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[
[
[ Method of preparing organomagnesium compounds

E

[The present invention is directed to a reagent for use in the preparation of
Eorganomagnesium compounds as well as to a method of preparing such
lorganomagnesium compounds. The present invention furthermore
Eprovides a method of preparing organic compounds. It further provides the
ruse of the reagents of the present invention in the preparation of
Eorganometallic compounds and their reaction with electrophiles. Finally,
ithe present invention is directed to the use of lithium salts - LiY in the
‘preparation of organometallic compounds and their reactions with
Eelectrophiles and to an organometallic compound which is obtainable by

(the disclosed method.
[

[

(Background of the invention

[

[

[Polyfunctionalized organometallics are important intermediates in modern

Eorganic synthesis. 1]

[

EOne of the best preparative methods of these reagents is the halogen-
rmetal exchange reaction. Whereas the Br/Li-exchange is a fast reaction
'which occurs at low temperature, the corresponding Br/Mg-exchange is
Econsiderably slower which is a severe synthetic limitation for several

[reasons:
[

[
[(1) the exchange requires higher reaction temperature and therefore is

Enot compatible with many functional groups,

[((ii) the slow Br/Mg-exchange especially on electron-rich aromatic
Ebromides is in competition with the elimination of HBr from the alkyl
(bromide also produced during the reaction (usually isopropyl bromide)
Eand therefore, results in low yields. A catalysis of the Br/Mg-exchange

rwould be a highly desirable process.
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ERecently, the inventors have shown that highly functionalized aryl- and
(heteroaryl- magnesium halides can be readily prepared by using an
Eiodine—magnesium exchange reaction.l?] As exchange reagent -PrMgX (X =
[Cl, Br) proves to be most convenient. In some cases, this exchange
Ereaction could be extended to some aryl and heteroaryl bromides when a
ipowerful electron-withdrawing and (or) a chelating group was present to
Ecoordinate -PrMgX and make the Br-Mg exchange “intramolecular”.[3]

[

EBasically, the I/Mg-exchange reaction is an excellent method for preparing
ffunctionalized aryl and heteroaryl compounds. It has as main drawback
'the need of using sometimes unstable, often expensive or commercially
Enot available organic iodides. The alternative of using aryl bromides as
[substrates for the Br/Mg-exchange is known, but was strongly limited to
Eonly highly reactive aryl bromides (bearing several electron-withdrawing
[groups) due to the low rate of the exchange reaction using either -PrMgCl
Eor -ProMg.

[
[

[
improved method of preparing organomagnesium compounds. It is a

Therefore, it is a problem underlying the present invention to provide an

Efurther problem underlying the present invention to provide an
rorganomagnesium compound, which has a higher reactivity with an
Eelectrophile (E+).

[

[These problems are solved by the subject-matter of the independent

[
claims. Preferred embodiments are set forth in the dependent claims.

[

[

[ . .
[Summarv of the invention
[

[

[The inventors found that by using the mixed organometallic R1(MgX).'LiY,
ra fast exchange reaction occurs leading to the desired Grignard reagents
Ein high yields under mild conditions and allowing the preparation of many

ffunctionalized Grignard compounds which were previously only available
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Evia Br/Mg-exchange reactions in mediocre yields. The method of the
[present invention considerably facilitates in particular the preparation of
Earyl—, heteroaryl-, alkenyl-, alkinyl or alkyl- magnesium compounds and
[(finds broad applications in university as well as in industrial laboratories
Efor large scale use. Basically, the method of the present invention

rcorresponds to the following reaction scheme:
[

[

[ R (MgX)n'LiY

(R2A » R2(MgX)n-LiY

[ - RIA

[

[
(According to a first aspect, the invention is directed to a reagent for use in

the preparation of organomagnesium compounds, the reagent having the
[
general formula

[
E R1(MgX)o LiY
[

Ewherein

mis 1 or 2;

ERl is a substituted or unsubstituted C4-Cys aryl or Cs3-Cos heteroaryl,
rcontaining one or more heteroatoms as B, O, N, S, Se, P, F, Cl, Br, I, Si;
'linear or branched, substituted or unsubstituted Ci-Cao alkyl, Cz-Cao
Ealkenyl or Cz-Cyo alkinyl; or substituted or unsubstituted Cs3-Cozo

[cycloalkyl; or a derivative thereof;
[

[
[X and Y are independently or both Cl, Br or I, preferably Cl; HalO, (where

En = 3, 4); carboxylate of formula RCO»; alkoxide or phenoxide of formula
[RO; dialkoxide of formula LiO-R-O; disilazide of formula (R3Si)2N; thiolate
Eof formula SR; RP(O)O2; or SCOR; where R is defined as R! above;

[C1-C20 linear or branched, substituted or unsubstituted alkyl or C3-Cozo
Ecycloalkyl amine of formula RNH; dialkyl/arylamine of formula RoN (where

R is defined as above or RoN represents a heterocyclic alkylamine);
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[
-phosphine of formula PR, (where R is defined as above or PR, represents a

(heterocyclic phosphine); OnSR (where n = 2 or 3 and R is defined as
[
above); or NOn (where n = 2 or 3); or X = R! as defined above; and a

[derivative thereof.
[

[
(It is noted that X and R! usually will be the same substituent in the case

Eof X = R1, however may also be different in the scope of the definition

rindicated for R1.
[

[
It is explicitly noted that the present invention also comprises compounds

"of formula XMg-R1-MgX-LiY (i.e., where n = 2). Furthermore, whenever “Ry”
[
ris indicated in this application (for example in R2N or PRz), both R’s may

[be the same or may be different according to the definition indicated above.
[

[
[Additionally, it surpisingly turned out that the exchange rate using

ERl(MgX)n-LiY can be further enhanced, if X = RL. This reagent is achieved
[by addition of polyethers or polyamines that lead to the formation of new
Ereagent (R1)2Mg-LiY.

[

EThus, in a preferred embodiment, the reagent is (R1)2Mg -LiY.

L

"The mechanism involved in this unexpected finding may be explained as
[

follows:
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. N LiCl Ll o, @
iPr—Mg ~ Mg—iPr ——> iPr—Mg Li =  iPr=-Mg Li
el Ci el

2 iPr=-Mg Li

[

[

[

[

[

[

[

[

: Cl
[ @/ O]
[

[

[

[

[

[

[

[

[

It is noted that this system usually requires to use at least one solvent as
loutlined below and at least one additive (see also below). For example THF
Emight be used as a solvent alone or in combination with other solvents,
rand a crown-ether as outlined above might be used as additive, which is
Edirectly involved in the formation of the reagent is (R1)oMg -LiY.

