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I. Introduction

The year 1976 marked the seventy-fifth anniversary of

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

noted with brief historical reviews by Bruylants, Urbanski,
and Recarey {[1-31.

A variéty of review articles published during 1976 have

contained significant segements of organomagnesium chemistry:
-* Riecke and Hashimoto have both reviewed recent advances in

the preparation of active metals and their use in the
. synthesis of various organometallic compounds [4,5].
* A review by Davidson, Lappert, and Pearce on "Metal o-
Hydrocarbyls™ includes discussion of dialkylmagnesium

compounds {6].

In a review of intramolecular coordination of basic groups
to the metal 0f organometallic compounds, Prokof'sev covers
the cyclization of Grignard compounds by interaction with a
carbon-carbon double bond, in addition to discussion of
coordination with oxygen and nitrogen groups [71.

Okubo and Maruyama published three reviews which concentrate

‘upon the imporctance of single electron transfer processes

in the formation and reaction of Grignard reagents f81.
Three rev1ews, by Tamao and Rumada [9], by uchlosser [10}
and by'Beletskaya, Artamkina, and Reutov [11l] are concerned
with coupling reacticns of organometalllc compounds with
alkyl halides.. -
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* PBoireau, Abenhaim, Namy, and Henry-Basch have reviewed the
reactions of epoxides with organometallic compounds [12].

* Reviews by Tillett, on nucleophilic substitution at tri-
coordinated sulfur [13], by Fokin and Kolomiets on reactions
of'epi-thiocompounds [14]1, and by Volpin and Kolomnikov on
reactions of organometallic compounds with carbon dioxide
[15] include sections on organomagnesium reagents.

A convenient Grignard reaction experiment for under-
graduate students has been described [161.

Several theses in organomagnesium chemistry were
published. In addition to literature reviews which they
include, research results from many of them have been published,
and results are cited in appropriate locations elsewhere in this
survey, or in surveys from pfevious years. They include:

* T. Holm (Danmarks Tekniske Hgjskole), "Thermochemical and
Reaction Kinetic Studies on Grignard and Alkyllithium
Reagents" [17].

* L. M. M. Thiessen (Univ. Antwerpen),; "Reactions of 4-
Substituted Pyridines and Salts with Grignard Reagents" [18].

* G. R. Buske (University of Illinois at Urbana-Champaign),
"Additions of Cyclopentadienyl Metal Compounds to Benzyne
and the Stereochemistry of 7-Benzonorbornadienyl Grignard
Reagents" [19].

* C. E. Cannon (University of Wisconsin-Milwaukee), "Some
Rearrangements of Tricyclic and Bicyclic Organomagnesium
Compounds"™ [20].

* P. D. Livant -(Brown University), "Applications of Chemically
Induced Dynamic Nuclear Polarization: Radical Aspects of
Certain Organometallic Reactions” [21]}.

* R. B. Banks (Florida State University), "The Stereochemistry
of Organometallic Reactions at the Vinyl Carbon-Halogen
Bond" ([22].

* W. A. Nugent (Indiana University), "Mechanistic Studies in
Organometallic Chemistry;" sections on electron transfer in
reactions with peroxides and on Kharasch reaction catalysis
{23].

* C. W. Wilkins, Jr. (Pennsylvania State University), "The
Stereochemistry of Addition of Grignard and Lithium Reagents
to Norbornenols™ [24]1.

* D. A. Hutchinson (Purdue Uriversity), "The Structure of
Substituted Allylic Grignard Reagents as Shown by Nmr;
Solvolytic Studies of Substituted Allylic Grignard Reagents" [25].

References p. 186
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5IIa? Pregaratlon of: Organomaggeslum Cogggunds :
A.r ‘Reaction of M;gg;slum.w1th Organzv Haloge1 COmeunds

' Lawler and leant have observed LIDNP (chemlcallg )
71nduced dynamlc nuclear polarlzatlon) enhancement ‘in the'
Spectrum of the Grlgnard reagent formed in 1ron—catalyzed
funetlonal exchange between 1—propy;magne51um bromide and.
butyl bromide [21 26]. The spin polarlzatlon closely resembles
that reoorted earlier in the formation of butylmagne51um
bromide from butyl bromide and magnesium metal. For this
reason, they suggested that the po;eriéation in the latter
process ﬁay'result from a concurrent exchange- side-reaction,
and not from the Grignard-formation itself. ’ ;

. The preceding paper was answered by Schaart, Bodewitz,
Bloﬁberg;,en& Bickelhaupt [27]. They pointed out that preformed
Grignard reagent does not react significantly with alkyl halicdes
under most conditions of Grignard reagent formation which they
had‘previously studied; exchange of magnesium with alkyl iodide
in THF did not generate polarization in the reagent which
formed in that exchenge. Reaction of isobutyl iodide with
magnesium in the presence of ethylmagnesium bromide produced
enhancement only in the forming isobutylmagnesium iodide, and
the extent of polarization did not depend upon the concentration
of preformed Grignard. Further, they found that ethyl radicals
generated by photolysis of tetraethyllead in the presence of
ethylmagnesium bromide did not produce a polarized Grignard
reagent spectrum.

In a study of the reduction of alkyl halides with
aromatic radical anions, Bank and Juckett have discussed the
possible existence and stability of RX" species as intermediates
in Grignard reagent formation [28]. They concluded that their
results were consistent with proposed rate-determining electron
transfer, but that in some cases, cleavage to a radical may
occur simultaneocusly with the transfer.

Ashby and coworkers [29,30]1 found that the reaction of
aromatic Xetones with a large excess of methylmagnesium bromide

. produces alcohol by reduction, besides the normal products of
of methyl addition and single electron ﬁransfer (see section
IV A). The reduction product was traced to small amounts of
a magnesium hydride species, formed in about 0.2% yield'as a
side—product during Grignard formation. . Selectivity in the
reduction byptoduct was similar toc that feund,for authentic
magnesium hydride in the presence of Grignard reagent. The
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hydride is . destroyed by rapid reaction with excess methyl bromide,
"and the amount of hydride which survives the Grigrard formation
stage depends upon the size of the magnesium turnings and rate

of bromide addition. The source of reducing hydride was shown

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

radical mechanism was proposed:

ROCH,CH, + -MgBr-———»RoéHCH3 + HMgBr

Grignard reagents were prepared from the 14C—labeled

halides 1 [31]; no rearrangement of the label was found.

*
Ar2c=CArBr Ar = phenyl, p-anisyl
1

A Grignard reagent made from optically active 2 had 61%
retention of configuration. Unreacted bromide was not racemized,
and once formed, the Grignard reagent was configurationally
stable [22].

Buske and Ford reported a detailed study of Grignard
reagent formation from syn- and anti-3 [19,32]. Reagents were

B, X H _MgX
ﬂb@ X ﬂb@

formed from ordinary "Grignard grade" turnings, from "Riecke"
magnesium (ng2 + K) [4] and with Na naphthalene and MgClz.

The Grignard reagent formed from anti-3 and magnesium with
nearly complete retention, and maintained configuration despite
reflux in THF. Formation of reagent using sodium naphthalene-~
MgCl2 gave little stereoselectivity, and the syn-halides were
also less selective. Stereoselectivity was attributed to
kinetic control from surface-~-bound radicals. Yields of Grignard
reagent were variable and only fair; hydrolysis with D,0 led

to considerable undeuterated hydrocarbon, but little dimer.

The protium was not derived from solvent, and the authors

discounted adventitious moisture as its source.
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- In other 1nstances, actlve magneslum From reductlon w1th
pot3551um’has -been used fcr dlfflcult-to—prepare Grlgnard
reagents.» mhese lnclude the amlno—substltuted reagents 4 and 5
[331. : ) . :

BngN (Me) 2 CmgCHzcnchZN (Et) 2 (Me) ,C=CHCH,MgBr
‘ 4 s 6
The preny1 Grignard 6 was prepared and reacted in situ
using this active magnesium [34]. The in situ Barbier-Grignard
technique was also used for ethoxymethylmagnesium chloride, with
amalgamated magnesium. [35].
Failure to form a Grignard reagent has been reported for
7, even using active magnesium (MgX, + K), although the corres-
ponding bromide does react [36]. Attempted Grignard formation

from g and-9 was also unsuccessful [37].

CH,=C=CH (CH,) 5C1 C1CH=CHCH,C1 CH,=CC1-CH,C1

7 8 9

The in situ technique--reaction of an organic halide
with magnesium in the presence of another reactant--has been
guite frequently employed. Further examples are noted else-
where in this review: amino-substituted organomagnesium
compounds (section II, C, 3); di-magnesium derivatives (section
II, C, 7); coupling reactions with metal or metalloid halides
(section VI, D).

k Chlorotrimethylsilane and magnesium metal react with a
variety of organic compounds, particularly in HMPA solution.

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

. Mg
[:;]~CH=CHCNR2 + 2Me SiCl ——> CH-CH=C-NR,
i ' HMPA I )
SlMe3 051Me3
. Mg
MeCH=CH-CH=CHCONR,, + 2Me,SiCl ————>» MeCH-CH=CH~CH=C-NR
2 3 HMPA ! 2
SiMe3 SiMe3

vSomeﬁcontroversy has been generatedrover the possibility of
silylmagnesium intermediates (see 1973-75 surveys). Rosch,
Erb, and Miller have presented some supporting evidence [39].
Reaction of the chlorosilane with active (Riecke) magnesium‘in
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THF at -10° generated new nmr signals--most predominantly that
from MeSSiSiMe3. Hydrolysis produced trimethylsilane, although
attempts to isolate a silylmagnesium precursor were unsuccessful.
other experiments, in which products were derived from attack on
HMPA or 1,3-diethoxypropane solvent, were explained on the basis
of .the same intermediate. .

In an attempt to prepare a Grignard reagent from 2,3,4-
trichlorothiophene, Rahman and Gilman found metallation occurring
concurrently with the reaction between magnesium and starting
material [40]:

c1 c1 [ca c1 c1 c1 ci c1
- Mg 10
T i | W™ L
1 C,H,Br, L gC1 H H CI MgCl
10 THF 11 -

Addition of Me3SiCl before completion of reaction allowed
trapping of some of the intermediate 11.

An interesting variant used for preparation of hydroxy-
containing Grignard reagents has keen patented [41]. A Grignard
reagent was prepared in THF from a mixture of 3-chloro—l-propanol
and ethyl bromide, which serves to deprotonate the OH group. A
similar technique has been used for preparation of a carboxy-
substituted Grignard reagent [42]:

. THF + HMPT ’
Br—{C::>—CHCOOH‘+ EtI + Mg -———————> Bng—<C::>—CH—C02MgBr
! 35-50° !

Me Me

A patent was also issued on a process for preparing
Grignard reagent complexes in non-ether solvents [43]. The
halide (alkyl chloride or chlorocbenzene) reacts with powdered
magnesium in a toluene solution of Mg(OR)(OCHZCHZOR'), to which
catalytic amounts of ethyl ether and NaAlHZ(OCH2CH20Me)2 have
been added. Solutions obtained were stable for at least two
weeks, and reacted normally with carbonyl compounds.

A potentially useful technique for preparation of vinyl-
magnesium bromide in THF [44], and a high-yield (>95%) prepara-
tion of butylmagnesium chloride in isopropyl ether [45] have
been published.

An apparatus and method for a continuous manufacturing
process for Grignard reagents has been published [46]. Yields
of 96-98% of cyclohexylmagnesium chloride are reported; the

halide is vaporized into the bottom of a column, and magnesium
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,1s replenlshed and Grlgrard solu on removed at the top. LA
,patent was' aISC~lssued for a. method of ether recovery in f A
PXG: -‘esses mvolvmg Grlgna_rd reagents from’ am:.no-subst:.tu ed
1a1kyl halldes [471.’ A mathematlcal model has been developed
‘for control of . potentlally dangerous" ‘production processes
~of hlgh reactlon rate, and applled to Grignard reagent. produc-
tion [481. - .

_ Two papers. concerned with benzyne—formatlon from aryl
dlhalldes and magnesium may be noted. Halides 12 and 13 led
to the same mixture of trapping products as from a diazo-
carboxylate, indicating a free benzyne intermediate [49]. A
benzyne has also been generated from 14 ([50}1.

Me Me
. Br
F Br [:1:::1:
I
Br . o :
12 13 14

B. Other Methods of Formation
Maercker has continued his study of the formation of
allylic organomagnesium compounds from nonhalogen reactants.
I\ earlier procedure in ‘which allylic phenyl ethers react with
magnesium is substantially improved by changing to Bg-naphthyl

-athers [51]. Addition of ethylene bromide reduces the induction

-period for reaction. The phenyl ether technique has been
applied by Ford for formation of 2-phenylallylmagnesium
phenoxide [52]. Maercker and Jaroschek have also studied the
reaction of thio-ethers with magnesium [53]. The normal

" structural reguirement for successful organometallic formation

was apparentlys:

SPh

Mg
Se ——cI:- -Ph —>

S

Three cases are of further note. From sulfide 15, only a 12%
yield of carbonation product was formed, along with 81% of
‘coupling. The organometallic failed to give a positive Gilman

Me,C=CH-CMe,SPh [::>—sph MeCH=CHSPh

5 16 . 17

test. Reaction of sulfide 16 appeared to stop at about 50% -
compietion. An unreactive complex between reactant and the
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organometallic was proposed. Carbonation product was produced
in 23%.yie1d fram 17, although- the intermediate organometallic
is neither allylic nor benzylic.

" During 1576, there were additional published studies of
diene-~-magnesium compounds, reporting experimental details of
their formation. The 1,3~butadiene complex was prepared by
reaction with metallic magnesium in THF or tetrahydropyran, in
the presence of about 12 of I, or various organic bromides or
iodides [54]. No reaction wa; observed in ether, dioxan, or
1,2-dimethoxyethane at 80° over periods up to one week. Products
containing one, two, and three butadienes per magnesium were
isolated. The products formed depended upon the ratio of
reactants, and their production was shown to be a segquential
process of addition of butadiene units.

The reaction of myrcene (18) with magnesium was also

S .
; .

18 19

studied. Formation of adduct was catalyzed in THF by ethyl
bromide and transition metal halides (FeCl3, Cuclz, NiBrz,
Pdclz) [55] or Lewis acids (BFBOEtz, Al(0iPr) 5 2ncCl,) [56]. 1In
addition to the 1:1 complex, a 2:1 complex was formed with
excess alkene and the transition metal catalysts. A 1:1 adduct
was also observed with 19 and magnesium [55].

Spectroscopic and chemical characterization of the diene-

magnesium adducts is described in section III, D.
Some other reports of reaction of magnesium with organic

compounds are more peripheral. Reaction of magnesium with
biphenyl in liquid ammonia led to 1-, 3-, and 4-phenylcyclo-
hexenes [57]. The reaction most probably involves the radical
anion of biphenyl. Reaction of nitrosamines with magnesium (or
lithium) produced the metal dialkylamide [58]:

2R,NNO + 2Mg =——3 2R,N + Mg™" + MgO + N,O

Magnesium atoms, codeposited at 77°K with cycloalkanones, give
products which may be attributed to a carbene [59]. Most
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51gn1f1cancly ;reactlon W1th cycloheptanone produced a. small
“amount Of - norcarane (1ntramolecular 1nsertlon) and cycloheptane
;(p0551b1y from H—abst.actlon by trlplet carbene). along with -~ -
Larger amounts 0; cycloheptene, a plnacol ‘and aldol condensat;on
products.v Panely d1v1ded bulk magneSLum does not 1ead to these
'products. Catalysts from’ magne51um or: magnesium amalgam and
,Tici3 or 'I‘J.Cl4 were found useful in coupling aliphatic aldehydes
and ketones to plnacols [60]-< - -
: - Replacement of acidic hydrogen by metallation with an
organomagnesium compound has been reported in several cases
noted here; other feactions in which the organomagnesium compound
functiens'as:a base are included-in section VI, F.

. Metallation of 3,4—dichiorothiophene by ethylmagnesium
bromide has been reported [61]:

cr c1 c1 c1 : ' cL c1
EtMgBr 1) co,
— [,.. —>
MgBr ) gt COOH

A similar metallation of 2,3,4-trichlorothiophene during its
reaction with magnesium was noted above (section II, 3).
Grignard reagents 20 [62] and 21 [63] were formed by

? Me
Me-S-CH,MgI (CH,) O n=2,3
MgBr
20 21

magnesium-hydrogen exchange and characterized by carbonation or
-reaction with benzaldehyde respectively. The anion 22 has also
been prepared and alkyiated [64].

N

|

EtMgB ROTS
=2rgor ROTS,,
THF
N_ N . ‘
|

]
AN
Bt” “cH,Me C\CHMe £t “came
: i
22 R
Although the formation of acetylenic organomagnesium
compounds by reaction of terminal alkynes with alkylmagneSLum

der;vatlves is commonplace, the following example is included
because'of the unusual combination of metallation and displacement
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py'the'Grignard reagent [65]:

CuCl
'HCECCHZCI + MeMgX —> XMgCEC-CHzMe
' THF

Kinetic studies of the metallation of acetylene are covered in
section VI, F, and magnesium enolates are in II, C, 4.
Metsllation of "active methylene compounds”™ with tertiary

amines and MgCl2 has been reported [66]. In this fashion, good
vields of carbonaticn products 23 and 24 were obtained.

COOH
Ph" O
y/ CCHZCO H
23 24

The isomerization of butenes over magnesium oxide is
proposed to involve allylic anions [67]. In effect, this
corresponds to metallation, producing a surface organomagnesium
intermediate.

