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Abstract: The reductive cleavage of benzylic carbon-sulfur bonds via an arene-catalysed lithiation process is
described. The benzyllithium reagents generated were reacted with several electrophiles, mainly carbonyl compounds,
affording the expected products in moderate to good yields.
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Introduction

Typical methods for the preparation of organolithium reagents involve halogenated derivatives as starting materials.
However, this general procedure is not useful for the generation of allylic or benzylic lithium intermediates, due to the
almost exclusive formation of Wurtz-type products [1-3]. Other alternative methodologies have been reported, such
as: (a) the direct deprotonation of the corresponding allylic or benzylic hydrocarbons with an alkyllithium, which
needs the use of a co-reactant such as an alkoxide [4,5] or an amine [6]; (b) a mercury-lithium or tin-lithium
transmetallation [7]; (c) the reductive cleavage of allyl phenyl ether with lithium, which has been successfully used in
the case of allyllithium [8,9].

On the other hand, in recent years we have used an arene-catalysed lithiation [10,11] of different substrates [12-14] in
order to prepare organolithium reagents under very mild reaction conditions. In this communication we describe the
application of the arene-catalysed lithiation to the generation of benzylic organolithium compounds starting from 1,7-
dihydrodibenzothiepin and benzyl mercaptan, via a carbon-sulfur reductive cleavage.

Results and Discussion

The reaction of 1,7-dihydrodibenzothiepin (1) with an excess of lithium powder and a catalytic amount of 4,4’-di-tert-
butylbiphenyl (DTBB, 5 mol%) in THF at –78deg.C for 1 h, followed by treatment with a carbonyl compound at the
same temperature and final hydrolysis with water, led to the formation of the corresponding sulfanyl alcohols 4 in
good yields (Scheme 1 and Table 1, entries 1-8), dianionic intermediates 2 and 3 being involved in this process. When,
after addition of the carbonyl compound, the system was allowed to reach room temperature, carbon-sulfur reductive
cleavage took place to give oxygen-functionalised benzylic organolithium compounds 5, which, by reaction with a
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second carbonyl compound at –78deg.C and final hydrolysis with water at the same temperature, gave the
corresponding diols 6 in moderate yields (Scheme 1 and Table 1, entries 9-10).

 

Scheme 1. Reagents and conditions: i, Li, DTBB (5 mol %), THF, -78deg.C, 1 h; ii, E1
+= R1R2CO, -78deg.C, 5 min;

iii, H2O-HCl, -78 to 20deg.C, 3 h; iv, -78 to 20deg.C, 1 h; v, E2
+= R3R4CO, -78deg.C, 5 min; vi, H2O, -78 to

20deg.C, 3 h.

Table 1. Preparation of Compounds 4 and 6 from 1,7-Dihydrodibenzothiepin

Producta

Entry E1
+ E2

+ No. R1R2COH R3R4COH Yield
(%)b

1 ButCHO --- 4a ButCHOH --- 71

2 Ph(CH2)2CHO --- 4b Ph(CH2)2CHOH --- 75

3 PhCHO --- 4c PhCHOH --- 82

4 Me2CO --- 4d Me2COH --- 50

5 [CH3(CH2)4]2CO --- 4e [CH3(CH2)4]2COH --- 76

6 (CH2)5CO --- 4f (CH2)5COH --- 72

7 (CH2)7CO --- 4g (CH2)7COH --- 47

8 (-)-menthone --- 4hc --- --- 55

9 (CH2)5CO (CH2)5CO 6a (CH2)5COH (CH2)5COH 30



10 (CH2)5CO Me2CO 6b (CH2)5COH Me2COH 45

a All products were >95% pure (GLC and 300 MHz 1H NMR). b Isolated yield after column chromatography (silica gel, hexane/ethyl acetate). c See Scheme 1

The naphthalene catalysed lithiation process was also applied to the conversion of benzyl mercaptan 7 into
benzyllithium. Compound 7 was first reacted with n-butyllithium in order to remove the acidic proton on sulfur. The
resulting thiolate was then treated with lithium powder (1:10 molar ratio) and a catalytic amount of naphthalene (1:0.20
molar ratio, 10 mol %) in THF at 0deg.C, leading to a solution of benzyllithium, which reacted with several
electrophiles (1:1.2 molar ratio) at temperatures ranging between -30 and 0deg.C, affording the expected products 8
after hydrolysis with water (Scheme 2 and Table 2).

