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Abstract—Barbier-type reactions using Sml, in catalytic amounts together with Mischmetall as a coreductant, involving lactones
or esters and a variety of organic halides (allylic, benzylic and alkyl), have been performed. With alkyl halides and five- or
six-membered ring lactones, catalytic quantities of nickel diiodide (with respect to Sml,) must be added to achieve reactions. Thus,
a ‘two-stage catalysis’ is carried out. Unexpectedly, it was found that with esters or an unstrained lactone the Mischmetall/SmlI,
(catalytic) system is more reactive than samarium diiodide in stoichiometric amounts. Tentative interpretations of the catalytic role

of Nil, are proposed. © 2002 Elsevier Science Ltd. All rights reserved.

1. Introduction

We have recently reported that Mischmetall is an
efficient coreductant in samarium diiodide-catalysed
reactions. With the Mischmetall/SmI, (catalytic) sys-
tem, Barbier-type reactions have been achieved accord-
ing to a catalytic Barbier procedure (Catalytic-BP).!
Sequential reactions could also be achieved in the pres-
ence of this system and allylic or benzylic halides with
ketones aldehydes or esters. In that case the procedure
can be termed a catalytic Grignard procedure (Cata-
lytic-GP).> Besides, it has been shown that lactones and
esters are poor electrophiles in stoichiometric samarium
diiodide-mediated reactions.* However, Barbier-type
reactions involving lactones or esters and alkyl halides
yield the expected products in the presence of small
amounts of nickel diiodide (1 mol% with respect to
Sml,) (Scheme 1).*

This experimental process can be termed a Nil,-
catalysed Barbier procedure (BP/Nil,,, ).

Recently, Sml, in the presence of catalytic amounts of
Nil, has also been used to promote intramolecular
conjugate additions of alkyl halides onto o,B-unsatu-
rated lactones.’

Here we report some Barbier-type reactions of lactones
or esters performed with samarium diiodide in catalytic
amounts together with Mischmetall as the coreductant.

2. Results and discussion

We first studied reactions of lactones with activated
halides (allyl bromide and benzyl bromide) mediated by
the Mischmetall/SmI, (catalytic) system using a Cata-
lytic-BP and readily observed the formation of diols.
The results are collected in Table 1.

Yields of diols” were good or excellent, except with
coumarin (entries 7 and 8) and 5H-furan-2-one (entry
11), which gave a mixture of unidentified by-products
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Table 1. Catalytic Barbier-type reactions of lactones with
activated halides®

1) Mischmetall/Sml,(cat.)

R
2RX 4 (L THF; 20°C Ho R
o
© 2) HyO" OH
Entry RX Electrophile Product: yield (%)*
1 AllylBr v-Butyrolactone 72
2 BenzylBr  y-Butyrolactone 78
3 AllylBr g-Caprolactone 78
4 BenzylBr  e-Caprolactone 72
5 AllylBr Dihydrocoumarin 1: 88
6 BenzylBr  Dihydrocoumarin 95
7 AllylBr Coumarin 2: 20
8 BenzylBr Coumarin 0
9 AllylBr 3: 42
O
Oz
10 BenzylBr " 90
11 AllylBr

~ 4: 13
(0]

 Isolated yields.

(in reaction between coumarin and benzyl bromide, the
main product was dibenzyle obtained in 15% yield). In
the absence of samarium diiodide, the starting materials
were recovered unchanged, indicating that reactions are
not mediated by lanthanide metals. Nickel diiodide was
not required for these reactions. This feature is not
really surprising, since it is well known that allylic and
benzylic halides are very reactive in samarium diiodide-
mediated Barbier-type reactions. Next, we examined the
reactions of the less active alkyl halides. We anticipated
a catalytic amount of Nil, (with respect to Sml,) would
be necessary. Therefore, the Mischmetall/[SmI,/
Nilycar)lcar) System was used in a catalytic Barbier
procedure catalysed with Nil, (Catalytic-BP/Nil,,,))
and compared to the Mischmetall/Sml,,,, system in a
catalytic Barbier procedure (Catalytic-BP).

The results are collected in Table 2.

We checked that both Mischmetall alone and Mis-
chmetall in the presence of nickel diiodide (without
Sml,) were unreactive in the reactions indicated above.
In several cases (entries 1, 3, 8 and 10) minor amounts
of diols” (6-30%) resulting from the addition of a THF
moiety onto lactones were detected (Scheme 2).

