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Reformatsky-type reactions have been performed efficiently using an electroassisted iron-complex catalysis. Valuable product such as

P-hydroxyesters, ketones or nitriles are thus prepared with high yields.

The reaction of am-haloester with an aldehyde or a ketone
in the presence of zinc metal to give8ehydroxy-estet,the
Reformatsky reaction, is a well-recognized carbon—carbon
bond-forming reactich(Scheme 1).

Scheme 1. Reformatsky Reaction.
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etc. More recently, sonoelectroreduction of zinc powder has
given a highly reactive zinc, which reacts withoromoesters

or allylic compounds.Another process has been performed,
in aqueous THF, using BBEL and Zn dust but is limited

to aldehyde$.Recently, a Reformatsky-type reaction was
developed, using RhCI(PBb and diethylzin® Besides the
classical zinc method, various other metals have been
examined so far, such as chromidtmdium* manganes®,

etc. In our laboratory, we have already described some
electrochemical processes for the Reformatsky reaétion.
More recently, we have reported an electrochemical method,
catalytic in both chromium and nickel salts, using a sacrificial
stainless steel or iron rod anoHeln these conditions,

To extend the scope of this reaction, various parametersg-hydroxyesters are obtained in good yields{®0%) and
have been extensively investigated. Since the reaction is

initiated by insertion of zinc into the halogewarbon bond,
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as Rieke-Zr¥,Zn—Cu couplée} Zn/Ag-graphite ultrasound,
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moderate diastereoselectivity (erythro/thre®60/40 to 70/
30). We now report an original version of the Reformatsky
reaction, using iron catalysis, associated with an electro-
chemical reaction (Scheme 2).

Scheme 2. Electrochemical Addition ofx-Chloroesters to
Carbonyl Compounds Using Iron Catalysis

o] 1) e-, FeBry, bpy R O
R\H/R Cl _- DMF, Fe anode >
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We have shown that, at first, the electroreduction of a
mixture of 3-pentanone and methyl 2-chloropropanoate, in

the presence of an iron sacrificial anode, affords the expected

p-hydroxyester in 25% and 46% in acetonitrile and DMF,
respectively (Table 1, entries 1 and 2). Then, we showed

Table 1. Electroreductive Cross-Coupling between
3-Pentanone and Methyl 2-Chloropropanoate Using Different
Ligands in DMF or Acetonitrile as Solvent

yields (%)

of coupling

entry ligand solvent product?®
1 none DMF 46
2 none MeCN 25
3 none DMF/Pyr 90/10 74
4 none MeCN/Pyr 90/10 52
5  2,2'-bipyridine® DMF 83
6  2,2-bipyridineP MeCN 75
7 2,2'-bipyridine® DMF 94
8 2,2'-bipyridine® MeCN 79
9 acacd DMF 80
10  1,10-phenanthroline® DMF 54
11 CH3CO,CH=CH* DMF 61
12 CH3CO,CH,CH=CH,¢ DMF 82
13 P(OEt)s? DMF 67

alsolated yields, based on initial 3-pentanohé.mmol of ligand (0.1
equiv/pentanonef.5 mmol of 2,2-bipyridine.® 1 mmol of Fe(acag) € 10
mmol of ligand. Reaction conducted with cyclohexanone instead of
3-pentanone.

that it was possible to increase the yield to 52% and 74% in
acetonitrile and DMF, respectively (Table 1, entries 3 and
4), by using pyridine as cosolvent, to stabilize an electro-
generated low valent compound of iron acting as effective

catalyst. In all cases, DMF seems to be the best solvent.

Finally, we have tried different ligands of iron in this
electrochemical reaction. Results are given in Table 1. Even
if the coupling product is always obtained with yields higher
than 50%, 2,2bipyridine (Table 1, entries-58), acac (Table
1, entry 9), and allylic acetate (Table 1, entry 12) are the
best ligands. Similarly, reactions are more efficiently per-
formed with 5 mmol of 2,2'-bipyridine than with 1 mmol
(Table 1, entries 7 and 8).