Magnesium-lithium exchange has been used by Seebach to
prepare the magnesium derivative of the thicacrolein dianion [68]:

2RLi HC—CH MgBr HC—CH
ACHZSH — 177 —a> /)
H,C27'S H,C 278
.
2nit Mgt

Unlike the lithium derivative, which reacts with electrophiles
in the y-position, the magnesium compound undergoes reaction
with aldehydes and ketones a to the sulfur. The sequence shown
leads to synthetically useful vinyl oxirane intermediates:

OH -
R2C=0 Mel ' R CI: MeXI OH o)
) —— — 2 w/% _— —>
2= RS
SMe R
Mg++

Di{(cyclopentadienyl) tin undergoes exchange with cyclohexylmég—
nesium bromide to yield di(cyclopentadienyl)magnesium and a
Sn({IV) compound of undetermined structure [69].

Metal-halogen exchange may also result in formation of
organomagnesium compounds. As noted earliar, CIDNP polarization
has been observed in the butylmagnesium bromide formed by iron-
catalyzed exchange between isopropylmagnesium bromide and butyl
bromide [21,26]. Some uncatalyzed exchange occurs between
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’phenylmagnes;um 1od1de and 1 B—dxlodonaphthalene [70]. A patent
'abstract gives the following reactlon, whlch may. requ1re “al
metal—halogen exchange [70a].7

Cycloaddition of benzyne to cyclopentadienylmagnesium
bromide produced 25 [71]. The product had mostly the anti-

BrMg BrMg
QL3
25 26

configuration shown. Reaction via a small fraction of o-cyclo-
pentadienylmagnesium compound was proposed, since alkali metal
cyclopentadienides give instead phenylcyclopentadiene, while
cycleaddition is observed with trimethylsilyl- and trimethyl-
stannylcyclopentadienes., Indolylmagnesium bromide reacts
similarly, forming 26. Another cycloaddition, catalyzed by
HMPA or a cryptate or aza-crown ether, has been studied [52]:

Ph

PhOM Ph
CH,
ph_cf + l —_—
CH,MgOPh Ph %t oy

- Complexes of organomagnesium with other organometallie
compounds appear frequently in the patent literature as poly-
merization catalysts (see section VII, B). In addition to.
these, we may note at this point complexes formed between
dialkylmagnesium compounds and either zinc or boron alkyls [721.
A hydrccarbon-soluble complex formed by preparatidn of alkyl-
lithium br'-Sodium compounds in the presence of magnesium
alkoxiaeé may be”carb'o_nated, and is active in metallatien of
aromatic or hete :caromatic compounds [73].
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"C.  Some Organomagnesium Compounds Prepared or Studied
’ . The major portion of the literature of organomagnesium
chemistry consists of the formation and reaction of simple alkyl-
or arylmagnesium halides. In this section, we survey some of
the variety of less routine organomagnesium compounds which have
been prepared and studied or used during the past year.

1. Halogen-substituted compounds
Perfluoroalkylmagnesium halides are prepared by

metal-halogen exchange between perfluoroalkyl iodides and
Grignard reagents or from a halide plus magnesium metal. Their
preparation and reaction with N-sulfinylimines has been studied
[74) . Thermal decomposition of perfluoroalkylmagnesium bromides
produced perfluorovinyl bromides which were in turn, converted
to Grignard reagents. The latter did not occur in ether or by
exchange with an alkyl Grignard reagent [75]:

Mg
R..CH,CF ,MgBr ——> R CF=CFBr ——3 R_CF=CFMgBr

THF
Carbonation and protolysis products had the trans-configuration.
The following halogenated aryl Grignard reagents have

been prepared:

F F
©_‘( BrM ci
CF CFC1

BrMg 2 BrMg CF 4

[76] [77]

These react normally, but the first two will also undergo
oligomerization. Chloro-substituted thienyl Grignard reagents
and benzyne reactions from o-dihaloaromatic compounds have been
mentioned in sections II, A and II, B.

2. Alkoxy, acetal, and hydroxy-substituted compounds

Grignard reagents with a hydroxy or carbonyl

function protected as silyl ether [78] or acetal [79-82] are
quite regularly encountered. Reagents with these groups in the
§-position or further removed from the metal appear to be formed
and ﬁsed quite routinely. However, it has been reported that
chloride 27 failed to react with magnesium under normal conditions

cw BrMgC=C

27 28
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Grlgnard reagent from l—oromo-3—phenylthlopronane has been

usad [89].— Y-substltuted acetylenrc Grlgnard reagents 29 and
30" ‘are also reported [90, 91]._'

i B ) PRI ' CgHyq - . (R = THP
 -c=CcMgx ’ R\(/‘—cscugx - -or MgBr)
f;29' o . 30 ' .

W*th an acetal function in the Y-p051t10n, the properties
of the orgarometalllc are modified. Stowell finds that 31 '
reacts cleanly with an acid chioride at ~95° to produce an

- 31 o 32 33

excellent yield of the ketone product [92]. While 31 may be
prepared in refluxing THF, the dioxolan 32 decomposes above 30°.
The: reactlon of 32 with an a,B—unsaturated aldehyde is also
reported in a patent [93]. Ponaras reports that the similar
‘dioxolan’ 33 may be prepared in THF below 25° by entrainment
with a small amount of ethylene bromide [94]. 1Internal solvation
by the ketal function markedly reduces its reactivity; it reacts
sluggishiy'with ketones, selectively forms ketones by reaction
with acid chlorides, and forms an ester with methyl chloroformate.
¢ . A fluorinated B-alkoxy Grignard reagent 34 has been
prepared by. reaction of the bromide with‘magnesium~[95]. However,

;ﬁi Q\;ng

34 ' . 35

'attempts:ﬁo,prepaIE'Grignard reagents from hydroxy-protected 6-
iodoglycoSides7led,to'coupling»[961. Compound 35, which is the
VVinj1og of a B—alkoxydrganomagnesium compound, has been reported
in a patent [97].: '

Ethcxymethfl magne31um chlorlde has also been ‘used
synthetlcally [35,98]. The reagent was prenared and used in a
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Barbler—Grlgnard in altu reaction with amaigamated magnesium.

. Two examples of acetal-substituted aromatic Grignard .
reaggnts are [99-101] :

. 7 . ’ OCHzQMe
o MeO Me
E@- MgBr and
- Me MgBr
OCH20Me

Preparation of a hydrexy-substituted Grignard reagent
was noted in section TI, A {41]1. Another example [102] is:

BngOCRZ—CECMgBr, R = H, Me

3. Amino—substituted compounds

Y-Dialkylamino Grignard reagents have appeared in
a substantial number of reports. An Organic Syntheses prepar-
ation using 36 provides full experimental details [103]. Use

Me2N~y/~\,/Mgcl [::}h\’/\\’/MgC1

36 37

of active magnesium for the diethylamino analog was

noted previously [33].' Other examples, many from the patent
literature, include 37 [1041, 38 {1051, 39 [106], and 40 [77].
The unsaturated analog 41 also forms and reacts normally [107].

CHzMgCl

38 39 40

Et

_>N\~/,CHMgBr
e’ ¥

R
41

Unsaturated B-dialkylamino Grignard reagents 42 are

%gBr

R2N—CH2—C=CH2 R,N = Me,N-

42
’ or [::h-

R_efexgnw p 186
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'reporﬁediiﬁfpaténtLliég:atﬁfé'[icéj{,:eactibn;ithffurwas ﬁséaf
'in'oneipeédrtALLOQJ.:‘Thefabst#act_qf,a;patent abpga:s;tbg
indicate a saturated B-dialkylamino reagent 43 [110].

, ('JR 'I‘le
PHCHCH,N  NCH,CHMgBr
43

- The unsaturated ac—amino organomagnesium compounds 44 are
acyl anion equivalents with synthetic potential [111]. Their
preparation from the chloride and magnesium is accompanied by

MgCl 7\
-NR, = -NMe,, fNMePh, NP

‘NR
44

2

dimer formation and "hydrolysis" product. The reagents react
normally with COZ' acetaldehyde, and acetic anhydride, and
couple with similarly constituted aminovinyl halides. They
did not react with ethyl acetate or acetonitrile.

While it is not: accurately an organomagnesium compound,
some interesting coupling and dimerizaﬁion reactions of 45
appear to involve‘ring cleavage and single electron transfer

Coun

4

processes [112].

45

4. Carbonyl and carboxy-substituted compounds:; enolates

In section II, A, preparation of a carboxylate-
substituted Grignard reagent ‘is described [42]. A "Grignard
reaction” of the halo-ester 46 with an aldehyde is described in

CHZCOZt—Bu

@

Ci

46

a patent {113]. 1In 47, a carboxy group is protected as an
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oxazoline [114].
Magnesium enolates which have been prepared and studied

inélude the following:

i .
XMgCHzc-Y (Y = Otj-Bu, QS:ine3, NMez) [115]
-—{—-co Et -——9 -—+—-c02Et ' [116]
MgBr
i-Pr-MgCl
I, (1171
- +
{ -MgC1l
(o]
iPrMgCl i
PhCH,CMe ———> PhCHCMe + PhCH,CCH, + PhCHz?—Me [118]
i-Pr
24% 56% 20%
EtMgBr
CH2 (COZEt)2 —— CH(CO Et)2 f119]
. {120
RCO,H + A \MgCl—> R@—CH=CH2—/A——M-35'-1>Ré=CHCH2CH=cr12 121;

References [117] and f118) discuss subsequent aldol condensations.
The enclate generated in references [120] and [121] is acylated
on carbon and oxygen by acid chlorides, anhydrides, and esters.
5. Unsaturated and polycyclic compounds
A detailed preparation of diindenylmagnesium has
been published ¢i22]. Grignard reagents from p-chlorostyrene
have been used to prepare unusual monomers [123-125].

Reaction of the Grignard reagent ¢8 with acetaldehyde and
with amino ethers has been reported in patents [126,127].

v

OO

Benzonorbornadienyl Grignard reagents have been discussed

in sections II, A and II, B [32,71].
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T W:Lth allyl:.c, propargyl K or allen:.c orga.nometalllc
compounds, allyl::.c J.somerlsm ‘0L both the organometa_r_llc
J_tself and 1ts react:.on products 'nay be s:.gnlflcant. . Contn- L
butlons to thls ar ‘e will be dlscussed in section III, D.

6. Heteroaromatic compounds _ ’ .

Prev1ous mention has been made of the generatlon

of chlorlnated thienyl Grlgnard reagents by metallation [40,
611. Procedures have also been publlshea for formatlon of
syhthet:.cally useful Grignard reagents 49 and 50 [128] and 51

‘ MgBr e MJBr
51

[129] from the corresponding halides and magnesium. Thenyl
Grignard reagent 52 has also been used [130]. The tribromo-
selenophene 53 uhdergbes haiogen—metal exchange with ethyl-
magnesium bromide in the 2- (70-80%) and 5-positions (~10%) [131].

CHZMg01 Br

Me* e B e r
52 55

~ The benzothiazole Grignard reagent 54 has been prepared
‘[132].

7. Dl—magne51um derivatives and other metal—substltuted

or: metallo-organomagne51um compounds
Di-Grignard reagents 55 (X = Br) have been prepared

, ' : CH,MgBr
XMg+CH, ¥ MgX —}—(—
o - '%——CHzMgBr

55 56 - 57

and converted into tin (n = 4) {133,134}, platinum {n = 4, 6)
[135], and arsenic (n = 5) {136] metallocycles.' Magne51acyclo—
pentane wasralsq studied [1331. Grlgnard reagent 57 {1371, and
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the primary-secondary and secondary-secondary di-Grigaard
reagénts corresponding to 55 (n = 4) were prepared [135].
Wnitesides and Gutowski studied Grignard reagents 55, n =
4-12, in coupling to cycloalkanes [138]. They found the best
yields from the chlorides in refluxing THP; poorest results

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

They also reported the interesting reagents 58-61. The
: MgCl MgCl MgCl
Lz oC,. OO, X
MgCl
gCl gCl Mgc1
58 59 60 61

unsaturated allylic di-Grignard reagent 62 was silylated in situ
[139].

BngCHZCH=CHCH2MgBr BngCHZMgBr

62 63

Methylenebis (magnesium bromide) 63 has been studied as
an alternative to the Wittig reagent in carbohydrate chemistry
(see section IV, D). The reagent was prepared from CHzBr2 with
a catalytic amount of I, and chlz. Best results were obtained
when the Grignard was used in situ [140].

Diene-magnesium adducts, discussed in sections II, B and
ITI, D, are also organo-bis-magnesium derivatives,

Aromatic di-Grignard reacents 64 [141] and 65 [142] have

been reported.

R R=H, X=C1 Z—CH2 Z = NMe
: : R = Ph, X = Br or O
Mg Mg MgBr
1”1 2
X X
64 65

Trialkylmetal-substituted Grignard reagents €66-71 have

been prepared and studied:

R Sn(CHZ)nMgBr R = Me, Bu, Ph; n = 3-5 [143]

3
66

RSiMeZCHZMgCl 67, R = Me [1l44]; 68. R = Me3Si, Me3SiO— [145]

References p. 186
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Me-ES:LMe c= c;-—MgBr 3Gec -,:-;'_, RzGe (C'CMgBr)Z e
69 [146] R = Et, Ph - 71 [1471 '

70 147}

The reactlon of carborane G;lgnard reagents RCBlOHIOCMgB
and’ RCBlOHIOCCHzMgBr with phenyl isocyanate was. reported [148].
Synthetic procedures for preparation of tran51t10n metal-

magnesium derivatives have been presented. ' These complexes are

Mg (Hg)
[che(CO) 5y —m> (THF) . Mg[Fe(Co)ch]
THF

Mg (Hg)
Co,(CO) g > (PY)4M9‘[C0(CO)4]

pyridine

Mg (Hg)
cpMo(CO)zPBuaI —— (THF)4Mg[Mo(CO)2cpPBu3]2

thermally stable but pyrophoric, and couple with alkyl halides
to produce alkyl transition metal compounds [149].

Mo(ep)ZH2 and W(cp)2H2 react witp a variety of Grignard
reagents to form complexes containing magnesium and molybdenum
or tungsten [150]. The molybdenum complex with cyclohexyl-
magnesium bromide was determined by X-ray crystallography to
be a bridged dimer with Mo-Mg bonds. Local disorder prevented
a complete X-ray structure of the isoprdpyl analog. These
complexes are highly reactive, giving products of substitution
-or addition on the molybdenum or tungsten with Cco,, CO organic
halides, and butadiene.

Other organometallic complexes with likely metal-
magnesium bonds are reported:

. o CGH
NbCl,-3(pyridine) + (PhCH,) Mg "

I
NbCl-l.S(PhCHZ)ZMg-l.S(PYridine) ——£€>

3PhCH,I + NbC1I [151]

2" 3t 3/2MgI

2

CpRe (CO) ,I, + RMgX —> cpRe (CO) , IMgX [is2}

Reaction of the latter with acid chlorides acylated the rhenium.
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Complex materials have also been obtained from titanium
compounds., A substance represented as Ti(MgCl)z'TiCl2 was formed
from TiC13-3THF and magnesium. The influence of oxidizing agents
(C3H7C1) and reducing agents (C3H7Mgc1 and Na) on the nitrogen-—
fixing properties of this complex were studied [153]. Another
nitrogen~-fixing system from [(ns—cp)z’l'iR]ZN2 and i—C3H7MgCl has
been studied [154]. A complex represented as MMg,Cl, (THF)N
(with M = Ti or V) is formed from MCl4 and Mg; it reacts with
CO2 to give isocyanate complexes [155].

Triphenylsilyl- and triphenylgermylmagnesium derivatives

have been synthesized by a metal exchange:

RMgBr

Ar3M—Co(CO)4 —_—> AraM—MgBr (M = si, Ge)

The products were characterized by hydrolysis (HZO and DZO)'
alkylation with benzyl chloride or allyl bromide, or reaction
with Me3SiCI. Retention of configuration was found [156].
Bvidence for a trimethylsilylmagnesium compound has been cited
in section II, A [39]}.

Reaction of tert--C4H9PCl2 with Mg in THF [157] gave the
cyclic trimer (tert-C,HgP);.

"Ate"-complexes from methylcopper and primary, secondary,
tertiary, or aryl Grignard reagents in THF are formed in high
yield [158]. These complexes are soluble at 25°, but form a
suspension at —-78°. They have substantially greater thermal
stability than LiR,Cu compounds. The complexes form ketones
with acid chlorides at -78°, selectively transferring the other
organic function in preference to methyl. They are also usefully
reactive toward alkyl halides and «,B-unsaturated ketones.

D. Aralysis of Organomagnesium Compounds
Addition of organomagnesium or -lithium compounds to
intensely colored sulfurdiimines 72 produces a colorless adduct.

R
Ar-N=S=N-Ar + RMgX ——3> ArN—é—NAr + Fugx

72
R MgX

\N/
or ArN=S=NAr

an r
ol

!
or R-S\ ﬁF‘R
Az’/N\M “ar

References p. 186



J 114

_Pronounced 1oss of color at the equ1va1ence 901nt whlch does
_'not occur w;th alkoxlde oxr oxlde, makes the . reagent,useful for

;eeltrxmetrlc analysxs of Grlgnard reagents [159 1601.

IITI.’ sggct£>! Progert:.esg and Structures of Organomagrieésium’
Cogounds':"' ' ' S

A.J Spectroscoplc Studles . .

' Infrared and.Raman spectra of diethylmagnesium and
its MeCD - and CD3CH2— isotopic analogs have been obtained by
‘Kress and Novak at 90 and 300°K [161]. Fundamental modes of
thefethyi groups and theieafbon-magnesium chains were assigned.
The spectrum at 300°K was consistent with an infinite chain
etrﬁcture, but at 90°K there appear to be differences in chain
configuratinn. The C-Mg forde constant is 1.05 mdyne/A°.