Table 2. Catalytic Barbier-type reactions of lactones or esters with alkyl halides

0 1) Mischmetall/[Smly/Nilpcat )] (cat.) R
2rx 4 (J  _THF:20°C Ho ™A )”~|’R
O
© 2) H;0" OH
idem . R
2RX 4+ R'\H/OR" R R
0 OH
Entry Electrophile RX Product: yield (%0)*
Catalytic-BP® Catalytic-BP/Nil o ,°
1 B-Propiolactone 1-Iodoheptane 374 474
2 5-Butyrolactone 1-Iodoheptane 0 83
3 3-Butyrolactone 1-Iodododecane 0° 71°
4 4-Valerolactone 1-Iodoheptane 0 66
5 Coumarin 1-Iodoheptane 0 0
6 Dihydrocoumarin 1-Iodoheptane 0 5: 80
7 Dihydrocoumarin Todoethane 0 60
8 Dihydrocoumarin 1-Iodododecane 0° 788
9 g-Caprolactone 1-Iodoheptane 91 68
10 g-Caprolactone 1-Iodododecane 80" 48i
11 Ethyl benzoate 1-Iodoheptane 74 78
12 tert-Butyl acetate 1-Iodoheptane 70 72
13 Ethyl iso-butyrate 1-Iodoheptane 76 81

4 Isolated yields.

® For the experimental procedure, see Ref. 6.

¢ For the experimental procedure see Ref. 6, except that before addition of an alkyl halide, Nil, (0.035 mmol) in THF (3.5 mL) was added and

the mixture was then stirred for 10 min.

d 3.(Tetrahydrofuran-2-yl)-decane-1,3-diol: (6) was also obtained in 30% yield.

¢ Wurtz coupling of iodododecane occurred.

"4-(Tetrahydrofuran-2-yl)-hexadecane-1,4-diol: was also obtained in 14% yield.

£ 2-[3-Hydroxy-3-(tetrahydrofuran-2-yl)-pentadecyl]-phenol was also obtained in 15% yield.
h 6-(Tetrahydrofuran-2-yl)-octadecane-1,6-diol was also obtained in 6% yield.

i 6-(Tetrahydrofuran-2-yl)-octadecane-1,6-diol was also obtained in 12% yield.
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The results (entries 2-8) obtained with the five- or
six-membered ring lactones were in good agreement
with the expectations since good yields in diols’” were
obtained with nickel diiodide, whereas in the absence of
this catalyst, starting materials were recovered
unchanged. Thus, this ‘double-stage catalysis’ is
efficient in those cases. In contrast, with B-propiolac-
tone, the diol was obtained as well in Catalytic-BP and
Catalytic-BP/Nil,,.,. However, due to the strain on
the cycle, it is known that this lactone reacts in a
peculiar way in the presence of lanthanide salts.® More
unexpectedly, the diols were obtained with e-caprolac-
tone in excellent yield in the absence of nickel diiodide.
It was thus anticipated that esters should behave as this
unstrained lactone. This was confirmed by the results
reported in entries 11, 12 and 13: good yields in tertiary
alcohols were obtained in both procedures. Thus, with
g-caprolactone and esters the catalytic Barbier proce-
dure does not require the presence of nickel diiodide,
while the stoichiometric Barbier procedure demands it.
These results are difficult to explain, since the precise
part of Nil, in samarium diiodide-mediated reactions
has not been cleared up. However, the following
hypotheses can be proposed.

In BP (Sml, in stoichiometric amounts, without Nil,),
an organosamarium reagent is slowly produced. Due to
its low reactivity towards esters and lactones, it reacts
preferentially with the solvent (THF) giving a hydrocar-
bon and the expected alcohol does not form.

In BP/Nil,,., (SmlI, in stoichiometric amounts, in the

presence of Nil, in catalytic amounts), Nil, (or another
nickel derivative which could result from a reaction

2RI+4Smly — 5 2 RSml, + 2 Sml;

Scheme 3.

with Sml,) accelerates the formation of an organosa-
marium reagent as well as facilitating its addition onto
esters or lactones (Scheme 3).

In Catalytic-BP (Mischmetall with Sml, in catalytic
amounts), an organosamarium reagent is initially pro-
duced (along with Sml;). Its reaction with a lanthanide
metal (Ln=Ce, La, Nd, Pr) regenerates Sml, and fur-
nishes another organolanthanide species, which is able
to react with esters and g-caprolactone but not with five
or six-membered-ring lactones (Scheme 4).

In Catalytic-BP/Nil,.,, ,, Nil, catalyses both processes:
formation of an organosamarium compound and sub-
sequent addition of organolanthanide to electrophiles
including five- or six-membered ring lactones (Scheme

5).

In conclusion, catalytic Barbier-type reactions with
Sml, in catalytic amounts and Mischmetall as a core-
ductant have been performed between lactones (and
esters) and a variety of organic halides (allylic, benzylic
and alkyl halides). With an alkyl halide, a catalytic
quantity of nickel diiodide (with respect to Sml,) must
be added in some cases to achieve reactions. Then a
‘two-stage catalysis’ is carried out. However, it was
found that nickel diiodide is not always necessary,
showing that the Mischmetall/SmI, (catalytic) system
can be more reactive than samarium diiodide in stoi-
chiometric amounts. We are currently studying the
mechanisms involved in those catalytic reactions.
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