Scheme 2. Reagents and conditions: i, n-BuLi, THF, 20deg.C, 5 min; ii, Li, C10H8 (10 mol
%), THF, 0deg.C, 30 min; iii, E+ = t-BuCHO, PhCHO, Et2CO, (CH2)5CO, Me3SiCl, -30 to

0deg.C, 30 min; iv, H2O.

 

Table 2. Preparation of Compounds 8 from Benzyl Mercaptan.

Producta

Entry E+ No. E Yield (%)b

1 ButCHO 8a ButCHOH 48

2 PhCHO 8b PhCHOH 52

3 Et2CO 8c Et2COH 43

4 (CH2)5CO 8d (CH2)5COH 45

5 Me3SiCl 8e Me3Si 46

a All products were >95% pure (GLC and 300 MHz 1H NMR). b Isolated yield after column chromatography (silica gel, hexane/ethyl acetate).

 

Removal of the acidic proton on sulfur was necessary in order to get good yields. Almost no product was formed when
the reaction was carried out without previous deprotonation. On the other hand, yields were better when the
electrophile was added at -30deg.C and the reaction was stirred allowing the temperature to rise to 0deg.C in ca. 30
min. When the electrophile was added at the same temperature of the lithiation process (0deg.C), yields of the expected
products varied from 25 to 30%, mainly due to the formation of the corresponding pinacol-type products as a side
reaction, in the case of using a carbonylic compound as electrophilic reagent. Cooling the reaction mixture to -30deg.C
before the addition of the electrophile, the formation of those by-products was diminished.

Conclusion

Reductive cleavage of benzylic carbon-sulfur bond in 1,7-dihydrodibenzothiepin led, after reaction with carbonyl
compounds, to sulfanyl alcohols or, depending on the reaction conditions, to diols, acting in this case the thiepin



derivative as precursor of a synthetic equivalent of 2,2’-bis(lithiomethyl)biphenyl. On the other hand, benzyl
mercaptan could be used as a source of benzyllithium through a naphthalene catalysed process, via the same kind of
reductive cleavage.

Experimental Part

For general information, see reference [15].

Preparation of 2-(2-Hydroxy-2-methylpropyl)-2’-(sulfanylmethyl)biphenyl (4d). Typical Procedure.

To a cooled (-78deg.C) blue suspension of lithium powder (100 mg, 14.0 mmol) and a catalytic amount of 4,4’-
di-tert-butylbiphenyl (40 mg, 0.15 mmol) in THF (5 ml) was added dropwise a THF solution (1 ml) of 1,7-
dihydrodibenzothiepin (212 mg, 1.0 mmol) under nitrogen and the mixture was stirred at the same temperature for 1 h.
Then, acetone (64 mg, 0.08 ml, 1.1 mmol) was added at –78deg.C and after 5 min the reaction mixture was hydrolysed
with 1M hydrochloric acid (20 ml) and extracted with ethyl acetate (3x20 ml). The organic layer was dried over
anhydrous sodium sulfate and evaporated (15 Torr). The resulting residue was purified by column chromatography
(silica gel, hexane/ethyl acetate) to yield pure compound 4d (136 mg, 50%).

IR (film): 3420-3230 (OH), 3090 (Ar-H).

1H-NMR (CDCl3): 0.99 (s, 3H), 1.06 (s, 3H), 1.59 (t, 1H), 2.55 (d, 1H), 2.76 (d, 1H), 3.12-3.21 (br s, 1H), 3.47 (dd, 2H), 7.14-7.47 (m, 8H).

13C-NMR (CDCl3): 26.4, 29.3, 29.8, 45.5, 71.5, 126.3, 126.6, 127.3, 127.85, 128.9, 130.4, 130.75, 131.0, 135.8, 138.9, 140.4, 140.8.