Kress has also determined Raman spectra of diethyl-
magnesium in ether between 160 and 300°K [162]. Bands in the
low-frequency reglon were a551gned to the C-0-C deformation of
free ether (440 cm ), to the rlng-stretchlng frequency of the
dimer (360 cm ) and the symmetrical CMgC stretch of the
henomer (410 cm ). From these, a concentration-dependent
equlllbrlum constant and thermodynamlc parameters were derived:

(Et,Mg-ether), + 2 ether T== 2 (EtMgBr-2 ether)

4 + 2 s ———— 2 m
m2
K, = : 5— = 0.05 at 296°K AH® = =2300 cal/mol
dasc

(¢ = total diethylmagnesium concentration)

. The effects of concentration, temperature and the R/C1
ratio on the proton nmr spectrum of tert-BuMgCl in THF were
studied [163]. .Separate resonances were observed for RMgCl-
and R,Mg up to at least 60°. Results were interpreted in terms

of the equilibrium:
2t-BuMgCl ——= (t-Bu),Mg + MgCl,

Pfecipitation of MgCl, occurred below 10°. Variations in the
equilibrium constant and thermodynamic parameters with temper-
ature, concentration, and the R/Cl ratio were attributed to
differences in the solvation number.

» Infrared, Raman, and nmr spectra of y-picoline complex=s

of ethyl- and phenylmagnesium bromide have been reported [164].
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Infrared and nmr spectra of complexes between magnesium halides
and ‘4-substituted pyridines have been determined [18]. Frequency
shifts and the variations of ir intensity of Mg-N frequencies
indicated strong bonding and the lack of back-donation.

The nmr spectra of some organomagnesium compounds have
been determined in conjunction with other studies. These
include 73 (t, 6§ -0.7 ppm) [92]; 74 (£, 6 -0.5 ppm, J = 8.5 Hz)

MgBr H
)/A\CH’, <::>_1
2 MgBr

CH,MgBr
73 74 75

[165]1; 75 (apparent pentuplet, 6 +0.5 ppm, J = 5.5 Hz) [165].

In a photochemical rearrangement study (see section VII,
A), ultraviolet absorption bands of allylic Grignard reagents
have been reported [166]. Allylmagnesium bromide and methallyl-
magnesium chloride have absorption at 246 nm (e 4300) and 251 nm
(e 4100) respectively.

Spectra of allylic organomagnesium compounds and diene=—
magnesium adducts are discussed in III, D. A number of CIDNP
studies of organomagnesium reactions have been reported. These
are summarized elsewhere in this survey with the appropriate
reactions: sections II, A (formation), IV, E (reaction with
acyl halides), VI, A (with alkyl halides), VI, E (with peroxides),
and VII, D (thermal decomposition).

B. oOther Physical Measurements
The heat of formation of butylmagnesium chloride has
been determined as -107.6 * 0.5 kcal/mol [167].

Oxidation potentials of a variety of organometallic

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

with polynuclear aromatic hydrocarbons was used as a probe, and
electrochemical techniques were used to monitor formation of
the aromatic radical anion. In some cases, a second wave
indicated reduction to the arene dianion. Results found were:
i-PrMgCl and EtMgCl ~ -2.6 vVv; CZH3MgC1 < -2.,5; EtMgBr < -2.45;
BuMgCl ~ -2.45; MeMgCl < -2; PhMgCl and MeMgBr > -2. Basicities
of alkylmagnesium halides and dialkylmagnesium compounds were-
also studied electrochemically [169]. Halide ion decreased the
basicity of the solutions by displacement of the Schlenk
equilibrium. The titration curve of R,Mg with alcohol or
aniline had two breaks, indicating sequential protolysis of
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-the. alkyl groups w1th different ba5101ty. . e

Molecular assoc1at101 studies showed the 2:1 butadlene——
magnes;um complex (see section III, D) to have a molecular
weight of about 3000, corresponding to an i-value of about 11
[54]. . : o

A phase diagram was reported for the system &iethyl—
magneéium;diethyl ether in the range from 0 to 50 mol percent
diethylmagnesium [162]. A triple point occurs at about -70°
and a molrfraction of about 24% diethylmagnesium. At higher
temperature and concentration, the solution is in equilibrium
with crystals of the dimer; below the triple point, the monomer
crystallizes.

X-Ray crystallography has been used to determine the
structure of the adduct between phenylmagnesium bromide and
benzonitrile [170]. The magnesium atoms were bridged by two

PhMgBr + PhC=N
%

[Ph2C=NMgBr]2'(THF)3
TH
Ph2C=NH + iPrMgBr

PhZCN groups and by one of the THF molecules with long bonds.
The magnesiums are thus pentacoordinated; the Mg-Mg distance
is 2.89 ;_ A dimeric adduct with only two THF molecules
crystallized from benzene, but its structure was not yet
determined.

The structure of a complex from cyclohexylmagnesium
bromide and Mo(cpz)ﬂ2 has also been determined (see section II,
c, 7) [1501.

C. _Theoretical Studies

A priori calculations of the structure of unsolvated
monomeric MeMgF and MeBeF have been reported [171]. Linear
MeMgF is predicted to have a dipole moment of 2.38 D, and C-Mg
and MgF bond lengths of 2.08 and 1.78 i; the latter is very
close to that observed for MgF2 (.77 g). The highest occupied
molecular orbital has itse largest contribution from CZ'.
Population analysis places net charges of -0.55 and -0.78 on
methyl and fluorine, énd +1.33 on magnesiumn,

A new non-empirical electronegativity scale is based
on floating spherical Gaussian orbital calculations [172].
Electronegativities of magnesium, carbon, bromine, and chlorine
on this scale are 1.24, 2.35, 2.52, and 2.84; for comparison
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'thé Pauling scale gives 1.31, 2.55, 2.96, and 3.16, and the
Allred-Rochow scale gives 1.23, 2.50, 2.74, and 2.83, respectively.

2b initio calculations for a-oxa and ca-thia carbanions
led to the conclusions: adjacent sulfur does not utilize d-p
T-bonding; polarization of the electron-distribution by the
anionic charge is important; relative anion-stabilizing effects
should be in the order OH < OMe < SH < SMe; stereo configuration
is important, with conformations having a lone pair anti to the
carbanionic electron pair less stable; and similar results apply
to lithium (and presumably also magnesium) derivatives [173].

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

magnesium Compounds

Nmr spectra of allylic Grignard reagents, mono- or
di-substituted in the 3-position, indicate the presence of
only the primary isomer 76 within the limits of detection [252.

R1R2C=CH—CH2MgX = Rle?—CH=CH2
MgX
76 77

Rapid cis-trans equilibration via 77 occurs even at low temper-
atures. The Z(cis)~configuration of 76 is preferred in the
absence of large steric effects.

Reaction of crotyl Grignard reagents (76, R1 = Me, R2 =
H) with R3Mx (where R = Me, Ph and M = 8i, Ge, Sn, Pb) gave a
mixture of crotyl and methallyl products {174,175]. The crotyl
isomer was favored for Si and formed exclusively for Pb; for
Ge and Sn the methallyl predominated. There was a slight trans
preference with Si (~3:2) and Ge, cis with Pb. In reaction
with MeBSicl, the product was independent of starting material,
solvent (ether vs THF) and order of addition; in situ reaction
produced the same mixture.

Grignérd reaction of 78 with silanes led to products

from reaction.at the primary carbons [139].

Mg
BrCHZCH=CHCH2Br + R3S.1Cl —_— R3SlCH2CH=CHCH2SlR3
THF
78
With the prenyl Grignard reagent (76, r! = R? = Me), the

only product isclated from reaction with Me3SiCl was the
"unrearranged" prenylsilane [176]1. Reaction at the primary

carbon was also observed in addition of the prenyl Grignard
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: reagentvtb BicYélic ketones  (see section IV;'B“[’??]. however,
¥an in sztu reactlon of prenyl ‘bromide w1th 79- and related -
'ketones occurred at the tertlary pOSltlon [341..

Me3slo, »
- .

Lo 79 ,

Reacfion~of;afvariety of substituted allylic Grignard
reageﬁés with a C=N function produced a mixture of "linear"
(unrearranged) and “"branched" (rearranged) products, depending
upon the degree of steric hindrance at the y-carbon [178].
Addition of the pentadienyl Grignard reagent produced the
secondary“product [178a]:

' ‘ & CHO
CH2—CH-CH-CH—CH Mgc1-——-—> >—<

Protolysis of allylic Grignard reagents with strong acids,
water, alcohol, ox hindered amines led to protonation at C3
(allylic rearrangement), while unhindered amines gave mostly
the product of protonation at cy [25]. '

- A study of allylic derivatives of several metals has
shown that the slight equilibrium preference for the Z({cis)~
isomer in the Grignard reagent is much stronger with the more
electrop051t1ve alkali metals [179]. Stabilization of a Z-
carbanion in an initmate ion pair by hydrogen bonding from the
cis—~alkyl group was proposed:

The Grignard reagent from propargyl bromide is represented
[180] as the allenic structure 80. Reaction products obtained

H---CH Br -—) Hi —,"Cx‘
, Brid HMe

CHzBr

O,CHO ><“\C \—>:/ [183]
oa:::// ;it:aiBr -7>=i\'5—ﬂ
S

f181] o [182] ‘ H

were:

[180]



119

Rz Rl R2
"H-E~GH-MgBr" + Rl—“—-{—R3 —_— H—':"T—*-—I—R3 [184]
R 0 X R OH X

The Grignard reagent from chloroprene, which appears
spectroscopically to have structure 81, leads to a mixture of
products, depending on the reactant ([185,186]1. Allene products
are formed in larger amount with benzaldehyde, acetophenone,
benzophenone, or pinacolone. It was concluded that softer and

: 4( Mg o
THF
c1

MgCl
81 (\
RCHO l rcor? rlc-tr-g2
d I_gLRl R2
R R2
OH oh . OH
+ + or
OH OH
}—J R
R Rr2
Ph
82

less hindered electrophiles prefer reaction at the 2-position.
Styrene oxide forms 82, along with minor allemnic products.
The Grignard reagent from 83 gives an allenic carbonation

product [187]}.
Ph
¥4 r

ﬁ%

Several Grignard reagents from halides of the type 84
have been prepared. Some results of reactions are shown below.

Two reports have appeared on the formation of isomeric
products from acylation of benzyl Grignard reagents. With a
variety of acyl halides [191], yields of the "abnormal” product
85 increaseé with (a) decreasing basicity of the solvent,
(b) with decreasing ionic character of the benzyl-metal bond
(Li < Mg < Al), and (c) with increasing reactivity of the
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K2R OH
4
rY, =%, r® = H, Me [190]
acyl halide. = Benzylmagnesium chloride with acetic anhydride
also gave 86, produced in a radical chain mechanism requiring
02,[192]. In HMPA, no 85 was formed. Excess magnesium had
no effect.

: _ 0 ' 0
. i
c52ng —_— @—CHZCR + Q-Me @-c&zoyzr«e
or
85

+ RCOX
86

A coupling reaction of indolylmagnesium bromide [193]

T O— O 0

i ! ]

MgBr . H

and its reaction with oxalate esters [194] have been studied.
The characterization of butadiene-magnesium adducts

has utilized chemical and spectroscopic technigues (see section

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

in THF, and had C-C stretching bands at 1575 (cis) and 1604

cm"1 {trans). Deutrolysis and alkylation with dihalides gave:

the following: :
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D

D s~ D
Q\ufj‘xgﬁ + D\4/§§a’“n + \/P—\J

69 3 28
DZO

Br(CHz)nBr

4 CH-CH CH,

(%5\-2‘/ + polymer
Hy

20-25%

,C4H6'Mg-2THP

A polymeric chain structure Mg-éCH2~CH=CH—CH2-—Mg9-n with THF
coordinated to magnesium was proposed.

The 2:1 adduct also had ir bands indicating double bonds
(1593 and 1619 cm ), a degree of association of about 11 in
THF, and an nmr spectrum resembling that of crotylmagnesium
compounds (1° C-Mg, predominantly cis double bond, and no
change in appearance between -80 and +50°). Deuterclysis and
alkylation produced the products illustrated: )

D

4?\T’\\/}\¢9 + isomers
/ D
D20

C H, ,-Mg+2THF

8712

The 3:1 adduct had similar spectral properties. However,
it was hydrolyzed to dideutrated products containing a ring,
indicating cyclization by intramolecular addition of an allylic
organomagnesium function to the double bond. It was unreactive
to addition of further butadiene units at 80°, but did form a
4:1 adduct at 120°, The cyclization rearrangements are discussed
further in section VII, A&.

The adduct of myrcene with magnesium [55,56,196] was
hydrolyzed to a mixture of monomeric and dimeric hydrocarbons;
product 87 and the dimers were reported only when transition
metal catalysts were used in the preparation [55]. A cyclic
structure was proposed for the "adduct." The 1l:1 compound was
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- Mg _. "myrcene- .
rmagneSLum“

178 16% .
87

R?
R™R H
C ——— i
{1 mol)
V . . » (major isomer)
lBF3 0Et2 co
4 2
;13202, OH 8,0

COOH COOH
oH * COOH

With aéetonitrile and ethylene or propylene oxide, products

similar to the aldehyde and ketone products were formed.

Estefs and acetyl chloride or acetic anhydride reacted as follows:
corl 1

’ H
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,'Products 88 and 89 were found with lower temperatures and
shorter reactlon tlmes.
~ Infrared spectra of the 1l:1 adduct between %0 and mag-
- nesium indicated a cis-double bond; the cyclic structure 91

was proposed. [55,196]:

PhCH CH2CH—C1Ph (45%)

: Mg //,/’7
h_\\_w\- [::h PhCH CH—CHCHZPh (55%)

97 2CO

18 hr '\53:
65° MeCO,Et
PhCH,,CH-CH=CHPh

— 21
pﬂ?h HOCMe,
Ph

OH

THF

+ Me
Ph
pn—" y—2h
(¢4 2l y
OH oH

E. Reversibility in Reactions of Allylic Organomagnesium

Compounds

Two publications appeared during 1976 giving additional
documentation about the reversibility of addition of allylic
Grignard reagents to ketones. Benkeser and Siklosi showed that
addition of the unsubstituted allyl Grignard reagent is rever-
sible by observation of allyl-crotyl exchange between 92 and 93
[197]. Also, when 93 was heated in the presence of the corres-
ponding alcoh%i, di-tert-butyl ketone was isolated.

MgBr MgBr ) MgBr MgBr MgBr

i

T — O
CH—CHMe CH—CHMe

Holm studied the alkoxide 94 [198]. Loss of a,y-dimethyl-
allylmagnesium bromide was fclliiowed by heating in the presence of
methyl— or allylmagnesium bromide, which produced 95, or in the
presence of t-butyl isopropyl ketone, which gave 96. Also,>a 1:1
cisstrans mixture of 94 formed a 1:3 equilibrium mixture at the same
rate. - . The addition of allvi or a,y-dimethylallylmagnesium
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"’;‘ﬁ G nT MgBr MgBr o o j’i ng: L
) Mé, CHSCHMS R = Me, allyl ”CEMe'
94 . 95 - 986

bromide to di-t-butyl ketone is less exothermic than addition
of methylmagne51um bromide to the same ketone (-108 and -106
vs -150 kJ/mol), or the addition to acetone (-178 kJ/mol).

AR ior formation of 94 was also detexrmined as the differel
between AH!T for the addition (31 kd/mol) and the "retro-addition'
{120-130 kJ/moi). ]

Reversibility has also been found in the addition of
crotylmagnesium bromide to propargyl alcohol [199]. The

HC=C-CH,OH ————y MgCH:f_CHZO-Mg + MgCH=E;CH20—Mg
. |
+ I Nen= \ 2
Me' TCH=CH, CH=CHMe
MeCH=CHCH2MgBr

97 98

product mixture formed after 3 hr at 20° {(97:98 = 72:28)
changed after 24 hr at 35° (97:98 = 54:36).

LIV, Reactions‘of Organomagnesium Compounds with Carbonyl

Functions
A, Mechanism of the Grignard Addition
The dissertation of T. Holm, “"Thermochemical and )
Reaction Kinetic Studies on Grignard and Alkyllithium Reagents“
has been published [17]. Major portions of this work have
appeared in earlier publications. The role of single electron

transfer processes has been reviewed [8].

Ashby and coworkers have reported on the effect of tran-
sition metal catalysts on the formation of pinacols during the
reaction of 2-methylbenzophenone with methylmagnesium bromide
[30]. If the magnesium had greater than 20 ppm of iron or other
first-row transition elements, substantial amounts of pinacol
were formed in reactions run at high Grignard reagent concen-
tration. There was a direct relationship between the concen-
tration of transition metal and the amount of pinacol formed, or:
epr or .uv observation of the ketyl. 1In a reaction at low:
temperature, addition and pinacol formatlon occurred in constant
:atio-throtghout,the course of- the reaction. Plnacol ‘formation
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'Vas catalyzed by added salts of transition elements (only first
row ones were effective). The effectiveness followed the trend
V—=__Fe ™ Ni. The oxidation state of the metal was
unimportant. A variety of complexing agents were ineffective
at inhibiting the transition metal effect. The iron catalyst
also appeared to increase the rate of normal addition. The
stereochemistry of pinacol formation was also investigated. The
authors favored a mechanistic scheme similar to that proposed
earlier by Blomberg and Mosher, in which a reduced iron species
may be the agent which transfers an electron to ketone:

polar +
RMgX + Ar,CO —> Ar2c=g —> Ar,C-OMgX
lSET R—-MgX
- cage reaction T
R- AIZCOMgX diffusion
Ar,CoMgX + R-
Jr lsolvent
(pinacol)(MgX)2 RH

Another side product, 2-methylbenzhydrol, was formed by reduction
of ketone by small amounts of a magnesium hydride species
generated during Grignard reagent formation (see section II, A).