This led us to employ the following experimental proce-
dure. In a one-compartment electrochemicaleétted with
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a nickel sponge as the cathode (2Fcamd an iron sacrificial

rod as the anodéare introduced DMF (40 mL) as solvent,
NBusBF, (0.2 g 0.6 mmol) as supporting electrolyte, and
CH,Br—CH,Br (108 uL 1.25 mmol). A pre-electrolysis is
run under argon, at room temperature, at constant current of
0.3 A during 250 C to prepare FeBvia the following
reactions:

Fe-F&€' +2¢e
CeEBr—CH,Br+2e — CH,=CH,+ 2Br

anode:

cathode:

in solution: Fé" + 2 Br — FeBr,

Afterward, 0.78 g of 2,2bipyridine (5 mmol) is added
along with 10 mmol of carbonyl compounds and a portion
of oa-chloroester (0.3 mmol). The electrolysis is then
conducted at constant current (0.25 A). During this time,
the a-chloroester is constantly added in the solution via a
syringe pump at a rate of 4 mmol/h, to minimize its
condensation. The electrolyses were usually run until the
carbonyl compounds were totally consumed. A charge of 3
at 5 F/mol is necessary to consume the carbonyl compounds

Table 2. Iron-Catalyzed Electroreductive Coupling between
Methyl 2-Chloropropanoate and Carbonyl Compounds
yields (%)
entry  Carbonyl compounds Deg. OF Of. erythrof
chloroester coupling  threo
product’
1 :>:O 1.6 94 /
2 <:>:O 1.6 82 /
3 ©\ﬂ/ 1.4 70 72/28
o}
4 1.5 69 /
o}
5 T\/ 1.6 84 57/43
o}
6 eI 1.6 64 5743
7 @zo L5 48° 50/50
)\
8 S 1.9 74 61/39
o}
9 ©\H/H 1 42 70/30
o}
H
10 7Y 1 29 65035

o)

a|solated yields, based on initial carbonyl compourfdso 1-4 addition
product was detected.
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Table 3. Iron-Catalyzed Electroreductive Coupling between Table 5. Iron-Catalyzed Electroreductive Coupling between

Methyl 2-Chloroacetate and Carbonyl Compounds a-Bromo-y-valerolactone and Carbonyl Compounds
N o yields (%) 5 R o 1)e-, FeBry, bipy R
entry Carbonyl compounds chlo?oester of coupling \ﬂ/ . Br o R o
product’ 0 DMF, Fe anode  HO
2y H*
1 :>:O 2.6 79 transicis : 66/34 :
yields
0,
2 <:>:O 1.8 87 entry Carbonyl compounds Meg: O (%) 910 tm{/lS/
bromolactone coupling  cis
product®
3 2 72 I :>:O 2 86 73/27
(0]
O O 2 <:>:o 1.8 57 7515
4 2 49
° 3 @( 2 65 b
5 b 2.5 73
(0] 0]
a|solated yields, based on initial carbonyl compounds. All products gave /A c
satisfactory analytical data. 4 S 2 35 ¢
(0]
because a part of Egreleased by oxidation of the anode, is 5 ©\WH 1.6 32 d
reduced to metallic iron at the cathode. o)

We found that during the electrolysis the potential of the  aisolated yields, based on initial carbonyl compounds. All products gave
; ; satisfactory analytical dat.Mixture of four diastereomers in 18/61/20/1
worklng electrode remained Con_Stam at, eal‘l VISCE, ratio. ¢ Mixture of three diastereomers in 20/52/28 ratio, 85% GBhCHO
which corresponds to the reduction of bipyridine complex was introduced in four portions to minimize the direct reduction, 81% GC.
of Fe' into Fe.1” The subsequent step is certainly an oxidative

addition of Fé to the a-chloroester. The rate constant for

the reaction of Pe(electrogenerated from Feipys) with Aromatic as well as aliphatic or cyclic ketones (Table 2,
methyl 2-chloropropanoate was obtained by the method entries 1—8) gave good yields gfhydroxyesters. In all of
described by Nicholson and Sh&imnd was found to bk cases, 1.5—2 equiv af-chloroester are necessary.
=31+3M1ts?t In the cases of aldehydes (Table 2, entries 9 and 10),

We then applied this method to a large variety of chemical yields are moderate because of the pinacolization
a-chloroester and carbonyl compounds. Results for the Of the aldehyde. Lower yields were obtained with 2-cyclo-
electrochemical coupling reaction between methyl 2-chloro- hexen-1-one even if the ketone is totally consumed and no
propanoate and ketones or aldehydes under the standar@ther products were detected. No conjugated addition was

reaction conditions defined above are given in Table 2.  observed, thus indicating that the reaction is regiospecific.
In the case of dissymmetric carbonyl compounds, we
obtained the two diastereoisomers with moderate diastereo-
selectivity (Table 2, entries 3;8.0), depending on the nature
Table 4. Iron-Catalyzed Electroreductive Coupling between of the carbonyl compounds.