MS (EI): 254 (M+-H2O, 1%), 215 (11), 214 (64), 205 (12), 166 (28), 165 (65), 152 (12), 59 (100), 43 (28).

Preparation of 2,2’-Bis(1-hydroxycyclohexylmethyl)biphenyl (6b). Typical Procedure.

To a cooled (-78deg.C) blue suspension of lithium powder (100 mg, 14.0 mmol) and a catalytic amount of 4,4’-di-tert-butylbiphenyl (40 mg, 0.15 mmol) in THF (5 ml)
was added dropwise a THF solution (1 ml) of 1,7-dihydrodibenzothiepin (212 mg, 1.0 mmol) under nitrogen and the mixture was stirred at the same temperature for 1 h.
Then cyclohexanone (109 mg, 0.120 ml, 1.1 mmol) was added at –78deg.C and after 5 min the cold bath was removed and stirring was continued at 20deg.C for 1.5 h.
After that, the reaction mixture was cooled down at –78deg.C and cyclohexanone (109 mg, 0.120 ml, 1.1 mmol) was added dropwise and the temperature was allowed to
rise to 20deg.C overnight. The resulting mixture was hydrolysed with water (20 ml) and extracted with ethyl acetate (3x20 ml).  The organic layer was dried over
anhydrous sodium sulfate and evaporated (15 Torr). The resulting residue was purified by column chromatography (silica gel, hexane/ethyl acetate) to yield pure
compound 6b (170 mg, 45%).

IR (film): 3500-3120 (OH), 3060 (Ar-H).

1H-NMR (CDCl3): 0.92-1.47 (m, 22H), 2.57 (d, 2H), 2.63 (d, 2H), 7.15-7.41 (m, 8H).

13C-NMR (CDCl3): 21.7, 21.9, 25.5, 27.9, 72.0, 126.3, 126.85, 131.0, 131.2, 135.1, 142.5.

MS (EI): 360 (M+-H2O, 2%), 265 (13), 263 (62), 254 (21), 246 (38), 215 (25), 184 (12), 59 (100), 43 (18).

Preparation of  3,3-Dimethyl-1-phenyl-2-butanol (8a).  Typical Procedure.

To a solution  of benzyl mercaptan (0.12 ml, 1.0 mmol) in  THF (2 ml), n-butyllithium (0.63 ml 1.6M solution  in  hexane, 1.0 mmol) was added at 20deg.C. After 5 min, the resulting solution  was slowly  added (ca.
30 min) via syringe to  a green suspension of lithium powder (70 mg, 10.0 mmol) and naphthalene (26 mg, 0.2 mmol) in  THF (5 ml), under nitrogen, at 0deg.C. After 30 min  stirring at the same temperature, the
reaction mixture was cooled to  -30deg.C and pivalaldehyde (0.13 ml, 1.2 mmol) was added and the reaction was stirred allowing the temperature to  rise to  0deg.C (ca. 30 min). The reaction was then hydrolysed
with  water (10 ml), acidified with  2M hydrochloric acid (6 ml) and extracted with  ethyl acetate (3x20ml). The combined organic layers were washed with  saturated sodium bicarbonate (5 ml), water (5 ml) and
brine (5 ml) and then dried over anhydrous sodium sulfate. Solvents  were evaporated (15Torr) and the resulting residue was purified by column chromatography, affording pure compound 8a (85 mg, 48%).

IR (oil): 3472 (OH), 3084, 3062, 3027, 1604, 1494 (HC=C).

1H-NMR (CDCl3): 0.99 (s, 9H), 2.46 (dd, 1H), 2.90 (dd, 1H), 3.42 (dd, 1H), 7.19-7.33 (m, 5H).

13C-NMR (CDCl3): 25.85, 38.35, 77.0, 80.55, 126.25, 128.55, 129.3, 139.9.

MS (EI): 178 (M+, <1%), 121 (18), 103 (17), 92 (100), 87 (25), 69 (26), 65 (16), 57 (22), 45 (27), 43 (19), 41 (46).
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