[

"There might be exceptions to that general rule in that some solvents may
Ebe used also as additive or vice versa. For example, it is possible to
[prepare (R1)2Mg-LiY in
Epure dioxane as outlined below.

[

EDioxane has several advantageous properties, it is a, for example, cheap,
[non-toxic, industrial, not easily flammable, high boiling, not very
Ehydroscopic solvent that is easy to handle and to make dry — thus a
(practically ideal solvent and additive. And, it serves as a suitable additive
Ean_d solvent in the above reactions.

[

'‘As an example for the above reaction, the reagent is made in situ by
Etreating simply a solution of i-PrMgCl-LiCl with a crown-ether such as 15-
lcrown-5 (which gives the best result; see entry 4 of Table 3) or more

[
generally with another polyether or polyamine, see Table 3. Remarkably,
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[
-and as mentioned above, the cheapest way to achieve the rate

lenhancement is to use the addition of dioxane (10% vol) which lead to
EIOO% of conversion (4-bromoanisole to 4-methoxy-phenylmagnesium
chloride) after 24h reaction time. For comparison the performance of the
Esame reaction with i-PrMgCI'LiCl in THF gives only 31-39% conversion
rafter the same time. It is also important to notice that the addition of 15-
Ecrown—S or dioxane to i-PrMgCl without LiCl does not lead to any rate
renhancement.

[

[

(Thus, the addition of 1,4-dioxane (or related polyethers like oligo- or
‘polyethyleneglycol ethers or polyamines) will further enhance exchange
Ereactions such as the Br/Mg - exchange and allow to convert e.g.
(bromides into the corresponding Grignard reagents under conditions

[
which before led to uncomplete reaction. Further explanations for this

Imay be found in chapter “Examples”.
[

[
EAccording to one embodiment, the reagent comprises R}(MgX), and LiY in

ra molar ratio of between 0.05-6.0.

[

[

rAccording to a preferred embodiment, Y is Cl in R}(MgX),'LiY or LiY. In an
[

[
(BuMgCI-LiCl. The preferred molar ratios between 1-PrMgCl or sec-BuMgCl

land LiCl are 0.05 to 6.0.
[

[
[According to a further preferred embodiment, Y in R}(MgX),LiY or LiY is

even more preferred embodiment, R}(MgX), LiY is i-PrMgCl-LiCl or sec-

[

tert-butylate or sec-butylate. Other lithium salts like lithium perchlorate,
lithium acetylacetonate, lithium bromide, lithium iodide and lithium
Etetraﬂuoroborate are also included in this invention, however, are less

(preferred embodiments.
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[
According to a second aspect, the present invention provides a method of

[preparing organomagnesium compounds, comprising the following steps:
[
[

(a) providing a compound having the general formula:
[

[

[ R2A;

[

[

(wherein

'R2is defined as R! or is a substituted or unsubstituted metallocene such
[

(as ferrocene; or a derivative thereof.
[

[
Ais H, Cl, Br, I, preferably Br, or a group of the general formula:

[
[
[
[(wherein

S(0)n-R3

or a group of the general formula:
P(O)R3;

‘wherein R3independently is defined as R! above. It is noted that R3 in this
[
ccontext may be the same or different.

[
Eor P(O)R3; represents a heterocyclic phosphinoxide;

[

Eb) providing a reagent according to the formula R}(MgX),'LiY as defined
rabove;

Ec) reacting the compounds provided in step a) and b) under suitable

rconditions;
[
O

thereby obtaining the respective organomagnesium compound.
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[
The organomagnesium compound obtained in c¢) can additionally be

lisolated.
[

[
(It is noted that, if R?2 is an aryl or heteroaryl compound, it may be

Esubstituted by one or more groups FG, wherein FG is preferably selected
ifrom F, Cl, Br, CN, CO2R, OR, OH, NR2, NHR, NH2, PRz, P(O)R2, CONRy,
ECONHR, SR, SH, CF3, NOj, C=NR, R (wherein R is defined as R! above).
(Preferred examples of R2A are bromonapthalene, bromophenanthrene,
Ebromoanisole, bromothiophene, bromothiazole, bromopyridine, 1-bromo-
3-fluorobenzene, 3-bromobenzothiophene, 1,2-dibromobenzene, 1,2,4
‘tribrombenzene and derivatives thereof as well as the further compounds
Edisclosed hereinafter.

[

EPrincipally it 1s possible to use all kinds of functional groups FG that are,

(for example, cited in the following references, but are not limited thereto:

[

[

ra) Handbook of Grignard reagents; edited by Gary S. Silverman and Philip

EE. Rakita (Chemical industries; v. 64).

b) Grignard reagents New Developments; edited by Herman G. Richey, Jr.,
'2000, John Wiley & Sons Ltd.

EC) Methoden der Organischen Chemie, Houben-Weyl, Band XIII/2a,
[Metallorganische Verbindungen Be, Mg, Ca, Sr, Ba, Zn, Cd. 1973.

Ed) The chemistry of the metal-carbon bond, vol 4. edited by Frank R.

(Hartley. 1987, John Wiley & Sons.
[

[
[According to a further embodiment, the reagent of the general formula

ERl(MgX)n-LiY is provided by reacting R!X, Mg and LiY or by reacting
(R1(MgX), and LiY, or by reacting RILi and MgXY. It is noted that some
Ecomponents for use in this reaction are commercially available and thus,
rare not required to be synthesized de novo (for example, i-PrMgCl for
[DRlMgX is commercially available from Aldrich or Strem CAS [1068-55-9])
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[
According to an embodiment, the reagent provided in step b) is used in a

lmolar amount of 0.4-6.0 mole per mole of the compound provided in step
[

[
[formula R1(MgX),LiY can be added up to 6.0 mole of the reagent to 1 mole

a). In general, the reagent of the present invention having the general

[ . . .