Methyl 2-Bromopropanoate and Carbonyl Compounds Coupling methyl 2-chloroacetate with the same carbonyl

yields (%) compounds also gave good yieldsbhydroxyesters (50—
a 04 | 1
entry  Carbonyl compounds Ngq. €F 01; er}}flthro/ 87% isolated yield, Table.3). .
bromoester  coup ing  threo As already observed in the case of electroreductive
product coupling between aryl halide amdchloroester with a nickel
1 <:>:o 1.8 90 / catalysist® the coupling with chloropropionate is more
efficient than with chloroacetate. The excessathloroester,
necessary to consume totally the carbonyl compounds, is
2 H 1.4 78 71/29
o) (15) Chaussard, J.; Folest, J. C/;délec, J. Y.; Périchon, J.; Sibille, S.;
H Troupel, M. Synthesigl990, 1, 369.
3b /\/\/V\n/ 11 50 63/37 (16) Iron rod was purchased from Weber (113010007, pur ARMCO),
o) : and nickel sponge from Nitech (Mn 110.050.020, grade 110).
(17) (a) Saji, T.; Aoyagui, SJ. Electroanal. Chem1975,58, 401. (b)
2|solated yields, based on initial carbonyl compounds. All products gave Cyclic voltamograms in Supporting Information.
satisfactory analytical datd ArCHO was introduced in five portions to (18) Nicholson, R. S.; Shain, Anal. Chem1964,36, 706.
minimize the direct reduction. (19) Durandetti, M.; Niddec, J.-Y.; Périchon, JJ. Org. Chem1996,
61, 1748.
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more important with methyl 2-chloroacetate than with methyl

2-chloropropanoate. . . Scheme 3. Addition of a-Chloroketone to Cyclohexanone via

o-Bromoesters were also studied. Results with methyl Iron Catalysis
2-bromopropanoate are given in Table 4. OH

Reactions conducted with ketones gave the same good _ o

. . . 1) e-, FeBry, bipy 40%

yields with o-bromoester, as well as-chloroester, with the o+cl N
same excess of alkyl halide (compare Table 4, entry 1 and 5 DMF, Fe anode ©
Table 2, entry 2). However, with aldehydespromoesters 2) H* W 48%
gave yields twice those withi-chloroester (compare Table 5

4, entries 2 and 3 and Table 2, entries 9 and 10).

Some natural products have lactone functionalities. We
then tried the reaction coupling between thébromo-y-
valerolactone and different carbonyl compounds. Results are
given in Table 5. Chemical yields are generally good. In the
case of acetylthiophene and benzaldehyde, we only obtaine
an isolated yield of 35%, whereas GC yields are about 80%.
The decrease of the chemical yield is probably due to a
degradation on the silica column chromatograplf (

hindereda-chloroketone proceeds in good yield (Scheme
3), as well as the direct coupling between 3-pentanone and
o,a’-dichloroester (Scheme 4).

Scheme 4. Addition of a,a'-Dichloroester to Cyclohexanone
via Iron Catalysis

S o]
elimination). o
We then extended the process to the coupling with o o 1)e-Febry, bipy/??)\o 66%
a-chloronitrile. Results witli-chloropropionitrile are given /Y\ + +
in Table 6.o-Chloronitrile reacts under the same procedure © C O~ DMF, Fe anode OH
2eq gy x /<O 1%
o_

Table 6. Iron-Catalyzed Electroreductive Coupling between
o-Chloropropionitrile and Carbonyl Compounds

In conclusion, we have reported in this paper a method of
R R cl 1) e-, FeBry, bipy R efficient cross coupling of carbonyl compounds and activated
DGR )—:N Eo N alkyl halides, enabling the preparation of valuable target
© DMF, Fe anode o molecules such gé-hydroxyesters. The scope of the method
is wide concerning the type of organic compounds in-

volved: besides-chloro- ora-bromoestersy-bromolactone
andao-chloronitrile or ketones can also be used. The method

2) H*

yields
Neq. O- (%) of erythro/

entry  Carbonyl compounds chloronitrile coupling  threo

product’ is as efficient with ketones as with aldehydes. In addition,
because of the use of a simple complex of iron in an
! }O 2 62 / undivided cell and sacrificial iron anode, the process is very
easy, cheap, nontoxic, and totally original.
2 o) 2.5 60 / o et irON- _ i
This is the first iron-catalyzed Reformatsky-type reaction
reported so far to our knowledge. Further investigations are
3 55 31 66/34 necessary to determine which kind of organoiron species are
involved in the mechanism. Results will be reported in due
© course.
a_lsolated yields! based on initial carbonyl compounds. All products gave
satisfactory analytical data. Supporting Information Available: Experimental de-

tails, characterization data, and cyclic voltamograms. This
material is available free of charge via the Internet at

as for a-chloroesters. The method can also be applied to
http://pubs.acs.org.

a-chloroketone and,o’'-dichloroester. Thus, as a preliminary
study, the coupling between cyclohexanone and sterically OL0273046
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