapid equilibrium with the primary compound
Furthermore a rapid equilibrium between the cis and trans stereoiso
mers about the double bond is observed; the magnitude of the coupli
constants provides a measure of the equilibrium population of the i:
mers. This equilibrium population could also be obtained by guenchi:
with acids and the results, obtained by both methods, compare well
with each other. For Y-substituted allylmagnesium chlorides the
cis/trans ratios were:

R = methyl ethyl iso-propyl tert-butyl

cis 60 Ls 30 >
trans LO 55 79 97

At low temperatures the Schlenk eguilibrium was detected and furthen]
more, the behavior of the diallylmagnesium compound was found to b¢g

similar with the corresponding allylmagnesium chlorides.

Ducom and Brodzky observed changes in the NMR-spectra of solvent mo
cules, complexed with diethylmagnesium [125]. By measuring the chan
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 with diethylmagnesium on additi
of competing bases. Such changes in chemical shifts allowed the det
mination of an order of relative basicities of basic sclvents versu
diethylmagnesium which showed the following order:
tetrahydrothiophene<i:isopropyl ether, tri(dimethylaminp)phosphine
triethyl amine<<:dibuty1 ether<i N—methylpyrrolidine<: dioxane
dimethoxyethane < 2-methyltetirahydrofuran< tetrahydropyran< tetra
hydrofuran< diglyme< tetramethylethylenediamine< HMPA.



1#3.
Especially the position of triethyl amine in this séries is rather:
surprising.
Lehmkuhl, Culjkovic and Nehl reported the NMR-spectra of the mixed

organcmagnesium-aluminum compound |108]:

CH i
l_ SN CHy |
Mg (CZH_)aAl i . 5 THF
N J
CH,; 2

The NMR-spectra of diethylmagnesium, complexed with HMPA were measu-
red in diethyl ether as the solvent, by Tomoi and Kakiuchi [126]. The
ckemical shift of the methylere protons remained unchanged till one
molar equivalent of HMFA was added, than changed considerably from
0.60 ppm to 0.85 prm in the region between one and about two equi-
valents of HMPA, after which the chemical shift remained constant.
Similar experiments with THF and calculations with the aid of the
relationship of Narasimhan and Rogers lead to values for the electrao-
negativity of magnesium in diethylmagnesium of 0.94 in diethyl ether,
of 0.89 in the presence of 3 molar equivalents of THF and of 0.79 in

the presence of 3 molar equivalents of HMPA.

5B Other technigues

Several reports on the determination of the structure of organomagne-
sium compounds with the aid of infrared specfroscopy have appeared:
The infrared spectrum of the bromomagnesiur derivatives of carbetho-
xymethanephosphinic acid indicates, that besidesstructures as given
by , also complexes of magnesium bromide with the acid, as given

by [:j, are present in the solid state [§O]: N4
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- 7~ (C_H.-0)
(Cafls=0-)87  "Mgbr 2"5 5R==0\
HCy, -0 N
I 4
C =0
0-CoHg l
0-C_H,

- [e]

Infrared spectroscopic investigations have been reported of Grigna

derivatives of the following bromides [68]:

H H
I i

CHB-?—Czc-H CBH7—?-C=C-H and D-C:C—Cha—Br
Br Br

The spectra indicate the existence of both the allenyl (:C:C:b-Mg—)
and the propargyl (-CEC-%-Mg-) organomagnesium compounds in diethyl
ether solutions.

’Kress and Guillermet have studied the infrared spectra of
MgBr,.2(CH3),0, MgBr,.2(CD3),0, MgBr,.(CD;),0, MgCl,(CH3),0 and
MgIZ‘(CH5)ZO [127]. The spectra suggest a tetra-coordination of mag
nesium in the complexes and the presence of oxygen as the bridging
atom in the 1:1 complexes.

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 magpnesium fluorenide, qbtained by reaction of
diethylmagnesium with fluorené 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 jion-pair in



the product from the reaction of di-n-butylmagnesium with 2-alkoxy- -
ethanol [82]. The complex was highly reactive in styrene polymeriza-
tion; furthermore it could metallate fluérene. 7
In another study of the carbanionic character of RMgX-HMPA coﬁplexes,
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

(CHB)ZSiH—CHZ-MgBr
which compound was monomeric in tetrahydrofuran [9L].
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 (+)(S)-l-ethoxy-2-methylbutane and ben-

zene. The following equilibria were postulated:

L CZH Br L CZH5 Br L
! Ky SN '\\ka/ K, AN ¥
2 CZHs-MgaBr —_— Mg v-—-C2H5 e — Mg Mg
be AN Val N
L L Br “\L L \\Br/’ C2H5

L. = l-ethoxy-2-methylbutane

The values for K, and K, (103 mole/1 and 1l.41 mole/1 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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cérbon—magnesium bond strength is constantifor the various primary
‘alkylmagnesium halides with groups such as ethyl, n-butyl and isobt
For methyl and phenyl the value is 11-12 kcal/mole higher; for isox
pyl, sec—butyl and tert-butyl it is lower by 5.5 and 15 kcal/mole r
pvectively. 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 8 kcal/mole weaker than the bonds between ma
nesium and primary alkyls.
With the aid of pH-measurements with a hydrogen electrode, Caillet
Bauer determined the eguilibrium of the following reaction in 1,2-d
methoxyethane [132]:
T

R-Mg- + H® c10, ©fa gy . g @ c10, ©
in which R-H was e.g. tert-butyl alcohol, indene, phenylacetylene o:
benzene. The results could be applicable
a) for the synthesis of an organomagnesium compound by this displacs
ment reaction,
b) for the quantitative determination of organomagnesium compounds,
and finally
c) for the.identification of an organomagnesium compound.
Lehmkﬁhl, Kintopf and Janssen measured the half-wave-potentials of
alikali and of alkaline earth metals in THF by polarography of metal-
tetraalkyl aluminates (such as ”g[Al(°2H5)4]2) with a dropping mercy

ry-electrode [133]. E, /, of magnesium was found to be -0.056V.

3C Structure gng reactions

For the nickel(II)-catalyzed cross-coupling reactions of isopropyl-

magnesium chloride with aromatic halides:

RO s
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Ni[ (CH,) ,P-C_H —P(CH,),]C1
MgCl + Ar-X 22 24 22 2, i-CiH,-Ar +

1_03H7

n—03H7-Ar + Ar-H-

Kiso, Tamao and Kumada observed, that the lability of the leaving
halide is 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-
monaphithalene gave the non-isomerized product as the main compound:
73% versus 19% n-propylnapnthalene .and 8% naphthalene, For almost all
other aromatic halides, isomerized products were the major ones.
The oxazine-Grignard reagent, reported in Chapter 2Biv [07], failed
to react to any appreciable extent with benzaldehyde benzonitrile,
3-pentanone or ethyl chHloroformiate, but on addition of one equiva-
lent of magnesium bromide to the ethereal Sdlution of the Grignard
compound its reactivity was enhanced considerably; with benzaldehyde
the expected carbonyl addition reaction product was isolated in 65%
yield!
a. benzonitrile -
[//\\U b. benzaldehyde R no reaction
‘9L\v//A\\///\\\///\\ c. 5-pentanone
\7\\N MEET 3. ethyl chlorofor—
+ MgBr2 mate

benzaldehyde

65% C=0 addition
reaction product

The reactions with ethyl chloroformate or benzonitrile in the presen-
ce of magnesium bromide were less effective (35-50% product yield).
No reaction occured with 3-penzanone. 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 sélt was twofold: a) to
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;gjéoﬁpiex wiﬁh either oxygen or nitrogen, thus releasing the Grignara
: c0m§dgnd, and b) to enhance the electrophilic nature of the electra

‘philes.

On hydrolysis of a part of a mixture of the dienylic and allenic

Grignard compounds (both formed on reaction of each of the starting

bromides [41] ):

R
CH2=C=C
CHaBr //R
+ Mg i CH,=C=C +  CH,=C-C=CH,
CHZ-?-?=CH2 CHZ-MgBr R MgBr
R Br

the composition of the remaining Grignard solution changed consider:
bly, due to the much greater reactivity of the primary Grignard com-
pound. Since no change in this new composition of the solution was
observed on standing during several days no equilibrium seems to ex:
betweer the two Grignard reagents.

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

tainty the existence of an equilibrium between the following two pol

cyclic Grignard compounds [135]:

C.H . CgHg
?
ClMg .
l HZO lﬂéo

Celig 65 1

MgCl



S1te
The norbornene derivative could not be distinguished with cexftainty,“~ -
the main hydrolysis product being the tricyclic hydro'carbon. It -ap'-rr )
pears that the equilibrium lies far to the right.

For the formation of different products, obtained on hydrolysis of '
Grignard solutions, formed after heating El and at 859 for 24
hours, Lehmkuhl and Reinehr formulated the following equilibria [136]:

< - . @: — g MgCl
MgC1 k -
MgCl

MgCl K
MgC1
11 i/

12
=

=
5

ClMg

The ringopening from @ to and, analogously from ‘ to- |

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

‘membered ring opening has been reported previously.
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In a third publication dealing with the same type of Grignard chem
try, Reinehr, Henneberg, Lehmkuhl and Schroth suggest the existenc
of the follomfng equilibria to account for the formation of the pr

"ducts, isolated on hydrolysis of the Grignard solutions [137]:

R-//A\W//¥\\4¢; : ~ Mgc1

) -~ L
CiMg
R
R
R —
—————
Mz T
Cl
MsCl

Although the rate of rearrangement of the dimethyl-substituted 3-bua
tenyl-Grignard compound !155 was slowed down considerably as compal
red to the rearrangement of the non-substituted organomagnesium- com

pound (half-life time 30h at 70° as compared to 30 h at 27°)

i (ch,), CH5
CB=CH-CH,~C-MgX XMg-CH,, === CH,=CH-C-CH,-NgX
CH o,

the equilibrium still ljies almost completely to one side (99.9% of
i}gﬂkpresent in solution; only 0.07% of the cyclopropyl derivative
could be detected) as Maercker and co-workers observed. These author
obtained the first stable primary cyclopropylmethyl-Grignard by in-

creased substitution [27]:
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o s - (cHy),
CH=CH-G—G-HgX === )(Mg-(‘,h2-<}(CH )
. CHy CHy 372

The equilibrium lies almost completely to the right: 99.9% of the
cyclopropyl derivative was present in solution.
No rearrangements of the following types could be detected by Maer-

cker and coworkers when diethyl ether or THF was used as the solvents

[28]:

A CH,-MgBr
|
b ::f: =F= H,C=CH-CH=CH-CH,-MgBr

MgBr :;%:
@ MgBr

Grignard compound did not undergo decomposition on heating at

ro—

80° for 14 days but decomposed at 120° in ten days. It is interesting
to read that Ega_deCOmposes readily at roomtemperature when the sol-
vent is removed in vacuum. The same is true for the corresponiing
di-organomagnesium compound.

On the other hand, the folléwing egquilibrium was observed in diethyl

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

D D b
. MgBr f C-MgBr
BriMg

No NMR-signals from could be detected in the equilibrium mix-
ture that contained about 90% of . The authors made a study of
solvent and temperature effecté dn the position of. the eqﬁilibrium as.

well as of thermodynamic éecbndafy isotope effects., The rate of equi--
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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 th

aid of l-aryl-substituted-4-chlorocyclohexenylmagnesium halides [2'

Y CH,~Mg
Ar e " 5 m— u ]
Ar/ AT

Ar = phenyl, p-tolyl and m—-trifluoromethylphenyl

A noteworthy feature of the results obtained is the slow rate of re
- arrangement of all three Grignard compounds. Experiments were carri
out at 12291 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 T-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-CECéCHa-CHa-CHE-MgBr -7f1>-<::§:\
M=Hr

The only lower boiling product, isolated after hydrolysis was
j~chloro~l-nentyne.

Several reports concerning rearrangements during reactions of organc
magnesium compounds have been published.

The formation of 3-acylindoles in the reaction of acyl halides with
indolylmagnesium chloride, is favored by the use of an excess of the

Grignard reagent (Rusinova, Smushkevich and Suvorov) [138]:
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=0

=0

O h Br O
+
i Z X

& :

1
With 10% excess of the Grignard compound only 13% of 3-nicotinoyl-
indole is formed, with 50% excess 60% of the 3-isomer is formed.
Y-Triphenylsilylallylmagnesium bromide reacts with either water, car-
bon dioxide or oxirane to give mainly linear products whereas attack
on the Y-position was observed in reactions with benzophenone and

trimethylchlorosilane [77]:

) - HZO’ CO2 i
(06H5)551—CH=CH—CH2-MgDr/(Caﬁs)20 —;;;;;;-» linear products
(C6H5) 2G=0
(CH3)351C1

products resulting
from attack at Y-po-
sition

Lion and Dubois studied the reaction of substituted allylmagnesium
halides with 4,Q-dimethyl-a—substituted—bxazolines anc¢ observed the
formation of the rearranged and unrearranged product [139], as was
concluded from the structures of the unsaturated ketones, obtained

after hydrolysis of the primary reaction product:
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From Mme Miginiac'®s laboratory several reports have appeared on the
stereochemistry of reactions of substituted allylic Grignard reagen
with aldimines and unsaturated aldimines:

Y-Ethyl-substituted allylmagnesium bromide reacts with N-substitute

aldimines as follows (Miginiac and Mauz&) [140]:

i R |
50 d 4
R Total yield
- o/ -
J.-Cjﬂ.? 88% ’ 6 : 94
t-CL.rH9 76% . 9 : 91

‘Beactions of  the same organomagnésium compound with unsaturated aldi
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mines lead to a variety of products: 1,2-addition products withjand‘;: ’
without rearrangement and 1l,4-addition products with and without rear=-

rangement (Miginiac and Mauzé) [141] and [142]:

5,0
= .

|5 i

+

71%

A

L it

»
!

R
Wi /\/\\ ~ — Y
With CGHS N (R = CHB’

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

180—0357’or teru—Cng) unrear-—

arranged 1,4-addition product.

The following propargyl-allenyl rearrangemenis were reported:

Plouin and Glénat studied the composition of the products, obtained

from the reaction of allenylmagnesium bromide with several ethyl es-
ters of aliphatic 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 reaction temperature as high as the reflux

temperature of the solvent mixture [143]:

0 OH OH
CH2=C=CH—HgBr + R—C-O—CZH5 iE;?;?T R—?—CHZ-CEC-H'+ R—C—CH:C:CH2
2" CHy~C=C-H | CH,-C=C-H

Working at lower temperatures gave less of the mixed allenyl-allcynyl-~

carbinol. The best products (jeast Contaminated with the mixed car-- .
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binol) were obtained by the use of organcaluminum 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 frcr 3-bromo-l-butyn
—-which exists mainly in the allenyl form in solution- with aliphat:
aldehydes as well as with benzaldehyde or acetophenone was studied

by Saniére-Karila, Capmau and Chodkiewicz [144]

.8 H CH}
3
CHB-CH=C=CH—MgBr + R-C-H —— R-C-CH-C=C-H threo + erythro)
OH

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

different product mixtures.

Two publications appeared from the laboratory of Moreau and Gaudemz

Orcganomagnesium compounds, derived from the following alkynyl bromi
H

]
H-C=C-CH,-Br, R'-C-CSC-H and R°-CSC-CH,-Br
Br

reacted with aldimines, R-CH=N-R* to give both the alkynyl and the
allenyl amines, resulting from addition to the carbon-nitrogen doub

bond [145]:

H

CH,=C—CH-MgBr + RO-CH=N-E* Sy > RO-C-CH,—CZC-H +
> 2) 5,0 —CHy
HN-RY*

H
i
R3-c-cn=c=cn2

N

The rearrangements of the unsaturated Grignard compounds, on reac-
tion with aldimines, leading 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 CHBMgF

£~ L= - Ao
\

LT AE —- MTr ) =Y L N L U 3 Fan T BN -4 VA
Lt vnjnf,zj; , maae oy tier 1GC Miliie, aead

Cﬁjhg i, 53m5uH3 and
to the conclusion that the radical mechanism is energetically more
favorable than the ionic mechanism [146]. For each of the first three
organomagnesium compounds mentioned, the enthalpy of bond breaking
was about 39 kcal/mole, independent of 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 CH5 ~ 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 CNDO/2
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 wWell as dimers. The latter seem to be energetically more

X-

Pgininih

favored and halogen-bridged dimers, R-Mg /Mg—R, are -the more stable
X

compounds.
4, MECHANISM OF REACTIONS OF ORGANOMAGNESIUM COMPOUNDS
LA, Reactions with carbonyl compounds

LA3, Addition and reduction reactions

Four different research groups have reported about the mechanism'of
reactions of organomasnesium reagents with carbonyl compounds.