[of compound provided in a) (general formula R2A). The lower limit of 0.4
imole per mole R?A means that the effects of the present invention, i.e. the
Espectacular rate increase in the conversion reaction:

[

: R!(MgX)n-LiY
'R2A » R2(MgX)n-LiY
: -RIA

L
C

[may not be achieved, if values lower than this limit will be used.
[

[

It is noted that in the above formula, n may be different in R1(MgX)n-LiY
land R2(MgX)n-LiY.

[

[

[The above reaction is carried out in a suitable solvent. Preferably, the
Esolvent, in which R1(MgX),-LiY is dissolved is an inert aprotic solvent, for
lexample tetrahydrofuran, diethyl ether, 2-methyltetrahydrofuran, dibutyl
Eether, tert-butylmethyl ether, dimethoxyethane, dioxane, triethylamine,
(pyridine, ethyldiisopropylamine, dichlormethane, 1,2-dichlorethane,
Edimethylsulfide, dibutylsulfide, benzene, toluene, xylene, pentane, hexane
ror heptane, or combinations thereof and/or solvents usually used for
Eperforming of Grignard reactions that are indicated in the literature cited
rabove.

[

EAS outlined above, adding one or more additives to the solvent may yield
lan improved reagent (R!)2Mg -LiY. This additive may be selected from
Epolyethers or polyamines, in particular crown ethers, dioxanes, oligo- or
[polyethylenegylcol ethers, derivatives of urea, amides of formula RCONR,
E(Where R is defined as in claim 1, radicals may be same or different), most

[preferably 1,4-dioxane or 15-crown-5 or combinations thereof. Further
0
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[
examples of additives which might be used in the present invention are

[listed in Table 3, below.
[

[
[According to a further embodiment, the above solution of R}(MgX), LiY is

[

[0.05 to 3.0 M, preferably 1.0-2.5 M. As a general rule, the higher the
[concentration of the solution is, the better the overall reaction will work.
EHowever, generally, more than 3 M solutions of R1(MgX),'LiY will no more

(be soluble and thus will not function in this invention.
[

[
(The use of R1(MgX),'LiY as a powder (without solvents or with coordinated

‘solvents) is also possible and especially convenient for storage.
[

[
[According to a further aspect, the invention provides a method for

[
preparing functionalized or unfunctionalized organic compounds,

[comprising steps a)-c) as defined above, and
[ . : : . .
[d) reacting the obtained organomagnesium compound with an organic or

l[inorganic electrophile (E+) or (E).

[

[

(The reaction follows the reaction scheme:

: R1(MgX)n-LiY E
'R2A > R2(MgX)n-LiY
- RIA

R2E

v

Examples of electrophiles which are commonly used for the reaction with
[Grignard reagents are cited in references a) — d) mentioned above, but not
Elimited thereto.

[
ESpecific examples for the electrophile are RCHO, RCOX, X,PRs.n(n = 1, 2,
13), XaP(O)Rs:n (m = 1, 2, 3), RX, RCO2R, RCN, RnSi-X4.n (n = 0, 1, 2, 3),



37) JP 2005-290001 A 2005.10.20

: 11

[
RuSnX4n (n =0, 1, 2, 3) or RSSO,R (n = 0, 1, 2), RNO, , RNO, RN=NSO:R,

[RC=NR, B(OR)3,
[
[Wherein

[X is a halogen or S(O).R group, wherein n = 0, 1 or 2, and R is generally
[, .

[defmed as R! above.

[
[
[
rthey can be the same or different from each other.

[

[

(However, the invention is not restricted to these examples and improved

L

Again, it is noted that, where two or three R’s are contained in one formula,

reactions of the Grignard reagents complexed with LiY with various

[
relectrophiles are observed for all types of electrophiles.
[

[

The methods mentioned above are performed at a temperature in a range
[between —78°C to 80°C, preferably at room temperature. The upper limit of
[

[the temperature range generally is the boiling temperature of the

[respective solvent used.

[

[

tAccording to a further aspect the invention is directed to the use of the

Ereagent RI(MgX)n-'LiY in the preparation of organometallic compounds and

rtheir reaction with electrophiles.

L

[
(A further aspect of the invention is directed to the use of LiY in the

[preparation of organometallic compounds and their reaction with
[

-electrophiles, wherein Y is defined as above. It is noted that in particular
[(LiCl turned out to dramatically increase the conversion rates in the above

[
[exchange methods. For comparison, see enclosed Table 2.

[
[
[
rcompound, which is obtainable by the method in accordance with the

Esecond aspect as defined above. It is noted that the complexed product of

According to a final aspect, the invention provides an organometallic

rthis reaction, i.e. a product of general formula R2(MgX),'LiY, has a much



(38) JP 2005-290001 A 2005.10.20

: 12

Ehigher reactivity with electrophile (E+) or (E) than the prior art reagents
land also its solubility in the respective suitable solvents (see above) is
Esuperior.

[
EThus, by the methods of the present invention it is possible to achieve
(conversion rates of up to 100 % compared to only mediocre yields of the
Eprior art methods.

[
EThe present invention will be further described with reference to the
(following figures and examples; however, it is to be understood that the

‘present invention is not limited to such figures and examples.
[

L

[Brief description of the Figures
[

[
(Fig. 1 is showing the conversion of 4-bromobenzonitrile at —7°C to 4-

[ . .

[cyanophenylmagnesmm bromide.

[

EFig. 2 is showing the conversion of 4-bromoanisole at room temperature to

(4-methoxyphenylmagnesium bromide.
[

[
(Fig. 3. Grignard reagents prepared in over 90% by the Br/Mg exchange

‘using -PrMgCI-LiCl (the reaction conditions are given below each formula).
[

[

[Detailed description of the invention

[

[

[The present invention will now be described more fully hereinafter with

Ereference to the accompanying figures. The following embodiments are
(rather provided so that this disclosure will be thorough and complete, and
Ewﬂl fully convey the scope of the invention to those skilled in the art.