Holm [198] has reported rates and enthalpies of reaction
of some allylic Grignard reagents with ketones [pseudo first

order rate constant (sec-l) with 0.05 M ketone in ethyl ether

at 20°; AH(kJ) in parentheses]:

i-PrCoO-t-Bu t—Bu2CO

Me,CO (99) (100) - ph,cO
CH_,CHCH, MgBx >10%(-178) >10% >10%4(-108) (-157)
A
MeCH=CHCH,MgBr ~ >10° 64 (-105) 19
A
MeCH=CHCHMeMgBr >10° 100 2.3(~106)
MeMgBr -~ (-204) - - (-130) (-171)

Reaction of crotylmagnesium bromide wi}h 99 and a,y-dimethyl-
allylmagnesium bromide with 100 had AHT of 27 and 31 kJ/mol
respectively. The reverse of the latter had a positive AS? of
25-42 J/mol °C; this was considered inconsistent with a cyclic
S_i' transition state, and more appropriate for the Sp2’

E
process:

References p. 186
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AN, = oeemg medoo” =2 midiomger -
AN AN

A rate-llmltlng 51ngle electron transfer step, followed ‘by
'rddlcal comb1nat1on, was" felt to be most con51stent w1th
react1v1t1es. “An- intense yellow uolor attributed to an ion
radlcal was observed during reaction of the a,y—dlmetnylal*vl
Grlgnard ‘reagent with 100.
) Benzophenone ketyl forms a stable complex with Mg'@ at
‘concentrations of 2.9 x 107> to 2.4 x 107% M in THF [200].
Using the epr spectrum as a quantitative standard, its absorptior
spectrum was shown te have e 18,000 at 612 nm. With lower
temperature or increased solvent polarity, a red shift was
observed. '

Reaction of 101 with Grignard reagents in the presence

COOH . R'-C-0 _ R = i-Pr, t-Bu
OH R'MgX 0 R' = Et, C,D i—-B
.._'_g* - ’ 2757 i—-Bu,
i -P
R N1C12 B ““r n-Pr
101 102
of 10'—4 M Nicl2 pProduced ketyls 102, which were identified via

their epr spectra [2061].

Transition metal diketone complexes also reacted by
electron transfer from Grignard reagents to generate radical
dianions of the diketone [202]. For example:

-— ]
EtMgBr ?".__3,4' ?

Fe(acac)2 ——ead Me-C-CH--C-Me

The dianion was identified by a septet of doublets in the epr
spectrum. Methylmagnesium bromide reacted more slowly.

Several observations of potential mechanlstlc 51gn1f1cance
may be noted. Reaction of butylmagnesium bromide with PhCO(CH2)4
COCH gave a 22% yield of reduction product in addition to 70% of
normal addition to the ketone [203]. The yield of addition
prcduct in reaction of 2—methyléyclohexanone with isopropyl
Grignard reagents varied from 14% with the 1od1de to 41% with
the . chlorlde [204]. The rate of addition of a Y—ketal-substltute
Grlgnard reagent to cyclopentanone was 51gn1f1cant1y accelerated
;n benzenefTHF cempared with THF alone [94].
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steredchemistry'of Reaction with Aldehydes and Ketones
1. Stereochemistry with aldehydes and acyclic ketones
In a recent reconsideration of models for 1,2-asym-
metric induction, Anh has calculated the energies of 24 different
transition state conformations for reaction of MeCH(Cl)CHO or

MeCHEtCHO with a nucleophile (represented as H ) by an STO-3G
It was concluded that the conformations
(1968)

B.

ab initico method [205].
included in the approach by Felkin [Tetrahedron Lett.,

2205 and 2201] correspond most closely to the lowest energy

transition states. Results are influenced to only a minor

degree by electrophilic assistance at the carbonyl oxygen,
variation of the angle of attack, or solvation of the nucleophile.
The most impértant factor appears to be interaction with the

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

)9
Q80

8

Up to 70% stereoselectivity observed in the reactions

HH H E
= Me = OH
M S RMgX \}\/
Ve —> g??' Jd%
H Clyg Cl RH

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

The addition reaction:

PhMgBr

Ph Ph ih
—I—&H—CHZCHO _— CH—CHZ-

HOH

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

were discussed: attack of a dimeric Grignard species, and

References p. 186
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attack or”monom,rlc organomagneSLumrrn aldehyde complexed
‘second- organomagne51um monomer [208]. On- the bas;s of ‘ste
>1nteractlons evaluated for attack on,e vque‘y of conforme
rthe former was preferred I}'J&_,.;“,~n' . -
Addltlon to the keto ester 103, with- and w1thout ca
" by: CuCl FeCl3, CoClz, or NaH proched an- excess ‘0f:2. 5.t
,ofvthe,(S}conflguratlon.» Attack by the Grignard reagent ©

6-membered cyclic inolate was proposed [2091.

.-,phMgBr B
CO ( )menthyl -———>  MeC-CH,COOR

MegCH >
h ©

2
- 103 .

In the addition reaction below,;ld4rwas formed in a

' MgBr + MeCHO ———p ° )Vg“‘% -2 —>
, ‘ b~ 4 ;;
o . 10

65:35 ratio over its dlastereomer [210]

Addition to ketone 105 produced only one diastereom
in 78% yield, while a 35:65 mixture of diastereomers resul
with 106 [211]. Only a slight preference was observed in

2553 E
MeMg
. F —CF CHFC
105 o 106

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

CF3

{
C.H, ,CH-CHO

5711
107

diastereomer favored 55:45 [212].

Reaction of cYmantrehe derivatives 108 and 109 with
various Grignard reagenrs oceurred withrSUbstential'asymme'
induction [213]. Curiously, the sameidiastereomer wéé pre:
from reactlon of 109 (R = Me) w1th PhMgBr as £rom 109 (R =
with MeMgl. Results ware’ 1nterpreted on the ba515 of "prei

;conformations.
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R = Me, Et, Ph,
COR COR 2-thienyl

Mn(CO)3 Mn(CO)3

108 i09

Addition to a l7-acetyl group on the steroid skeleton
has been reported to ogcur stereoselectively. The two additions:

H
COMe MeMgBr Me m III Me
@H
+*
coMe | Me siiCr Me

MeMgB

occur with high and opposite selectivity (93 and 99%). This is
related to different conformations in the solid state and
probably in solution [214]. 1In addition to pregnenolone, a
mixture of epimers is formed, contrary to an earlier report.
The preference shown is interpreted on the basis of additvion
from the back side to the dominant conformations of the acetyl

group [215}:

OH
M% p
&0 BrMg /\/k Mey, MR
{1 H "y
Also in a steroidal system, the addition:
OTHP
OTHP OH, y
Me/. =
Memd cuo !
Bng\,»\< \ ,
Ty &
—

is reported to occur with "total stereoselectivity" [216].
However, in a similar instance, reaction of the hydroxyaldehyde
110 occurs with little stereoselectivity, although only one

diastéreomer of the Grignard reagent appears to react [83].
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S - Me .

‘110

) A varlety of oPtlcally ‘active B amlnoalcohols are’
synthe51zea W1th hlgh preference for one alastereomer via a
phthallmlde derlvat.ve [4L7], e. g.

9 '.
L ] MgBr
(S)1= @’ ~CHMe-CHO —————>

erythro:fhreo = 4_.3:1

. Grignard addition to the chiral benzoyloxazoline deriva-
tive 111 occurred non-stereoselectively. However, by separation

Ph OH h
ﬁ MeMgX i
K ols ' { ,”CH
FHp . Me T JCH,
MeO MeO

111

of diastereomers and hydrolysis, both enanteomers of atrolactic
acid were obtained in high optical purity [218].
2. Stereochemistry with cyclohexanones and other

~cyclic ketones
A theoretical study of carbonyl addition reactions

led to the conclusion that a major factor controlling the
stereochemistry of addition is attack of the nucleophile in a
geometry antiperiplanar to a bond on the a—carbon; maximizing
overlap with the o* orbital of that bond:

Attack from thevexial side is more nearly antifperiplagar than
from the equatorial side, and a slight flatfening of the ring
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.fﬁrfher improves the geometry [219]. Softness of the nucleophile
f&vqrs additién anti-periplanar to a C-C bond (equatorial) rather
thah-a‘CH boﬁd'(axial) because the o* orbital of a C-C bond is
lower in eﬁergy than that of a CH bond.

These factors have helped to rationalize the sterec-
chemistry of addition of magnesium and other enolates of acetic
acid derivatives to 4-tert-butylcyclchexancne [115,219]. The
magnesium enolate of AcO-t-Bu gives predominantly equatorial
attack, while that £rom AcOSiMe3 gives more axial (72%),

Similar principles were applied to interpreting the addi-
tion of allylmetal compounds to 4-tert-butylcyclohexanone [220]
and to its methylimine [183]. The small magnitude of steric
hindrance in an SE2' mechanism was expected to allow electronic
effects to dominate. For the ketone, the fraction of axial
addition increases from 15% for the soft allylzinc bromide to
51-55% for allylmagnesium bromide to ~65% for the alkali deriva-
tives. Allylmagnesium bromide gave 88% axial addition to the
imine, and the propargyl Grigpard gave similar results.

In a different approach, a steric factor dependent upon
the size of the attacking nuclecphile was calculated for different
conformations [221]. This was combined with a torsional factor
to predict stereochemistry of addition of hydride and Grignard
reagents to cyclic and bicyclic ketones.

The following additional stereochemical results have

also been reported:

i -Pxr
o) * ook
2 i-PrMgX Yy "
Me —> Me ("mostly") [204]
e Me >908 [222]
Me MeMgBr Me e . .
—— R = Me351
R-CH, R-CH, 85%  [223]
[o) B OH Me
MeMgT
S LT - e e
e 1z Feo T2 £ L
Rl = R2 = H 40 : 45
same, equilibrium 2.7 :
R1 = Me; R2 = H 4.5 T 1
Rl = n; R% = Me -- 80%
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(exclﬁéively)

Addition of ethynyl—-, vinyl-, ané‘ethylmagnesium bromides
gave a mixture of isomers from trans- 2.2, but only one product
from cis-112 [2271. ’

(o}

112

Di-addition to 1,2-diones occurred with variable
stereochemnistry:

OOLL, ==
0
MeMgl
_— [229]
Et,0

0

[228]

Addition of a variety of Grignard reagents to 113 gave largely

.0 -0 . 20
o oH OH .
Et _ H
113 114 o 115

or entirely cis isomer in ether; in THF a mixture was formed,
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but only the trans isomer was found with vinylmagnesium bromide.
The vinyl Grignard reagent in THF produced a mixture of the
isomersrfrom 114, but reaction of MeMgI, EtMgBr, or PhMgBr in
ether or C,H,MgCl in THF with 115 produced the cis isomer [229].
The cis isomer was formed on addition of PhC=CMgBr to 116 or 117.

l . R = H, Me, Et

R ~o
116 : 117
The stereochemistry of the aldol condensation of the
magnesium enolate pulegone (see section II, C, 4) with itselZ
or with two molecules of benzaldehyde was studied {117].
Addition of Grignard reagents to bicyclic ketones occurred

with stereochemistry as follows:

At

+ MeMgI + MeMgl
[231] 2311
Me
el 3
’ o Me 0
1.0 stereospecifically
+ MeMgBr
+>>__\L— trans to Me [222]
177
N MgBr L 1
[1771]

C. Selective Reactions with Aldehydes and Ketones
A number of examples illustrate the selectivity between
carbonyl groups in various environments or selective reaction
with carbonyl groups in the presence of other reactive functions.

In the following instances reaction at the indicated carbonyl

function was reported:

L

Jo}
. R™ (CH2)6C02Me [232}
\5 R = H
Rl = C32CH=CH(CH2)3C02Me [233]
_ 2 2
CH=CHCR RS = n-C_H

5711
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= H, Me

11'[22411»'ff7 

‘{235, 2361 - [2371 : [238]

" Reactions of 118 [82] and 119 [239] can be controlled
to give reaction of one carbonyl group. In the case of 113,
subsequent‘reaction of the'second aldehyde group with vinyl-

magnesium chloride was. reported.
CHO
"'39’3 o(ch,)Mger N0
_Eﬁa + X . + ArMgBr
0]
118 ' (:Jmiii
119

Enols 120 and 121 react at the ketone function shown:

on i COZBSH ﬁ
Ny TR MeO C-Me MeC-C-Me
6NH OH
: 2 122
+ PhMgBr ‘ + MeMglI + PhMgBr
120 122 :
[2401} . : [241]

Reactlon at the ketone function occurs preferentlally
in 122, but a second Grignard may then be added to react with
the oxime [242]. .

Preferential reaction of the ketoné group in the presence
Of,acid,iester, amide, .or nitrile function is illustrated by
‘the following reactions repcrted in 1976: i
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C02CH2Ph
[251, 252}

135

(o}
1 -
MeC-CO, Na g::)*cnzc°°H RZ—H—COZEt
Ly S
B o + 1 ¥
‘P;*'b‘ R C=CMgBr
. - -MgBr =\
B — I-ieo—\__/— (-\;“gBr
(in pyridine)
[243] [244] [245]
Me O OH
PhC-CONH: X
AN 1] Q ¥
\ o
EtOJ\T/k\/J +
CN H
. RMgBr COzEt
+
(R =C_H,,, C,H,_)
C,H MgBr 67137 "7715 PhMgBr
[246] [247] [248]
Me 2
nco.,Me (#,C1)
CH,CO,Me N
0 2772 +
123
+ ArmMgBr
@.MgBr
OMe
[249] [250]

+ MeMgI, PhMgBr,
C,H JMgBr

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

Other examples are in references noted earlier ([93,225].
Haio-ketones 124, 125, and 12§ react normally at the

carbonyl group to yield chloro-alcohols.

o}
1
c1CH2!:CH2c1 + CD,MgI
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[253]

i-Bu

Q

il

CCHCl2 + MeMgI [254]
125
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R&ﬁ;%iﬁ3f+vprbpa;gylic Grignardfréagents [182,1841 -
v/—_,'VQ”eri Lo A ) o

, 126;"7

' D. Other Reactions with A_dehydes 2nd Ketones
In several 1nstances, a. Grlgnard addltlon reaction is
a step ot - | newly publlshed general synthetic procedure..
a penzoannelatlon of ketones follows the sequence:

MeO CCc=cco Mel

C02Me

Cu "OH~ . DDQ
O oom &2 »
guinoline OzMe

Several interesting applications are reported [255].
A 1,2-carbonyl transposition has been explored, and
several examples given [256]:

o H OAc H _ O OR 1 OH OR , " H O
; - R Mg g 8 .1
HH.—)H.__) H R -—)RH
A convenient synthesis of ketones from aldehydes proceeds
in overall yields of 55-90% [257]:
N~chlorosuccinimide 1
2 N

-+
rcHO + R®MgBr —> [R1R%CHO MgBr] ———3 Jc-o
t-BuO Li rRY

A'vériety of a~-substituted mandelic acids were prepared

in good yield by the route [258]: -

1) Buri 1 RMgX 2 o
PhCH, Ph-C ——> rpn- c ¢ |- eh-C-coon
2) 02 ) R . . ll{

R = Me, Et, i-Pr, Ph, PhC=C

3esubstituted furans were prepared3[259]:

RMBI =
‘ 9 l ' Ph or
Rl - 1sopenteny1



137
S Meihylenebis (magnesium bromide) was studied as an
alternative to the Wittig reaction in carbohydrate chemistry

[1401]. Yields wexe generally the same or better by this method.
-Some -other interesting reactions or reaction sequences are:

oMgX

OH
OMgX R o
Rng at
—_— [260]
R = Me, Ph

|>—MgBr CH pPoC1l
CH.,) ] 2 ——3——-)(CH ) i

(CHZ &\ —> ( 2'n
~ C-OH Py c
[2611

(o] 0]
CHO acetylene —
I : coupling =
+ BrMgCE=CMgBI =P ——————————— [262]
l and
) oxidation
' =—=

~H

Polystyrene =3 O— CMe———MgiIi@'j’ — @f [263]

The first step in a chiral synthesis of prostaglandins

HO

from an L-erythrose derivative was [264]:

HO 2 \CHOH CH,OH
H H 2\ MgCl H'%—_é H
Fo) 3 eq. 0~7><f—0
THF—-CHZCl2

Grignard reagents with 1,2-dicarbaundecaborate derivatives

gave varied results [265]. The methyl ketone 127 reacted only

Me COMe Me R
c c c
SeoH P Ment Nsom.  Me,nt
9%10 €4 9710 4"
127 128, R = CMe=CH,

129, R = CHM82

via enolxzatlon with ethyl or phenyl Grignard reagents; methyl-
magnesium iodide gave about 55% enolization, plus a 1l:1 mixture
of 128 and 129. The correspondlng phenyl ketone gave the tertiary
‘carbinol with phenylmagnes1um bromide and secondary carbinol by
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'reductlon w1th e;hylmagnes;um brom;de. A varlety of tertlary

.chmantrene .:alcohols were—prepared by Grlgnard reactlons of acyl—

.'cymantrenes [266].. . L - R S )
L The prlmary ﬁagne51um enolate from benzyl methyl ketone
w1th 1-PngCl forms the ketol with ano ther molecule of the
ketone [118]. . The secondary enolate is unreactive to self con-—

' densatlon, but.slowly forms the ketol via 1nterconver51on with

:the primary enolate.» It condenses in an 1nterest1ng fashion
with acetaldehyde: :

.. ph O - ph 0. '
Me JLM Me Me HJLM
\jéé;‘g__ii ‘Tr*\rr g = it 3 *TrJ\T/'—_; -><i\T/M
o MgX - a o 0 5O
- YMgx g OxMe xug*t

Me

E. Reactlons with Carboxylic Acids and Derlvatlves

1. Open-chain derivatives

Trifluoroacetic acid reacted with pentylmagnesium
bromide to generate 1,1,l-trifluoro-2-heptanone in 51% yield
[212]. Ketyls of the corresponding ketones were produced by
vNi++—catalyzed addition of Grignard reagents to substituted
'salicylic acids [201] (see section IV, A)..