The influence of the purity of magnesium - applied féf the prepéra~
tion of methylmagnesium compounds - on the amounts of non-addition

products as well as on the rate constants of reactions with subsﬁif
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tuted and non-substituted benzophenone has been mentioned in the
troduction to Chapter 2 [23]. fhen ultra pure magnesium was used,
rate data were found to be consistent with a specific mechanism in
which both dimethylmagnesium and methylmagnesium bromide react wi£
the ketone in a first-order fashion. Methylmagnesium bromide, prep
red from doubly sublimed magnesium, employing an excess of magnesi
gsave only 73% addition to benzophenone at low concentrations of ke
tone, while a comparable run with a Grignard solution, prepared wi
excess bromoethane, zgave 92% addition. For single crystal magnesiw
for the same type of experiments values of §8% and 95% respectiveli\
were obtained. The new data are consistent with the mechanism esta
blished earlier {(Ashby and coworkers; Annual Survey 1G71, bpage 43 :
Annual Survey 1972, page 111).

Contrary to the above-mentioned mechanism, based on the reaction of
cyclopentyimagnesium reagents with 4L-methylmercaptoacetophenone in
diethyl ether, 5.3. Smith, Rudolph and Charbonneau propose a mecha-
nism for the reaction with carbonyl compounds in which complex for-
mation precedes product formation [1£8]: the reaction is first orde
in ketone and the kinetic order in organomagnesium compound approaé
one in dilute solutions and zero at high concentrations. The author
extensively studied the ratio of the vroducts formed in addition,
reduction and enolization reactions. It is to be noted that the ad-
dition of magnesium bromide (up to a RMgBr/MngZratio of almost one
causes an increase in the relative amount of reduction reaction prc
duct. With RZMg/MgBrZ = 4.5 approximately 67% reduction was observe
when RMgBr/MgBr2 = 1 86% reduction was fcund.

Using 2,2,5,5-tetradeuterocyclorentylmagnesium bromide, asuming
that there is no isotope effect on addition and enoclization reac~
tions, the authors calculated a value of 2.0 for the primary kineti
isotope effect on the reduction reaction, which differs from the re

sults of a related study by Holm (&Annual Survey 1971, page S4). Fro
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their resulis éﬁith and coworkers conclude that a mechanism,,inv01;
ving a biradical intermediate and separate rate-detefmining and pro-
duct-determining steps, asrproposed by Holm, is not applicable to
their data.
Holm studied the mechanism of the reaction of Grignard compounds
with benzophenone in diethyl ether with the aid of deuterated com-
pounds [149]. Kinetic isotope effects of the reaction of g-deutera-
ted ethylmagnesium bromide or tert-butylmagnesium chloride were al-
most negligibly small (1.0l and 1.0 respectively); at the same time
reduction of benzophenone by these Grignard compounds was limited
(6% and 0% benzhydrol was formed). For isopropyl-, n-butyl- and iso-
butylmagnesium bromide, the kinetic isotope effects were 1.16, 1.28
and 1.46 respectively ( 20%, 55% and 91% reduction products werée ob-
tained). This observed correlation would indicate a primary isotope
effect, which is associated with the reduction reaction only. Com-
petition between egual amounts 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 lack of correlation between the two values of the deute-
rium isotope effect Yrequires in some way a separation of the rate
determining step and the product determining step." Holm therefore
comes to the conclusion, that the reaction occurs partly by a sing}e
electron transfer mechanism as for example in the following two

step mechanism:

\ s \ /
C ~ C
PN P it I o
H C\ H{I C\ H \C\

.. \ . |
(C6H5-)ZC\0’,-Mg-R _— (C6H5-—)ZC\O/Mg-R —_— (CeHs-)ac\o/Mg—R

Furthermore, interpretation of the results requires separation of a

rate determining step if Grignard reagent is in excess, but a one
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step mechanim is proposed for the reaction with benzophenone in
iexcess.

Thbee oublications from Tuulmets' group have appeared, dealing witt
the kinetics of ketone reactions with Grignard compounds.

Together with Truuvdlja, Tuulmets measured the kinetics of reactior
of substituted diphenylmagnesium with benzophenone and with pinacos
lone in diethyl ether as well as in THF [150]. Pinacolone is slight
1y less reactive thnan benzophenone and the reaction is somewhat le;
susceptible to the inductive effect in the latter case. Considerabj
sreater influence is exerted by the solvent: with diphenylmagnesiuﬁ
benzophenone reacts 45 times faster in diethyl ether than in THF;
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 SEZi or SECi mechanism':

(T -

S - T4
Qﬁe :.f:t‘ — ( _ o - /\@ —O-Mec~

—/

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 ccmples
Since the enthalpies of the activation are very low, the authors cor
sider radicals to 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 pr
ducts. It must be emphasized, however, that this cannot be the only
possible explanation of the appearance of free radicals in the cours

of the reaction'.
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Together with Luuk, Tuulmets determined the rates of reactions_of;élié3_;7

phatic ketones, R—CO-CHE, with isobutylmagnesium bromidé (30~50:foid?%f;};
excess over ketone) in diethyl ether at 20° [151]. The yields of re-
duction reactions were determined which allowed the authors .to deieré
mine the partiai rate constants of the reduction reactions.rThe de-~
pendence of these rates orn the structure parameters 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-CHB, with isobro-
pylmagnesium bromide (50 fold excess) in diethyl ether at 20° {1s21.
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 1ittle
if any effect on the enolization of the methyl group. The transition
state of this reaction is an Yearly 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.

In‘the reaction of methyl- and phenylmagnesium bromide with 2-methyl-,
3~-methyl- and 3,4-dimethylcyclopentanone in diethyl ether, Ashby,
Léemmle and Roling observed preferential trans-attacly 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 hardlyrany higher
(60:40). With 3,4-dimethylcyclopentanone however both.Grignard c0m—  
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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-

Especially the products derived from the trans isomer show pronoun-
ced changes in the ratios of axial and equatorial attack with incre
ing bulkiness of the aliphatic radical R, For tert-butylmagnesium
chloride e.g. Egﬂ was obtained as the only addition product and G4
of was obtained in the mixture of reduction products. For cis-
dimethylcyclohexanone, the effect of the bulkiness of group R was
less pronounced and the authors could prove the influence of the pre
sence of two conformers of this ketone on the steric course of the

nucleophilic attack:

1
\O
The results were discussed in the light of classical theories either

dealing with purely steric control on the approach of the nucleopnil

or dealing with competition between steric and torsional interaction
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which theories appeared insufficient for the reactions with a sub- -

trate which is inhomogeneous in its conformation,

Landor, O'Connor, Tatchell and Blair reacted Grignard compounds with ,f}
3,3,5-trimethylcyclohexanone and obtained only one of the two poséi— ‘
ble tertiairy alcohols (besides reduction products in some instan-

ces) [156]:

OK
A -
R-Mg-X + —_— g

R = methyl, ethyl, vinyl, ethynyl, propyl, aliyl, 2-prov-
ynyl, isopnrcpyl 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 Mme Maroni:

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

579

3 ) G CH_CH | Mg~ and | £~C. H.-0-C—CH, | Mg
[t C,Hy ciz CHZ]Mg .| t-C,Hg c[: -CH-CH; | Mg~ and C, H clz -CH,, | Mg
L J ° L 0

with cyclic ketones, among which mainly q-tert—butylcyclohéxanone and
2,3, 5 trimethyleyclohexanone were studied, lead to products formed

from equatorial or axial attack on the carbonyl group:

3
J

4 (C_H.)_O0
t-C, Hy-0-C=.CH, |MgCL  + 275’2"
“ I 2) H,0

0
O
CH -C-O-t-C H

oo o
—ij:::::7}"CHE-C-O-t-04H9 . ﬁAZ:::::;}—‘Oﬂ . .
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Whereas in diethyl ether B-hydroxy esters are obtained with axial
hydroxyl groups, in HMPA 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 HMPA [86]. The sym-
metrical magnesium enolates, RaMg, also gave quite different stereo.
specificity [86] and [87]. Remarkable solvent effects were observe
apart from the one mentioned in HMPA: a diethyl ether/benzene mix-
ture (10/90) was almost equivalent to diethyl ether alone, but THF
and dimethoxymethane caused considerable changes [{88]. To the au-
thors' opinion it misght well be possible, that C-metallated species
are responsible for attack on the axial position, but current theo-
ries are nbt 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 Yorbital 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 [88].
The stereochemistry and relative kinetics of the reaction of methyl-
magnesium iodide with bicyclof3,2,1]octan-2one and the corresponding
-3-one in diethyl ether at 0° have been studied by Volpi, Biggi and
Pietra [157]: the partial relative rates are indicated in the fol-
lowing pictures:
Z.z? o}

\
/
2.65

Bicyclo[3,2,1]octane-2-one reacts five times faster with methyimag-~
nesium iodide than the corresponding -3-one.
Avram, Dinulescu, Nenitzescu, Joumes, Katritzky and Wyatt discussed

the steric effects of the addition of methylmagnesium jodide to the

following dibenzobicyclicoctadienones [158]:'
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The results, obtained by Korvola, from the reactions of n-propyl-—,
isopropyl-, n-butyl-, sec~butyl-, tert-~butyl- or cyclohexylmagne-
sium halides in diethyl ether at 400 with fenchone, indicate that

a-fenchol is the principle product [159]:

s?() e Ol
§] o

a-/B-fenchol 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-
propyl 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 brcmide as indicated below, which
value correlated well with the one obtained from theoretical calcu-
lations, based on cornformation populations of the carbonyl compound

and its non-bonded interaction with the reagents [160]:
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In order to establish the limits of applicability of their model o
asymmetric induction, Karabatsos, Zioudrou and Moustakali studied
the effect of the tert~butyl group, directly bonded to the carbony:
in gddition reactions of methylmagnesium chloride or bromide with

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

H g H OH H OH
{ < S o f i H i
CHMgX + $-C-C-t-C Hy SIEthyl SEREY g.C — C~t~C H, + $-C — C~CHy
1 2) H,0 L1 [ 1
g ., CH, SH,. t-C,
Hy C, CH, 5 t=C,Hg

One of the diastereomers was formed in 97% or >99% (for X = Br or
Cl respectively), corresvponding to -naG” values of 1.9 and > 2.5
kcal/mole.

Investigating temperature effects of asymmetiric induction Kara
batsos, Zioudrou, Chrysochou, Herlem and Nipe studied, among others,
reactions of methylmagnesium halides with deuterated 3,4,4-trimethyl

2-pentanone [162]:

DO
!

MgX + t—chHg-C-C—CD3 —> two diastereomers
! g

CH3

CH3

For X = C1 in THF the diastereomer ratio changed from 73.5/26.5
(eodt = -0.690), obtained from the reaction at 662, to 35.2/64.8
(anG¥ = +0.310) from the reaction at -249. Enthalpy favors the
"wrong"” diastereomer. However, methylmagnesium bromide in diethyl

ether and in THF, and methylmagnesium iodide in diethyl ether, were
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normal; i.e. 2aG¥ and asH® had the same sign and magnitude. As the
authors state "these comments underscore the fact thaf models of
asymmetric induction should be used primarily as starting points for
further experimentation and thinking'". The authors made use of the
Cram model of diastereomeric transition states to explain the results
obtained in the reactions of Grignard compounds with alkyl 2-phenyl-
ethyl ketones.

Excess methyvlmagnesium iodide reacts with 1l,2-ferrocenedialdehyde

to yield the following products (Moise and Mugnier) [163]:

H -H H CE, Cii, H CH. H H CH
) 1 2 2 ) 3
CHJ.:‘-!;#J + 0=C B =G —_> [ _l'_;'l +
Fe Q Fe 0 0 Fe 0
: H : q B H

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 anethoxy

ketones, both of the open chain and the cyclic type [164]:

R'-CH—CO-CH3 ——————> two diastereomers
i

OCH3
R-Mg-X + C6H5-CH-CO~R" ——— two diastereomers
OCH3
OCH ——— > two diastereomers
§ Z >
(¢}
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Among. the Grignard compounds used were ethyl-, n-propyl-, l—propy—v
nyl-, 2-propynyl- and 2-phenylethynylmagnesium halides. For R! =
iso-c3H7 or tert-cl}H9 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 Mme Sanidre-Karila, Capmau and Chodkiewicz investiga-

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

tions [144]:

o H

] |
R-C-H + CH3—0H=C=CH-MgX ~—————> R-C-—CH-C=CH two isomers
i !

i
OH CH3
o R
i i
Ar-C-R'+ CHB-CH=C=CH—MgX ——> Ar-C — CH-C=CH two isomers
1 I
OH .
CHj

An eclipsed transition state, requiring a SEE' reaction mechanism,

seems to account for the results obtained by the authors:

R-.
c=0
H/
‘c=Cc=¢C
Hscﬁl \\MgX

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 [89]: among the ketones from which the enolates were

derived mention has to be made of the following ones:
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}o
}
79

In the products obtained by the authors, i.e. rather sterically
crowded JS-diketones, quite often only one of the possible two isomers
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
1l,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:

cl) t-C 4H9 ]
i
E—CQHQ—??CH—CHJ MgBr + #-CH=CH-C-@ —_ Hu/sic—— C—=a CH=CH-@
3
CH3 OH
%
t-C4H9\ /CH=CH-¢ t:--ch9 N y CHZ-C-ﬁ
+ Hc;c_c‘q.ﬁ + H=;C——C\'ﬂ¢
' S . /
CH, OH CHy H
t-cqug . g ?
+ He=C —C==CH_~C-@
SN C
CHy H
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With RZHg-only 1,4-addition was observed whereas with halomagnesiw
enolates 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% 1 ,4-addition products were isolated, indicating
that a reversible reaction occurs.

The product yield was 85% after three minutes and the ratio of the
two product types was almost 50/50 at that time. This ratio changet
to 0/100 after three hours. Furthermore the threo/erythro ratio

changed in the 1,4-addition product from 15/85 to 84/16 in 24 hour:

:B. Radical reactions of organomagnesium compounds

In Chapter 43Ai, Holm's paper on the mechanism of the reaction of
benzophenone with deuterated organomagnesium compounds, for which
the author vroposed - at least partly - the formation of radicals
by a single electron transfer, has teen discussed [149].

R. Gélin, S. Gélin and Dehondt reported more extensively on the
Vreaction'of alkyl- and aryl-Grigpnard compounds with unsaturated
B-diketones during which reactions duplication of the diketones oc-
curs, as was published earlier (Annual Survey Magnesium 1971, [135
[165].

With the aid of epr-spectroscory the authors observed the following

ketyl in the reaction mixture:

R R
TIL ARAT
09, 0 | 019 10

Mz Me. Mgfj Ms

Miller suggests a mechanism, including phenoxy and hydrocarbon re

dicals, for the reaction of Grignard compounds with ortho-quinol
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acetates, although it does not seem certain yet, whether radicals -
are genuine intermediates or whether they simply represent resonancé'
contribvutors to the transition state of a single step displacement

on oxygen [166]:

RONNC) R' )

0

=0

|
O-—C-CH3 —_— 0-C —uH

O S

R

In case the o-quinol acetate is trimethyl substituted, ether forma-
tion is less than 0.1% with methylmagnesium bromide, 4% with ethjl—
magnesium bromide and 28%, 67% and 91% with tert-butyl-, sec-butyl
and benzylmagnesium halides respectively!