[

EUnless otherwise defined, all technical and scientific terms used herein

thave the same meaning as commonly understood by one of ordinary skill
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[
(in the art to which this invention belongs. All publications and other

[references mentioned herein are incorporated by reference in their entirety.
[

[
[As used herein, the terms “alkyl”, “alkenyl” and “alkinyl” refer to linear

[ : .
[and branched, substituted and unsubstitued C1-Czo compounds. Preferred

(ranges for these compounds are Ci1-Cio, preferably Ci-Cs (lower alkyl) and
ECg—Clo and preferably C.-Cs, respectively, for alkenyl and alkinyl. The term

(“cycloalkyl” generally refers to linear and branched, substituted and

Eunsubstitued C3-Co0. Here, preferred ranges are C3-Cis, more preferably

(C3-Cs.
[

[
(The term “aryl” as used herein refers to substituted or unsubstituted Cs-

[Ca4 aryl. By “heteroaryl”, a substituted or unsubstituted Cs-Ca4 heteroaryl,
[

[
[Preferred ranges for both are C4-Cis, more preferably C4-Cio.

[

[

[The inventors now found that it is possible to catalyze exchange reactions,

containing one or more heteroatoms as B, O, N, S, Se, P, is meant.

Efor example the Br/Mg-exchange reaction by using the complex
[R1(MgX)n'LiY, for example +PrMgCl'LiCl. As an example, 1-bromo-3-
Eﬂuorobenzene (1a) undergoes only a slow incomplete exchange reaction
(with -ProMg (1.1 equiv, rt, 3h) leading after the reaction with
Ebenzaldehyde to the corresponding alcohol 2a in 50% isolated yield.[3al On
rthe other hand, the reaction with -PrMgCl-LiCl under the same conditions
[provides the intermediate magnesium reagent 3a with 95% yield as judged
Eby GC-analysis using tetradecane as internal standard. After a reaction
(with benzaldehyde, the alcohol 2a is obtained in 85% isolated yield

[
(Scheme 1).



(40) JP 2005-290001 A 2005.10.20

[ 14
[
: F F F
[ -
e s
[ Br MQR
[ 1a R = i-Pr or CI-LiCl 3a 2a OH
[ by using i-ProMg: 50%
[ by using i-PrMgCI-LiCl: 85%
[
\ .
[ i-PrMgR X X
[ | _ - | ) PhCHO | )
[ Br~ "N "Br Br~ >N~ “MgR Br~ N
: 1b R = Cl or CI-LiCl 3b 2ba OH
[ by using i-PrMgCl (2 equiv.): 42%
by using i-PrMgCI-LiCl (1.1 equiv.): 89%
[
Scheme 1.

'Various fluoro- and chloro-substituted aryl bromides are readily converted
[
into the corresponding magnesium reagents at room temperature using i-
(PrMgCIl'LiCl. The conversion is completed without 0.5-3h which is in
[
Strong contrast with the previous procedure involving i-PrMgCl or i-ProMg

[(Scheme 2).

MgCl @/MQCI Q/MQCI Fj©/MgCI
A0 :

[
[

[

[

[

[ 3h, rt h, 3h, rt 30 min, rt
[

[

: F MgCl cl
O o, o™ O
[

: Cl

[

[ 30min, rt 30min, rt 1h, rt 3h, rt

[

[

[ MgCl Cl

: Cl MgClI MgCl

[ Cl

[ Cl Cl

[

[

3h, rt 1h, rt 1h, rt
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[
Scheme 2. Reaction times of the preparation of arylmagnesium reagents

lwith i-PrMgCl-LiCl
[
[

[Similarly, this catalysis can be applied to heterocyclic systems like 2,6-
Edibromopyridine (1b). This dibromide requires also the use of -PraMgl3al or
(-PrMgClIBf for performing the Br/Mg-exchange reaction. Under these
Econditions, the reaction with benzaldehyde provides the desired alcohol
(2ba in only 42% yield.Bfl We have observed again the superiority of i
EPngCl'LiCI as exchange reagent and have observed a conversion of 92%
rafter reaction time of 1h at 25°C whereas the use of -ProMg requires a
‘reaction time of 4h. Using the new reagent i-PrMgCl-LiCl, the desired
Ereaction product (2ba) is obtained in 89% isolated yield (Scheme 1). Also
[good results were obtained in the reactions of formed Grignard reagent
E(Sb) from 2,6-dibromopyridine (1b) with other electrophiles (Table 1,
lentries 1-3). The Br/Mg-exchange in the case of 3,5-dibromopyridine can
Ebe performed in 15 min at -10°C and the reaction with allyl bromide
(provides allylated pyridine 2ca in excellent yield (Table 1, entry 4). Less
Eactivated 3-bromopyridine can be also easily converted to the
rcorresponding Grignard reagent 3v within 5 min. at room temperature
Eand led after the reaction with allyl bromide to the 3-allylpyridine 2va with
ralmost quantitative yield. Other heterocyclic systems such as 2-
‘bromothiophene, 3-bromothiophene, 3-bromobenzothiophene and 2-
Ebromothiazole react easily with -PrMgCl'LiCl at room temperature and
lafter reaction with various electrophiles provide corresponding products
E2ra-2ua with good to excellent yields (Table 1, entries 29-32). It should be
lespecially noted that our approach opened way for the synthesis of
Edifferent aldehydes through the reaction of Grignard reagent 3r with
(different electrophiles because thiazole group can be easily converted to
Ethe aldehyde function.

[

EThis behavior is general and the use -PrMgCl-LiCl allows a faster Br/Mg-

rexchange compared to i-PrMgCl or -ProMg. Also, it increases dramatically
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[
the conversion leading to the desired organomagnesium reagent without

lthe need of an excess of reagent (usually 1.1 or 1.05 equiv of i-PrMgCleLiCl
Eis used). Furthermore, the reactivity of the resulting magnesium reagent
[seems also to be improved and leads to higher yields in trapping reactions
Ewith electrophiles. Sterically hindered Grignard reagents bearing a
(substituent in ortho position like 31 are obtained within 12h reaction time
Eat rt furnishing after the addition of benzaldehyde the desired alcohol 2la
in 90% yield (Table 1, entry 21). The more electron-rich the aromatic ring
Eis, so slower the exchange reaction using -PrMgCl. 2-Methoxy-1-
tbromobenzene (1h) is however converted to the desired magnesium
'reagent 3h in more than 90% yield after a reaction time of 24h at rt. After
Eits reaction with PhSSPh the thioether 2ha is obtained in 90% yield (entry
[12). A range of different electrophiles reacts with these Grignard reagents
Eafter a transmetalation step with CuCNe2LiCl#l allowing the performance

lof allylations and acylations (entry 14).
[

[
(Highly substituted chloro and methoxy aryl bromides can readily be

Econverted into the desired Grignard reagents 3i, j. After the reaction with
(CIPPh2 and oxidative work-up, the phosphine oxides 2ia, ja are obtained
Ein good yields (entry 15, 16). This type of compound is of interest in
relation with P-ligands for asymmetric catalysis.[5l Also functions like a
Ecyano group are tolerated. Thus, the reaction of 4-bromobenzonitrile in
THF at —7°C leads to the desired arylmagnesium reagent (3d) in only 50%
‘conversion using i-PrMgCl whereas over 90% is observed with i
EPngCloLiCl (Scheme 3). The addition of benzaldehyde provides the
lalcohol 2da in 81% yield whereas allylation of arylmagnesium reagent (3d)
Ewith allyl bromide leads to the corresponding 4-allylbenzonitrile in 92%
lyield (entry 5,6 of Table 1). See Fig. 3 for additional information.