The reaction of behzoyl chloride with ter t-butylmagnesium
chloride in DME was studied using CIDNP [267]. Products which
showed spin polarization included phenyl tert-butyl ketone
(methyl hydrogens only), iscbutane, 2,2,3,3- tetramethylbutane,
isobutylene, and tert-butyl chloride. It was proposed that
radical pairs i3o end 131, formed by single electron transfer,
both contributed to the polarizatiOn. Additional polarization

Ph?—OMgCl 'cue3 Ph¢O  “CMe
e _
130 131

3

‘"must result from encounter pairs, since experiments run in the
presence of styrene to trap free radicals showed decreased
polarization of some components.

Formation of ketones in reaction of Grignard reagents
with acid chloride or anhydrides is reported in a number of
cases. As noted in section II, C, 2, Grignard reagents
subst:.tuted w:.th a 1,3-dioxan cr’ 1 3—d10xolan group in the .
8-9051t10n react qu1te selectlvely with ac1d chlorldes, stopplng
‘at the ketone stage [92 94]. Ketones were also produced in ‘
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the reactions:

RC=CMgBr
Pho —@— MgBr Bng )J +
: %
/
o
—|—cc1

[268] [269] [91]

Manganous iodide, used with Grignard reagents in either a 1:1
or a 1:2 stoichiometry, yielded reagents which produce ketones
in 60-90% yields from acid chlorides [269]. Organocuprates
formed from Grignard reagents and methyl copper selectively
transfer the group other than methyl in reaction with acid
chlorides at =-78° [158]. In this fashion, ketone yields of
75-100% are reported, starting with primary through tertiary
or aryl Grignard reagents, and acetyl, pivaloyl or benzoyl
chlorides. The acyl-equivalent organomagnesium compound 132
[111] and the rhenium-magnesium compound 133 [152] are also

MgCl

Me C— \NMe (n—CSHS)Re(CO)ZI—MgI

132 133

acylated with acetic anhydride and acyl halides, respectively.

The reaction of myrcene-magnesium with acetvl chloride
is cited in section II, D [196].

When ketals or thioketals of a-keto esters reacted with
Grignard reagents in HMPT, the ketone formed in the first
addition stage was enolized by excess organometallic [271]; e.g.

o 0 o~ o]
PrMyX > Mel 0)%(\
>0 PR = @A
\/ HMPT H,0 v/
378
(insol.)

The reaction of amino esters 134 followed by heating was
reported to produce the heterocycle 135. Formation of this
product implies Grignard reaction to the ketone stage [273].
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1

¥ © . EtMger 250-300° Et. 5 RT
 RNH-CHCOOEt —> ‘ > B o
: = A'i‘,t ) X min : o
- Me S R N Bt

R =-sec~Bu, R =

. e S ) A
'R =n-Bu, RW = H

134 : . 135

Reaction of esters or acids with vinylmagnesium chloride
leads to a mixture of preducts [120,121,273,274]:
Q N\ Q
] 2 ﬁ 2 _ ) - R
r-C-opt EoMICL 5 o ZMaCl R—%;OH or R-CNVN
/ .

In a study with 8-hydroxy esters, it was found that a-substituted
esters reacted with excess reagent to give more of the unsaturated
ketone, while esters unsubstituted in the a-position gave tertiary

alcohol [2731.
Selective reaction with the indicated ester function was

found in 136 [275] and 137 [276], vielding the corresponding
tertiary alcohols:

Et02C Cﬁz@ OMe
3 Q0
i ¥

>
-CO,CH,Ph ATNHNHCCO,Et
136 137

Selective reaction of a Grignard reagent with the acetate group

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

than hydrolysis for generating the hydroxy-epoxide [277].

Reaction of ethyl chloroacetate with l-propynylmagnesium

bromide produced the corresponding tertiary chloro-alcohol ([184].
Di-organomagnesium compounds may react with esters to

produce cyclic alcohols [278]:

Mg CH 5 Ph

Br(CHZ)sBr + PhCHZCOZEt —> .

See also reactions of myrecene-magnesium with esters {1961 in
section III, D. ' ' ; ' '
) Reactions of several esters with a mixture of two
different Grignard reagents has led to useful yields of the
mixed tertiary alcohol addition product [2791.
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The carborane ester 138 ieacted with phenyvlmagnesium
bromide to produce the corresponding tertiary carbinol. Reaction
with ethylmagnesium bromide gave a secondary alcohol by addition
followed by reduction; its homolog reacts normally to give
tertiary alcohol [265].

C=COOMe

- +
Hlo Me4N

MeC 138

Bg

Two reports may also be noted in which ketones were
formed in reaction between amides and Grignard reagents:

- o

O Cl-@-@l (CH.) yNMe

Hi r-.Me 2°3 2
+ MeMgI + F—@—MgBr

60% yield in benzene-THF
[280] [281]

In the first case, reaction occurred both at the original keto
group and the amide, producing a hydroxyketone. The 2-bromo-
3-thienyl Grignard reagent gave a 60% yield of aldehyde with
dimethylformamide [128].
2. Lactones, lactams, and cyclic anhydrides
The reaction course with a,B-unsaturated butenolides

was found to depend upor the substitution pattern [282]:

2

r? R R R R® R R?
— RMgX RMgX 1 H,0
rl R o)
5 R OMgX £\ R’ DMgX R g COR
H OMgX H
Me Me Me
RMgX — RMgX_ H50 1
1 —_— 1 55 25 R R
R 0 R OR
22 R“HO OH

R® OMgX

The reaction of coumarin with Grignard reagents was
found to follow a variety of paths, depending upon the alkyl
group and halogen of the reagent [283]. Results were interpreted
on the basis of CHDO calculations -of charge, bond order and
frontier orbital coefficients, and the effects of complex forma-
tion with magnesium. Results were also reported for coumarins
with methyl or phenyl substitution on the heterocyclic ring
f284]. A number of examples in more complex systems leading
to Products of the type 139 have appeared in the patent
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literature [e.g. 285,286]. Single addition of vinyl Grignard
reagents to lactones has also appeared in patents [e.g. 287,288]:

OCH

R(CH,) = O R(CH,)
2 P 2'n
n1:ft]7 2 MgXi ‘I:j:}\db

Two papers report results of c-lactone reactions [289,
280]. A reaction path involving displacement by iodide was

favored; other products were derived from 1403

i
R®CE——(=0 + RCH,MgI —> rZcH-CNERY
~ 1 )
) I
Rl 140
Rl and R2 = 3° alkyl; R = H, Me

Reaction with phenylmagnesium bromide at the carbonyl carbon
gave a product via an apparently reversible rearrangement:

—l—CH\-N—/(::O E—hﬂ -'—c/{?—?;ﬁzph = ﬁa—_-f:'

+ + X

HtﬂgMgX H+l

—-{—-NH:!::I-—ﬁ—Ph ﬂo—' -+-N=CH—_-|:OH

Ph

Other additions to lactams or cyclic imides are:
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EtMgBr
° > [2911]
) benzene-ether

H
5 [ \
1
RimMgx A} 1 4\ 1
iliin” Ll R — COR
044:;;)§0 Q OH O -H
] i
R

R R

R = alkyl, aryl, H; R1 = alkyl, aryl, styrvl, RZCEC—
[91,292-294]

V. Addition of Organomagnesium Compounds to Other Unsaturated

Functions

A. Reaction with Carbon-Nitrogen Unsaturation
The yield of ketone in the reacticn of Grignard reagents
with nitriles is increased by addition of ’;Jiclo4 or (Bu)4NClO4
[295]. The crystal structure of the adduct of benzonitrile and
phenylmagnesium bromide was determined (see section III, B) [170].
Addition to the cyano group in preference to other func-

tions was observed for 141 and 142.

Ax
N AN CN EtOZC—CHz—CEN-——>Et02C—CH=Cl:—NH2
RN | 142 Ph
1 + PhMgBx
|
o H

[297]
141
+ excess ﬁeMgI
[296]

The initial adduct from fluoronitrile 143 cyclizes
spontaneously, possibly due to Mg++ catalysis; cyclization of
the chloro and bromo analogs occurs only on heating [298].

OO
PhMgBr + F+<{CH,},CN -——3 [F<CH,}=C=NMgBrj} ——» \
= 273 2737
ether Pi h
n
143

Although a-aminonitriles may react with displacement of
the cyano group, the following are reported to undergo normal

conversion to ketones:
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| 'Afgﬂfﬂi*cazéw
Me - pp.— %
ke 2 v 3 - o
- [2991 - .- [299] . . - (299] , [300]
7 AdditiénltO'thé'cafbdnfnitrégen'dduble bond, -yielding an
amine, is reported for the neutral and cationic substrates:
RO A\ ' CH __",_<je H\C_+/'“e
R.(::) P 2 e Mes” e
Ty AXCH,MgBr + ATrMgBr - + PhMgBTr
[301] [302] " [303]

Addition of a Grignard reagent to 2-phenyl-3,3-dimethyl-
azirine has been studied [36], and this addition forms part of
a- synthesis of fused aziridines [3041:

R
- WMe
Ph 3 MgBr B *
\’Me+W —_— —> —» Py, 8
' PR e
-
H
Aminoalkylphosphonic acids were prepared via C=N
addition [305,306}; e.g.

il i-fr

: _J_ i-PrM HB b

EtO0,CN=C-P (0) (OEt) , A-PrMgl, HBp H,N E PO H,
SEt SEt

MeMgT : _
Et0,C-N=C-P(0) (OEt), -——> EtOZC—NH—é:—P,(O) (0Et) ,

 A ketone synthesis utilizing reaction of an allylic

Grignard reagent with an oxazoline has been reported [178]:

ongX :
XMg! : -
Rl Rl i Rl MgX
S f} RgY R ool BMa
R r% g2’ R
- . . : 3
R = substituted + RH + lR X
allyl 30 la,0
r1
1 : O
R 2 |z
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) A ?ariety of examples were reported of aziridime-formation
by reaction of a Grignard reagent with oximes [242,307-3091:

NOH

’ H RM RMgX NH _2
R]’,u\FRZ =35, A | =5 = R
r3 - 2
R 1 15
3 R R

R

A similar aziridine-formation occurred with hydrazonium salt

144 [304]. 'However, a different pathway was observed for 145
with PhMgBr, which gave mainly elimination of phenol and formation
of aniline {308].

five i
N/ 3 NOH
H OPh
- —
144 145
Hydroxylamine formation by Grignard addition to nitrones

was studied [310-313]:

. _ R'Mgx .o, . _ R%Mgx
—Q — —OH ~————p -0 —— -0H
Cu(OAc)2 v/
H rRY 'y rl =l )2
c‘HZCHZNEt2 fHZCHZNEtz
N.__° N Lo
ArMgBr -HZO
—_—— — [314]
c o + B —N
H 0 Ar

Cyano-substituted nitrones reacted as follows [315]:

¢ _ MeMgT -
oo — -OMgI —> i}-o
Me

Me

MeMgIL HyO +
—_
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— [ o

L T H. . .
Another nitrone reaction proceeds via preliminary ring

opening [316]:

R

_;§/Oi ﬂeMgI
—_—

OH

B. Reaction with Carbon-Carbon Double Bonds
Additional studies have been reported on reactions of

Grignard reagents with per-fluoro or fluoro-chloro alkenes:
: ’ ’ N .

ArMgBr + F,C=CFCl ——» ArCF=CFCl (3171
CF3\_

/pCFz + RMgBr -——B'CF2=C-CF2R + CF3'C=CFR [3181]
CF ]

3 ' CF3 CF3

R = benzyl, n=butyl, i-propyl
F,C=CCl, + ArMgBr —> ArC¥=CCl, [319]

In the last study, reactions with alkyl Grignard reagents were
found to be more complex; some RCFz—CC12H product was isolated
on hydrolysis.

Richey has studied the stereochemistry of the hydroxyl-
facilitated addition of allylmagnesium bromide to the double
bond of two norbornencls {320}:

HO, \
MgBr
S =




147

No reaction was observed under similar conditions for the
ééimeric alcohols. The configuration of product in the latter

case demonstrates that the allyl group is delivered to the double
bond ‘from the same side as the OH group.

Addition of several Grignard reagents to the diamine
dihydrochloride 146 was reported [321]:

RMgX
Oy_CH=CH_b< >-zac1 e Q—CEH—CHZ—N‘ >
R
146

Copper-catalyzed additions of Grignard reagents to allenic
alcohols and ethers have been reported:

/Rl R2ng R2-CH2\ ,Rl (stereospecific
CH2=C=Q\ / \ and regio- [322]
CH,OH Cul H CH,OH g
specific)
RZCuMgX or
(RCuBr) MgX RMgX
CH,=C=CHOMe ————> RCH,C=CHOMe ——=3% RCH.,C=CH
2 2 2
THF 1
M
MeI \\gr [3231
or
allyl-Br RCHZCH=CHOMe
E:Z depends on R
RCHZ??CHOMe
R

Cycloaddition of 2-phenylallylmagnesium phenoxide with
trans—-stilbene was catalyzed by HMPA, cryptates, crown ethers
and aza-ethers [52].

Ph
Ph Ph
ph —</ + h/ﬁ —_— |
CH,MgOPh P THE  phoMg %n

C. Reaction with Carbon-Carbon Triple Bonds
Magnesium organocuprates add smoothly to terminal
alkynes at -20°C [324,325]. Primary, secondary, and tertiary

1 1

THF H,0 RYL _H RL _H
(RCUY) MgX + R'C=CH —3 —2-> P
T -20° R H H R
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alkYi groups are"all'transfe*red’in good'yieid : hifﬁlep
metallatlon of the alkyne occurred, and-that. could be suppressed
by addltlon of LlBr.- ’ : S o A e
Wlth several non—termlnal alkynes, reductlon was observed
with a reagent derlved from butyl- or. ethylmagne51um bromide

and Cul (2: 1) . Reaction occurred when .the reagent, prepared at

: BuMgBr H,0 P e
PhCECMe ——> —2> h\ /M :>:__c<:
Cul - -

(>99% cis)

=35°C, decomposed on warming. Less (or no) reduction was found
with t-butyl or i-propyl reagents or lithium cuprates. The
product before hydrolysis could be alkylated with allyl bromide.
However, addition occurredain~high yield with:

BuMgBr
PhCEC-CHZOH > C==
cul CHZOH

ether or THF

JAllylic and propargylzinc bromides add to alkynylmagnesium
halides ([327,328]:

&l
RZnBr + RYC=CMgBr ——a——> R>:=CHZ + R—-}—Me
Al

R = allyl, methallyl,
propargyl

Addition reactions of a variety of enynes with allylic
magnesium compounds were reported [329]; e.g-

Be
Bu ’4§’A\Mg§, HZO\ Bu L+

>=\ > H CH,-CSCH + H CH=C=CH,

H \\‘\ & 2 ‘

H

With nickel catalysis, benzyl and aryl Grignard reagents were
reported to add to the triple bond of enynes [330]:
' 1

- Nicl H (o] . R
CHZ—CH—C—C-Rl + RMgX —3 23 CHz=CH—CH=q:
ether R

LDiphenvlacetylene is reported to reactvwith MeMgBr in
the presence.of cobalt complexes; the reaction is influenced:by
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the presence of oxygen [331]:

MeMgBr Ph Me, e
PhCZCPh —37—> en—? 4 F{E + )=={‘

Co Ph Ph Ph Ph

Addition has also been reported for some alkynyl hetero-

derivatives:

Nicl H,O
R3sic§c-cﬁ=cﬂ2 + PhMgBr —_— 2 R3Sicsc—CHﬁCH2Ph [332]
Nicl H,yO MeS
MeSC=C-C=C-Et + PhMgBr -———J; —2€> >=CH—CEC—Et [333]
Ph

E:Z2 = 82:18

R,CuMgX or H,O H, R .
Ph3PCECR1 +2 —_— 2 x 1 [334]
(RCuBr)MgX ) THF Ph P R
Rl = H, Me; R = Me, 1°, 2°, 3°

Synthetic applications of the stereo~ and regiospecific
addition of Grignard reagents to alkynols have been described

[335]:

MgCl NH,Cl Ac,0 Me /
MeCEC-CH,0H + A~ —_— 45 25 >=<—/

H CHZOAc
75%

NH,Cl Ac,0 H___Et
HCSC-CH,OH + EtMgBr —» —=—3 —=23 X
H CHZOAC

20%

The reversibility of the addition to propargyl alcohol has been

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

ether, and amino substituents have also been described [336].
In certain cases, the substituent in an allylic or vinylic

position is displaced; e.g.