Dagonneau and Vialle, together with Paguer and Metzner, continuea‘
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 thiocamphor, methylmagnesium bromide reacts ta form the methyl
enethiol ether in 100% yield when diethyl ether was used as the sol-

vent [167]:

CH, MgBr + diethyl etherr 100%
5 16 h. :

S . S-CH
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'-hovreaction at all with thiocamphor, but the saturated thioeﬁher'

was obtained quantitatively when the reaction mixture was irradia-

ted with ultraviolet light during two hours:

CHMgBr + THF > 100%
/ uv-light Z2h.
S

S-CH,
>

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 1,4-conjugate
addition, analogous to copper(I) catalyzed reactions with unsatura-

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

given:
S S/R S/R S/R
A 5 Q ’ >©\ ' Q\
10% 20% 35%

l.4-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]:
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X
|3
Mg
R-Mg-X + \u/ e \l/ © M_.*T-X
s | |
S 2R
~HMmX il RMeX

i R
Sr S5k 5

With cyclobutane-l,3-dithione a peculiar internal elimination reac-
tion was observed, leading to the formation of a bicyclof1,1,0]bu-

tane derivative [170]:

S CHBS MeX
Cr_MeBp o+ _ THF _
3
3 CHS  MgX / NP
S-CH, s-c. ¥
AN
———— —————
S-cH N N
$_CH.
CH,S Ta ~CF
3 ﬁj MgX S Cd3

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

coupling constants of the following radicals [171]:

* /C6H5
dr i e

R = methyl and ethyl

References p. 265 ) 7 ) o - - = -
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The influence of the purity of magnesium, used for the preparation
of Grignard compounds, on the yields of these compounds, has been
mentioned in Chapter 2A [32]; radical reactions have been studied
of isopropylmagnesium bromide, prepared from magnesium of several
gsrades of purity, with isopropyl bromide underdifferent reaction c
conditions. Addition of styrene inhibits catalysis by metal impuri:
ties, whereas large CIDNP enhancements are observed for the dispro
portionation reaction products, CBHS and C3H6’ demonstrating the
intermediacy of isopropyl radicals.
The same authors, Allen, Ward and Lawler, studying the CIDNP spect:
obtained from the iron-catalyzed reaction of selectively deuteratex
isopropylmagnesium bromide with selectively deuterated isopropyl
bromide, come to the conclusion that free radicals are produced on-
ly from the alkyl halide, since CIDNP is observed exclusively in ti
products, derived from this product [172]:

FeC1

- =2 _ .
(CHBJZCH—MgBr + (CHS)ZCD-Br ———== CHCD=CH, + CH;CH=CH,

+ CSHS + coupling products

Only 2-deutericpropene was polarized; no polarization in undeutera-
ted propene was observed!

epr-Studies of reactions of triphenylmethylmagnesium chloride withi
various reagents such as CuClZ, C6H5NZBF4, CGHEI’ KOH, tritylsodium
and others, revealed the formation of triphenylmethyl radicals (Po-
nomarchuk, Kasukhin and Fieleleeva) [173]. With iodobenzene or with
phenylmagnesium bromide, C6H5' was also formed. The authors conclud]
that the one-electron reaction contributes to the reactivity of tri
vhenylmethylmagnesium halides.

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

during the reaction of ethylmagnesium jodide with chloroform in th'
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presence of a large excess of cyclohexene [174]:

coper + cicr, + [ ) Sty
5 ether
70%
CHC1, c1
l cl
25% 5%

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-
vhenyl diazonium tetrafluoroborate (Savin, Temyachev and Kitaev)
[175]:

CH3 ?H3

!
t-C, Hg=-MgCl + 01@4:25}?4——» CH;-C=CH, + CH3-§:I-cg3

among other products;
polarization observed in the
underlined protions

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 Grignard compounds with 9-substituted xanthylium, selenoxanthy-
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lium and thioxanthylium salts [176], [177] and [178]. By study of

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

RIMoX

/ \0’)
=
2 o ;(//// R Rt

From the products, obtained by reacting Grignard reagents with un-—
saturated ethers, Mikryan and Gasparyan concluded that radical intex

mediates occured [179]}:

-C=C-CH,-0-R?

R-Mg-X + t-C, B, -C} coupling products of

479 T2

allene, acetylene and
R (alkyl) radicals

Panek reported that many radical anions can easily be prepared by
one electron reduction with readily available organometallic com-
pounds in HMPA solution [180]. Benzylmagnesium chloride reduces
10074 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) [181]:
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R_,CH + t—C4H9-O—Mg—
R,CH-Mg~ +  t-C,H, -0

RZCMg + t-ChHg-O-Mg-
The spectra disappeared on shuttering the light and was notrobser—
ved in the absence of peroxide. No spectrum of a paramagnetic spe-
cies, attributable to a magnesium-centered radical, has beeﬁ obser-

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

-130°.

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 44i 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 bhenzonitrile with methylmagnesium
bromide [182] and of dimethylmagnesium in diethyl ether [183] were
investigated by the same 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-
netic 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 1072 versus 17.7 x 10™>. The initial prodﬁct‘for—

med
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] , _ CgHg— c=N
CH3Hng{3 + CGHS_C_—.N —_— Cﬁ%}fq;—_c[—{_ — C6 5-(12 N-—I"g—Cﬁ3
3 = > CcH

>

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 Grignard reagents in toluene as the
main solvent [184}. The Grignard reagents were first prepared in
diethyl ether after which toluene is added and the ether removed by
distillation; 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 with ben-

zonitrile:
HgBr
C HSMgBr CZHBMgBr
C6H -C=N 2>~ 06 S—C—CH -CH3 — CGBS-C-CH -CH5 + CZH6
toluene toluene
Y N\\
““MgBr MgBr
MgBr
C,H MgBr 2 s H,0 ( )
C_H -C~—-CH—CH C . H.-C(C_H NH
Coluene 6 7 T Tes ey
V
‘(MgBr)a

For thisAparticular 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 “normal" 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:

Mme Miginiac and Mauzé observed reversibility of the reaction of
bromo 2-pentenylmagnesium with benzaldimines, containing bulky sub-

stituents on nitrogen [140]:
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H R
’ { Ve
C_H_~CH=CH-CH,-MgBr + C/H_-CH=N-R -——  » C_ H_-C=N
25 2 6 5 65l \MgBr
ﬂ—?—CZHs
) H,C=CH
R
Voo E!i
CZHB-CH=Cn-CH2—$—N\
MgBr
C6H5

For R = isopropyl, within 24 hours 65% of the unbranched product
is formed versus 6% after 20 minutes. For R = tert-butyl, after 24
hours the reaction mixture contains 92% of |26| versus 9% of
after 20 minutes. No change at all in the composition of the reaction
mixture is 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

CZHB—CH=CH-CHE—MgBr + 06H5-0H=CH-CH=N-1—C3H7 — 1,2-~2ddition
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 O% branched and 86% linear product (rela-
tive yield, calculated from the total amount of products obtained).
For the l,4-addition reaction no reversibility cculd be proved be-_
cause of the low absolute yields and the difficult separationvof;thé
different products.

According to Thomas, reactions of diethylmagnesium with benzaldimineg‘i
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proceed via preliminary complex formation between the organomagnes:

compound and the imines [185]:

s
s =0\
~ - ¥ v
Cc=N"+  CyHg Mr-’—uaﬂs - Caﬂ._—t;lg— g ——=
s s

Whether reaction occurs within this complex or by attack of a se- '
cond molecule diethylmasznesium 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 reaé
with two moles of an imine to yield 90% product. It appears that th
ethylmagnesium amide, 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 of the C=N double bond was obser
ved!
On the other hand, no such reduction was observed by Thomas in the
reaction of ethylmagnesium bromide with the same aldimine [186].
Ethyimagnesium bromide appeared more reactive than the symmetrical
organomagnesium compound,
The reaction of nitromethane with aliphatic Grignard reagents was
studied by Wawzonek and Kempf [187]. Here too, the first step is a
complex formation:

g

C4H9—Mg-Br + CHS-NO2 ————4>CH3-§:>Q-MgBr

0
This complex reacts further, either to give the bromomagnesium alko-
xide of N-butyl-N-methylhydroxylamine or the nitrone. @ which
adds a Grignard reagent to form the bromomagnesium alkoxide of N-pen

;’tyl—N+5utylhydroxylamine:




CyHg CyHg Tufg
CH_-N-O-MgBr : =N- i Moo ~CH..~N=Q-=
3 0-MgBr ; CHZ Clj)é + C4h9 Mzg-Br —— C4H9 Cd2 N-O-MgBr
[28]

Substitution in the azulene system by reaction of Grignard com~
pounds with diethyl azulene-1,3-dicarboxylate, followed by hydro-
lysis and dehydrogenation, as represented in the following equation,
is highly influenced by the steric requirements of the Grignard

compound, as observed by Abe, Morita and Takase [188]:

COZCZHS 0202H5
+
v 2)Y H
O + RMeX Siigearoo (R) O R)
genation
CO,C_H (R)
2C2ts COCHg

The following results were reported:

Grignard reagent 2-subst. L-subst. 6-subst.
CHB—Mg—l 15 % 5 % 1%
C6H5-M5-Br 10 % 70 % 2 %

Fol o/ [+
@-C, oHi,~Mg~Br 6 % L5 % 7%
tert-C,Hy-Mg-Br - 1% 25 %

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 1,3-dimethyl-l-silacyclobutane in the reac-

tion of the l-chloro derivative with n-butylmagnesium bromide {189}:
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c1 ' n-C, H

. i l# 9
n—CAHQ—Mg—Br 'f C"B——Sif—— CH3—'Si—_ﬁb
* CH.
CH3 3
cis/trans = 1 cis/trans = 1

The silyl ketene was synthesized with an over-all stereospeci-

ficity of 50-60 % by Vodolazskaya and Baukov in the reaction of an

acetylenic Grignard compound with the chlorosilane given in the fol-

lowing equation [7%]:

0

it
O Q Brie-CZC-C-C,H ,O O
N 2
H_-5i-C=C-C-C,H

CSHS-Si_C C6 5 ; 5

‘ i H}
cl / CH.5
(-) {(+)

4]

Inversion about the Si atom occurs during the reaction with the
organomagnesium compound.

Corriu,. Massé and Meunier investigated the stereochemistry of the
reactions of the same type of organosilanes with Grignard compounds,
catalyzed by triphenylphosphine/nickel(II) chloride [190], [191]

and [192] (see also Anual Survey, 1970, ref. [205]). Substitution
of a Si-H bond by a Si-C bond with the aid of a Grignard reagent

and the nickel(II) catalyst was accomplished only when no reactive
B-hydrogen atoms are present in the Grignard compound as is the case

for methyl-, allyl-, K benzyl- or phenylmagneSium halides. In particu-
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lar the allyl-Grignard reagent is very.reactive [130]. Other nickel
catalysts such as (Acac)aNi or NiCl, were much less effective as

were salts of other transition metals. The reaction proceeds with

retention of configuration:

c-raphthyl q-qaphthyl

'i\~H + RMe¥ (P(C,,)HE)?))ZNiC]_2 <::> Si\;‘!—_3
diethyl ether

-t

Y

Reducing Grignard reagents (having a reactive B-hydrogen in the or-
ganic group) cause the formation of a Si-H bond on reaction with
X-substituted silanes, most likely via a Ni-H intermediate [191]:
X H
N - o (P(C6H5)5)2hlclL \Si,
diethyl ether e \‘»

Retention of configuration was observed in this reaction for X =

X = 0-CH F or D; inversion was observed for X = Cl. Other Grig-

3’
nard compounds are less effective in this reduction and show the
ing : C -C.H iso~C -C, T iso-
following order otig > n 3H, >1iso-C5H, > n-C, Hy >iso C,Hg,
Remarkable is the reduction of a winyl silicon derivative by the

Grignard-Nickel catalyst combination:

™ R

—~8i— + R-Mg~-X/Ni catalyst —— —5S5i—
l 2) Hao l

An organomagnesium compound is supposed to be formed as one of the

reaction products since deuterolysis of the reaction mixture yields

deuterated ethylsilanes:
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BN ~_MgBr D
| C,HgMgBr ~ DO 8
——Si—o—CH3 —Si-0-CH —_— —Si-~0-CH
] Ni-catalyst { H

>

Furthermore the stereochemistry of these reactions has been stu—
died (see also [192]).

Hign stereospecificity was observed by Tamao, Zemktayashi, Kiso and
Kumada in the reaction of phenylmagnesium bromide with cis- and
trans-bromostyrene in the presence of DppNiCl2 as a catalyst ( Dpp:

(CgHy) ,P-CH,~CH,—CH,—P(C Ho) ;) [193]:

]

i(II) complex P
- CGH5 CH=CH CGH5 100%

CgHg-Mg-Br + CgH~CH=CH-Br
yiel

100% trans —_— 93% trans + 7% cis

100% cis _— 7% trans + 93%% cis

On the other hand, in the reaction of cis- as well as of trans-—
l,2~dichloroethene the isomer raticsof the stilbenes formed were

equal, the thermodynamically less stable cis~isomer being formed in

excess:
Cl H H H
N / RMgX/Ni(II) lyst \C d
C=C + gX/Ni(II) catalyst —s =C main product
/N /7N produet
H Ci R R

According to the authors the high cis-stereoselectivity strongly
suggests that an elimination-—addition mechanism is operative on
nickel. However, in several instances trans-selectivity was obser-
ved which obviously requires the intermediacy of other Ni-acetylene
complexes than for the cis-stereoselective reactions..

Ohbe and Matsuda continued their investigations on the Kharasch
reactioniof allylic halides with Grignard reagents in the presence

of FeCl,, CoCl,, NiCl, and CuCl, (see also Annual Survey 1972, ref.

3’
(227D [19%]:
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R-CH=CH-CH.,~CH_~CH_~R"

2 2 2
R-CH=CH-CH, X + R'-CHa-uHZ-MgX ———»»(R-—Crl:CrI—Cha)2 and isomers .
R—CﬂZ-CH=Ch2 + R-CH:CH—CH3
+ R'—Ch:CH2
The authors state that, analogous to the view, presented by Ta-

mura and Kochi (Annual Survey 1971, ref. {148] - [153]), the reac-
tive species in fhe present reactions are reasonably considered to
be allylic-metal intermediates; thus the catalytic reaction would

be essentially between the allylic-metal intermediate and éither-
allyl halide or Grignard reagent. For Ni and Co catalysts the inter-
mediate may better be described as a %-allyl complex.

According to C.R. Johnson, Herr and Wieland [195] there is a good
possibility that the so-called deconjugation reaction of isophorone
by combinations of Grignard reagents and iron(III) or cobalt(II)
chlorides, may occur via the formation of a metal-alkyl intermediate

(see also Meinwald and Hendry, J. Org. Chem. 36 (1971) 1446):

) S
1

CHBMgBr —HMXn

=

.eCl3 or CoClj Y%

n
0 @ o}
i

\
\

Although ethylmagnesium iodide reacts with chloroform or carbon te-
trachloride, in the presence of cyclohexene, under the formation of
products which justify the occurrence of radicals as intermediates

(Chapter 4B, ref. [174]), the reaction of phenylmagnesium bromide
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proceeds via a carbenoid intermediate, which reacts with cyclohexe

= _— i.Cl1 + C1.C-MgBr
6d5M Br + CC1 C6h5 1 3C-Mg

A

Cl
+ BriMsgCl

Ci

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 amou
of bromochloro- ané dibromobicyclof4.l.0]heptanes.

As reported by Bickelhaupt and Jongsma, the reaction or Grignard
reagents with 2-bromobenzophenone leads to the formation of sub-
stantiai amounts of a product which seems to result from a substi-
tution reaction of the Br atom by the organic group of the Grignar
reagent, in addition to the normal carbonyl addition reaction pro-

duct [195% The authors suggest that occurrence of a ketone-Grignar
o8 =)

complex in which nucleophilic substitution takes place:

0 Br. _X
P L He
LY 3
=" S
j — | — {
F =

The reaction of a five fold excess of phenylmagnesium btromide with
ethyl chromone-2-carboxylate leads to the formation of 1-(o-hydrox;
phenyl)-3,4,4~triphenyl~3~-buten-l1-one, possibly by a reductive fis:
sion of the ether bond between the atoms in the positions 1 and 2,

as proposed by Holmberg and Sjoholm [19?]:
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A2-C2H5 2y B0

P

\_/

o=

Tiiziin and Erdik studied the kinetics of the reaction of ethylmagne--
sium bromide with weak acids such as amines, alcohols and l—a}kynes

[198]. The authors propose a Spi mechanism for the (Zerewitinoff)

reaction:
CZHS-—MgBr o "
CZHS-Mg—Br + A-H —/—= H—lfz —=— A-MgBr + C2 5

The same authors, in another study, compared the reactivity of al-
kylmagnesium halides by a kinetic method [199]; the Zerewitinoff
reaction rate constants were measured of ethyl-, propyl- and butyl-
Grignard compounds with diethylamine in diethyl ether at 250. The.
relative reactivity of alkylmagnesium halldes increases 1in the or-
der<§ploride<<§romide<(§odide- & linear dependence of log k on the
number of S—hydrogen atoms in the alkyl group was observed., Finally
in this SE; reaction, the relative strength of the carbon-metal
bond increases in the order tert-butyl< isopropyl<  ethyl< sec-
butyl< n-butyl< n-propyl < isobutyl< methyl.