E

[The Grignard reagents 3e, f is formed within 3h at 0°C and showed good

[Dyields after the reactions with various electrophiles (entries 5-10). Usually
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[
‘unreactive compounds like bromonaphthalene and bromophenanthrene

[derivatives are readily converted into the corresponding Grignard reagents
E3m, n (entries 22-25) that easily react both with benzaldehyde (entries 22,
(24) and with allyl bromide in good yields (entry 23). After catalytic
Etransmetallation with CuCN-2LiCl (0.2 equiv.) and reaction with ethyl 4-
riodobutyrate 4h at —10°C, the desired cross-coupling product 2nb is
Eobtained in 81% yield (entry 25). As noticed above, various dichloro-
rsubstituted Grignard reagents like 3o and 3p can be readily prepared and
Ereact with aromatic and aliphatic aldehydes furnishing the corresponding
ralcohols 20a, 2pa in 83 and 92% yield (entries 26, 27). Also ester function
‘can be tolerated in ortho-position, thus magnesium reagent 3q was
Eprepared within 12h at 45°C and reaction with allyl bromide leads to the

[formation of corresponding allylated ester 2qa in 82% yield.
[

[
[Remarkably, in the case of 1,2-dibromobenzenes only a mono exchange

Ereaction occurs providing the desired Grignard reagent (3k) (-15°C, 1.5h)
lin almost quantitative yield as indicated by GC-analysis of reaction
Ealiquots. The reaction of 2-bromophenylmagnesium chloride (3k) with 3-
riodo-2-cyclohexen-1-one produces the expected enone (2kc) in 86% yield.
EThe Grignard reagent 3k also showed good activity towards different

relectrophiles (entries 17-20). Various variations of these reactions and

L

[
rof Table 1.

[

several important new magnesium reagents are reported in entries 21-33

ESince the stereoselective preparation of stereochemically well defined E- or
[Z-alkenylmagnesium compounds is not possible by the direct insertion of
Emagnesium into the E- or Z-alkenyl halides, the iodine-magnesium
lexchange reaction may be unique way of preparing stereochemically pure
EE— or Z-alkenylmagnesium derivatives.®l Recently, we have shown that the
rodine-magnesium exchange reactions in case of alkenyl iodides demand
Ethe presence of electron withdrawing group in a- or B-position to facilitate

ithe exchange reaction.l’l This led us to investigate the stereoselective
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[
Ppreparation of alkenylmagnesium reagents via I/Mg-exchange from non

factivated iodo- alkenes. Thus, the reaction of (E)-1-bromohexene exchange
[

[
[10h) in almost quantitative yield (GC-analysis of reaction aliquots). The

reaction occurs providing the (E)-1-hexenymagnesium chloride (4a) (-25°C,

Ereaction of Grignard reagent 4a with t-BuCHO led to the formation of
rcorresponding alcohols Sa with excellent yield. This remarkably low
Etemperature will allow the presence of numerous functional groups. Also,
we observed a fast exchange reaction with good coversion (GC) in the case
Eof a chiral cyclic alkenyl iodide. Subsequent reaction of magnesium
reagent 4b with allyl bromide proceed in good yield that opened the access

'to the different a-substituted chiral allylic alcohols (Scheme 3).

[
: HO
| MgClI
[ J_/:/ i-PrMgCl-LiCl I/:/ £BUCHO —
[ —_— —_—
[
[ 4a 5a, 83%
[
[ OTES OTES OTES
[ i-PrMgCI-LiCl e
e D o/T A
[
[ 4b 5b, >85% (GC)

[Scheme 3.

EIt is also possible to do Br/Mg-exchange in vinylic systems. Thus 1,2-
dibromocyclopenten easily react with -PrMgCl-LiCl at room temperature to
Eproduce stable Grignard reagent 4c¢ that after reaction with cyclohexyl
raldehyde gave corresponding alcohol Sb in good yield.

E o5
[
[ Q/Br i-PrMgCI-LiCl MgCl
—_—
[ — OH
[ Br
: 4c Br
[

Br

5¢, 80%

[Scheme 4.
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[
‘Reagent 4c¢ is completely stable at room temperature for weeks, but

laddition of catalitical amounts of Cu(l) or Cu(Il) leads to the formation of
[

cyclopentine that in the presence of additional equivalent of magnesium or
ithium compounds reacts with the formation of new Grignard spieces

E4d,e. Addition of benzaldehyde gave corresponding alcoholes in good

lyields.
Ph
MgCl
PhCHO OH
n—BuLiI 5d 86 %

[

[

[

[

[

[

[

E Q/MQC' Cu(l) or Cu(ll) O
E %MgBrCl
[

[

[

[

[

[

[

Br
4c .
i-PrMgCl
Ph
MgaCl phcHO @OH
5e 92 %
EScheme 5.

L

'Other lithium salts like lithium perchlorate, lithium acetylacetonate,
[

dithium bromide, lithium iodide and lithium tetrafluoroborate were also

‘tested, but gave less efficient catalysis (Fig. 2).
[

[

[Although the mechanism of the catalysis is not elucidated, the inventors
[

[
lincreasing the nucleophilic character of the isopropyl group by forming a

assume that the role of lithium chloride is to activate -PrMgCl by

Emagnesiate species of type 6 leading to the ate-intermediate of type 7 and

ifinally to the organomagnesium species PhMgCI-LiCl (8).
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L

[ /\ Cl ‘< Cl
O O | O O
L

[

t

[Scheme 6.