\

. Me
Me e e .
[} e, ~~=CH M e
MeOC-C=C-C=CH, + RMgBr——> J=C=C 2 4 e/¥_c=c=c’M
] Mé “r Mé NcH, R
Me 2
[337]
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. HC=C-CH:
"QX'
. Propargyllc acetates react with Grlgnard reagents to

‘give products with replacement of the. acetate group by the alkyl
group or by iodide from the Grlgnard.reagent '[338-340]:

1 Lot . 1
2 lf' MeMgI rL O rY
R C=CH > ;>:C—CHM€ + Me——+—-C§CH + a;=C=CHI

| I R 2 R

OAc R
R

+ R2= C=CH + coupling products
OH

Mechanistic studies, including phenyl and cyclopropyl—-substituted

led to the conclusion that competing radical and ionic
(carbonium ion) mechanisms are involved.

compounds ,

Other displacement reactions with propargylic derivatives,
catalyzed by CuBr, have been reported:

1

R 1
. R,MgX R
r3c=c ; OMe ——> 3\}-_c{z [341]
22 CuBr
ether .
_ C‘)Et RMgBx OEt 5,0 OEt
HC=C—f—= > RCH=C+H =5 RCH=CH-—'—H
OEt - CuBr M OEt - OEt
: ether ) -
RMgBr -45° 1730°
CuBr :
THF or EMPT RCH=C=CHOEt [342]
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: b.‘ ‘Reaction at C=S. Groups
Grlgnard reagenus were shown to add to the sulfur of

a-thlocarbonyl esters; with the crotyl Grignard reagent, the
carhon-addition product is formed, probably via rearrangement [343]:

RMgBx §R
—+—c-c0 Et —> “i=C—C02EL

R = Me, Et, t-Bu

ﬁ MeCH=CHCH,MgBr l
-—l— —COZEt > C-CO
T =
\

However, addition of the crotyl Grignard reagent to dithioesters

apparently involves direct addition to carbon [344]:

ﬁ MeCH=CHCH,MgBx ? MeI fme

R-C-SMe - Riide -3 R-C
g~

-SMe

Thiophilic addition was also found in several cyclic examples

[343]; e.g.
Mo RHIX Z:;)(ye . Z:;)(ye [:;)(ye
COEt CO,Et

COLEtL
Me

A varletybof rearrangement and cleavage processes were

found for a thiocarbonate [346]:
EtMgBr ~20° .
/ﬂ:\? —_— ,ﬂ:\? "‘*;JIT\SMgBr + EtSCSEt
=S \ygBr .
SEt Et SEt EtMgBr
Mel J-20° (several
-35° SM Br steps)
| Et EtMgBr_
NsEE severall><,£:H EtZCHEt

steps
EtZCHSEt

EtS SEt
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Thlophlllc addltlon followed by cycllzatlon occurred Wlth

B—keto thloketones and thloesters 1347, 348]- L
: SR oH -

R;= Me or S—élkyl

A concerted - aidltlon and cycllzatlon was proposed. The thio-
ketone 147 gave no cyclization and only addition to the thio-
carbonyl grow> in the presence of excess Grignard reagent ([347].

s SR
HZO'
><<#>< + RMgBr e—>» ——>
o o]
147

E. Reaction with Conjugated Carbonyl and Carboxy Derivatives
A new asymmetric synthesis has been reported, whose

critical step appears to be conjugate addition in a chelated
Grignard reagent complex [349]:

CHO 2 RMgBr 2
o2 e Rgfg ir
g ot +

iy ;

R .= Ph, c=CgHy,

R' = Me, Ph n-Bu, Et,

R? = ¢-Bu, i-Pr >=VCH2-

NaBH
P;l?/—CHZOH e.__4. <_.,_. %i\i;llﬁ
Z

®

Optical yields of 91-98% (RZ = t-butyl) and ~60% (K> = i-propyl)
are reported, along with overall synthetic yields around 50%.

Copper-catalyzed conjugate additions of Grignaard reagents
to a-f-unsaturated carbonyl compounds are now gquite commonplace.
Use of the methylcopper-Grignard reégent complex for conjugate
addition has been noted {158].:

The effects of tetracyanoethylene and- trlphenylphosphlne
on the addition of magnesium diphenylcuprate to 147 and 148 have
been reported [350]. The former decreased the rate of addition
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@ i ?Ac
Me,C=CHCMe Me2C=CH£—Mes PhCMe, CH=C-R
147 148 149

td 148, presumably by competitive complexation with the cuprate,
but had little effect on 147. The latter led to a mixture of
1,2 and 1,4 addition with 147, and influenced the E:Z ratio of
the acyl derivative (149) of the product from 148. Destruction
of the cuprate, with formation of diphenylmagnesium and Ph3P:CuI
was proposed.

In two steroidal systems, the stereochemistry of the
conjugate addition appeared to be controlled by steric consider-
ations [351,352]}:

Me
PhMgI
CuCl
(o]

?e
L—OMgX COCMe

Me C=0
MeMgBr Ne£
Cu(OAc)2

In the latter reaction, a variety of other Grignard reagents gave
conjuga%e addition with or without copper salt catalysis, but
allyl magnesium bromide would give only 1,2-adduct. Minor
byproducés included ethyl ketones, presumably formed via enoliza-
tion in the acetyl group, foliowed by methylation.

Reaction with vinylmagnesium bromide with 150 gave a 60-
85% yield of 151 after acid-catalyzed hydrolysis and cyclization

[353]. ZLithium cuprates displaced an acetate group (150, Y = OAC).

YCH Z
2 ~ZSMgBr - H+ fe) 0
2 50 mol % Cul A
H

150 (Y = OSiMeB)

A critical step in a new prostanoid synthesis is [3541]:

H
RMgX = R CHO_ gt
3 CuCl -
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Several 1nstances of conjugate add ibh'méy,be,nqtéqfin '.

whlch coppe: catalys;s was not c1ted-“

‘Ar
+ Ar MgBr
CH,MgCl (clS product formed)

(3531 + ' | [357]

orRt
[3561]
(o) O CH-N=]
, dgr——N P CH,R
+ MeMgI CO,CH,Ph,
( > 20% 1,4 + MeMgBr
addn) [359]
[358]

o _ g o ¥ o
MeC-C=C=NPh | ArcH
@ z_ .‘ (::} !::) ‘T-Ph
N

+ alkyl-MgBr +
p-biphenyl-MgBx ‘oh
+ PhMgBr
[360]} [361] [362]

Conjugate additions to methylenemalonic acid derivatives include:

H w»
= 02_
@@ MeO,C-CH=C (CO Me) ,
+ RMgX + BuC=CMgBr
[363] [364]

The reaction of esters with vinylmagnesium chloride has
been cited earlier (section IV, E) ([273,274]}.

' Addition of one mole of Grignard reagent to tetracyano-
ethylene at -78° produces an adduct 152 [365]f With phenyl,
the adduct is stable at room temperaturé,rbut alkyl derivatives
decompose. on warming, with slow evolution of HCN. Low temper-
ature{hydrolysis forms 153. 'Products formed with additional
TCNE are shown. Electron transfer and nucleophilic’ processes

R



155

o - =780 fN fN TCNE NC CN _
" RMgX % R MgX —————> — + TCNE~
| i _ N\
+ N N (R = Ph) Ph N
NC, CN 152 —HCN
ne” e | LH+ (R = alkyl)
N CN NC cN
R L /_.\VCN TCNE, -HCN
N CN

NCNC CN CN

are discussed.

Reduction of substituted 1,l-dicyanocethylenes with chiral
Grignard reagents produced chiral products [365al. The configur-
ation of the product depended on the number of aryl groups in
the transition state.

1
R CN R (': R\
+ CH-CH MgCl———é) H— -CH —=> HgC—CHZCOZMe
M

Me/——\CN Et

In several examples, conjugate addition of an «,B8-unsat-
urated carbonyl derivative led to displacement of a leaving
group on the B-carbon:

MeS CO,Et RMgX CO,Et
\c—c< 2 —_ R) =c< 27, RC-CE (CO,Et) [366]
Mes” CO,Et CuBr R CO,Et
0
i RMgX g il
(MeS) ,C=C-C-C=C (SMe) , = R-C—?— ~G=CR, + R4C-CH-C-C=CR,
! CuBr { [
Me Me Me Me Me
[366]
Y-ngBr -
sel—
oo
2Me coMe
MeMgI
OMe Me [3681]
o, Me

References p. 186



‘156

L omgr Cle 7
Et0,C-C=CHNR," —_— RC-C=CHR - . 1369]
It S = Et, Ph' "', LT '
RMgX .
Ph-C-C=CHNR,’ ~—————> PhC-C=CHR T [369]
s R=©gt, ph 01 :

In the last instance, inverse addition gave the indicated'product
(trans) in 76-84% yield; normal addition of excess Grignard
reagent gave’subsequent'l,z-addition to the carbonyl group of

the product-
A formally 51m11ar reaction of enol ethers of B-diketones

[222,370-372] apparently follows a normal 1,2-addition course in
most cases. In one case reported, reaction with Me,SiCH,MgBr

) rRIMgx N H,0 'Y
dép\f;c\OR Rl/f\fgc\bR Y Rl’CQT’QQb

HO

led to intronduction of a methyl group and formation of (Me3si)20
by hydrolysis during the work-up [223].

‘1,2-addition to a "masked quinone" followed by rearrange-
ment also gave the equivalent of conjugate addition [34]:

. o]
(o]
N TMSO CN

Me SlQ NaF .
Y S = —

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

Ph\f\ro &R %'"‘\

Me
+ PhC=CMgBr + R]'ng + ArMgX
=[373] [374] [375]

Although a variety of other nucleophiles gave conjugate
addltlon, and phenyllithium added 1,2 to the carbonyl group,
phenylmagne51um.brom1de reduced 154 to a dimer via single electron
transfer [376]. ) :
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Some other reactions of unsaturated carbonyl compounds
are included in sections IV, E, 2 and V, F.

F. Additions to Heterocyclic Compounds

In earlier portions of this review, reactions of hetero-
cyclic compounds have been noted in connection with carboxylic
acid derivatives (IV, E, 2), carbon-nitrogen unsaturation (V, 3a),
and unsaturated carbonyl compounds (V, E).

Other additions reported fcr heterocyclics with a formal

amide function include:

R R
R ATrMgB
plia kY | —_—s I 2= [377]
| Ar N
) | ar
H
[3781]
CH,Ph
SN
~ [3791]
5
Ph
[379]
Ph
H
o [3801]
Ph

Ring-cleavage was observed in the following cases:
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[3821

 Me - '
0 _
~ AngX - OH - .
ArICH{;O[ e Arlca=2< : - [383]
, N=CH,CH,Ph A NHCOCH,CH,,Ph
The principal pathway for the following reaction depends
upon the Grignard reagent used [3847:

Ph 1 R

R Ph R R Ph
+ R]'ng--) - or \|1!:
R R R™ on
o
= 3 1 _ 1
. R =H, OMe R™ = alkyl R™ = Ph

Addition to azine oxides 155 [385] and 156 [386] has

been repor£ed:

156

The reaction of pyridine with alkylmagnesium compounds
has been studied under varied circumstances [387]. Ether-free
-butylmagnesium iodide in toluene gives exclusively 2-butyl-
pyridine, but with excess magnesium some 4—bﬁty1pfridine is
formed. Reaction of butyl halides with magnesium in refluxing
pyridine gave higher yields, and only the 4—butyl isomer. Side-
chaig alkyliation of methylpyridines was observed under similar

conditions. For these and other results, a mechanism was



159

was proposed involving the pyridine radical anion. Allyl
chloride produced allylpyridine, but heating to 118° before
hydroiysié produced propylpyridines by an internal hydrogena-
tiod—dehydrogenation. In another study, orientation in addition
to pyridines and l-acylpyridinium salts was found to be influenced
by steric effects [388].

' The 1,2,4-trisubstituted dihydropyridines produced by
addition of Grignard reagents to 1l,4-disubstituted pyridinium
salts were studied [18]. Other pvridine and byridinium reactions

include:
CH,MgC1l Il{ ' 1?
+ —> /4 [130]
M S < M Me S\ e \\l
Me MeMe
R R
R R R R
MeMgCl > Me [389]
ClP(O)(OR)2
H
R = H, Me P (0} (oRr),

Addition of PhMgBr to 157 takes place preferentially at
the 8-position, in contrast with MO calculations (which predict

]
-~ 5 &
e ©
N OO
) X ()
@ ) OH (SH)
157, ¥ = H, COOH 158

reaction at C4) and 2-chloroazalene (in which chloride displace-
ment occurs) [390]. Reaction of derivatives of 158 occurs at
various positions depending upon aryl or bromine substitution on
the rings [391]. The triazine derivative 159 reacts at the
indicated position, in similar fashion to non-condensed 1,2,4-
triazines [392].

Reaction of the oxazolinium salt 160 with Grignard reagents
led to the same net result as carbonation [393]:

Me
@;32Mgsr Me_}__\ _ THF_ H,0 © CH,,COOH
+ I e ——-—-é ©
ar Me/NM mMPA OXalic ar
le60
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. ) Addltxon of Grlgnard reagents to thlapyrlllum 1ons was f"
',reported in. two papers-f Tl :

‘+ EtMgBr' :\'; , : : : e o
[394] - -t MezNM9Br ‘
3951

An aldehyde or ketone sypthe51s via Grlgnard coupling
w1th a "masked acyl cation” has been published  [396]:

O =00 == 0% = 00k

lchloramlne T -
| | t

ngClz rcor?!
RCEO

An internal redox reaction aromatizes the intermediate
1632 [397]:

1 1
0O.N 1 ?I?HR ON i S
2
' ' 161

R = H, Me

G. Addition to Other Unsaturated Compounds
Carbonylation of Grignard reagents has been found to
occur rapidly and in fair yield in the presence of HMPA [398,

399]. A variety of products was formed, depending upon the
nature of the Grignard reagent (1°, 2°, 3°, or arylfland condition
The aldehyde from éimple single addition was not nérmally present
in large amcunt, but could be isolated in low yield (R = Ph, Bu).
With tertiary or aryl Grignard reagents, an acy101n from two

moles each of- Grlgnard reagent and CO could be 1solated in good
yield. With primary Grignard reagents, addition or reductlon by

a third mole of Grignard reagent led to ketone as.a major product.
Mlxtures ‘were genera1ly obtained from. secondary Grlgnard ‘reagents;
enollzatlon o; the 2:2 1ntermed1ate adduct apparently occurs'



XMgQ QMgX

o]
co i i
R.MgX —> [RAMgX} —_— [R—(!-E—Mg){] R—(i.‘—(i.‘—-MgX

’ RM R R
RCH{ - L = / (or
H)
OMgX RMgX

1] l_
H,0 Rj-?-MgX 0 (MgXx) ,
or R oMgX
1 = (-
rRix RMgX, R-C=C-R
oH _ut
R-C-CHR (R = (or H)
or 2° alkyl) leo
OR
R-G—&-gY y {HeX y
1 -—?- -C-MgX R,CH-CR
or
- i
protonation RCH2 R

or alkylation
products

A catalytic carbonylation has also been reported {[400}]:

1 N1Y2L2 i
RMgX + R"X + CO =—=—=> RCOR™ + R2R COH

(Y = alkyl, halogen; L = phosphine ligand; R, R~ =

alkyl, phenyl)

Other addition reactions reported include:

!
Et0,C-N=C=§ + RMgX——3 Et0,C-NHCR [401]

1

R R7C=C- [402]

]
Ar-N=5=0 + RMgX —> ArNHLR

C_.Ci_N=0 + C6C15MgCl-———> (C6C15)2NOH [4031]

6775

ArN=S=NAr + RMgX =~——=3> (ArNS (R)NAr)Mgx [159,160;

section II,

VIi. Displacement Reactions of Organomagnesium Compounds

A. Coupling or Displacement Reactions with Alkyl Halides

R = perfluoroalkyl [74]

or Sulfonates

161

CIDNP observations in the reaction of t-butylmagnesium

chloride with CHC13, CC14, CBrC13, and PhCHCl2 indicate an

electron-transfer radical pair mechanism [404-406]:
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-»162 P ST

+Mgcl + R-x—-é-' '-R + Mgc1x
'\i‘lffusz.on B +H +=’( —H—

'-{- + R—>Jt -|—c1(Br) + RH

+R+RH+)= . + R-R

Styrene decreased polarlzatlon resultlng from free radlcal
encounter pairs [406]. Cage: reactlon of t—butyl and trichloro-
methvl-radlcals to produce. t-butyl chloride and’ dlehlorocarbene
was also proposed ‘to explain polarlza ion of ptedﬁcfs derivable
f:om CCl2 [405]. "~ Another CIDNP study of the iron~catalyzed
Grignard reagent-~alkyl halide reaction has- been discussed in
connaction with the mechanism of Grlgnard reagent formation
(section II, A).

A number of examples of uncatalyzed coupling with organic
halides may be noted. Important types include c-halo-ethexrs
allylic or prdéa#gylic halides, and halogen a to carbonyl or

other polar unsaturated groups.

