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Scheme 1
The reaction of 2,2-diphenylmethylenecyclopropane (5) with an excess of lithium and a catalytic amount
of DTBB (4 mol %) in THF at �78 �C leads to the formation of dilithiated species 6–8 by reductive opening
of the cyclopropane ring. Further reaction of these intermediates with different electrophiles [E = H2O,
D2O, CH2@CMeCH2Cl, Me3SiCl, Me3SiCH2Cl, t-BuCHO, Me2CO, Et2CO, n-Pr2CO, i-Pr2CO, t-Bu2CO, (CH2)5CO,
Ph2CO and adamantanone] is highly regioselective, yielding exclusively the corresponding products 9,
after hydrolysis with water. However, when 3-chloro-2-(chloromethyl)propene (14) is used as a
dielectrophile, the cyclisation to give a six-membered ring takes place through intermediate 6, giving
compound 16 as the only reaction product.

� 2008 Elsevier Ltd. All rights reserved.
The world of dilithium intermediates,1 which can be considered
as functionalised organolithium compounds,2 has some similarities
with that of simple organolithium reagents.3 Most of the general
methods for their preparation, including deprotonation, halogen–
lithium exchange or metal–lithium transmetallation, can be ap-
plied to generate these dianionic synthons, the main problem
being their low stability even under very mild reaction conditions.
Amongst the different possible methodologies available, the dou-
ble chlorine–lithium exchange of an adequate dichlorinated mate-
rial using an arene-catalysed lithiation4 has shown to be a practical
procedure for the in situ generation of dilithium synthons. These
species are able to react with an electrophile present in the reac-
tion medium (Barbier-type reaction conditions)5 to give the ex-
pected difunctionalised products.6 As an example, Scheme 1
shows the 4,40-di-tert-butylbiphenyl (DTBB)-catalysed lithiation
of 2,3-dichloropropene (1) in the presence of different carbonyl
ll rights reserved.
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. Reagents and conditions: (i) Li, D
compounds to yield, after hydrolysis, the corresponding unsatu-
rated diols 2. These compounds are appropriate precursors for
dioxaspiroheptanones 3, which are present in many naturally
occurring compounds.7 The formation of compounds 2 would in-
volve a dilithiated species of type 4.

Concerning the generation of dilithio derivatives by reductive
ring opening of substituted cyclopropanes, and related to the
well-known topic of Y-aromaticity in the trimethylenemethane
dianion,8–10 Maercker11 and more recently our group12 have stud-
ied the formation of dilithiated species by reaction of substituted
cyclopropanes with lithium metal or lithium in the presence of a
catalytic amount of an arene,4 respectively. In general, these reac-
tions show a series of problems associated with (a) lithium migra-
tions, (b) lithium-hydride eliminations, (c) lithium–hydrogen
exchange (hydrogen abstraction), (d) ortho-lithiation in phenyl
derivatives, and (e) carbon–carbon coupling reactions through
O
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R
R

R
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TBB (4%), R2CO, THF, 0 �C to rt; (ii) H2O.
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Scheme 2. Reagents and conditions: (i) Li (1:7 molar ratio), DTBB (4% molar), THF, �78 �C, 1.5 h; (ii) E = H2O, D2O, CH2@CMeCH2Cl, Me3SiCl, Me3SiCH2Cl, t-BuCHO, Me2CO,
Et2CO, n-Pr2CO, i-Pr2CO, t-Bu2CO, (CH2)5CO, Ph2CO and adamantanone (2.2 equiv), �78 to �65 �C, 30 min; (iii) H2O, �65 �C to rt, 1 h.
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the initially formed radical-anions. Therefore, mixtures of different
products are frequently obtained, limiting the applicability of this
methodology from a synthetic point of view.

In this Letter, we report the generation of a 2-substituted 1,3-
dilithio compound through an arene-catalysed regioselective lithi-
ation of a substituted methylenecyclopropane.

The reaction of 2,2-diphenylmethylenecyclopropane (5)11d with
an excess of lithium (1:7 molar ratio) and a catalytic amount of
DTBB (1:0.08, 4% molar) in THF at �78 �C for 1.5 h led to the initial
formation of a dilithio derivative 6, which is in equilibrium with
the intermediate 8 through the allyl-delocalised species 7. After
treatment of the reaction mixture with different electrophiles
[E = H2O, D2O, CH2@CMeCH2Cl, Me3SiCl, Me3SiCH2Cl, t-BuCHO,
Me2CO, Et2CO, n-Pr2CO, i-Pr2CO, t-Bu2CO, (CH2)5CO, Ph2CO and
adamantanone; 1:2.2 molar ratio] at temperatures ranging
between �78 and �65 �C for 30 min, followed by hydrolysis with
water at �65 �C to rt, compounds 9 were obtained (Scheme 2
and Table 1).
Table 1
Preparation of compounds 9

Entry Electrophile E Producta

No. X Yieldb (%)