Pomoi and Kakiuchi studied the kinetics of the metallation reaction
of fluorene by diethyimagnesium in the presence of HMPA [126]. Dif-
ferent reactions occur, depending on the amount of HMPA presént, '
relative to diethylmagnesium. When the ratio EtaMg/HMPA = 1/2 the
order Of the reaction was unity in both fluorene and diethylmagne-
sium; the active species 1s the complex between EtaMg and HMPA. -
Hydrolysis of magnesium-bis(-1,4-(dimethylalumino)-2-butene) with
al:1 HEO/DEO mixture, reveals an isotope effect whose magnitude

indicates that cleavage of the OH ( or OD) bond determines.the rate.
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- of the reaction (Lehmkuhl and Reinehr) [200].

The reduction of triphenylchlorosilane by dimethylsilylmethylmagne
sium bromide and by 2-diphenylsilylethylmagnesium bromide in THF

2, mo1™2. st an

gives good third-order kinetics (k = 4.75 x 107% 1
3.83 x 10"6 12. mol—a. s’l respectively) which is explained by
Jarvie and Rowley with the following reaction scheme which repre-

sents a “Swain" type mechanism [94]:

or
|
AN .
? ?l Cha—Slﬂ(CHB)E
(c635)33101 + (CHB)ZSi—CﬂzﬂgBr —— (CSH5)3Siu\H‘/,Si(CH3)ZCH2ME

1
Sl—Cdszl-CHZ—Hg-Br + (C6d5)551H

CH3

(cHy),

Baryshnikov and Kvasov determined the kinetics of the autoxidation
of phenylmagnesiun-tert-butoxide, 66H5-Mg-0-t—04H9, at OO, 200,,50C

ana 40° [201].

5. REACTIONS OF ORGANOMAGNESIUM CQOMFQUNDS

Benzhydryl ethers were prepared by Lapkin, Belonovich, Zenkova and
Dvinskikh by addition of an alcohol to the reaction mixture, obtaine

on addition of phenylmagnesium bromide to benzaldehyde [202]:

I
R-0H/HCO,C_H H-C-0-R
CeHgMeBr + CGHSCHO _— 2va’s )

65
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The stereochemistry of reactions of Grignard compounds with carbo-
nyl compounds has been discussed in Chapter 4Aii. Mention has now
to te made of asymmetric synthesis with bromo 2~butylmagnésium and
bromo l-phenylethylmagnesium in reactions with vinyl chloride or
with phenyl chloride in the presence of a chiral Ni(II)/diphenyl—
phosphine complex as the catalyst {203]. Consiglio and Botteghi re-

port 17% asymmetric synthesis in the following reaction:

CH-j CH-j
I ; - t !
o chiral Ni(II) catal. o _
CZHS—?—MgBr + V6H501 C2H5—? c6d5 17% op
H H tically

pure

Asymmetric synthesisin reactions of organomagnesium compounds with
chiral substrates which contain menthyl groups were reported for the

following reactions:

C H
16 5 .
a-naphth-Si~O-CH5 + R-Mg-X —menthyl piral product
| group
O-menthyl

Corriu and Lanneau, Ref. [204]

O

-CH -~ -50 —menthyl + CH. Mgl —  » p-CH_.~C, H —S-CH- chiral
P 3 377675

3" 6 5
Estep and Tavares, Ref. [205].

00
i .
Csds—C—C—O—menthyl + 1-94H9- or t—C4H9MgCl _ s as¥mmeFr1c
reduction
product

D. Cabaret, ref. [206].

Asymmetric synthesis with chiral substrates were furthermore repor-
ted by:

References p. 265
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‘Besancon, Tirouflet, Card and Dusausoy [207] in

reactions with chromo-cartonyl compounds:

0-CH..
2
O
i}
¥ 0
Cr
(co) ..
2

Corriu and Moreau [208] in reactions with asymmetric silicon com-

pounds:
H H
i 1
R-Mg-X + a-Naphth-Si-0-R' ———— g-Naphth-Si-R
] I
Cells Cells
Calinaud and Gelas [209]:
P r
CHZ O\ //UH3
CH3MgI + l /C\\ - > 96% erythro and 24% threo isc
Ci—O0 CH5 mer of the C=0 addition pro-
é:O duct ’
! (chiral)

With a similar type of 1,3%-dioxolanyl phenyl xetone Meric and Vig-

e

neron ever obtained products with 97% optical purity [210]; in both

instances the optically active substrates were derived from carbo-

hydrates.

Cahier-Rivault and Vigneron obtained 75% optically pure products by

reactions of the following chiral 1, 35-dioxolanyl

methylmagnesium iodide [211]:

ketone with

06H5-?H— cI:=o ?635
0 0 M 10-C—
+  CH,MgI HO (x; CH,
c=0 75%
H g-c6H5 (') optic.

H pure
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Stereochemistry

In addition to the reports of reactions with carbonyl compounds
dealing with the stereochemical aspects as mentioned in chapter 4Aii
(ref. [155], [156], [157] anc¢ [158]) the publications of Kitahara
and Nagakura (reactions.with 9-methyl-6-ene-l-cis-decalone) [212]
and of Joska, Fajkos and Sorm (reactions with &-methyl analogs of

B-norsteroids) [2135] are given here.

Enolization

Sadet and Rumpf report the formation of produets, resulting from
condensation of the enolate-anion, formed on attack of chloro
5-dimethylamino-propylmagnesium on aldehydes and ketones, on unreac-
ted ketones and aldehydes [2141.

Burnham, Melton 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 (C6H5)

CH5 (C4H5) Schoenberg and Mamluk [216]

R.M. Lagidze, A.I. Dvalishvili, L.P. Chigogidze, D.R. Lagidze and

Devdariani observed the following hemiacetal formation [217]

References p. 265
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CH_ MgBr

2) HZO

H_E-Céﬂk—%-H ; Vereshchagin, Kirillova and Demina [218]

Ar-C-C-Ar ; Badder, Fahmy and Aly [219].

Double addition <.

=

Double addition of ketones to the bifunctional Grignard reagent der
ived from acetylene, Br-Mg-C=C-Mg-Br, was reported for the followin

compounds:

Krupowicz and Sapiecha [220]

/
\\O

G
O -
<< ::]:::::r/)k\~ﬁ Krupowicz and Sapiecha [221]
o]

ther ketcnes

Mironov, Ivanov and Akhrem [222]

Q)
|
, + CZH5~O-CEC-MgBr ————» product dehydrates
CHBO

O spontaneously [56]
O‘ Allen [225].

|
o




- = — -— - - B= —— e —_—Me ——— e -
(C Hs-CH=CH~CH; ~)5C=0 + CgH~CH=CH-CgH, -MgBr _

> 2) H.0
‘2
(06H5-CH=CH—CGH4~)§—OH Myakina and Kotlyarevskii [224].

0 \l/ CH5 4 o

i ¢ g-elimi- ; fo3]
CH,),Si-CH,-MgCl + —_— o5l
5°5 = nation

—0
polymer—-surface + C655ng ——

—0

Hydrolysis of the product gave p- and m-formylphenyl phenylcarbinols

(Leznoff and Wong) [225]-

Cartonyl compounds with other functional groups.

Ether or ketal function.

|
-&-C:O stereochexical investigation reported in Chapter 4Aii [164]
!
0]
~N
CH3
0
0 H.—-O CH é CH
. rer. [2001; | L Vig, Ram and Fig [22€]
Cdz—o CHZ-i—CﬁH7
0
cx{/37c_cao + CHZC-Mghr ———» Hahn [227]
O O
IH lH
C 3 C 5

Reactions of acetylenic Grignard compounds with di-iscpropylidene-
or di-benzylidene protected aldehydo-D-ribose were reported by
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 [2291 -
as well as by Kiely, Walls and Black [230].

Reactions with pyranone derivatives:

were reporied by Vartanyan, Noravyan, Avetsyan and Mkrtchyan [511,
Karaev, Movsumzade, Agamirzoev and Askerov [231] andé Baranov, Burya
and Krivum [232].

Se
Cagniant, Kirsch and Légendre studied <::> R
reactions of the following heterocy-

clic selena or oxa-ketones [233]:

0]
R

6]
Protiva, Sindelar, Metys and Metyosova

Se
studied similar compounds in their reac- O
tions with Y-dimethylaminopropyl Grignards N\

(V]

[234]
The hydroxy-ketone reacts normally with methylmasgnesium iodide

when R= isopropyl or ethyl but produces the tert -carbinol when

R = tert-butyl (Esafov, Vshivkov, Markova and Svalova) [235]:

T3 0o
= —C-CH.,-C-R! -C—
CH3HnI + CH3 C Cﬁz C-R . R-C CH3
] 2) hZO H
1924 ! 30! OH

for R = tert-butyl

Second carbvonyl functiion

Vaskan and Kovalev studied reactions of Grignard compounds with ten

1,5- or 1,6-ketoaldehydes [236]
H

i i
CH -C-(CHZ)n-C=O n=5or 6

3
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Q

8 (44
CHy-CgH, ~C-(CH,)

0]
1 o -
_C_O--CzHS ; Vig, Kumar, Salota and Sharna [237].

o o

a i -
C1-C H, -C-CH,~C-0-C H ; Gallardo [238].

R-C-C-~0-R' + R"MgX + CdCl, ——— Karavanov [239].

00202H5 ,
R—CSHQ—NH—N=C reacts with RMgX to form the normal C=0

C~-R? addition reaction products of the keto

1l

0 carbonyl group (Harhash, Mansour, Elnagci

and Elmoghayer) [240].
Di-carvbonyl addition products

were also obtained in reactions 0}
of RMgX with the following di- @,\/“
ketone, as reported by Mansour, NN
Ibrahim and Zaher [241].

In the following two compounds Grignard addition occurs tc the car-

bonyl group indicated with an arrow:

Smirnova and Glushkov [242].

Harhash, Elnagdy and Hussein [2L3]
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-v_CérEoﬁyl—nitrogen functions in combination
Normal C=0 addition occured in reactions of Grignard compoundé‘witl
the foilowing N-containing substrates:

C6H§\
mo-f_ D=0
e

Chaterjee [24%4]

Cstls
i o]
1 4
b\ - -
N\\y/’ B : Loozen and Godefroi [53]
\/
H
H ~
C.

and Sierra-Bscudero [245]

{
4
o
-
=
g
cr
)
9
&8

Bergman and B3ckrell [246]; ringopening of the

f
P
v

cyclopropanone ring occurs.

(0]

Halosubstituted Retones

The above-mentioned spirocyclopropanone was formed in the following

reaction [246]

0y SH201 o

CH.MgI + I O _
58 O V4 J

1

=

4=

P

fos
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Other ‘tz—chloro-keton.es used as substrates were:
0

CHB-C-CHz-Cl ;Shchelkunov and Vasil'eva [57]

(o}

i

C-

R- -Cl ; Kuprianova and Tatarchuk [73]

79— Q3

L}

0

I
Cl—CHa—C—CHZ—Cl ; used by C.R. Johnson and Herr in reactions with
bromo 2-magnesiumpropene, leading to the forma-

tion of cyclic products [247].

6]
Cl
; Raraev, Movsumzade. Amanirziev and Askerov [231]
HHH HH H
R-Mg-X CH-C--C=0 . [71]
Mg + ~~C=C=-C= —_—— CH. ~C~C—C-=R 71
211 2)H,0 20 N\
Br Br Br
Thioketones

Reactions of thioketones with organomagnesium compounds have been

referred to in Chapter 4B: [167], [168] and [169].

Carbonyl derivatives.
Oximes
Chaabouni and Laurent observed ringopening in the reaction of cam-

phoroxime with phenylmagnesium bromide [218]:

+ CGHsMgBr —_—
N-OH . :
. N=C
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- -The same authors observed the following reaction with cyclohexanone

oximer[249]

and with other cyclic oximes [250]. Toluene was used as the diluent

is these cases.

Imines
The reactions with imines, as studied by Mauzé and Miginiac [140]
and by Thomas [185] and {185] have been reported earlier, as were

the reactions studied by Moreau and Gaudemar [6&] and [145].

R H
| I
Another oxime studied was Br-C—C:N‘\ [62]
i
: R

P2l

Condon, Thakkar and Goldstein observed the following reaction which

represents an addition to the C=N double bond [251]

24

cH CoHg C
AN

>
N .
CH. Mg + Cr{Z:N-N\ —_— /1\;_]\;

C_H H CoHg

58. Reactions with_acids, esters, lactones, lactams, imines, etc.

Suga, Watanabe, Fujita and Takanashi continued their researches in
the field of reactions of vinylmagnesium chloride with acids, anhy-

drides and their diesters [252]; one of the reactions reported is



. o O OH
) : ‘ i i \ :
T - - - - U o B _n_ T fal1 0 _;w_ el
CH,=CH-MgCl '+ caj £-0-C Cﬂ3 —_— bna_vL,T CH=CH, +
CH.

O _OU_0Y _OH (T
ud2_C& Cn2 Chz c Cd5

Reactions of aromatic Grisnard reagents with trifluoroacetic acid
lead to the formation of substituted trifluoroacetophenone [43].

Furthermore reactions were reported with

0
0 Fateen, Omran and Kaddah [253]
Q
i3
6]
O 0
i it
R-0-C, __C-O-R
r-0-¢c~ “c-0-R and
i i
(o] O
ref. [24]

BEsters
CHBMgI had no specificity in the cleavage of fatty acids in reac-

tions with triglycerides and gave 1,2- and 1,3-diglycerides, 1- and
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'af,monpgiycerides as well as tertiary alcohols (Franzke, Hdllstéin,

Kroll and Noska [254])-

the reaction of phenylmagnesium bromide with the carboxyl group
of esters of pentafluorobenzoic acid, thus leading to substitution

in the aromatic ring [255]:

)
i
CgHoMgBr  + C—O—lC-}.H7 —_— @ €O,-1iC M,

In the reactions of branched alkylmagnesium halides with aliphatic
esters in HMPA mainly the least sterically hindered enolates are
formeé which can be trapped by acylation (Huet, Emptoz and Ju-
bier) [256].
Reactions with oxalic acid esters were investigated by Lapkin and
Kashinskii [257] as well as by Karavanov who added cadmium chloride
to ottain hydroxyesters [258].

. c1

1

Reactions of alkylmagnesium halides with CHj—(lI-COZCZH5
which was optically active yielded opti- H
cally active carbinols (Vasi, Nanavati and

Patel) [259].

Ferwanah, Pressler and Reichardt obtatned the "expected"™ ketals in

60-80% yields in the following reactions of orthoesters [260]:

R-CH,-MgBr + CH(—002H5)3
e > [T . O

The following reaction was reported in a Japanese patent [261]:

R—CHZ-CH(—002H5)2



231,

0C,Hg 0 o) 0
: ! , THF . o -
CHB-C[:_CHZ—CHa—C—Ocaﬁs + ey-CH, MgCl——>  CH;~C~CH,~CHp~C~CgH;
oC_H 2) A4
275

Mukaiyama, Araki and Takei obtained high yields of ketones by the

following reactions of S-(2-pyridyl)thioates [262]:

R
RIMeBr  + @ S . (O\/]\ + ~c=0
64 H.,0 Rt
T s7 ~r 2 N~ ~sH

S R

Odic and Pereyre studied reactions of the H
following tributyltin ester with Grignard oy _cH. -0-CO.C.H
3 2 27a"’s
reagents [263]; metal exchange reactions sn(C, #.)
479°5

seem to take place.
Des Abbayes, Neveu and Salmon-Legagneur studied reactions of Grig-

nard reagents with the following acid derivatives [264]:

4?0

Normal addition to the carboxylate group under formation of terti-
ary carbinols was reported in the reactions of the following esters

with arylmagnesium halides:

o]
=0

H

i 1

CaHE-O—C—C—?-N- -CH3 ; Berdinskii and Nezhdanov [265]
aryl

Q=0
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i il i >
-C-CH,~-CH,~C~-F
CHj—O C %2 CHZ C-H

Lactones
Heactions with the following

o
Sy
¥
«©

/\ l R' ’
~ O

CHz—CHZ-CN .