Tifff_ cage
reactlon '

e I

i ArMgBr ?r RNH
C1CH,,CH,OCHCH,Br =———> C1CH,CH,OCHCH,Br —3 [4c
' ’ r

’ Ccl 1 +
. Na H
CEC + RMgBTe——p @ —_ —> O\R [408,409]
1 H
. o CH20Ac CH20AC
o) AcO
) AcO
N @Br ZgBr. @1111:@2 [416]
OaAc OAc -

Me 7 X Me
julcsc
\l mel + Bngcsc—l— . S l 'czc_.‘;_ ' (4111
7 ) Cl >< = —— .o
) ﬁé Me

[412]
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Me

EtMgBr + MeCSCCH,Cl——» MeC=C-Pr + _ SC=C=CH,
. et”
0° (ether) 72 28 . [413]
45° (ether) 39 61
105° (amylzo) 2 90

AL, AT, N ’\rw A

(98% S) X =Cl 100
(THF-HMPT) [414]
X = Br ~50 ~40 ~10

(Etzo, or LiZCuCl4 in THF)

MgBr  CX

[415]

MgBr zncl CH-CO,Et
+ Br(iHCOzEt —% “
MeO

[416]
R
N
R H + MeMgI—3 RYT 5 H [417]
R2 c1l R™ Me
Te MeMgBr %e
Ph C—CHZ—?- e 4 PhZClZCHZ?— [418]
Me 2 Me Me 2

Several coupling reactions with allylic Grignard reagents have
previously been noted in section III, D. The coupling reactions
with c-halocarbonyl derivatives contrast with selective reaction
at the carbonyl group for examples in sections III, C [182,184,
253,254] and III, E, [184] . Some additional uncatalyzed

coupling reactions are:

MeMgBr + ClC=C-P (0O) (OBu) 2—) MeC=C-P (0) (OBu) 2 [419]

RQ_ R
+ ATMQGBY e o [420]

H H

R RO
CH, X CH,Ar

References p. 186



(164

ocoot S e

7 S RHgX- _ SO 7
(ns—cp) FQ—CHzcl _— (n5-cp) 2F$-CH R - . [421]
. - PPhy . PPh, ' '
__ CIL=-HC~
oo

50%

Reactions of Grigmard reagents with - fluoroalxenes are dlscussed
in section V, B. ’

" Catalysis of the coupling reactions of Grignafd reagents
with alkyl halides by transition metal salts or complexes have
been studied by a number of groups. Several reviews have
appeared [9-111.

In a careful study of the catalysis of coupling between
vinyl haiides and alkyl Grignard reagents by iron dibenzoyl-
methane, Smith and Kochi have proposed the mecharism [422]:

Fe(III) + EtMgBr -—2> Fe(Il) + CZHG + CH,

Me

’ﬁr
Fe(I) + —— —_—>Fe (III
A r —

Me

lEtMgBr

E Et
Fe(I) + = €— Fe (III + MgBr,
. e <__

Me

The rate was dependent upon vinyl bromide, but essentially
independent of Grignard reégent concentrétion. The product
was formed stereospeclflcally with retention. Side reactions
included a few percent of metal-halogen exchange, and two
processes with the stoichiometry:

2EtMgBr + MeCH=CHMgBr ——> CZHG + C2H4 +- MeCH=CH-CH=CHMe
+ 2MgBr,

MECH=CHBr + EtMgBr ——> MeCH=CH, + C,H, + MgBr,

A similar mechanism was proposed by Pasto for coupling
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of propargylic halides with Grignard reagents [423]:

c1 1 3 gt
11 3 LN R I 3
R'-¢-C=C-R” + RMgX——> /c=c=c:R + R-C-CZC-R
82 r2 Igz

In the presence of 5 x 10 ° M FeCl,, allene is formed rapidly.
Without catalysis, a mixture of allene and alkyne forms much
more slowly. Discovery of the very efficient catalysis
explains contrasting results in the literature, and provides
a method of choice for allene synthesis.

Several papers have been published by Kumada and coworkers
on nickel catalysis of crossw<oupling between Grignard reagents
and aryl or vinyl halides [424-427]. A wide variety of NiCl,-
(phosphine)2 comﬁfexes were studied; the ligands Ph3P (162),
[Ph2PCHZ]ZCH2 (163) and [MeZPCHZ-}2 (164) were preferred for
various Grignard-halide combinations. The reaction is successful
for a variety of alkyl, aryl, alkenyl, and allyl Grignard
reagents. Ether as solvent and aryl or vinyl chlorides are
preferred; even fluorobenzene reacts. A number of varied
examples of the nickel-catalyzed coupling to heterocyclic aryl
halides were reported {425]; the following is one of the more

interesting:
cl
NiCl2 (163) 2.
+ BrMg-{(CH,) -MgBr > (:) (CH,)
c1 n = 6-8

Several chiral phosphine ligands, including 165-168 were used -

CH-NMe
@—A 5 @—Pth
Ee e Fe
165 : 166
Ph,
Et 0 PPh,
Ff >< g™ PPh,
167 168

to bring akout asymmetric induction in couplings. Ligands 165
and 166 were most effective, giving optical purities of 50-60%
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‘J;or more [426]. ThlS coupllng reactlon has also heen 1ncorporate
flnto xetone [427] and aldehyde [428] syntheses.- -

' »_;”lkl kz ST Rl': 'Rzl CooEt R 2
SNl 4 rMgx —_ —> »R'—-’¥—<>

’ - R‘ ‘osme3 S 0

Br -stme3 HZO g

H+

BrCHfCHOEt + RMgX~——i>RCH—CHOEt —— RCHZCHO

HZO

(not sterebspec1f1c)

) A nlckel—catalyzed coupllng combrned with rearrangement
is noted 1n sectlon vii, A. ’

_Aryl lodldes and bromides may also be coupled with
,Griqﬂard reagents-ln good yield using [Ph3P12PdArI at concen-
trations .as low as .'!J.')‘4 [429]. A mechanism similar to that
‘drawn for iron catalysis ‘was proposed, involving P4(XII) and
PA(0) intermediates. S

-A study has also been publlshed of the Cul or L12CuCl4—
catalyzed coupling of v1ny11c Grlgnard reagents with alkyl
halides which gives yields of 82-97% [430]. -The use of ngz-
or LiX-CuCN complexes for coupling of Grignard reagents with
organic halides or sulfonates has been patented [431].

The reaction of isopropylmagnesium chloride with various

aryl or vinylic halides catalyzed by 1% of MnCl, gives reduction

of the halide, accompanied in some cases by crossed coupling [432].

Some less routine examples of catalyzed crossed coupling

arez:

Ll CuCl
RMgX + Br(CH,) CO,MgCl ~—2——% R-(cH,) CO,MgCcl  [433]

e.g. R = C5H11, n = i0 (94%); R = sec-Bu, n = 4 (88%)

I I . Ph Ph
Ni(Acac)2
@@ + PhMgI —————————Z3 @ (78%) [434]
'C6H6~ether e

. -10 to -14°

CH.,CH,OMes
2723 +BIM'QCHZ ) —+CHZ)3 CHMeZ
_ Me 5

+ Li,CuCl, (4351
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1 ABr g | 1 [436]
FeCl3 Z ("masked"

carbonyl

function)

Catalyzed coupling reactions were reported in a number
of previously-cited references: nickel and palladium complexes
{70,97,101]; LiZCuc14 or CuCl [78,84,85,89]; magnesium cuprate
[is87.

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

The reaction of Grignmard reagents with epoxides is a
step in a new synthetic sequence for a-f-unsaturated ketones

originated by Stork and Ponaras [437]; e.g.

RMgX
HiMe M : OH ==
(=3 o
= =0 Fte ©
H Me H

I R
MezN

The following intramolecular epoxide cleavage depends on
the base used [438]:

Fh _o_ A% C):—\-—?-~ca (94%)

NC-C~ CH -CH——CH,,
é MeMglI
or MgBrz,
then MeMgI

_ Ph
Ph o)

i i
NC—(IZ‘.-CH2-CHCH2X —_—>
H

NG

OH

A steroidal epoxide 169 reacts with allylmagnesium
bromide by displacement at the secondary position [439]. The
epoxy acetate 170 reacted with isoamylmagnesium bromide

z

-
41,0 Ac
169 170
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:;preferentlally ‘at the este. functlonl' ‘A small yleld (5 12%)
; of product from addltlon to the tertzar9>carbon of the epoxldeA
was 1solated, along w1th a dlmerlc product of" unknown structure:'
v[277}._- T : o S

'Several react;ons of epoxldee w;th allyllc and propargyLlc
B Grlgnard reagenta are dlscussed in eﬂtlon I1I, D. Alkynyl
Grlgnard reagents addcd normally to thc prlmary .epoxy carbon of
eplchlorohydrln {184] .

”he klnetlcs of the acetal reactlon below appear to be.
- second order 1540]. N p—value qf +Z.35 for aryl rlng substituents

?Et ether ,?Et ) ' X
EtMgBr + Me-?ﬂ x —— Me(l:H‘ + BrM :
o R

is similar to +2.11 for ArOH ionization in water, and is con-
sistent with an SNZ or an unsymmetrical 4-center mechanism. The
cleavage of 171 occurs preferentially at the oxygen para to

O 2% Ol + 1OC.
CH.. _——-———9 +
2 d “ toluene 3 Et z OMg T
171 % = Me, H, Cl

methyl and meta to chlorine (with reduced rate). Two mcles of
Grignard reagent are required, since product forms an unreactive
complex with reagent [441].

A previous report that reaction of 172 yielded product
173 in two isolable rotameric forms has been shown incorrect
[442]. The second product 174 is formed by carbonium ion
rearrangement. Both products undergo pinacolic rearrangement
to 175.

- Me O ye PCHCH,0H
:] -Me OH
MeMgBr ” Me
. OH > OH 4 Me
. : - HOCH,CH,0
172 ) 173 - 174

lgCOZH

Me
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The ethanol hemiketal of cyclopropanone reacts with
dlsplacement of the ethoxy group [443]:

oH :

. D( . 4+ 2RCECMgBr ————>

OEt R = Me, Ph, C=C-R
cyclopropyl

OH

Titanium halides are reported to catalyze the displacement
cf Grignard reagents with a variety of allylic acetals [444]; e.g.

, PhCHZCHZMgBr
PhCH=CH—CH(0Me)2 > PhCH=CH?HCH2CH2Ph
TiCl, OMe
THF, -78°

Displacement of the alkoxy group in several mixed systems

has also been reported:

(CIO)Hz + MeCH=CHCH,MgX ——3 @ [445]
—CHCH—CH2

Y =0, S e
(95-97% a-methylallyl)

EtMgBr 446
Et_é dﬁo\ — EtriI-CHZCHZOH [4461
2 CH2Et
[Ha0Me CH,R
N RMgX l
g
@:I@ —_—> @ @ 72-90% [447]
N
|
CH,OMe CH,R
n-Bu COOEt COOEt

Me V4
o —\
Me—+—COOEt + \_N)/:' —_— /o — COOEt
>(‘ \__OHgx

l [1161]

@

Mgcl ,NMeR

@’.@ + RNCH,0-n-Bu —» @‘i@ [127]

Me
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oo

Y = 0, N-Ts

[448]

vGrignard reégents reacted with cyclopropenyl and cyélo—
'heptatrieny1 ethers, most probably via the corresponding carbonium
ions [449,450].

n-Pr

R - q—PrMQB_r ’
P =
Y ;
Axr
OMe  ArmgI
. —_—
H o H

Reaction of the 1,4-diphenyl-1,3-butadiene--magnesium
adduct with tetrahydrofuran [55] has been described in section

III, D.
Displacement reactions of a variety of allylic, propargylic
and vinyl ethers, amines, and acetates are described in sections
vV, B and V, C.
C. Displacemen* Reactions at sSulfur
Organocuprates from Grignard reagents were reported to

react with sulfur dioxide [451]:
-40° ’ Br,
RMgX + SO —_— R502M —y RSOzBr

2 cuBr
|H+ ZN\COMe
il
> RSO, (CH,) ,COMe

A patent reports reaction of vinylmagnesium bromide with

sulfuryl chloride [452].
Sulfonium salts were formed from sulfoxides [453]:

0

riA

°PF Et,0BF, riMgx 1

-or > > Rr?—Ar or AxS-Ar
1 Al

ﬁ:l ~ R.= alkyl, aryl R"
arsacl ~
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With only one aryl group present, inversion of configuration
was found; otherwise the product was racemic. Dimethylsulfoxide
with ethylmagnesium bromide gave some methyl ethyl sulfoxide,
dimethyl sulfide, and ethylene [62].

Reactions of Grignard reagents with sulfinate esters
176-179 to yield sulfoxides have been reported [454,455]. A

i (‘zﬂzh) i 2°
b collice:
o
176 n=3, 4 178

177

major side reaction was reduction of the sulfoxide product to
a sulfide [454]. Partial kinetic resolution was reported in
and 179

the reaction of racemic sulfinic esters 176, 178,
= Me,

with optically active Grignard reagents RCHEtCH,MgCl (R
Ph) [455]. The (S)~Grignard reagent reacted more rapidly with

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

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

CgH, ;CHMeMgBT i
> ATSCHMeC H, 5

}

Arﬁ—o—(-)—menthyl
180
2

IR1CEC—CR2R3MgBr § 2 2 i | 1
-> Ar f=c=cR R~ + ArS-C-C=R
L1 23

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

the allene [456].
Inversion of configuration in reaction of MeMgI with

thiosulfinate ArS(ors-t—Bu was used to establish its absolute

configuration [457].
Substitution and ring-expansion reactions were found

for cyclic sulfoxides [458]:

I ! + RCHZMgX-—ﬁb (;;)\R R = H, Me, Ph, o-Tol
\§

No

( 5 + RMOX ———p Q\R R = Me, PhCH2

i
o]
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thleOphlllc attack on dlvalent sulrur occurred 1n the

follow;ng reactlons, w1th formatlon of & thloether-

H
rL
F3C ' é’ SR
F
" CF 2 3
BuMgCl MeX
thﬁ—SR ————3 Bu-S-R + thﬁMgCl e th—ﬁ—Me

S
R = Me, PhCHz, Ph

¥ i
sar
AngBs
©:C\I¢m =

R = CFC12, CC13, ﬁF

D. Alkylation of Other Elements

' The displacement of halide ion or other leaving grout
on a metalloid or metal derivative by the alkyl group of a
Grignard reagent is a common preparative procedure. General
synthetic. or mechanistic studies, and a number of less routir
examples will be cited. Other examples are referenced in
sections II, C, 7 and III, D. .

Group IV metals and metalloids. Reaction of n-alkyl

Crignard reagents with Mesicl3 gave good yields of RSiCl,Mej
a second alkylation occurred with dlfflculty, and no tetra-
alkylsilane was formed [464].

The fluoroethoxy silane 18: led ﬁo unusual stereochemij

i e |
@ 'i@ "—éi-x._ X = Cl, R = p-ani
@ OEt e _L ) X OMe, O-t-Bu

alkyl, phenyl
181 + RMgX : allyl, benzyl

|

i
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[465]; With Grignard reagents, ethoxy was replaced, and the
‘stereochemlstry was retentlon in all cases except allyl; alkyl-
lithiums displaced fluorlde with inversion. Retention of
"configuration was found in all displacements of 182 [466,467].
Some additional alkylations of silane derivatives are:

PhZSi(OMe)Z Ph Ph

i I I

+ x_@_y ar +  MEOfL >10Me [468]
toluene Fh Ph

Me
f ' Mg r/\j
C1CH. -Si—4CH Si-c1 — Me R R =
2 —tC 2+§-l T \Si li/ R = Me, Cl [469]

Me R
Me R

?e %e
Ar-Si~-Cl + BngCECCRZOMgBr —— Ar—%i—CECCRZOMgBr [102]

C2H3 C2H

/’TCH - RMgX 1

2'n=3,4 7, RY-Si—tCH, 3—0H [4701

R%, \\_1) AZ

Rt = R2 = Me; Rl = a-naphthyl, R = phenyl;.
R = alkyl, vinyl, allyl, benzyl

The reaction of organic compounds with halosilanes in
the presence of magnesium is discussed in section II, A [38,39].

A synthetic sequence for tetraalkyltin compounds, a Mg-
catalyzed oxidative addition of alkyl halides to Snclz, and an
improved preparation of hexamethyldilead may also be noted:

1

RMMgX 1

Sn + Rx—'—>R25nX2 —— stnRZ [4711]
Mg

snCl, + RC1 —> RSnClg [4721
I

[473]

6MeMgI + 3PbCl, ——» Me Pb, + 3MgCl, + 3MgI, + Pb

In situ reactions of magnesium and 2-trimethylsilylallyl chloride

with Ph3GeCl and Me3SnCl have been reported [474].
Earlier refereaces cite alkylations of si [137,139,141,

146,147,174-1761, Ge [174]1, Sn [133,134,141,143,174], and Pb [174]
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Groug V.t The reactlon of: PCl5 w1th organomagnesxum and
—llthlum reageuts was studled [475]. Succe551ve,reolacement
Vlof halogens: ‘to- R3PC1 occurst $h15~1s hydrulyzed tomRspo»or'
—,undergoes nucleophlllc attack on.Cl, preducing RC1 and R P.;g

. : An 1mproved method for_preparlng dl(cyclohexyl)chlero—
_Dhosphlne from PCl3 was publlshed f476]. _Replacement of chloro
,or,alkoxy groups -are reported for Fhe followings:

PhC=CP (OEt) , rlscH=caPCl, c1q:z>rc1
+ 2ArMgBr + 2RMgX |
] + 2MeMgI
[4771 [4781 [4791
Ar
) i
N
C1,P(0)-C(C1)=C(C1)OEt C13P\N>Pc13 + RMgX
+ EtMgBr | (R =
Ar Et, Ph)
[480] [281]

In [480],'double alkylation on phosphorous occurs, followed by
replacement of the terminal vinylic chlorine. The product in
[481] was a mixture including mono- and di-alkylations of the
phosphorous, and condensed product. A detailed preparation of
(C6D§3Pvfr°m PCl3 was givenr[482].

The reaction of PhAsCl2 with a mixture of MeMgI and i-
propjl—MgBr gave a better yield of the mixed tri-substituted
"arsine than a sequential synthesis [483]. Detalled procedures
have been publishea for syntheses of CGFsAsMe2 [484] and o-
Brc6H4AsMe2 [485]. Earlier references cited alkylation of
phosphorous [103,124,141] and arsenic [136,141].