EThe complexation of the arylmagnesium species with LiCl as indicated for
(8 (Scheme 6) may also be responsible for the enhanced reactivity of these
Emagnesium organometallics. ]

[

"As an example, the inventors found a simple procedure for catalyzing the
EBr/ Mg-exchange reaction of aryl and heteroaryl bromides with the
‘complex -PrMgCl-LiCl. It allows to prepare a range of new polyfunctional
Eorganomagnesium compounds starting from cheap aryl and heteroaryl
(bromides containing the most important functionalities for organic
Esynthesis.

[

EExamples

[

EPreparation of the reagent i-PrMgCl-LiCl: Magnesium turnings (110
mmole) were placed in an Ar-flushed flask with anhydrous LiCl (100
'mmole) and 50 ml of THF were added. The solution of -PrCl (100 mmole)
Ein 50 ml of THF was added slowly and the mixture was stirred at rt and
‘the Grignard formation starts within a few minutes. The reaction mixture
Ewas stirred after the completing of exothermical reaction for additional 12
th at rt. Slightly dark solution of -PrMgCl-LiCl was transferred to a new
Eﬂask under Ar and removed in this way from excess of Mg.

[

ETypical procedure. Preparation of phenyl-(4-cyanophenyl)methanol 2da:

(A dry and argon flushed 10 mL flask, equipped with a magnetic stirrer

Eand a septum, was charged with 4-bromobenzonitrile (182 mg, 1 mmole).

(Dry THF (1 mL) was added, the reaction mixture was cooled to —7 °C and
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[
-PrMgCI'LiCl (1 mL, 1.1 M in THF, 1.1 mmole) was then added dropwise.

[The Br/Mg-exchange was complete after 3 h (checked by GC analysis of
[

[
1.1 mmole) was added. The reaction mixture was stirred for 0.5 h at -7°C

reaction aliquots, conversion more than 90%) and benzaldehyde (116.6 mg

Eand was then quenched with sat. NH4Cl solution (2 mL). The aqueous
(phase was extracted with ether (3 x 4 mL) and the organic fractions were
Ewashed with brine (5 mL), dried (NaxSO4) and concentrated in vacuo. The
rcrude residue was purified by flash chromatography (dichloromethane)
Eyielding the benzylic alcohol (2da) as a colourless oil (169.5 mg, 81 %). 1H-
(NMR (CDCls, 200 MHz): 6 = 7.91-7.85 (m, 2 H); 7.65-7.46 (m, 3 H);
[7.38 — 7.30 (m, 4 H); 5.86 (s, 1 H); 2.42 (s, 1 H, OH).

[
[
[
[
Preparation of 3-allyl-5-bromopyridine 2ca:

[A dry and argon flushed 10 mL flask, equipped with a magnetic stirrer
Eand a septum, was charged with -PrMgCIl'LiCl (1 mL, 1.05 M in THF,
(1.05 mmole), the reaction mixture was cooled to —15°C and 3,5-
Edibromopyridine (236.9 mg, 1 mmole) was then added at one portion. The

itemperature than increased till -10°C and the Br/Mg-exchange was
[

[
rconversion more than 98%), allyl bromide (140.6 mg, 1 mmole) was added.

complete after 15 min (checked by GC analysis of reaction aliquots,

‘The reaction mixture was stirred for 1 h at —-10°C and was then quenched
[
with sat. NH4Cl solution (2 mL). The aqueous phase was extracted with

lether (3 x4 mlL), dried (Na2SO4) and concentrated in vacuo. The crude
[

[
(the 3-allyl-5-bromopyridine (2ca) as a colourless oil (184.2 mg, 93%),).1H-

ENMR (CDCls, 200 MHz): 6 = 8.48 (d, J= 2.2 Hz, 1 H); 8.32 (d, J = 1.6 Hz,
(1 H); 7.61 (dd, J= 2.2 Hz, J= 1.6 Hz, 1 H); 5.89 - 5.68 (m, 1 H); 5.08-5.01
E(m, 1 H); 3.32 (brd, J= 6.8 Hz, 1 H).

residue was purified by flash chromatography (dichloromethane) yielding

[
"Preparation of (2-bromophenyl)(phenyl)methanone 2ka:
0
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EA dry and argon flushed 10 mL flask, equipped with a magnetic stirrer
land a septum, was charged with -PrMgCl'LiCl (1 mL, 1.05 M in THF,
El.OS mmole), the reaction mixture was cooled to —15°C and 1,2-
(dibromobenzene (235.9 mg, 1 mmole) was then added dropwise. The
EBr/ Mg-exchange was complete after 1.5 h (checked by GC analysis of
(reaction aliquots, conversion more than 98%) and solution of CuCN-2LiCl
E(O.l mL, 1.0 M in THF, 0.1 mmole) was added. After stirring for 10 min at
—15°C benzoyl chloride (140.6 mg, 1 mmole) was added. The reaction
'mixture was stirred for 1 h at -15°C and was then quenched with sat.
ENH4C1 solution (2 mL) and also 5 drops of concentrated NHz was added.
'The aqueous phase was extracted with ether (3 x4 mL) and the organic
Efractions were washed with brine (5 mL), dried (Na2SO4) and concentrated
lin vacuo. The crude residue was purified by flash chromatography
E(dichloromethane) yielding the ketone (2ka) as a white cristals (219.3 mg,
(84 %,).1H-NMR (CDCls, 200 MHz): 6 = 7.86-7.78 (m, 2 H); 7.68 — 7.56 (m,
[UQ H); 7.52 — 7.30 (m, 5 H).
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[
. Table 1. Products of type 2 obtained by the reaction of the

[ organomagnesium reagents 3 obtained by an exchange of aryl and

[
- heteroaryl bromides with -PrMgCleLiCl with various electrophiles.

