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Abstract 
Recent results in the field of the arene-catalyzed lithiation of different heterocycles are presented 
in this account. This process allows the transformation of several heterocyclic systems into a 
series of functionalized organolithium compounds by a regioselective ring-opening of the 
heterocycle. The further reaction of the mentioned organolithium intermediates with different 
electrophiles affords, after hydrolysis, the corresponding functionalized molecules. Some of 
these products, derived from carbonyl compounds can be easily cyclized again to give a new 
series of heterocycles in which the electrophilic fragment has been incorporated to the 
corresponding starting heterocycle. 
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1. Introduction 
 
Functionalized organolithium compounds1 can be achieved following classical procedures (i.e., 
halogen-lithium exchange or tin-lithium transmetallation)2 or, in some cases, through new 
methodologies, among them the reductive opening of different appropriate oxygen-, nitrogen- 
and sulfur-containing heterocycles.3 The interest of functionalized organolithium compounds lies 
in their applicability in organic synthesis, due to the fact that by reaction with electrophiles, 
polyfunctionalized molecules are obtained in a single synthetic operation. Lithium metal itself or 
lithium in the presence of a stoichiometric or catalytic amount of an arene [naphthalene, 4,4’-di-
tert-butylbiphenyl (DTBB), biphenyl, 1-(N,N-dimethylamino)naphthalene being the most 
commonly used] have been used as the lithiating reagents in the reductive opening of 
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heterocycles.3 Only small heterocycles (three and four membered-rings), which are prone to 
release the strain energy, and heterocycles with activated bonds can undergo a reductive opening 
lithiation. For instance, benzylic carbon-oxygen bonds are susceptible to reductive cleavage by 
means of a lithiating reagent to generate benzylic organolithium compounds through a SET 
process. Phthalan (1, n = 1) is a special kind of cyclic benzyl ether and is opened reductively 
with an excess of lithium in the presence of a sub-stoichiometric amount of DTBB4 or 
naphthalene5 to give the dianionic intermediate 4. Thus, after a first electron transfer to phthalan 
1, the radical anion 2 is formed and it decomposes to give a more stable radical anion 3, which 
after a second electron transfer, leads to the dilithium derivative 4 in almost quantitative yield. 
The reaction of 4 with different electrophiles allows the preparation of functionalized alcohols 5 
(Scheme 1). The intermediate 4 has also been transformed into the corresponding functionalized 
organozinc derivative by a lithium-zinc transmetallation process with zinc bromide, and its 
reaction with allylic bromides,6 aryl halides in the presence of palladium,7,8 electrophilic 
olefins9,10 and acylating reagents was studied. Diols 5 derived from the reaction of intermediate 4 
with carbonyl compounds (E+ = R1R2CO), are easily cyclized under acidic conditions to give the 
corresponding six-membered benzo-condensed cyclic ethers 6 (Scheme 1). The same process 
starting from isochroman (1, n = 2) leads to functionalized alcohols 5 with n = 2 and seven- 
membered heterocycles 6.11 
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Scheme 1 
 
 With these antecedents, we considered it of interest to study the reductive opening lithiation 
of different heterocycles with benzylic carbon-oxygen and carbon–sulfur bonds. In addition, the 
regiochemistry of the reductive opening lithiation of different non-symmetrical phthalan 
derivatives by an arene-catalyzed lithiation would be studied also in order to know how the 
aromatic moiety of these compounds affects the process. 
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2. Results and Discussion 
 
2.1. Lithiation of 2,7-dihydrobenzothiepin 
The treatment of 2,7-dihydrodibenzothiepin (7) with an excess of lithium and a catalytic amount 
of DTBB at -78 ºC leads to the intermediate 8, which reacts with carbonyl compounds to give the 
corresponding alkoxides, 9, and after acidic hydrolysis to the sulfanyl alcohols, 10. However, 
when alkoxides 9 are stirred at room temperature in the presence of an excess of the lithiating 
mixture, the remaining benzylic carbon-sulfur bond is cleaved leading to new intermediates 11, 
which after reaction with a second electrophile and final hydrolysis with water lead to 
polyfunctionalized compounds 12 (Scheme 2).12,13 
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Scheme 2 
 