1 H2O 9a + 10a H 85 (3:2)
2 D2O 9b + 10b D 79 (3:2)c

3 CH2@CMeCH2Cl 9c CH2@CMeCH2 49d

4 Me3SiCl 9d Me3Si 45d

5 Me3SiCH2Cl 9e Me3SiCH2 53d

6 t-BuCHO 9f t-BuCHOH 55d,e

7 Me2CO 9g Me2COH 44f

8 Et2CO 9h Et2COH 48
9 n-Pr2CO 9i n-Pr2COH 56f

10 i-Pr2CO 9j i-Pr2COH 42g

11 t-Bu2CO 9k0 t-Bu2COH 58f

12 (CH2)5CO 9l (CH2)5COH 46
13 Ph2CO 9m Ph2COH 40
14 Adamantanone 9n —h 76f

a All products 9 (and 10) were fully characterised by analytical (microanalysis
and/or HRMS) and spectroscopic means (IR, 1H and 13C NMR, and MS).

b Isolated yield of pure compounds (>95% from NMR and/or GLC) after column
chromatography (silica gel, hexane–EtOAc) unless otherwise stated.

c The content of D was found to be >95% by MS.
d The excess of lithium was removed by filtration at the same temperature after

the lithiation step.
e A ca. 1:1 mixture of diastereomers (NMR) was obtained.
f Yield after recrystallisation from hexane/Et2O.
g A 16% of the corresponding monosubstituted product 9j0 was also obtained.
h See Scheme 2.
Only for very reactive electrophiles, such as H2O and D2O, we
obtained a mixture of compounds 9 and 10, resulting from the
reaction of the electrophile with the intermediates 8 and 6, respec-
tively (Table 1, entries 1 and 2). In all the other cases, the formation
of compounds 10 was not detected in the reaction crudes. For
chlorinated electrophiles (Table 1, entries 3–5) and pivalaldehyde
(Table 1, entry 6), the best results were obtained by filtering off
the excess of lithium at the end of the first step (Table 1, footnote
d). In almost all cases [except for the diisopropylketone derivative
(Table 1, entry 10 and footnote g)] we detected small amounts
(<10%, GLC) of the monosubstituted product of type 90. This prod-
uct is formed by hydrogen abstraction,13 either from intermediate
8 or after the incorporation of the first electrophilic fragment, by
lithium–hydrogen exchange from the reaction medium.13 Chro-
matographic separation of compounds 90 during purification of
products 9 was easily performed, although in the case of the hin-
dered di(tert-butyl)ketone, compound 9k0 was the only reaction
product isolated, due probably to steric problems (Table 1, entry
11). Concerning the reaction conditions, the reaction gave lower
yields and not so clean reaction crudes when the process was per-
formed in the presence of the electrophile (Barbier conditions)5 or
at higher temperatures.

The X-ray structure of compound 9h (Fig. 1) confirmed all the
analytical and spectroscopic data obtained for this selected exam-
ple and for all the members of the series.
Figure 1. X-ray structure of compound 9h.
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Scheme 3. Reagents and conditions: (i) Li (1:7 molar ratio), naphthalene (4% molar), Et2O, rt, 3 h; (ii) E = H2O, D2O, �78 �C, 1 h; (iii) H2O, �78 �C to rt, 1 h.
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As regards the role of the catalyst, we observed that the process
could also be carried out in the absence of DTBB under the same
reaction conditions, but reaction times were slightly longer, the
reaction crudes were not clean and yields were lower. An interest-
ing effect was observed when naphthalene14 was used instead of
DTBB and ether as the solvent at room temperature: in this case,
compounds 13 were the reaction products when using water and
deuterium oxide as electrophiles, resulting from an initial addition
of two lithium atoms to the double bond (generally proposed by
Maercker in similar cases11) to form intermediate 11.15 This spe-
cies undergoes subsequent ring opening to give the most stable
benzylic derivative 12 (Scheme 3). Compounds 13a and 13b
(>95% D from MS) were obtained in good yields after quenching
with H2O or D2O. As it can be seen, the reaction results can be con-
trolled depending on the reaction conditions: in our case (THF, low
temperature, DTBB-catalysis), only compounds 9 were isolated,
whereas isomers 13 were obtained by using Maercker conditions
(and naphthalene as the electron carrier catalyst). Finally, since
the same results (compound 13) were obtained in the absence of
any arene, we conclude that the effects of temperature16 and/or
solvent are responsible of the different behaviour observed in
Schemes 2 and 3. However, even this case being, we do not have
any simple explanation for these facts.

In the last part of this study, we tried to take advantage of the
dianionic character of intermediates 6–8 in order to obtain cyclic
compounds by reaction with a dielectrophile. Thus, once the dian-
ionic species was generated as described above (Scheme 2), it was
treated with 3-chloro-2-(chloromethyl)propene (14) and hydroly-
sed with water. Surprisingly, we obtained exclusively the corres-
ponding di-exo olefin 16, resulting from the reaction of the
intermediate 6 with the electrophile, instead of the expected cyclic
product 15 (by cyclisation with intermediate 8), (Scheme 4). So far,
we do not have any explanation to rationalise the regiochemistry
shown in Scheme 4.

In summary, we have described herein the easy generation of a
2-substituted 1,3-dilithiopropane using a very simple methodology,
the DTBB-catalysed lithiation of a substituted methylenecyclopro-
pane. This dianion has been trapped with different electrophiles,
especially carbonyl compounds affording interesting 1,5-diols.
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