; Konshin and Chesnokov [266]

; Shklvaev and Kalugina [267]

lactones have been published:

Chiron and Graff [268]. Yields ring-~

opened products.

French Patent [269].

b

Nanya, Tsunekawa, Suzuki and Maekawa
[270].

German Patent [271]

Calinaud, Gélas and Thiallier [272]

Ofenberg and Arventiev [273]
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; French Patent [274]

; Petrus, Verducci and Vidal [275]

. (0]
1
i~C-CH,
/ 2 ; Sugden and Chaughan [276]

0
Dialkylformamide, H—C-N(—R)2 reacts with secondary Grignard reagents
to form C=0 addition products which on dehydration yield vinylic
amines R;C:CH-N(—R)Z; Hansson and Wickberg [277].
N-subst?tuted carbaminic acid esters:

0]

0
1)
-0-C,H or (Ar)aN—C-O--CZH5

i
(C_H N-C~0~-C,H

2 5)2 2fg or Ar—?—

react with alkylmagnesium bromides to give the following types of

products (Wiessel, Suchi, Michman and Patai) [278]:

0 Q alkyl
RaN-C-R' and Ar-N-C-N-aAr
|
alkyl

El-Garby Younes and Islam observed mono C=0 addition in reactions

of imides with Grignard compounds [279] and [280]
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O | | b
@ He ane H-R
0 : 0

Omram and Harb finally studied reactions of

u

Grignard reagents with thiophthalic anhydride 5

[231]

5C. Reactions with unsaturated carbonyl compounds, ethers, amines

and others

Unsaturated aldenhydes, ketones and derivatives.

In Chapter 2D mention has been made of the reaction of "in situ"
trimetnylsilylmagnesium compounds with unsaturated ketones [114].
In Chapter 4B the radical character of the reaction of Grignard con
pounds with unsaturated diketones was discussed [165].

The reaction of unsaturated ketones with btromomagnesium enolates,
prepared from ketones (see Chapter 2Biv) leads to the formation of
J-diketones [85] and [39].

The following reactions have been reported:

; Bernath, Gruber and Tomoskozi [282]

3
s ]
' 1 G Patent [283]
; German Paten
" = C-0C, ke 2

CH.,
>

R-CH=CH-CH=N-R*' (R' is methyl, isopropyl or tert-butyl) [142]

CH5 H

CH5—C———C=C—C-R with aromatic Grignard reagents gives normal C=0

CH3 CH3 o)
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addition reaction products according to Esafov, Vshivkov, Klepikova

Ryzhanovskaya and Tsoi [284].

Li-O Rt
N\ 1 /
HC-CH.,-C-N=C=C ; A.I. Meyers, E.M. Smith and M.S. Ao
2 Y \\ ,
/ R [285].

Unsaturated esters

Reactions have been reported with the following unsaturated esters:

C2H5-0-0=0
| l H
HC=CH l o ; Holmberg, 0111, Strand and Jalonen
|
C_H--0-C=0 f286]; with tert-butylmagnesium

2"5

chloride reduction, as well as 1,4-, 1,6- and 1,8-addition reaction
products were obtained.

CZHs—OZQ\ /COZ--CZH5

C=C\ ; House, Melillo and Sauter [24].
CZHS-OZC COZ—CZH5
0
1
The stereochemical aspects of the reaction e C‘OC2H5
of Grignard reagents with the annulene de- ,\
rivative have been discussed in Chapter 4C ///
C-0OC_H
[1883.- i 275
x
(::) ; Aboussali, Royer and Dreux [287]
0 o]
cH 9
C-—OCZH5
; Holmberg, Malmstrdm and Wennstrom
o o [288]
N OC_H ; Finar and Okoh [289]
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¥atanake, Suga and Fujita studied the reaction of unsaturated este
.- of different types with vinylmagnesium chloride [290]. Besides nor
mal addition reaction products (leading to tertiaryvalcohols) the
authors observed the formation of butenyl ketones -C-CH?—CHZ_CH=CH

fi
0

Unsaturated ethers.

The following unsaturated ethers were investigated in reactions wi

Grigsnard reagents.

CSHS-CECO ; Nelson and ¥.J. Miller [291]
o)

CHZ=CH-CEC-S-R (R = methyl or ethyl) which,among other products,

yield allenic thioethers (Radchenko and Cnerkasov) [292].

Coltg=0, __ R
I ; Ficini, Claeys and Depezay [293]
c—C
A
0 -
o 0\;21‘15
u X
S Hg-0-C-(CH,) / . Van Hulle, Sipido and Van de Walle
— OC, 5
= [2o4].
9] 0u2d5
The radical nature of the reaction of Grignard CH,
compounds with acetylenic ethers has been dis- HCEC‘?"‘O‘CH~
CH
3

cussed in Chavter 4B [179].

Enamines:
. O
%6t5ng_c”
o1 ; Ficini, Claeys and Depeza 2 .
E—écg, ; , y pezay [295]

Ve
N(C,H),
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wy

Traynelis, Sih and Borgneas [296]

FH
I
(2.6'!{5—0—(J:C-NR2 ; BElkik and Imbeaux-Oudotte [297]
i}
O
Finally the following unsaturated compounds have been used:
; Messiha, Doss and Nosseir [298]
R H
I 1
CHB-?—O-C-CEC—C—OH 3 Eaudouy, Gore and Roumestant [299]
| 1 |
i
Q R CH,

R—CH:CH-NOZ reacts with cartoranylmagnesium bromide to five C=C

addition reaction products [95].

5D. Reactions with double bonds

Lehmkuhl and coworkers have published a series of papers on the
reaction of benzylmagnesium chloride and of allylic Grignard rea-
gents with double bonds [1557, [136], [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 Kazanskii investigated the stereb—
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_chemistry of the addition reaction of phenylmagnesium bromide with

methylcyclopropene [301]:

y _ cH
CglgMaBr  + A 2) D0 >)A\

CH.
3 C6H5 D

Cis-addition appears to cccur.
A£)lJyIlmagnesium bromide gives facile addition to conjugated unsatu-
rated systems suchk as

C, Ho~CH=CH-C=C-H

4

as reported by Berradou, Mauzé and Mme Miginiac [302].

No intramolecular addition to the tgiple bond occured in
C1-C=C-CH,—CH,~CH,~MgBr

as was already reported in Chapter 3C [80].

Likewise, Courtois and Mme Miginiac observed no dimerization of

allylmagnesium bromide on heating during several hours [303].

Several revorts have been published on addition to double and
triple bonds, catalyzed by metal salts. These reactions will be

summarized in Chapter 5L.

SE. Reactions with organic_halides

The reaction of an organic halide with a Grignard reagent is of
great importance in the Grignard reaction (reaction of R-X with Mg)
itself. The influence of oxygen on the catalysts, present in the
magnesium as impurities, has been discussed in Chapter Z A [32].
The radical character of such reactions in the presence of impuri-
ties was discussed in Chapter 4B [172].

In the same chapter as well as in Chapter 4C a discussion was given

of the mechanism of the reactions of Grignard reagents with CCl4 or-

with CHCl3 in the presence of cyclchexene [174].
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Bickelhaupnt and Jongsma observed substitution of the bromine atom

in 2-bromobenzophenone
0 Br

in reactions with methylmagnesium bromide [1356].

Mono- and disubstitution of fluorine in

=y
'1']

during reactions with phenylmasgnesium bromide was renorted by Gera-

simova and Baturina [255].

Activated halides

Reactions with the following benzylic halides have been reported

; Burnham, Duncan, Eisenbraun, Keen

and Hamming [304]
<::> ; Mitra, Kulkarni and Joshi [305]

1311ylic halides, investigated were:

; Joulain, Moreau and Pfau [306] -

Br
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HO-C—-CH=CH-CH,-Br : ;Heslinga, Pabon and Van Dorp. [3507]
Rl

: ) |

R-N=CH-C-Br ; Duhamel, Duhamel and Valno [42]
|
H

CsHs—CHZ—CH=CH—CHZ-Cl ; USSR Patent [308]

No reaction was otserved with the cyclobutyl dibromide ijllso in

Br
Ijl
Br

in the following equilibrium

Br
the reaction with Grignard reagents, which was observed by Straub,
Rao and Mueller, proceeds via the biallylic cyclooctatriene dibro-
mide although this compound could not be detected in the eguilii-
brium by means of nmr-spectroscopy [309].

Other allylic and propargylic systems studied were:

C1~CH,-CH=CH~CH ~C1 ; Mesnard and Miginiac [310]
CH;’C /C-CH:CH-CHZ-Br ;s Zakharkin, Babich, Litovchenko and
1010 Ivanova [35]
H—CEC—CHZ-Br ; Kurbanov, Dzhurakulov and Kuchkarov
[60]

as well as Yamonaka and Ao and Tsuruta [55]. ]
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‘Acyl halides

R-C-Cl1 was studied.in reactions with indolemagnesium halides as was

(o} discussed in Chapter. 5C [158].
0 0
i i
}CH3—O-C—CH2—CHZ—C—Cl ; Brunet, Paguer and Rioult [311]
0
- ll g
CZHB—O-C—Cl . ; Uhle and Werner [S2]

The following haloethers were studied:

[:/t:L\ ; Nelson and Miller [291]
0

C1l

R-O—CHZCl ; Volkov, Nikol'skaya, Levanova and

Zarudneva [65] as well as Nikol'skaya, Volkov and Levanova [64].

H 7
\ .
N-CH=C-~ ~O0=-C_R ; German Patent | 312
{ B-CH5C-CH,-0-C H [312]

R-C-S-R! ; Hurd, Moe and Starke [313]
1
Cl
No reaction was observed with the following 8-bromo cyclic ketals as

reported by Volkov, Skvortsov, Danda and Khudyakova [314]:
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c 9GS . -
’».O—I;-QEC_—CJ_ ; Tonin, Mashlyakovskii, Ignat'ev, Ti-
' O—CZHEZ ' mofeeva, Mingaleva, Vorov'ev and N

Petrov, [315].

Heyd and Hanack [316]

[::>:=:/,Br

CF F

/M

US Patent [317]

we

c—c/
N\

CF F

\N\

Halocarbonyl compounds
- The in situ reaction of trimethylchlorosilane/Mg/HMPA with choro-

aldehydes has been mentioned in Chapter 2D [116]

i
c__c1
N 4 ; Bergmann and Bickrell [246]

\
]
N
\j{/ﬁ\\Br ) .
©/ 0 ; Mori, Nishimura and Ban [318]

Finally mention has to be made of the reactions with the fcllowing

compounds
/0\
CF§—C-——CFé ; Watts, Allison, Barthold and Tarrant
, .
F v [319]
(o]

- : il - o B s -
CI-CH,-C-GH,~C1 ; C.R. Johnson and Herr [247]. T



SF Reactlons w1tn ox1ranesl oxetanes and a21r1nes

Thefratio RM?X/CFB-CF—ZQF strongly influences the product formatlon

: -R
N
With excess Grignard reagent ,C =C-C-R is formed [32 19].
R

Delmond and Pommier studied the reaction of tributyltinmagnesium
halide with oxetane [36].

Véultier, Danidn-Bougot, Danion, Hamelin and 0655 //COZCH5
~ —
Carrier studied the reaction of the azirine CE\ ,9\\
N COZCH“
[320]: é i 2
6"5

5G. Reactions with ethers,acetals, orthoesters and aminoethers

Heating a solvent-free mixture of methylmagnesium iodide and a phe-
nol ether for several hours at 150-1650, followed Ly hydrolysis

leads to the formation of the phnenols:
CHB\\O ~

; Moreau and Rouessac [321]

AN ; Razdan, Pars, Zitko, Kane and Thomp-

N son [322]

In his review paper on nmr-spectroscopy of organomaane51um com-

:p unds Maercker mentions some reactions with ethereal solvents [7]
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° _ Furthermore the following reactions were reported

: : 0-R
CiiHgd or CHMzBr + ] l l — . US Patent [323]
R ——

R
~2 C, H
cH Y\O/Ll-g
i > )ﬂ
+ 0 —_

ref. [8

and reactions with

cH.,
><i 2 : Abdullaev, Maisa and Alizade {324%]

SH. Reactions with heterocyclic_compounds

The radical character of reactions of 9-substituted xanthylium, sele-

noxanthylium anéd thioxanthylium salts

R
_Z \
i I @

A X//

X=0, S or Se

with Grignard reagents has been discussed in Chapter 4B [176], [177]1
|

and [178]

Tadino, Christiaens and Renson studied the

reaction of phenylmagnesium bromide with (5;\ c1o(:)
the selena homologue of benzopyrilium per- se® &

chlorate [325].




Reéctions of chramone and thiopyrone as well as pyrone defivaﬁiéésv
with Grigznard compounds were reported earlier (Chapter 4C; ref. o
[197]; Chapter 5A; ref. [232]):
, o o
QL L L L

COZCZHE

Furthermore the following sulfur—containing heterocyclic compounds
-

were used in reactions with organomagnesium compounds:

N\ NH ; Beckendorn and Gagneux [326]

S
/ / s . -
\ki_/ o 0 : Harhash, Elnagdi and Abdallah [327]
R

Nitrogen-containing heterocycles

Mononitrogen
?EN
C=W
O Q O ON ; Matsumori, Ide and Wata-
¥ nabe [328]
/CH5
N\‘
<::> <::> JED s Surana, Kishore and Joshi [329]
CHy
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’}”biﬁit;ogén
» Crossland studied the stereochemical course

of the protonation of addition products,

formed between Grignard reagents and pyri-

dazines [330]} and [331}

Tas and Kleipool observed substitution

of pyrazine on reaction with allylmagne—

sium chloride [332]

Saﬁgour, Selim, Elkasaby and Abdalla

described reactions of Grignard rea-

cents with guinazolone [333]

Varamoto, Ishizumi, Mori, Inaba and Yama-

moto studied reactions of Grignardé reagents

with guinazolinedione derivatives [334]
Elinagdi, Snawali and Elokbi reacted the

following diazacyclopentanedione with

chenylmagnesium bromide [335]

Trinitrogen

Daunis, Jacquier and Pigiére reacted Grignard reagents with the fol-

Jowing triazine derivatives:

(s)
cH

o

ref. [336] ref. [337]

@;}-— N-N 0
R o Z N/N -

P Ih\”/ 0-CHy i \f
) N

ref. [338]

SHL Rk vt
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G
0 0 L
§T/N\\r ; Etienne, Lonchamboux, Giraudeau and
X N Durand [3
CH{“\“/V N rand [339]
o 2
_ N\l/C6H5
W ; Igeta, Nakai and Tsuchiya [340]
///“
il
4
0

¥Mirxed heterocyclic compounds

Sulfur-nitrogen
SO2
/'\\ . - .
Ne—— ; Timberlake, Hodges and Garner [341]
/P \ Yy
t—qug t-Cb_n9
S
S ; Sammour, Selim, Fahmy and Elewa
N,J\\ [342]
C6H5

/ \ 314
O ¢ O
; Kassab, Elnagdi and Hamed [343]
Rt N
Y R
(0]

Nitrogen-oxygen mixed heterocycles
R

|
Cels
\

0N~

Q —

N Harhash, Elnagdi, Hussein and Fahmy
[344] ’
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Petrus, Verducci and Vidal [275]

Nakagawa, Aki and Yamamoto [345]

TN/-— O_CL}HQ
O’/) P.Y. Johnson and Davis [84]
e
R Lion and Dubois [139]
e
= Lion and Dubois [346]

e

8] ;
/¢
N®
\ R
0//’_“\R ; Lion and Dubois [347]
C, . H ; Adembri, Scotton, Speroni and Tede-

schi [348]

Meyers and coworkers [97]

2

Sammour and coworkers [333]

\’2'
_.<
Q
~ ’-'Z\_

Etienne and coworkers [339]

N
TV



- 51 Reactions with Boron, Nitrogen, Silicon, Phosphorusl'Germaﬁiﬁmi{‘f

Sulfur, Arsenic and Antimony compounds

"Boron compounds

_C,H

B 49
N-E . ’
4 ; Dorokhov, Boldyreva and Mikhailov
5w [349]
B—N
/ \
R-M B-H ; Powell [350]
B—N
I 1
H R

Kitrogen derivatives

The machanism of the reaction of n-butylmagnesium bromide with ni-
tromethane was discussed in chapter 4C [187].