2.2. Lithiation of 2,7-dihydrodinaphthoxepine and -thiepine 
The reaction of 2,7-dihydro-3H-dinaphtho[2,1-c:1’,2’-e]oxepine (13, Y = O) and –thiepine (13, 
Y = S) with an excess of lithium and a catalytic amount of DTBB, under the same reaction 
conditions shown in Scheme 1 (THF, -78 ºC), gave, after treatment with different electrophiles at 
the same temperature, and final hydrolysis, the corresponding compounds 17, resulting from a 
double condensation at both benzylic positions involving the intermediate 16 (Scheme 3). In 
contrast to the behavior observed for the starting material 7, in the case of compounds 13 it 
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seems that after the first reductive ring-opening, the organolithium intermediate 14 initially 
formed suffers a rapid second lithiation to give the dilithium compound 16, which can survive 
under the essayed conditions until the addition of the electrophile. In order to avoid the 
mentioned second lithiation we used the less active stoichiometric version of the arene-promoted 
lithiation. Thus, treatment of the starting materials 13 with a THF solution of lithium naphthalene 
(1:2.2 molar ratio) in THF at -78 ºC, followed by reaction with an electrophile at the same 
temperature gave, after hydrolysis under acidic conditions, the corresponding monosubstituted 
products 15 (Scheme 3). Chiral starting materials 13 are accessible from commercially available 
(R)- or (S)-binaphthol (>99% ee), thus applying this methodology it is possible to prepare 
enantiomerically pure binaphthyl derivatives of general structure 15 and 17.13,14  
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Scheme 3 
 
2.3. Lithiation of 1H,3H-benzo[de]isochromene 
The reaction of  1H,3H-benzo[de]isochroman (18) with an excess of lithium (1/10 molar ratio) in 
the presence of a catalytic amount of DTBB (5 mol%) in THF at –50 ºC led, after 6 h, to a 
solution of the dianion 19, which reacted with different electrophiles at the same temperature for 
15 min yielding, after hydrolysis with water, the expected functionalized alcohols 20 (Scheme 4). 
A second lithiation took place leading to dianionic intermediate 22, when 19 reacted with a 
carbonyl compound as the first electrophile, and the resulting alcoholate was stirred at 0 ºC for 2 
h in the presence of the excess of the lithiating agent. The reaction of 22 with a second 
electrophile followed by hydrolysis with water led to 1,8-difunctionalized naphthalenes 23 
(Scheme 4). Intramolecular dehydration of diols 20 (E = R1R2COH) by treatment with a catalytic 
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amount of p-toluenesulfonic acid in the presence of 4 Å molecular sieves in toluene at 110 ºC 
gave the corresponding naphthoxepine 21 in high yields (Scheme 4). It is worthy to note that the 
whole process 18→21 represents the homologation of the starting heterocycle 18.15 
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2.4. Lithiation of 1,3-dihydronaphtho[1,2-c]furan 
 
The starting 1,3-dihydronaphtho[1,2-c]furan (24) was prepared from commercially available 1,2-
dimethylnaphthalene in only two steps and in 49% overall yield. The reaction of compound 24 
with an excess of lithium (1/10 molar ratio) in the presence of a catalytic amount of DTBB (5 
mol%) in THF at temperatures ranging from -78 to –50 ºC for 3 h, followed by addition of 
different electrophiles [H2O, ButCHO, Me2CO, (EtO)2CO] at -78 ºC and final hydrolysis, led to a 
mixture of functionalized alcohols 27 and 28 (Scheme 5). A 6:1 mixture (based on the study of 
the 1H NMR spectrum of the crude product) of alcohols 27 (E = H) and 28 (E = H) was obtained 
when H2O was used as electrophile. In the other cases, only products 27 were detected in the 
reaction crudes (NMR). Two reductive cleavages in the starting heterocycle 24 can occur under 
these reaction conditions: the major one leads to intermediate 25 and the minor one to 
intermediate 26, through the two possible benzylic carbon-oxygen bond cleavages. Diols 27 (E = 
R1R2COH) and a lactone derived from intermediate 25 were the only reaction products isolated 
and characterized when ButCHO, Me2CO and (EtO)2CO were respectively used as electrophiles 
(Scheme 5).16 
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2.5. Lithiation of 4- and 5-phenylphthalans and 4- and 5-methoxyphthalans 
The reaction of phenylphthalans 29 and 3216 and methoxyphthalans 35 and 3817 with an excess 
of lithium (1/10 molar ratio) in the presence of a catalytic amount of DTBB (5 mol%) in THF at 
-78 ºC for 3 h, followed by addition of different electrophiles at -78 ºC and final hydrolysis, led 
exclusively to regioselectively functionalized biphenyls 31, 34, 37 and 40, respectively (Scheme 
6). The structure of these compounds was elucidated based on NOESY experiments. In the case 
of 4-phenylphthalan (29) the reductive cleavage takes place at C(3)-O benzylic bond leading to 
the intermediate 30, meanwhile, the reductive cleavage in 5-phenylphthalan (32) occurs at C(1)-
O benzylic carbon-oxygen bond giving the dianionic intermediate 33. On the other hand, 4-
methoxyphthalan (35) undergoes reductive cleavage at C(1)-O benzylic carbon-oxygen bond and 
5-methoxyphthalan (38) undergoes reductive cleavage at C(3)-O benzylic carbon-oxygen bond, 
leading to the dilithium derivatives 36 and 39, respectively (Scheme 6).16,17 