Entry Grignard Electrophile Product of type 2 Yield

reagentlal A

\_/
/

[
[
[
[
[
[
S| Br Mgx allyl bromide  pgr-" >N 2bb 80
[
[ 3b
E B N
r 2 B~ >N"OMgx  PhCOCl 'N/ 2bc 77kl
[ 3b O
[
E B ®
[ 3 B~ >N""Mgx  tBuCHO Bre N L 2bd 94
[

3b
[
[

Br MgX

[ |\ Br N =
[ 4 N allyl bromide - 2ca 93
[ N
[ 3c
[ MgX
: OH
[
. 5 PhCHO @Ph 2da 81
[ CN NC
E 3d
[ MgX ‘
[
E 6 allyl bromide 2db 92
[ CN
( 3d CN

[
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MgX
NC
7 allyl bromide NC 2ea 93
3e
MgX
“C "
8 PhCOCl NG 2eb 87l
s C
MgX ‘
9 /© allyl bromide { 2fa 95
NC
3f NC
MgX
o 1
10 PhCOCl 2fb 88l
N C
3f NG
o 2
11 MeO PhCHO 2ga 70
MeO
3g
Max S\Ph
12 PhSSPh 2ha 90
3h
OMe OMe OH
MgX
13 PhCHO O O 2hb 84
3h
OMe
MgX OMe O
14 PhCOCl 2hc 81l
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MeO MgX
Ty 0
16 CIPPh, M60©PPh2 2ja 80
3j
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ng Br 0
17 PhCOCI 2ka 84l
3k
Br
MgX Br
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Br (@]
MgX i Br
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|
3k O
Br
ng Br OH
20 PhCHO 2kd 81
3k
21 O MgX PhCHO OH 2la 90
31
MgX
HO
22 OO PhCHO 2ma 91

&
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MgX
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‘ [(CH2)3CO2Et OO 2nb 81l
3n O
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MgX Cl OH
o PhCHO 20a 83
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30
MgX OH
Cl ; t-BuCHO 2pa 92
Cl Cl
3p Cl
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MgX
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3q
Ny, -MaX OH
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[a] X = CleLiCl; blIsolated yield of analytically pure product; [cl The Grignard

reagent was transmetalated with CuCN-2LiCl before reaction with an

[ 27

E (/j/MgX OH

L 31 S | PhCHO Y / 2ta 90
[

0 3t S

[ MgCl o O

[

[ 32 g PhCOCl 2ua 85l
[ O A\

[ 3u S

[

: @MQCI “ P

. 33 NG allyl bromide O/\/ 2va 96
[ N

‘ 3v

[

[

[

[

[

electrophile; 4 The reaction mixture was worked up oxidatively with aq.
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[

[

ETable 2

EEntry Additive Equiv. Conversion.
[[%] !

[

[

(1 - - 18
Ez LiBF4 1.0 5
(3 LiBr 1.0 40
E4 Lil 1.0 38
5 LiClO4 1.0 38
6 LiCl 1.0 70

[

7 LiCl 0.25 22
(8 LiCl 0.5 43

[

9 LiCl 1.5 73
10 LiCl 2.0 74
11 LiCl 1.0 84[b]

[ e B

[[alThe conversion of the reaction was determined by gas chromatographical

lanalysis of reaction aliquots; precision + 2%.
E[blThe concentration of i-PrMgCl - LiCl was 2.22 M.
[
EExample for improved behavior of reagents (R1)2Mg -LiY:

EThe reaction of aryl bromide 1 with i-PrMgCl-LiCl leads only to mixture,
rwhereas with i-PrMgCI'LiCl in THF with the addition of 15-crown-5 leads

‘to 91% conversion to the corresponding Grignard reagent 2.
0



(55) JP 2005-290001 A 2005.10.20

addtivies
Br OMe » CIMg OMe
THF,25 °C

[Table 3. Effect of the addition of additives on the formation of 4-
[
methoxyphenylmagnesium chloride at 25°C after 24 h reaction time (1M

[solution in THF).

: 29
[ .
. o /IPF ®
[ Br  OMgCI 0.5 iPr—=Mg Li BrMg <—OMgCl
: i-PrMgCl.LiCl Cl
mixture - >
[ 25°C
[ 25°C, 12 h
[
: 1 2 >90%
[
[ i-PrMgCI-LiCl
[
[
[
[
[
[

[
[
[ Entry Additive Equiv. Conversion. [%] [a]
[ 1 - - 7
. 31 (iPrMgCl)
[
[ 2 LCl 1.0 32 (secBuMgCl)
[ 3 LiCl 1.0 39[b]
[ . A: 100
: 4 LiCl + 15-C-5 1.0/1.0 B: 100 (6 h)
[
[ 5 LiCl + 15-C-5 1.0/0.5 A: 88
[
[
[ 6 LiCl + 15-C-5 1.0/0.1 A: 54
[
[ i A: 59
0 7 LiCl + 18-C-6 1.0/1.0 B 77
[ . A: 30
[ 8 LiCl + 12-C-4 1.0/1.0 B: 28
[ . A: 64
: 9 LiCl + PEG250 1.0/10% vol B 55
[ LiCl + A: 47
[ 10 MeO(CH2CH20)3s0Me 1.0/10% vol
C B: 58
[ LiCl + A: 52
[ 11 MeO(CH2CH20)4OMe 1.0/10% vol B: 60

U
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[ 30
[ g
i LiCl + di 1.0/10% vol A: 91 (88)I€
: 12 iCl + dioxane 0/10% vo B: 100

[

[ 13 LiCl + dioxane 1.0/5% vol B: 70

[

[

[ 14 LiCl + dioxane 1.0/20% vol B: 100

[

[

: 15 15-C-5 1.0 A: 8

[

[

E 16 dioxane 10% vol A: 8

[

[

: 17 LiCl + DMPU 1.0/10% vol B: 60

[

: 18 LiCl + MTBE 1.0/10% vol B: 27

[

E 19 LiCl + TMEDA 1.0/10% vol gf ?g

[ 20 LiCl + DME 1.0/10% vol B: 70

[ 21 LiCl + TMU 1.0/10% vol B: 48

[ 22 LiCl + NMM 1.0/10% vol B: 20

[ 23 LiCl + DABCO 1.0/1.0 B: 11

: 24 LiCl + DBU 1.0/10% vol B: 49

[

@The conversion of the reaction was determined by gas chromatographical
lanalysis of reaction aliquots; precision +2%. [PIThe concentration of i-
[

PrMgCI'LiCl was 2.22 M. Il In brackets conversion for the reaction with

(filtrated reagent.
[

[
(Abbreviations:

EIS—C—S: 15-crown-5

(PEG 250: Polyethyleneglycol, mean molecular weight 250 g/mol
'DMPU: tetrahydro-1,3-dimethyl-2(1H)-pyrimidinone,