The radical character of the reaction of Grignard reagents with
para-chlororhenyl diazonium tetrafluoroborate was discussed in chap-
ter 4B [175].

Reactions have been reported with the following nitroso compounds:

:>='N—NO , ; Akiba, Kawamura, Hisaoka and Ina-
N :
é moto [351]
CZHﬁ\
N-NO ; Michejda and Schluenz [352]
C2H5

t-Cl*Hg-@-NO

Brittish Patent [353]
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; Alazard and Lusinchi [354]

?

Silicon derivatives
Fritz, together with Boettinger, Braunagel and Danappel and Matern
studied the reactions of di- and trisilacycloalkanes with methyl-

magnesium chlorice [355], [356] and [357]:

c1 o1
JSicl, C1.Si  SiCl
(cn,) 54 ,/X<:C1 2 P 2
37377 Ysi7 Nce1 Cla 7 C2
7 Nex c1
cH, 3 2

The stereochemical aspects of the reactions of Grignard compounds
with silicon compounds have been mentioned in Chapter L4C (ref. [189
[190]1, [191] and [192]) as well as in Chapter S5Introd. (ref. 204]
and [208]).

The formation of unexpected products in the reaction of magnesium
with stanna-silanes has been mentioned in Chapter 24 [38].
Reactions of Grignard reagents with chlorosilanes of different

types have been reported by several groups:

i

— Si—C1
l ; Nametkin, Vdovin, Poletaev and Us-

hakov [358].

R-04<::j>-MgBr + HSiClB———* ; Lapkin, Mukhina, Kirillov and Sigovs
[359]



CH3
H H H
1 1 . !
CGH57?1 ?1-C6h5 + C6H5-?1
CH CH CH.
> 30% > 2 12%
24 H H CH_
I I 1 2
C6“5-?l ?l ?1 <::> ?1—H
¥ H.. - H.
Cﬁj c 35% Cﬂ) 06H5
Gverdtsiteli, Doksorulo and Tabidze [360]
ot
/s
Si Gverdtsiteli, Chernyshev and Ediberid-

© \Cl ze [59]

The mechanism of reaction of sila-Grignard reasgents with chlorosi-
lanes has been discussed in Chapter 4C [GL].
Reactions of acetylenic Grignard reagents with (CH5)351—CI and

(CH3)351F have been revorted by Florensova and coworkers [70].

Andreev, Streyugina and Levdik reported CH3 CH3 CH5
] 1 !
reactions of aromatic Grignard reagents Cl-Si-0] -8i-0]—_S8i-C1
1 ] |
with chlorosiloxanes [L6] CH.j CH3 n CH3

Reaction of phenylmagnesium bromide with phenyltrichlorosilane and
other trichlorosilanes, followed by reaction with dimethyldichloro-
silane leads to the formation of silicone resins as reported in

a German patent [361].
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_ Phdsphorus compoundés

{CéHB)B-nPCln was reacted with aromatic Grignard reagents to give
the expected phosphorus—contain{ﬁg coupling product [54]. The same
tyve of product was formed in the reaction with (C2H5—O)2P-Cl [8>]

Nifanpt'ev and Shilov obtained bromomagnesium tetraalkylphosrhoro-

diamidites by the following reaction [362]:

Fad +
= VRN VRN
RZN B RZN MgBr

Trimetnylsilylphosphine derivatives were prepared by the reaction
.of the trimethylsilylmagnesium compound (see Chapter 2Biv !) with
chlorcphosphorus derivatives such as FCl., tert-Cq’HgPCI2 and

—_ (o}
(tert-C, Hg),PC1 [91].
The reaction of dioxadigermacyclohexene 0~
(C6H5)2Ge C-CH.
with methylmaznesium iodide causes the 1 l‘ -
formation of tetravhenyldimethyldigermane (CGAS)ZGQ\_ //C"C%

[56>]-

o]

Sulfur derivatives-

Meijer, Vermeer and Brandsma [364] as well as Winther and Senning
reported reactions of Grignard reagents with CS, [365].

The formation of an asymmetric sulfoxide by the reaction of menthy!
(-) (S)-p-toluenesulfinate has been reported in Chapter 5Introd.
[205]. The formation of sulfonyl-substituted Grignard reagents by
reaction of organomagnesium compounds with sulfones has been mentic

ned in Chapter 2Biv [99] and [100].

N
GZ;;E]—FHE-O-TOS has been applied in reaction with phenylimagne-
sium bromide [305]

cC H -S-S-CGH was used in reactions with fifteen different Grignarc

65 S
reagents to prepare_C6H5-S-R [366].
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Boberz and Gentzkow used the following sulfur derivatives in reac—-

tions with GrignardJ?eagents:

s R ‘ S
RN S~CH., R '
5/5 T @ N \ J
— 5—sS N-R
R
ref. [367] ref. [3&3] ref. [369]

Finally the following arsenic and antimony compounds were used in

reactions with Grignard reagents:

FAS(CZFS)Z, by Kopaevich, Belen'kii, Mysov, German and Knunyants
[370]
(04H9)3Sb3r2’ by Nesmeyanov, Borisov, Norikova, Fedin and Petrovs-
xii [371]

5J Reactions with oxy=zen, peroxides and selenium

Ol'dekop and Livshits prepared isoproryl and sec-butyl bydroverox-
ide with 96-97% purity by reaction of the corresgonding Grignard
reagent with oxysen in diethyl ether at -?50. The yields were be-
tween 50 and 80% [372].

Sindelar, Svatek ané Protiva preparec thiorheneselenol ‘as follows

[375]1:
ﬂ ‘l + se diethyl ether [; ”
s MzBr Sed -

S5

As already mentioned in Chapter 4C the kinetics of the zutoxidation

of CGHE—Hg-O—t-Ci}H9 were studied at different temperatures [201].

In Chapter 4B mention was made of investigations on reactions of
Grignard reagents with photochemically generated tert-butoxy radi-

cals [181].
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. 5K Reactions with nitriles

Reactions of Grignard reasents with nitriles, leading to the for-

‘mation of the usual ketones were rerported :

O
cnj-<<:::>.soz-n
oN

; Rylski, Gajewski and Dabrowska

[574]

Reynaud, Mandereau and liguyen Tri-

Xuong [375]

Sammour, Fahmy, Abd El-Rahman,

wr

Khnookh and Abcé Elmoez {376]

Sammour, Raouf, Elkasaby and Hassan

[377]

Jahine, Sayed, Zaher and Sherif [37i

@]
3

In a number of reports abnormal reactions of Grignard reagents with
nitriles were given:

The formation of amines when Grignard reagents were applied at highe
temperatures by using toluene as a diluent, has been discussed in
Chapter 4C [184].

O&ic and Peryre found zlkylation products in fn(°459)3
reactions of methylmagnesium halides and methyl NC—C-CHa—CH3

iodide with the following tributyltin-substituted

-nitrile [263]



Cgss
Displacement of the nitrile group by the alkyl group from the Gfigf,> '

nard reagent was found as the main reaction of the following nitri-

les:
CH3
N(CH,), |
CH_-N ; Matyukhin, Malina and Unkovskii [379]
52\ /\¢cN ’ : ,
N(CH3)2
CH.,-N ; Unkovskii, Matyukhin, Malina and Uri-
3
CN novich [380]
CH3

CN
; Reinecke and Daubert (see Annual
N Survey 1972; ref. [278]) [381]

SL. Reactions with or_in the vresence_of metal salts

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,

BeCl2 or BeCl,.etherate were used to prepare RaBe with R = alkyl,
as studied by Carley, Lowrance and Maughan [382].
Neopentylmagnesium halide reacts with TiCl4 to yield tetraneopen-
tyltitanium. Mowat and Wilkinson {383].

With (cyclopentadienyl), TiCl, R-Mg-X (containing silicon or germa~
nium) reacts to form (cyclopentadienyl)aTiRZ. Collier, Lappert and
Pearce [384].

Van Oven reported the following reaction [385]:
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i-CjH?MgBr + —Ti013+ CGHE—CEC-C635 +

Vanadium tetrachloride, VClA,was reacted by Razuvaev, Latyeava,
Lineava and Drobotenko [386] as well as by Latyeava, Lineava and
Drobotenko [387] with benzylmagpnesium chloride under different reac

tion conditions to obtain, among other products (benzyl)gv.

Mays and Sears reacted methylmagnesium iodide with

CBHEFe[(06H5)2P~CH2—CH2-P(CSH5)2]61 ref. [338]

GeClq was useé@ by Kuznetsov, Podzalko, Kovalev and Buslaev [589].

Koblitz and Wilke prepared (COT)EZrR2 from the corresponding dichlo-
ro compouné [35907.
Tetraneopentylzirconium was prepared in the same way as the corres-

ponding titanium compound, mentioned above [383].

The same authors investigated niobium salts in their reactions with
trimethylsilylmethylmagnesium halides [383].
Furthermore tris{triphnenylphosphinyl)rhodium chloride was investi-

gated in reactions with the same organomagnesium halide [371.

in an US patent the preparation of bis(6-methoxynaphthyl)cadmium is

claimed [391].

A large number of tin compounds have been reported:

Gielen, DePoorter, Sciot and Topart prepared racemic methylbutyl-



R
isopropylcyclohexyltin in a series of reactions, starting from tri-
butyltin chloride [302].

Furthermore Gielen, DeFoorter, Liberton and Poelinck used different
unsaturated, alkyl and afyl Grignard reagents in reactions with
R5SnCl [395]-

Seyferth and coworkers used several a-haloorganomagnesium compdunds
in reactions with trimethyltin chloride [47] and [48].
(C5H5)Fq[(CGHS)ZP—CHZ-CHZ—P(C6H5)Z]SnCIj was used in reaction with
methylmarnesium iodide [%88].

(cyCGHll)SSnCl was prepared from SnCl, and the corrresponding Grig-
nard reagent in toluene as the cosolvent [394].

Also the preparation of hafnium derivatives {384] and tantalium
derivatives [385] has been renorted.

Tamaki and Kochi prepared methylgold(I) complexes with diifferent
ligands [595].

Phenylmagnesium bromide reacts with cis ClChH=CHHgCl to form the
corresponding chlorovinylphenylmercury derivative [396]}: Nesmeyznov,

Prokxof'ev, Erdyneev, Borisov and Okhlobystin :

H BE

~N e

c=C

Ve ™~
c1 Hg~CgH,
Highly pure mixed tetraalkylleads were prepared by Clinton, Gardner
and Kochi in reactions of alkylmagnesium halides with leadacetate
(3971.
Brandi, Brunelli, Lusgli and Mazzei, finally, prepared benzyluranium

derivatives by reaction of the corresponding uranium chloride [398].
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Conjugate addition of organomagnesium compounds to unsaturated car-
bonyl derivatives was reported by several sgroups:

For the'synthesis of prostaglandines and congeners Schaub and Welss
used tributylphosphine-Cu(I) jodide in the reaction of the appro-

priate Grignard compound with the
CZHsoac-(CHZ)6
following unsaturated cyclic xetone

[399]. 0

In another publica'tion Bernady and Weiss used the same catalyst in
a similar synthesis [61].

For 1,4-addition of simple alkylmagnesium halides o

to cyclooctenone Damiano and Diara applied cataly-

sis by covper(I) chloride [400].

Organomasnesium cuprates, having one or more B-hydrogen atoms show
no reductive power towards 4-methyl-l-cyclohexenone contrary to the
corresponding Grignaré reagents. Mainly 1,i-addition was observed
(Jallabert and Spassky) [£01].

In the same sense Mme Rividre and Tang used organomagnesium cupra-
tes for the investigation of 1,i-addition reactions to unsaturated
ketones [402]. -

Bolt and Zeelen obtained 1,4-addition reaction products with methyl-
magnesium iodide and Sx-l-estren-3-one, catalyzed by copper(I) bro-
mide, in 32% yield. [403]

Gocmen and Soussan studied conjugate addition reactions of magne-

sium compounds mixed with cadmium salts [404].

Addition to and reaction with double and triple carbhon-carbon bonds -

were reported in the following publications:

Ethylmagnesium bromo cuprates, CZHBCuMgBr s react with l-alkynes
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to form cis-addition products: Normant, R\\ 7 //H
Cahiez, Chuit and Villiéras [405]: C=C
/ N\
CaH5 Cu
In an US patent the addition to the trivle 0]
-H
bond in the following acetylenic ester Caj—czc—cgo—CH3

was reported [406]

Addition of arylmagnesium bromides to alkyres, catalyzed by tri-
phenylphosphninenickel (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 alkylmagnesium halides
in the presence of nickel(II) catalysts has been discussed in Chap-
ter 4C [191].

A Japanese patent mentions the use of mixed titanium chlorides

as catalysts in reactions of Grignard compounds with isoprere, fol-
lowed by air-oxidation, leading to the formation of zallylic alco-

hols [408]:

CH CH..

[ 2 o | 2
CH,=CH-C=CH, + RMgX/Ti-salts 2 R-CH_-CH=C~CH_,0H
2 2 2 >

2)H,0
2 CH,
.
* ReCHy~CH-C=CH,
oH

Disproportionation of 1l- and 2-pentene by alkylmagnesium halides
and tungsten(VI) chloride as the catalyst in benzene/isooctane as
the solvent at 25° was reported by Mar‘'in, Sheboldova, Bol'shinkova,
Khidekel and Kalechits [409]. Maximal yields of propene and 1- and

2-butene were obtained with a Mg/W ratio of 70: 1.
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'A_éonsiderable number of reports on the metal salt catalyzed reac-’
tiop of 6rganogagneéium halides with organic halides have appearedg
in 1Q73: :
The investigation of the mecharism of the iron catalyzed reaction )
of isopropylmagnesium halides with deuterated isopropyl bromide
has been mentioned and discussed in Chapter 4B [172].

The isomerization accozpanying the nickel-catalyzed cross-coup-
ling of sec-alkyl Grignard reagents with organic halides was dis-
cussed in Chapter 3C [134].

The stereospecific cross-coupling reaction of secondary, racemic,
Grignard reagents with unsaturated halides, catalyzed with a <hiral
nickel complex was mentioned in Chapter 5 Introd. [203]
Kershenbaum, Maxovetskii and Dolgoplosk studied the reaction of
ethylmagnesium bromide, treated with nickel(II) or cobalt(iII) chlo-
rides, with ethyl bromide [4I0]. Ethane and ethene were formed in
equimolecular amounts as well as some butane. Zerovalent Co and Ni
.cconplexes are supposed to be formed.

Tamao, Zembayashi, Kiso and Kumada observed stereospecificity in
the reaction of Grignard reagents with monohalo olefins, catalyzed
by nickel(II) complexes [193]. On the other hand, reactions with
1,2-dihalo olefins proceed non-stereospecifically! In a Japanese
patent the same autnors claim the preparation of styrene and stil-
benes by reaction of the required reagents, catalyzed by dichkoro-
[1,2-bis{diphenylphosphino)ethanejnickel [411].

The reduction, coupling and isomerization reaction of Grigrard
reagents with allyl halides in the presence of iron, cobalt, nickel
or cuprous salts has been discussed in Chapter 4C [194].

Levy reports the formation of polychlorobiphenyls by reaction of
pentachlorophenylmagnesium chloride with chlorophenyl iodides, cata
lyzed by covpper(I) iodide [#412].