 
2.6. Lithiation of 1,3-dihydrofurophthalan 
The reaction of 1,3-dihydrofurophthalan 41 with an excess of lithium (1/10 molar ratio) in the 
presence of a catalytic amount of DTBB (2.5 mol. %) in THF at -78 ºC for 30 min and then for 2 
h at 0 ºC, followed by addition of H2O and benzaldehyde as electrophiles at -78 ºC and final 
hydrolysis, led to a mixture of functionalized alcohols 44 and diols 45 in a regioselective manner 
(Scheme 7). According to these results, the intermediates 42 and 43 are involved in this process. 
Thus, after reductive cleavage of compound 41 (the four benzylic carbon-oxygen bonds are 
equivalent), the dianion 42 initially formed undergoes a second and selective reductive cleavage 
leading to the dialkoxide 43. When the reaction is performed for a longer reaction time or at 
higher temperatures in order to complete the transformation of intermediate 42 into 43, yields 
become significantly lower and variable amounts of 1,2,4,5-tetramethylbenzene are detected by 
GC/MS (Scheme 7).16 
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2.7. Lithiation of halophthalans 
The treatment of halophthalans 46, 49 and 52 with a THF solution of lithium naphthalene (1:2.1 
molar ratio) in THF at -78 ºC (0 ºC for the fluoro derivative 52), followed by reaction with an 
electrophile at low temperature gave, after hydrolysis with water, compounds 48, 51 and 54, 
respectively (Scheme 8). Halogen-lithium exchange took place in the case of bromo and chloro 
derivatives 46 and 49, respectively, leading to the aryllithium intermediates 47 and 50, however, 
4-fluorophthalan (52) undergoes selective reductive cleavage at C(3)-O benzylic carbon-oxygen 
bond, leading to the dilithium derivative 53 (Scheme 8).17 This completely different behavior can 
be explained taking into account halogen-carbon bond energies, because the fluorine-carbon 
bond is stronger than chlorine- and bromine-carbon bonds.  
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2.8. Regiochemistry of the reductive opening lithiation of substituted phthalans 
The reductive cleavage at the benzylic carbon-oxygen bond in phthalan derivatives 24 (Scheme 
5), 29, 32, 35, 38 (Scheme 6) and 52 (Scheme 8) takes place at the position bonded to the carbon 
of the aromatic ring with the higher electron density in the intermediate anion radical (one 
electron transfer) or dianion (two- electron transfer).18 The semi-empirical PM3 calculations of 
the Mulliken charges of the dianions 55-60 (Chart 1) resulting from a two-electron transfer to 
compounds 24, 29, 32, 35, 38 and 52, respectively, are shown in Chart 1. The reductive cleavage 
in these dianions occurs predominantly at the oxygen-benzylic carbon bond which is attached to 
the aromatic carbon atom with the highest electron density. This statement is true in the case of 
all the previously mentioned phthalan derivatives but not for the methoxy derivative 35 (dianion 
58, Chart 1). Thus, taking into account the electron density both in the dianion and in the radical 
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anion (which are in agreement), it is possible to explain the regiochemistry of the reductive 
opening lithiation of substituted phthalans.16,17 
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2.9. Lithiation of cyclic acetals: synthesis of isochromans and naphthoxepines 
The reaction of cyclic acetals 61 or 64 (easily prepared from the corresponding diol and a 
carbonyl compound R1R2CO) with an excess of lithium powder (1:14 molar ratio) and a catalytic 
amount of DTBB (1:0.1 molar ratio; 5.0 mol %) in THF at temperatures ranging between -78 and 
-60 ºC for 5 h led, after hydrolysis with water, to the corresponding diols 62 and 65, respectively, 
in moderate yields (Scheme 9). The cyclization of diols 62 and 65 under acidic conditions gave 
isochroman 63 and naphthoxepine derivatives 21, respectively (Scheme 9).17 
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 Concerning a possible mechanistic pathway for the formation of compounds 63 and 21, it 
could be possible that in the first step, a benzylic cleavage takes place, giving dianionic 
intermediates of the type I and IV, respectively. These intermediates could afford either (a) 
directly the di-alcoholates II and V, which are the precursors after hydrolysis with water of the 
final diols 62 and 65, respectively, or (b) complexes of type III and VI between a benzylic 
dianion and a carbonyl compound generated by an elimination from intermediates I and IV, 
respectively (Chart 2). 
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Conclusions 
 
From the results presented in this account we conclude that the reductive ring-opening of 
different benzo- fused heterocycles using an arene-catalyzed lithiation is a versatile methodology 
that allows the generation of several functionalized organolithium compounds. The reaction of 
these intermediates with electrophilic reagents leads to polyfunctionalized molecules, which in 
the case of using carbonyl compounds as electrophiles are adequate precursors for new series of 
homologated heterocycles. 
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