EMTBE: 2-methoxy-2-methyl-propane,

‘TMU: N,N,N,N-tetramethyl-urea,

[LNMM: N-methylmorpholine
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: 31

C
L

‘Method A: 4-bromoanisole was added to the prestirred mixture of
[

secBuMgCl'LiCl and additive at 25°C

Method B: Additive was added to the prestirred mixture of

[
secBuMgCl'-LiCl and 4-bromoanisole
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[

[

[

[ Claims

[

[

[ )

[1. A reagent having the general formula
[

E R1(MgX)n-LiY
[

‘wherein

[

mis 1 or 2;

‘R! is a substituted or unsubstituted C4-Czs aryl or Cz-Czs heteroaryl,
Econtaining one or more heteroatoms as B, O, N, S, Se, P, F, Cl, Br, I, or Si;
linear or branched, substituted or unsubstituted Ci-Czo alkyl, C2-Czo
Ealkenyl or Cy-Cy alkinyl; or substituted or unsubstituted Cs3-Cgo

(cycloalkyl; or a derivative thereof;
[
[

(X and Y are independently or both Cl, Br or I, preferably Cl; HalO, (where
En = 3, 4); carboxylate of formula RCO3; alkoxide or phenoxide of formula
(RO; dialkoxide of formula LiO-R-O; disilazide of formula (R3Si)2N; thiolate
"of formula SR; RP(0)Os; or SCOR; where R is defined as R! above;

Elinear or branched, substituted or unsubstituted Ci-Czo alkyl or Cs3-Czo
‘cycloalkyl amine of formula RNH; dialkyl/arylamine of formula RoN (where
ER is defined as above or RoN represents a heterocyclic alkylamine);
[phosphine of formula PRz (where R is defined as above or PR2 represents a
Eheterocyclic phosphine); O,SR (where n = 2 or 3 and R is defined as
labove); or NOn (where n = 2 or 3); or X = R! as defined above; and a

[ .
derivative thereof.

[
[
EQ. The reagent of claim 1, wherein the reagent is (R1)2Mg ‘LiY
[

3. The reagent of claim 1, wherein the reagent comprises R1(MgX), and
[

L. LiY in a molar ratio of 0.05-6.0.
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[
[

(4, The reagent of claim 1-3, wherein Y is Cl, tert-butylate or sec-

butylate.

[
[
[
ES. The reagent of one of claims 1 or 3, 4, which is i-PrMgCl-LiCl or sec-
[ BuMgCI-LiCl, in a molar ratio between 1-PrMgCl or sec-BuMgCl and
E LiCl of 0.05 to 6.0.

[

'6. A method of preparing organomagnesium

compounds, comprising the following steps:

[
[
[
[
[ a) providing a compound having the general formula:

[

[

[ R2A;

[(wherein

ERQ is defined as R!; or a substituted or unsubstituted metallocene such as

(ferrocene; or a derivative thereof.
[

[

(A is H, Cl, Br, I, preferably Br, or a group of the general formula:
: S(0)a-R3

[

rwherein

lh=0,1o0r2
[

[
lor a group of the general formula:

E P(O)R3,

[

Ewherein R3 independently is defined as R! ;
[
[

or P(O)R3; represents a heterocyclic phosphinoxide;

[
[
: b) providing a reagent according to one of claims 1-5;
0

20
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c) reacting the compounds provided in step a) and b) under
suitable conditions;

thereby obtaining the respective organomagnesium compound.

The method of claim 6, wherein the reagent according to one of
claims 1-5 is provided by reacting RX, Mg and LiY or by reacting
R1(MgX), and LiY, or by reacting R!Li and MgXY.

The method of claim 6 or 7, wherein the compound provided in step
b) is used in a molar amount of 0.4-6.0 per mole of the compound

provided in step a).

The method of one of claims 6-8, wherein the compound provided in

step b) is used as a solution in a suitable solvent.

The method of claim 9, wherein the solvent is selected from
tetrahydrofuran, 2-methyltetrahydrofuran, dibutyl ether, diethyl
ether, tert-butylmethyl ether, dimethoxyethane, dioxanes, preferably
1,4-dioxane, triethylamine, pyridine, ethyldiisopropylamine,
dichlormethane, 1,2-dichlorethane, dimethylsulfide, dibutylsulfide,
benzene, toluene, xylene, pentane, hexane, heptane, or

combinations thereof.

The method of claim 9 or 10, wherein the solution additionally
contains one or more additives selected from polyethers or
polyamines, in particular crown ethers, dioxanes, oligo- or
polyethyleneglycol ethers, derivatives of urea, amides of formula
RCONR; (where R is defined as in claim 1, radicals may be same or
different), most preferably 1,4-dioxane or 15-crown-5, or

combinations thereof.
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The method of claims 9-11, wherein the solution is 0.05 to 3.0 M,
preferably 1.0-2.5 M.

A method for preparing functionalized or unfunctionalized organic
compounds, comprising

steps a)-c) of one of claims 6-12, and

d) reacting the obtained organomagnesium compound with an

organic or inorganic electrophile (E+) or (E).

The method of one of claims 6-13, which is performed at a
temperature in a range between —78 ° C to 80°C, preferably at room

temperature.

Use of the reagent of one of claims 1-5 in the preparation of

organometallic compounds and their reaction with electrophiles.

Use of LiY in the preparation of organometallic compounds and their

reaction with electrophiles, wherein Y is defined as in claim 1.

An organometallic compound, which is obtainable by the method of

one of claims 6-14.
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sSummary:
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[
The present invention is directed to a reagent for use in the preparation of

lorganomagnesium compounds as well as to a method of preparing such

( .
[organomagnesmm COIl’lpOLll’ldS.

The present

invention furthermore

[provides a method of preparing functionalized or unfunctionalized organic

Ecompounds as well as the use of the reagents of the present invention in

the preparation of organometallic compounds and their reaction with

Eelectrophiles. Finally, the present invention is directed to the use of

dithium salts - LiY in the preparation of organometallic compounds and

Etheir reactions with electrophiles and to an organometallic compound

which is obtainable by the disclosed method.

173

Conversion of 4-bromobenzonitrile at -7°C to
4-cyanophenylmagnesium bromide

conversion
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Fig. 3. Grignard reagents prepared in over 90% by the Br/Mg exchange using

i-PrMgCI-LiCl (the reaction conditions are given below each formula).
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