Thorsett and Stermitz investigated the effect of the ligand in the
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nickel(II) complex used as the catalyst in the coupling reactiomn of :“‘-

chloroguinolines and isoguinolines with several types of Grignard’
reagents. Devending on the catalyst couplingor reduction of Gl
could take place. Also preferential coupling sites were ohserved
with rolychloro guinolipes [4131.

The following reaction with iron catalysts was reported {[24773:

0 CH.
i 1 2 FeCl, + C,HMgBr
Ci-CH —C-CHZ—CI + "2 =C-MzBr —> E
0
7
o [
Dk/ * L_____

Mori, Nishimura and Ban did not observe
the formation of the cross-coupling product in the following reac-—

tion but instead obtained a mixture of several products [318]:

c Nicl (P(C I PN ( ) o
SH MzBr + @ 1 2 WY 6552 O\x i
2" T"C‘CHZBr f-c_cg -c

2 2“5
CH, CH

) 3
Luong Thi, Mme Riviére and Spassky studied the reaction of alkyl

magnesium cuprates with acid chlorides of a-chloro acids [414].

Miscellaneous reactions of Grignard reagents, catalyzed by metal
salts.

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 [190]. See also
Chapter 51.

Cadmium chloride was used by Karavanov to modify the reactivity of-

alkylmagnesium halides towards oxalic acid ester [415] [239].
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A >new"route to o.,B-unsaturated ketones having a silyl
. group attached to the carbon-carbon double bond has been.
aevéloped {168]. u—i-ithiovinyltriphenylsilane (CviiXIa, R = H)
and 1-lithio-l-triphenylsilyl-2-phenylethylene-E (CVIIIb,
R = Ph) coupled with both acetic (R' = Me) and benzoyl (R' = Ph)
anhydrides to provide the corresponding acyl derivatives.
Ph.Six e A (Rco),0 ph35i\c=c H
Li” \r R'c=—/—o g
cvin
A vinyllithium reagent has been developed which, after
alkylation and hydrolysis, afforded good yields of ketones
(equation 90) [169]. Treatment of the 1-(alkylthio)vinyl-
lithium intermediate with aldehydes (equation 91) and epoxides
{(equation 92) similarly gave good yields of the respective

acyloins and a,B-unsaturated ketones.

THFE
s "o o §om————T = ]
R'SCH=CHR" + secBuLi "o py R'SC|! CHR" (90)
Li
o
+2
RX Hg 1 "
aq CH,CN RCCH,R
OH o

i ]
via (presumably) RC=CHR" —=  RCCH 2R"

HO
with RCHO ———> R'SC=CHR" —> _C=CHR" {91)
RCHOH RCHOH N\
o
>C-CH2R"
RCHOH

Nearly quantitative and instantaneous formation of the
appropriate l-metallocyclopropene upon addition of at least
one equivalent of alkali amide (M = Li, Na, K) in liquid

ammonia has been reported [170]. Mono-~ and dialkylated cyclo-
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r A R'S_
with ?ZA( —_— _C=CHR" ——>

RCHCH
cHcH,

OH HO

~N
=CHR"
RCH=CH NS

jEC-CH2 " (92)
RHC=CH

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 2:1 [171]. When lithio intermediate CIX was
treated with dimethylacetamide, a small amount of the alcohol
CXI was produced along with the major product, 3,3-~dimethyl-2,

S5-hexanedione.

o}
u L o
+ CH3C02Li _ +
E1,0
cX

CIX CXi

An approximately 14-fold greater extent of lithiation
of l-methoxy-2-phenoxyethane (CXII) over anisole was observed
upon competitive metalation in hexane or ether [172]. 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 TMEDA.present'a 30% yield
of metalation as determined by isolation of the trimethylsilyl '
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‘derivative was obtained. These results indicated steric in-
terference with the conformation(s) necessary ‘for co-ordination

with n-butyllithium in the transition state.

/N

o OCH3 CHZ0O

(09,(] CXitl
Pyrogallol trimethylether has been stepwise metalated
and alkylated at the positions ortho to the two methoxy groups

{equation 93) [174].

OMe OMe
MeO O3e  ,_BuLi MeO OMe
—_— (93)
stepwise
R R

A novel synthesis of 2,4-diarylbenzolhlquinazolines beginning
with the directed metalation of l-methoxynaphthalene has been
reported (equation 94) [175]. Similar metalation of 2-methoxynaph-

thalene led only to the benzoylation product (equation 95).

R2 o2 RZ
=H; R=0Me
(OIOY + [0 *=gew (010
Li R
g}

R! 0 (95)
R' = OMe; R%=H
R=H or Ci
v
o
(94)

N;\ EN
R
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Lithium diisopropylamide metalated the. side—chain in
N,l-diisopropyl- and N,N-diethyl-o-, m~ and p-toluamides
[176]. With n-butyllithium, HN,N-diethyl-o-toluamide also
underwent side—-chain metalation, but the m- and p-isomers pio-
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 [177}. Sites of
metalation were determined by carbonation and subsequenfl
examination of the products by 100 and 220 MHz pmr.

Directed lithiation of chloroferrocene has allowed preparation
of the 2-trimethylsilyl derivative [178]. Conversion of the spéci—
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.
Si(CHg) 4

1. n-C,HgLi
Cl 27 (CH,)SICI

Ccl

Na
i00°

Si(CH3)3 Si(CH3)3
D>,0
e - 2 A‘l!::nlhl
Fe

i 1
cxXiv

Fe

Sequential directed metalation of 1,l'-dichloroferrocene
has led ultimately to the preparation of decachloroferrocene

(equation 96§ [179]. A similar route involving seven suc-
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‘cessive lithiation—-chlorination steps was used for the syh-

" thesis of the ruthenium analog.

n-Buli
CC13CC13

(96)

Cl
Cli;;;;;;E;CI
Cl
Fe
Cl Cl
cl c1
Cl
A series of 2-substituted N-ethylferrocene carboxamides

were prepared by directed metalation of li-ethylferrocenecarbox-

amide (equation 97) [180].

O_ H

NS

S CNEt .
2 equiv.

n-BuLi

pirected lithiation of (R)-N,N—dimethyl-—-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) [181].
A single crystal X-ray structure of the predominant product
from this metalation (S,R,S)-2-(p-methoxyphenyl)hydroxymethyl-
N,N-dimethyl-l-ferrocenylethylamine has provided confirmatory
evidence for the absolute configurations assigned to a series

of 1,2-disubstituted ferrocenes.
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_-Me 1 p-BuLi L
2 MeOCgH,CHO &

vH

Methoxymethylferrocene (CXV, X= OMe) afforded approximately
equal amounts of 2-and l1°*-lithiation as determined by derivati-
zation experiments with benzophenone [182]. o-~Methoxyethylferrocen
(MEF) 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 2-isomer possassed induced ring asyrmmetry. The activity
possessed by this compound was found to be only about 10% of that
exhibited by an otherwise identical sémple prepared by a route
involving asymmetric induction in the ferrocene system where

metalation was directed by nitrogen (CXV, X=ilMe.,).

)'( R X =-0OMe; R=H
ce
\H X

-NMe,; R = Me
Fe
| 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 C Li4 species

5
suggested that a Li2C=C=C=C=CLi2 structure predominated.

n-BuLi/TMEDA

CH_C=C—C=CH = CgLi,
A
HC=C—C=C—CH,, HC=C—CH,C=CH, HC=C—CH=C=CH, (99)
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Hexa -2,4-diyne upon addition of six equivalents of n—bﬁtyllith—
ium followed by, after 65 hours, addition of trimethylchloro-
silane produced the trisilyl derivative (equation 100) [184].

It was thought the protons were all abstracted from the same
carbon. For a shorter metalation period (16 hours) and two
equivalerts 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.
SiMe b
3

CHéCEC—CEC-——CH:; MeC=C—C=C=C(SiMeg)y (100)
2. Me,SiCl SiMe,

A synthesis of (+)-undeca-5,6-diene-8,10-diyn-1-ol has
been recorded (equation 101) [185]. MNovel features of this
synthesis were an allenic bromide/butadiynyl (trimethyl)silane
coupling reaction and the ring opening reaction of 2-hydroxypyran

by lithium acetylide.
HC—~CL1
(CH2NH2) Tubr Ly OV
O oH

Me_SiCl
3 . (e —C— —_—
———-—>H nS Mesle(CH2)4CH—C—CHBI' e HO(C!—I2)4CH—C——CH(C_\.)2H

Mg and Li derivatives of phenylacetylene and vinyl-
acetylene were treated with Me3$iCl and Me3SiP to afford the
expected mono trimethylsilyl derivatives [186].

Ferrocenylacetylene was lithiated and reacted with Et3sicl
and EtZSiCl2 to give FcCECSiEt3 and (FcCEC)ZSiEtz, respectively

[187}1.
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V. Heterocycles

Lithiation of tert-butyl-3-thienyl sulfone afforded
mainly the 2,4-dilithio intermediate [188]. This was in
contrast to the behavior of tert-butyl phenyl sulfone
which formed benzyne under these conditions.

4H-Cyclopenta [clthiophene (CXvIa,R=H) and its 1,3-
dichloro deriﬁative (CXVIb, R=Cl) have been metalated with
n-butyllithium [18%]. Analysis of carboxylic acids pro-
duced by carbonation of the lithio intermediate (s) showed
that CXVIa was metalated 70% at the allylic position and
30% at the two thiophene positions. The dichloro compound
(CXViIb) was metalated exclusively at the allylic position.
HMO calculation of bond orders and charge distribution for
the allylic lithio intermediate, a formal Hiickel l10-n-electron

system, were provided.
R

TR
S
/

R CXVi
Upon treatment with organolithium reagents thiazoles (¥Y=S),
1,3,4—-thiadiazoles (X=N; ¥Y=S) and 1,3,4-oxadiazoles (X=N; ¥=0)
all rearranged to the ketenimine structure which could be iso-

lated in a dimer form (equation 102) {[150].

X—N RL X—N X—N=C=CH2 X=N (102)
(.Y)\CHz’ <Y>\/ CH,, ( i Y=$,0 ’
U

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 [191].
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- fhe use of dihydro-1,3-oxazines in the syntheéis of sub-
. stituted acetaldehydes has been reported (equation 103) [192].

The scheme amounts to an aldehyde equivalent to the malonic

ester synthesis.

O n-Buli o
AT = i
= %L /L
CHz oy ¥ 6tz
‘ RX O BHz fe)
o A
>\N CH,R N CH,R (103)
H

Starting with 2-isocalkyloxazines, a series of highly substituted
ketones could be prepared by treatment with organolithium rea-—
gents and alkylation (eguation 104) [193]. 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].

0 /'L i
:i:jL\ R //R
NZ N=C=C

RI

\R‘
Ru \\-:ez,SiCl- {for R, R'=Me)
Li OSMQ3
R Me
NYe—=c_ N=C=C
U LN N
Ru R Me
+
\\\{Ef
R"X ?
R'CCHRR'
a-l H30+ llu N _ i
R —=—> RCCRRR (104)



1,4-Addition of organolithium and Grignard reagents to 2-
alkenyloxazines has lead to a synthetic route to a—substiﬁuted

aldehydes and ketones (equation 105) [i95].

oM LR'M
Rl ——
/'Y _/_ 2.R"M

\ (or 8H
M=Li,MgBr R ;)

i I
/l CH,R' or HC \/CHZR'
1t

R
R R (105)

a-Metalation 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) [196].

o)
H
Li R 7\ NC QUi /l\
n-Buli R ! CHZOH N 0
RCHZNC —_— RCHNC ——————————= RCHCHRCHR _— (106)
R R
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—diphenylaziridine, has been observed to undergo cyclo-
addition reactions with COZ, CSZ' RN=C=X (X=S,0) and CGHllN—C—
NCGHll to produce a variety of heterocyclic derivatives
(equation 107) ([197].

Cycloaddition of 1,3-azaallyllithium compounds to nitriles

has been found to yield 3-imidazolines or, in some cases,

imidazoles (eguations 108 and 109) [198]. -
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N—Q Ph Ph
P <
d H (107

Ph N Fh S
H HX H
. Ph N Ph
H
Ar
H Ph ==N
PP X7 (108)
R” N Ph R™ "N \py
H

R=H, Ph
Ar.
H H arcn N (109)
A O
Ph N pn  Ph N Ph

The reversibility of the cycloaddition reaction shown
in equation 110 has been demonstrated. Similar reversibility

in the pyrrolidine and pyrazolidine systems were also reported [19¢

Ph\\N

_Fh
H —gze> ! + Azobenzene {11
Ph Ph e NN
N N
1

Li

A series of c—haloketones have been reacted with lithiated

Schiff bases to afford pyrrole derivatives (equation 111) '[200].

(o} )
e ) 1l .
EHZ—fCl-i—N—CsHIJ Li + RCCHX —= @\R (11
I
C.H

611

3- (2-Aminoethyl)- (equation 112) and 3-benzoylaming=5-

bromopyridine when treated with lithium amides in inert solvents
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underwent intramolecular cyclization via the respective

heteroaryne intermediates [201].

LiHN

: H2N -
HN
Br. :
LiNEts ~ 112
oJ e O] — (0 a2
N N N

The benzenesulfonyl and methoxymethyl moieties served as
N-protecting groups for the lithiation of indole in the 2-
position (eguation 113) [202]. Reaction of this intermediate
with aldehydes, ketones, acid chlorides, esters and nitriles
was accomplished. The benzenesulfonyl protecting group'was

conveniently removed by mild alkaline hydrolysis.

tert —Buli
_ir___u_Ll% — {(113)

Li

X= PhSO,—, MeOCH,—

Formation of the dilithio derivatives of benzimidazoles
allowed reaction with alkyl halides, aldehydes and ketones

selectively at the side-chain carbanion site (equation 114) [203].

N R R N
_ o,
\>—CH2R' 2eq n-Buli \©:E9>>—CHR u; (114)
N N
{

H

2-Benzothiazolyl (trimethyl)silane (CXVIII) and a
series of di(2-benzothiazolyl)silanes have been pre-—
pared by metalation of benzothiazole with n-butyllithium
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].

E@::)—\u 4~ Me3SiCl %@iZ}—-SiMe?’ + LiCl
CXVil

CXviil

The preferred route to 2- and 3-chloro furan and selenophene
was found to be by reaction of the corresponding lithio deri-

vative with hexachloroethane (equation 115 and 116) [205].

EtLi coLeCl
5 9 2—chloro der. (115)
X=0, Se
Br
O EiLi GClyGCly
- 3—chloro der. (116)
X=0, Se

Metalation of thiophene derivatives has provided some
interesting results in 1973. 2-(2'-Thienyl)-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 intermediates
with trimethylchlorosilane [206]1. 2-(2'-Thienyl)-quinoline
and a pyrimidine derivative of CXIX were also found to ex-

hibit this metalation pattern.

CXiX

bithiation of 5-trimethylsilyl-2-H,N-dimethylthiophenesulfona-

mide (CXX) afforded 3-metalation and, in one instance, spontan-
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eous loss of the trimethylsilyl group [207}. When n—butyllithium/“f
TMEDA reagent was used a rearrangement to produce the amine :

CXXI was discovered.

-BuLi_  d
Me,si O SO,NMe, - > Y o Megsi O
S TMEDA ice .

S
CXX CXX1
Dimethyl-di (2-thienyl)silane was metalated with n-butyllithium

NMe,

to afford a mixture of the 2-lithio- and 2,2*-dilithio inter-—
mediates (equation 117) [208]. These were 1) coupled with
CuClz, 2) di- and trimerized with 0.5 mole C1

sibié and 3) trans-

2 2
formed into a cyclic dimer with 1.0 mole Cl,siMe, (equation 118) .
Nucleophilic substitution of four fluorines on hexafluoro-
benzene by trichloro—-2-thienyllithium in THF has been

observed [209]. 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.