Group III. Alkylation of boron is reported in [141] and
[145]. The reaction of aluminum halides with cyclohexyl
Grignard reagents gave a tricyclohexylaluminum product which
could not be-obtained free qf halide; R2A1C1’and RAlClz—were
prepared. Chlorocyclohexane reacted with aluminum and magnesium
to form a m;xture of aluminum and magne51um derivatives which
could not be separated [486].- ) )

. Transiticn elements and actlhldes._ Tltanlumrmagne51um
complexes w1th nltrogen-flxlng reactivity -have been noted: _
ﬂp:eV1ously [153-155]. Dialkylamino organotztanlum derivatives
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have been prepared, where the organic groups are benzyl and
Me3SiCH2— [4871.
Reagents from Grignard compounds and MnI2 are useful for

preparing ketones from acid chlorides [270].
Some reactions which have been reported are:

CrCln (n = 2,3) FeCl, or MoO,Cl, BrCo(Acacen)PPh3
+ n MeCH=CHCHMe + 2 mesityl-MgBr + CGFSMgX
MgCl
[488] [489,490] [491]
Re3019 + RMgCl————i>Re3Cl3R6

[492]
RMgC1
ReR5 or ReR4-THF - —p ReR8N2 or ReOR4 or Re3R12
(under N2) (under 02) (under Ar)

(n5—cp)3ThCl + RMgX-————)(ns—cp)BThR [493]
MezAuI-PPh3 + CD3MgI————9'cis—MezAuCD3'PPh3 [494]
5 RMgBr 5
(n”-cp) (Ph3P)PABr ~————> (n~-cp) (Ph;P)PAR [495]
~78°

R = Me, Bu, Ph

Ph.P
(COT)PtCl, + BrMg(CH,) ;MgBr ——> —35 Ph3P—PO [496]

Formation of a platinum metallocycle [135] and reaction
of Nic12 with 2-trimethylsilylallylmagnesium bromide [474] have
been reported.

The alkylation of a transition metal intermediate has
been proposed as a probable step in the crossed coupling of
Grignard reagents with organic halides (see section VI, A)
[422-429].

E. Reaction with Peroxides and Disulfides
CIDNP studies have been made of the reactions of
t-butyl- and benzylmagnesium chlorides with benzoyl peroxide

[497,498]. Results were explained on the basis of single

alectron transfer to form a radical pair:
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o -;-—-99hco Mgcl + 'P-hCOZ "R~
. RMgC1 = réé,/f‘J '

PhC02R = T PhCO,* + Re
or PhCO H+)= e 'li ’
S - R-R + R(+H) + (R-H)
+ PhCO,H

‘'With the -t—butyl Grignard reagént, polarization of isobutane,
isobutene, and 2, 3-d1methylbutane was observed- in the presence
of styrene, only the isobutene was polarlzed. With benzyl-
magne51um chlprlde,‘polarlzatlon of the benzylic cHzAwas observed
in the dimer and the ester (and in benzyl chloride which results
from a pathway not clearly defined).

, - CIDNP observations in the reaction of t-butylmagnesium
chloride with dibenzoyldisulfide were-interpreted on the basis
of a similar scheme [499].

A variety of techniques were used to study electron-
tran;fer pProcesses in reactions of Grignard reagents wit
péroxides [231. -

Grignard reagent 183 reacted with t-butyl perbenzoate
[502). The disulfide 1864 was formed by a Grignard reaction
with elemental sulfur.

—+—-SMgBr + PhCO o+ —->+s—©—u--l—
\ :

184

2

F. Reaction As a Base; Metallation
Preparation of a number of organomagnesium compounds
by proton removal from an organic substrate has been discussed
in sections II, B [61-65] and II, C, 4 [115,117-119}.
Phenyimagnesium bromide reacts with acetylene-:in the
presence of secondary and tertiary amines to form complexes
of the di-(bromomagnesium) derivative .of acetylene. The

diethylamine complex was isolated and characterized [501].
Kinetics of the reaction were studied [502-5C4]. The catalytic
activity of amines was directly related to basicity, and was
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" less important in the more basic THF as solvent. Disproportion-
ation of anr‘in‘itially-formed mono-magnesium derivative was

proposed. - . ]
Cyclic metal complexes were formed by proton abstraction:

N lilg - \’M_g
Br
- o~Tol-MgBr T\
/] :N\ ———> :z;é‘\):{ [506]
A \
BI'I \Br 2 Br

The latter example is noteworthy -in that there is no apparent
activation of the proton abstracted. Another unusual attack
on an unactivated carbon was reported as a side-process in the
Wittig-type reaction cf 185; the abnormal product was absent
when the reagent was prepared and used in situ [140].

’]’ CH,, (MgBr) a/'/o
THF

185

Proton abstraction from 186 and 187 leads to elimination:

Me RMgBr c) Me
———— - {507}
Emh R = vinyl, Ph
(@]

186 allyl
ﬁN 1 EtMgBr -0 - 1 1
RNHCNHR™- ————3 RN-C-NR~ =2 RN=C=NR [508]
187 33-61%

Elimination, with cleavage of an oxazoline ring, is also a
probable mechanistic step in the ketone synthesis in [178]

(see section V, A).
Formation of the di-magnesium salt from 188 leads to a

NH.C1
o oL
O (o]

H
188 189
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‘nucleophlle useful_for furtherltransformatlons [509].,‘Proton }
,abstractlon from.the methyl.greup of 189 was-favor d by a’ :

def1c1ency of magne51um [2851. Only enollzatlon was observed
ﬁln the reactlon of rotenone w1th MeMgT- [510}.,

’VII; Other Reactlons of Organomag§e51um comgounds

a, Rearrangements of Organomagne51um Compounds

Rev1ews which include materlal ‘on rearrangement have
been cited in section I, a [7,201..

The most novel development in rearrangement chemistry is
the f1nd1ng by'Cohen and Yogev that allylic magnesium compounds
are photocycllzed,(quartz) to cyclopropyl derlvatlves [1l66].
The following exzmples were studied:

hv- CO
Br ! CO,H
A/Mg r_)__?)D_cozH + CyH 00, + AN 2T + I A~z
45% 30% ~ 25% and
structure polymer
unknown

C02
hv CoO
Ph, MgBr 2, .A ceis = 49
NN —_> Ph co, trans:cis 49:1

hv CO
N\/MgBr —_— —% CHZ—CHAO H trans:cis = 6:1
2 .

No cyclization was obsexved thermally at temperatures up to 200°.
Maercker and Streit have published results of a study of
the rearrangement [511]:

1

H H
2
R D b

b

190

The existence of 190 as an intermediate with finite lifetime

rather than a transition state is inferred frem the occurrence

. - - 2
of cis-trans isomerization (Rl = H, R® = Me) at a rate very
similar to that of label rearrangement. The substituent effect
on rate (Rl = R2 = m > ’Rl = B, B? = Me > B! = R? = Me) is

inconsistent with a radical mechanism of rearrangement. Slowness
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.of the compound with R' = £-Bu indicates considerable staric
hindrance to cyclization. The rate shows a steady decrease on
variation of the solvent from 100% ether to 100% THF, an increase
with HMPA, and a linear increase with increasing concentration.
The results were interpreted in terms of a bimolecular mechanism
involving RMg'+ and RMgXZ_-

Rearrangements in a similar system have also been
investigated by Migianiac [512]:

R .

R Mg  MeCHO P ¢ f mMe
=)\CH 2 Br > > e + =\/y
R = vinyl, ethyl, phenyl OH

Rearranged product was found only for R = vinyl. Rearrangement
apparently occurred during formation of the Grignard reagent,
possibly by a radical mechanism; reflux for 3 hr before reaction
with acetaldehyde did not change the product ratio. However,
there were also isolated substantial amounts of monomeric and
dimeric hydrocarbons and alcohols corresponding formally to
hydrolysis, coupling and oxygenation of rearranged and unrearranged
skeletons.

Further evidence against a radical mechanism for
rearrangement of Grignard reagent after formation came from a
study of the system [513]:

MgCl
_CH,MgC1 E:Hz ~ y/
-——* +
D MgC1l
SMe Me
Me

The primary Grignard reagent comprised >98% of the cleavage
product, whereas the corresponding free radical was shown to
cleave mostly in the direction to form a secondary radical. The
direction of ring cleavage was also considered to be inconsistent
with a single electron transfer mechanism.

Related rearrangement processes involving cleavage of
the four-membered ring in bicyclo[3.2.0 heptyl ring systems
have been reported [165]:

~10%B “ ~00%
MgBr —<4—o = —_—
- CH,MgBr
191
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In the rearrangement of 191, cleavage to the cycloheptenyl
'isome: occurs reversibly to a small extent. Consideration of
the rates of the cleavage processes led to the proposal that
the preferred geometry of the rearrangement transition state
was one in which the C-Mg and C=C bonds are approximately
perpendicular. Cleavage of the stereoisomer of 192 with an
endo alkoxy group appears to be accelerated, and may be a
concerted fragmentation process.

The product from a Grignard reagent prepared from
bromide 193 indicates cyclization either during or after
-formation of the Grignard reagent [36]:

Ph

rM
?r '9‘ " CH,MgBr I : Ph
{
H

—e

Rearrangement was also apparent in the 3:1 and 4:1 adducts
of butadiene with magnesium [54]. The following addition and
cyclization processes appear to be indicated in formation <f the
trimer, based on hydrolysis products:
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"The 3:1 adduct reacted less readily with a fourth mole of
butadiene, and the 4:1 adduct was completely inert to further
addition. The hydrolysis products had two rings and no allylic
C-Mg bonds, indicating a second cyclization.

Cyclizations under conditions of the nickel complex~
catalyzed coupling reaction (see VI, A) most probably involve
rearrangement of an organdnickel intermediate [514,515]:

e
&3_03-7}9

(8%) Me (54%) Me
c1 Me
Nl(PPh )
PhMgBr Me

NiCl (PP’-13)2 :: M CH Ph
@Wﬂlﬂe : ;

B. Catalysis of Polymerization and Other Reactions
The year 1976 saw great activity in the patent
literature in the area of multi-component alkene polymerization

and copolymerization catalysts including an organomagnesium
compound in their formulation. These catalysts are described
as solids formed by interaction of the magnesium organometallic
or halide with a titanium or vanadium compound, generally along
with other components such as organoaluminum, boron, or berylium
compounds, siloxanes or other silicon or tin derivatives, and
frequently a Lewis base or alcohol. It is not clear whether
the catalyst is actually an organomagnesium material; in some
cases the magnesium salt may function primarily as support.
Polymerization occurs when the alkene is treated with the
catalyst and an aluminum alkyl; often polymerization was done
under HZ' In various cases, claims were made for high polymer
vield and molecular weight, high stereospecificity or broad
molecular weight range. Because of their numbexr, the patents
will not be referenced individually; however, a list of Chemical
Abstracts numbers 1is included as Ref 516.

Magnesium-containing catalysts for the polymerization of
alkenes in a dry fiuidized bed are described [517,518]. A

granular reducing agent for preparation of polymerization
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:catalysts was prepared by polymerlzatlon of a small ‘amount of
" ethylene by a system TiCl,-Ti(OEt) 4-EtMgCl-H, [519]. .

- TwoO - studles appeared in the periodical literature on
'ethylene polymerlzatlon w1th organomagneslumchdtalnlng catalysts
‘A hlgn-act1V1ty catalyst. from TlClA, ntzAlcl, and Ph Mg produced
20 to .30 kg of polymer per gram of catalyst. The catalyst
produces polymer of very hlgh molecular - weight; polymerization
at 90-130° under Hz produced azlower molecular weight polymer
of "standard commercial properties" [520]. Polymer produced with

sﬁch a catalyé; had minimal brahching, one terminal vinyl group,
and a narrow molecular weiéhtrrange,[SZl].

VCatalystskfor diene polymerization which contained
organomagnesium components were reported to have high specificit
for trans-1,4-polymer [522,523]; Mixtures of dialkylmagnesium
with barium alkoxides also functioned effectively [524,525].

The use of organomagnésium compounds as amionic polymeriza
tion catalysts has alsbr appeared both in the periodical and
patent literature. Methyl methacrylate polymerization by t-
butylmagiunesium chloride was studied mechanistically as a function
of temperature and organometallic composition [526,527]. Under
the conditions studied, only di-t-butylmagnesium initiated
polymerization; #-BuMgCl and ¢-BuOMgCl were inactive. Mechanisms
based on the coordination of magnesium to ether or monomer were
proposed for initiation, propagation and termination, and to
explain the variation in stereochemistry of the polymer. The
structures of methyl acrylate polymers produced by various
catalysts (including PhMgBr) were compared [528].

A polymerization of s-caprolactam with Grignard reagent
catalysts [529] and a block terpolymer from polyether, methyl
terephthelate and caprolactam using ethylmagnesium bromide [530]
have been patented. A complex of diethylmagnesium, resorcinol,
and water produces an alternating coz—propylene oxide copolymer
{531].

Catalysts described for other processes have also
involved organomagnesium components. A catalyst from CH,=CHCH,
CH,MgBr and (n —cp)T1C13 principally dimerizes ethylene to
butenes [532]. Catalysts prepared from BuMgBr or other organo-
metallic components and nickel acetylacetonate catalyze hydrosily-
lation of isoprene and piperylene, and a hydrosilylation-

dimerization of l-pentyne [533]:
' - Pr

) i - Pr Pr '
HC= =Cc-Pr + HS:L(OEt) _—_> ACHSJ.(OEt):i x—msi(bstl
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Catalysts prepared from reaction of Grignard reagents and
V'WCl6 or MoClg, deposited on silica or incorporated into a polymeric
support, act with metal halides (Alc13, Tic14, etc.) to catalyze
olefin dismutation reactions [534,535].
A process has been patented in which alkyl or aryl
Grignard reagents catalyze reaction between epoxides and CO2
[536]); e.g.

VANGRI

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

EtMgBr
—_——

o

Nucleophile

Halogen exchange between alkyl fluorides and Grignard
reagents has been reported ([537]. Halide reactivity followed the
order C1° < Br < I . 1In a series of silyl-substituted fluorides,
Me3Si(CH2)nF, the rate increased with decreasing chain length
(Cy < Cy < Cl), and the rate was increased relative to n-C.H,_F.

7715
Neopentyl fluoride was unreactive [538]. -
Halide exchange was also observed for [5391]:
5 e} (o] 2 co.~
X MeMgI R I ) X 2
l 1 > > 1 via
X X", X*=c1, Br X X HO
H g H

Cleavage of an a-lactam by halide ion was noted previously
{289,290].
D. Miscellaneous Reactions

Cther reactions with metal salts. In addition to
transition metal-catalyzed crossed coupling reaction with alkyl
halides (section VI, A), alkylation of metal or metalloids (see

section VI, D), and possible catalysis of single electron
transfer pathways (section IV, A), some other reactions may be
noted.

Fauvarque has studied reactions of PthI(PPh3)2 with
Grignard reagents [540]. Reducing Grignard reagents rapidly
and quantitatively form benzene and the corresponding alkene,
even at -70°. The ligand (biphos) suppresses reaction. Non-
reducing Grignard reagents (Me, Ph, benzyl, allyl, phenyl-
ethynyl) give mainly crossed coupling with the phenyl of the
complex, accompanied by some biphenyl. Crossed coupling of these
occurs best in a catalytic reaction with Pd(PPh3)4.
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: : An experlmental procedure for coupllng of p-tolylmagne51um-
bromlde to the correspondlng blphenyl w1th thalllum[I]bromlde
iwas publlshed [541].7 Sllver trlflate was used to ox1dat1vely
couple*_alkyl d;—organomagnes;um compounds to cycloalkanes [138].
Cycllzatlon by means of a Kharasch reaction has been reported
[253]-7, ) i

OH

’ t EtMgBr
ClcH —CH,,Cl =i
S27 2
CD Fecl
3

The reaction of the complex Mo(CO%(PR Cl) (R = Me, Ph)
w1th ethylmagne51um bromide led to unant1c1pated coupling to a
P-P bonded dimer [542].7

. Reaction with radicals, oxidizing ageﬁts,vcations, etc.
The stable free radical 194 reacts with Grignard reagents,
'probebiy'initialiy by singlevelectron transfer [543]. With

Ph : j;hN,ng Ph
194
2¢§:£; RMgX ';J\v)k\ + Re i ?géq{/R
. A
" 7 “eh o T e
194 : 195

aryl Grignard feagents, no 195 is isolated, but the corresponding
biphenyl forms almost quantitatively. In another oxidation,
rhenylmagnesium bromide reacts with tetranitromethane in THF or
MeCN to yield benzene and Mg[C(N02)3]2; the mechanism may again
involve electron transfer [544]. Similar reactions are found
with N,0, and XC(NO,) 5. ‘ '

“With cationic iron complexes 196 and 197, dialkylcadmium

R
=
Fe (CO) R pe(co)
3 3
196 197

compourids (from 2RMgX + CdClé) react with alkylation of the
least hindered terminus; vielding a dimer complex; Grignard
'reagents lead to decomp051tlon without alkylation [545].

In a new aldehyde synthesis, an organometallic compound
reacts with the borate ester 198 [546]: )



186

' PhMgBr
c1 cms(o:.pr)2 _ c12cml3 (olpr)z——>c1?n-3(01pr)2———2>Phcao

198 Ph Ph (70%)
Coupling with azomethine imines occurred non-stereospec-
ifically [547]:

rY R?

p 2 25 /Z;
A-CHR ,N-CHR

The reaction of surface groups on graphite and carbon
with MeMgI was studied [548]. Cyclic esters were considered
responsible for surface acidity.

Thermal decomposition. A review of metal alkyls considers

thermal decomposition reactions [6]. The decomposition of di-&-
butylmagnesium was studied [549]:

e i R B G

Analysis of AS+ and the ratio of disproportionation to combination
indicates a radical mechanism. A CIDNP multiplet effect in the
monomeric products indicated a non-cage radical process. Similar
results were found for 2Zn, but the polarization with Hg favored

a cage mechanism.
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