Bithienyl dimer and trimer

A
Me CuCly
7 L
@Si—@ n—BEI:-l—é 2—lithio and 2,2'—dilithio specie {117)
N%e 0.5 mole
ClasiMez
\'2

Dimer and trimer

MeZSi/©\SiMez
e |
- ! mole
SBIB i B Qe
MeoSi. S SiMe,
o7
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| CRLi(R = 5-chloro—l-methyl—-2-imidazolyl) in ether was added.
' to the lactone CXXII with the ring-opened product CXXIII being

. isolated after hydrolysis [210}. Cyclopropane CXXIV was a by-'

product.
0s° Et //CHZOH
+ RLi —> RCOCHQQ\ 4+ RCO
£t C CHRR
Hol £t CH_OH
XXt XXl XXV

A new synthesis involving directed metalation of a
2,4-dimethoxyguinoline system of the furoguinoline alkaloids,
dicatamine (R,R" = H), pteleine(R = OMe,R' = H) and evolitrine
(R = H, R' = OMe) has been developed [211]. The method was ex-
tended to the synthesis of a b-naphthofuran (equation 119),

b-naphthocoumarin and oxaphenalene,

?Me
ln BuLi CcHo
Z.HNCHO (:)

OMe R N OMe

CMe
R

(:) [ ai
R N 0

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 [212]. Subsequent reactions
in this series culminsted in the synthesis of derivatives of

1,5-benzoxazocine and its 1,3-isomer CXXVI.



B (B

Me , OMe N
(::) n-BuLi
+ —e
MeO
Ir+ r Me
Me
-

P Me

o 5%

OH CXXVi

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) [213].

R R CHCN - R
-Buli —_—
O n-Bull O 2.H,0 O
N CHg N CH,Li N CH,,COCH

(120)
R = OMe, OEt, OGHMe, , Me

2,4-Lutidine, 2,4,6-collidine and 2,4-dimethylguinoline
gave exclusive metalation at the 2-methyl group (CXXVII) with
n-butyllithium. On the other hand, with alkali amides in '
3 o LiN(i-Pr)Z, only metalation at the 4-methyl
position (CXXVIII) was observed [214].

liguid NH
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CH2M
1O 1O
R//&\\NV/L\CHEL{ R//L\\N//L\
CXXVil CXXVill

- 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 yvield (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 enoliéation and reduction pathways were discerned for any
of the systems. An improved synthesis of carboxamides from
addition of organolithium compounds to isocyanates derived
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
CXXX which, when reacted with lithium ethoxyacetylide, afforded
CX¥XI. This compound could be hydrolyzed to the diester CXXXII

but this ester could also be prepared directly from keto ester
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CXXX by treatment with a-lithio methylacetate. These compounds
were found useful in a regiospecific synthesis of the acyl portion.

of harringtonine CXXXIIT [219].

[o)
L n—BuLi —_ A
——3 —_—— ——
PhCH,,0 ——l— c==cH o0 PhCH,0 ~|— c=c¢ <
“ " . CO?_t—Bu
CXXIX 2. EtOCCOt ~Bu C)O(X
OH
EtOC=CLi PhCHAO c=c¢ =—COEt LiCH,CO,Me
it = A 272
XX CO,t-Bu
4
H,0
A\
oH . ?”
C Me i —
0 PhCH,0 | c==c¢ i CH,CO,R
c , COat —Bu
OH COZMe
oo R=Me,Et

Synthesis of C-17 epimeric 5a, l3o-cardenolides was

accomplished by means of the route shown (equation 121) [220}].

LiC==COEt
_— (121)

o L

Treatment of ketones with RSCHR'Li afforded 41 - 100%
vields of B-hydroxy sulfides. Alkylation of these sulfides
with Mel or Me3O+BF; gave the corresponding oxiranes in from
43 to 98% yields (equation 122) [221]. It is advantageous to
use this reagent for reaction with highly enolizable and sterically

hindered ketones.
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' OH OH :
- : X 1, + _

N0 + RscHLi lTH_i ' CHSR ‘_BL + cns/R X
/ I 2H P | Nge

Rl Rl Rl

' o e Oy

base | cnd” N N/ (122
l I Rlx / \Rn .

x-Lithiochloromethanesulfonomorpholide (CXXXIV) reacted
with CC, CN and CO unsaturated linkages to afford the correspond-
ing cyclopropane (CXXXV), enamine (CXXXVI) and hydroxy

derivatives (CXXXVII), respectively [222].

R
fl >c =0 (l)H Cl
/\ H
LiCHSO,N 0 >  RCH —CHSO,N 0
My
CXXXIV = CXXXVIi
Y\ — v d A Ar yd
/c—c\ ArNHC==C /\
SON o)
H CXXXVI
SO,N 0
Y CXXXV

Sulfoximines CXXXVIII (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 [223]. A series of 16 olefins
was prepared by this technique.

9 0 2 OR OH g

PhSCHR "———>1-1&’[FL' prb—crs N prbldy O R\_/
e’ ' Arve i1, 2aqgHOARc  / \
NMeR H =

CXXXVHI CXXXIX



Condensation of the o-lithiosulfoxide intermediate CXL with
various carbonyl compounds such as acrolein, adamantanone,
benzaldehyde, benzophenocne, cinnamaldehyde, cyclohexanone
and isobutyraldehyde gave good yields of the correspondihg‘

vinylsulfoxides [224].

R OLi
Me,_SiCHLI + _€=0 ——————> RC-CHSiMe3
SOPh K . R SOPh

cxXL
R H
N L .
— /C=C\ + MessloLi
R SOPh

Ketone thioacetals can be prepared in high yield by the
reaction of aldehydes, ketones and formamides of secondary
amines with 2-1lithio—2-{(trimethylsilyl)-1,3-dithiane and re-

lated intermediates (equation 123) [225].

NS NS

C L n—Bull C . n—Buli
/\ 2CisiMeg \ 2 =0

RS H RS  SiMeg /

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) [226]. These were converted

into the corresponding pyridines via treatment with ammonia.

R
L H0 :
i j —> : ) 4
LR + MepCO —> RCMepOLi 52 Heio, O (o (124)
of ™
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.’Afseries of aryloxazinols (R = Ph, p-MeC.H,, p-MeOC.H,, p-
'r::tocsn 4r P=BrCgH,, m-MeC.H,) has been prepared by the addition

of ‘RLi to the parent oxazinone (equation 125) [227].

0\/O\N AL HO O\N
j\/qu‘ RU SR | (125)
PR X PR " “Ph

Dilithio cytosine derivative CXLI was condensed with 2,4:
3,5-di-0-benzylidene-D-ribose to give a mixture of the pentitols
CXL.IiTa (R = H, R" = OH) and CXLIIb (R = OH, R' = H) [228].

Acid hydrolysis provided a mixture of 4-amino-2-hydroxy-5-(8-and

N
CHO KJ\ NHp

| I T N

N
+ H——oxa-tph — | L
Me3slo/'\ —O/CHPh :——o/: *w:

cxu CH,0 CHO
CXLit

a-D-ribofuranosyl)pyrimidines.

LiNSiMe

2,3-0-isopropylidene-D-ribonolactone with lithium and PhCSCH in
THF gave a 32% yieild of the l-phenyvlethynyl derivative CXLIXIX
[229]. Reduction with NaBH4 provided the acyclic heptyne CXLIY.
Similarly, l-octyne-L-glycero-L-talo-3,4,5,6,7,8-hexol derivatives
were prepared. Benzothiazole or l-benzylbenzimidazole upon treat-
ment with iithium in THF afforded 40% 2,2'-bibenzothiazole and 45%
1,1-dibenzyl-2,2"'-bibenzimidazole, respectively.

Epoxynitriles upon reaction with organolithium reagents
afforded a series of products resulting from addition to the
nitrile function (equation 126) [230]}. Dimerization of the

epoxyhitriles~was found to compete effectively with addition
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in several cases and was attributed to the relative basicities

of the organolithium reagents. The weaker bases, Meli, PhLi,

LiCHZCN and LiCHZCOZEt promoted addition while the stronger

bases, n-Buli, LiCH2Cl, LiCHCl2 and LiCH=“H2 provided dimerization.

Z=0,NH
(126)
L]} My Rl R
LRLi
2H2Q )
R CN H R

Treatment of vinyltrimethylsilane (CXLV) with tert-butyllithium/
TMED2A afforded only addition of the tert-butylliithium 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 c-silylvinyl proton and silyl methyl group metalation

[231].
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A series of allene amines, RCH,CH=C=CHCH,NEt, (where R = Et,
n-Pr, MeZCH) have been prepared by the addition of RLi or RCal
to CH,=CHCSCCH_NEt, [232]. Combining the allyl organometallic
agent CXLVIIY with aldimines (R = Me, Ph; R' = Me, M32CH, Me3C)
afforded reversible 1,2-additon and some 1,4-addition (M = 2ZnBr,
MgBr) {233]. 1,4-Addition was not preferred for these organo—

metallics but was the exclusive pathway when M = Li,

RCH=CHCH=NR' + EtCH=CHCHo,M ———> 1,2-and 1,4- addition
CXLviit

Alkali naphthalenides @lkali = Li, Na, K) in THF have been
reported to effect addition of amines to conjugated olefins

(equation 127) [234].

§§§///L§§. + HNRy; —> RZN\\\///§§7/// (127

Lithium pentafluorobenzenethiolate was added to various
acetylenic compounds to give benzo[blthiophene derivatives and/oxr

olefins (equation 128) [235].

CGF55_Li+ + R¢=CR' ——>
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n-Butyllithium in the presence of TMEDA has been observed .
to add to a-cyclopropyvlstyrene to form a cyclopropylcarbinyl-
lithium derivative which underqoes a ring-opening-cyclization-—

oxidation segquence to give l-pentvlnaphthalene (eguation 129)

[2361.

CH ,Bu CHyBu

—_ H
@J kv e ST O v amm

TMEDA _CH,
= CHo + trans isomer

CH Bu CH Bu
— (D= 60

H

A process which allows a Michael-type addition reaction to
a four—carbon unsaturated system has been described (equation 130)
[237]. The necessary thioacetals can be prepared from 2-lithio-

2~ (trimethylsilyl)-1,3-dithiane.

SR
’ L) E o

E

VII. Copper-Lithium Reagents and Their Reactions

Five new alkylhetero-and arylhetero (alkyl) cuprate (I)
reagents, Het(R)CuLi, where Het = t-BuO, PhO, t- BuS, PhS and
Et,N have been prepared [238]. These reagents allow selective
alkyl transfer to acid chlorides, «,a-dibromo ketones, alkyl
halides and a,B—ethylenic ketones,

Replacement of a B—acétoxy group in a series of a,B-unsaturatec

Referencesp. 120
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carbonyl compounds using MeZCuLi has been reported (equation 131)
[239].

AcO [s)

O
,/,l\\\v///ﬂ\\\ Mey CuLi ///L\\\//)! :
X OEt - X ~ (131

OEt

This reaction of lithium dialkylcuprates with B-acetoxy-c¢,8-
unsaturated esters which provides stereoselective synthesis of
B—-alkyl-a,B-unsaturated esters was successfully utilized in a

5-step synthesis of geraniol (equation 132) [240].

| /g/\orl_% /g/\Br -+ e/‘o'\e/(‘)\ocr%

OAc

OCH3

(CHg), CuLi

(132)

O
///i§§5///ﬁ\\\z//L§§y//LL\ R e ///L§§b///\\‘v//i§§b///ﬁ\‘
OCHg oH

geraniol

Primary tosylates combined with a wide variety of lithium
diorganocuprates (I) to afford substitution products in 70-100%

yields -[241]. 2-0Octyl tosylate reacted with Me CulLi to give an

2
87% yield of 2-methyloctane but other secondary tosylates gave
lower yields of the coupling product because of competition by

an B, process. The coupling reaction of such tosylates was found
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to proceed at a significantly lower temperature than the analégous
couplings with alkyl bromides; in additicn the tosylate couplings |
were noted to proceed faster in ether than in THF. 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—bichloro esters when treated with lithium dimethyl
cuprate afforded a mixture of a-chloro-o-methyl ester and the
reduced c—methyl ester (equation 133) [242]. At -70° a-chloro
ester enolates were produced which upon warming to 20° gave

a-methyl ester enolates.

Me
[ ]
Me,CuLi H3O+ BuCC1CO, i-Pr (52%)
BuCC12C02i—Pr —> (133)
20° BuCHCO,i-Pr (48%)
1]
Me

(+)—(S)-2-Butyl tosylate or mesylate, when treated with

Ph,CuLi in ether, afforded (-)-(R)-2-phenylbutane of such rotation

2
as to indicate 100% inversion of configuration (egquation 134)

{243]. Likewise the reaction of Me_,CuLi with cis and trans -4-

2
tert-butylcyclohexyl tosylate and with endo-2-norbornyl tosylate
also afforded complete inversion but with varying amounts of
elimination. With exo-2-norbornyl tosylate considerable loss

of stereospecificity was discovered. A second-order rate constant

of 2.8 - 1073

2/mol.sec. was determined for the reaction of n-
octyl tosylate with MeZCuLi in ether at -42°., It was concluded
that these transformations proceed by an "Sn2-like" mechanism

and that a triorgano Cu(III) intermediate was likely involved.

R R _
RCu) + Ec-x — s btecl — 5 rcE (134)

L = 1ligand) § N\ N
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Displacement of a series of substituents from mono-
“'and difunctional silanes has been effected with Me,CuLi.
When the silicon atom was asymmetric, displacement took place

with retention of configuration (eguation 135) [244].

Me,CuLi

Sgix gioMe (135)
% _ ,

X = H, OMe, F, Cl, OMenthyl

Dialkylcopper lithium reagents at low temperatures can be used
to replace a halogen on an allene to produce the alkylated

allene (eguation 136) [245].

R, H R H
C=C=C C=C=C (136)
RZCMJ + éﬁ/ C \\i————:: \\h

trans-Nucleophilic ring opening of oxiranes can be effectivel;
accomplished by lithium diorganocuprates [246]. A triorganocopper
(III) intermediate CXLIX was discussed. Correspondence was noted
on the concept of hard and soft acids and bases with the selectivit
of 1lithium diorganocuprates in reactions containing epoxide and
other electrophilic sites. ’

Lio

LCuRz
CXLIX
Epoxides with neighboring oxygen functions (HO, MeO, AcO, Etozc)
were found to exhibit little regiospecificity in their ring-
opening reactions with lithium dimethylcuprate [247].
A stereospecific ring opening cleavage of an oxirane in
carbohydrates whichyﬁtilized HeZCuLi has been reported (equation

137) [248].
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. : R
Ph Ph% :
o Megluli_ %o 2 @3
OMe
H* O R OMe

allo (down) axide ———=> R'=Me; R"'=OH
manno (up) oxide———= R'=0H; 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) [249]1. This reagent has
been examined in both substitution and conjugate addition re-—.

actions (equations 139 and 140).

CuCN + RLi —o> Emuc:ﬂm (138)

ElcuCN]Li + RBr —=> R-R + CuCN =+ LiBr (139)
[ ! Pt I

@Cucxx_?lm +  -C=C-C=0 ——> RCCHC=0 (140)

A new copper lithium reagent, (t-BuOCuR)Li, has been found quite
effective in substitution and conjugate addition reactions
(equation 141) {[250]. This is important in that much lowexr
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.

R—-R
—78°
RL1 “
t-BuOCy ————— > (1—BuOCuR)Li (o} (1241)
< —50%THF o
—50°
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Conversion of 8-alkoxy and f-alkylthio «,B-unsaturated carbonyl‘>
compourds into their respective RB-alkyl and B8,B8-dialkyl derivatiwv

has been observed (equation 142) [2511.

‘O
l.1leq. Me_CuLi :
1 %2 > \ (142
0.5hr, 0° Me
yie
Q o)
l.leq. n—BuZCuLi
SBu 0.5hr, 0° Bu
O
\ !
\_1-0=2q. Me,CuLi,0.Shr. -78°
Seq. n-BuZCuLi, ihr. -20° Me
Bu

addition of a methyl group to the «,B-ethylenic ketone system
in bicyelic ketone CL was observed to take place stereospecificallf

in 50% yield to give the tramns decalin compound CLI [252]

OMe

Qo

Unhindered intermediate enolates may be alkylated regio-—
specifically at the a-carbon (equation 143) [2531. These
enolates can be formed by conjugate addition of a lithium
organocuprate reagent to an «a,B-unsaturated carbonyl system.
When the g-—position was already substituted, various amounts

of equilibration of the c-positions was observed.

OCuR (o]

)
LiCaR, Log R

Cj LiCaRp é[ it N (143)
R R



