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A facile synthetic route for the preparation of 4-halobutyl benzoates has been developed. 4-Chloro-, bromo-
and iodobutyl benzoates can be easily prepared from the reaction of benzoyl chloride and metal halides in THF
under extremely mild conditions. 4-Halo groups were easily controlled by selecting suitable metal halides.

A number of works for the cleavage of carbon-oxygen
bond have been reported.! Among the previous studies, the
C-O bond cleavage was observed in ether compounds, such
as allyl,''® vinyl,'*'* crown'¢ and aromatic ethers'® in the
presence of metals. Some of the resulting organometallic
compounds followed by coupling with electrophiles gave
the corresponding coupling compounds.? In addition to these
studies, some reports exist on the C-O bond cleavage of
THF.>* Among the reports mentioned above, a few studies
giving 4-halobutyl alkanoates have been carried out in acid
chloride and metal-catalyst system.’**! Even though the
exact mechanism and role of metal catalyst in this reaction
system are not clear yet, Ranu® has suggested a involvement
of metal halide (zinc chloride) as a complexing agent. How-
ever, it is surprising that only limited metal halides, ZnCl,
and Nal, were frequently used. Considering the C-O bond
cleavage of THF by metal halides and facile synthesis of
halogenated ester derivatives which would be a interesting
route to bifunctional molecules useful in organic synthesis,
we explored the possibility of using a variety of different
metal halides under mild conditions. As a result, various 4-
halobutyl benzoates were easily obtained. Therefore, we,
herein, would like to report our preliminary results of the C-
O bond cleavage of THF giving 4-halobutyl benzoate in the
presence of metal halide and benzoyl chloride.

The results described in Table 1 showed that in most cases
where the reaction gave the corresponding product, all of the
reactions were carried out under very mild conditions and
resulted in good to excellent yields.

From the reactions with manganese halides (entries 1, 2
and 3), it can be inferred that the higher yield was achieved
from using mild halogens. More importantly, it is also con-
cluded that the halogen atom attached directly to the final
product came from the metal halide used. For instance 4-
iodobutyl benzoate was obtained by the treatment of benzoyl
chloride with metal iodide (entries 3, 6, 8, 15 and 18 in Table
1). With the preliminary results from manganese halides, a
variety of different metal halides have been investigated to
expand this methodology. The results are summarized in
Table 1. Of special interest would be the extremely mild
reaction conditions. As mentioned before, most of the earlier
examples were carried out in the presence of an extra solvent
and/or at elevated temperature. In contrast to the works, our
results have been obtained at room temperature in the

absence of any extra solvent.

The conditions used for manganese halides could be
applied to most of the reactions in Table 1. Interestingly,
entries 4 and 10 have been performed in milder conditions,
rt/20 min. Presumably, it could be caused by the good solu-
bility of the metal halides to THF.

In spite of the good results, some limitations have been

Table 1. Preparation of 4-halobutyl Benzoates

(o]
A e 2 e
conditions
Entry MX Conditions X« Yield (%)°

1 MnCl, rt/overnight Cl 80
2 MnBr; rt/overnight Br 89

3 Mnl, rt/overnight I 95(92°)
4 ZnCl, rt/20 min Cl 89
5 LiCl rt/overnight Cl 75
6 Li rt/overnight I 87
7 CuCl rt/overnight Cl 72
8 KI rt/overnight I 85
9 CoCl, rt/overnight Cl 81
10 FeBr, rt/20 min Br 62
11 CaCl, rt/overnight - 04
12 NaBr rt/overnight - 04
reflux/6 h - 0’
rt/overnight/CH;CN - 04
13 NiBr, rt/overnight - 0’
14 HeCl, rt to reflux Cl 49
15 Hgl, rt to reflux I 53
16 CsCl rt to reflux - 0’
17 RbCI rt to reflux - 0’
18  Mnl,/Lil /12 h I 88
19  MnBry/LiBr rt/overnight Br 85
20 MnCl/LiCl /48 h Cl 47
21 +BuOK /2 h - 0o
22 CH;C(O)SK 1t/30 min - 0’
23 HgSO, rt to reflux - 04
24 AlCl3 rt to reflux - 0’
25 Al(O-i-Pr); rt to reflux - 04

“Products were fully characterized by 1H, 13C NMR, FTIR and G/C-
MS. “Isolated yield (based on benzoyl chloride) otherwise mentioned. °2
equivalent of benzoyl chloride was used. “No product was obtained.
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found in this system. As described in Table 1, reactions with
some metal halides carried out under the similar conditions
used before gave no coupling product (entries 11, 12, 13, 16,
and 17). Most of the cases, benzoic acid was obtained
instead of the coupling product.

A couple of different conditions, reflux and co-solvent,
were also employed to perform the reaction shown in Table
1, entry 12. Unfortunately, the reactions were not successful.

Reactions with mixed metal halides also resulted in the
coupling products, 4-halobutyl benzoates, with slightly lower
yields (entries 18, 19 and 20).

With these results achieved from the reactions using metal
halides, non-halogen metal complex system has been also
investigated (entries 21 to 25 in Table 1). However, this sys-
tem has been turned out to be ineffective.

In conclusion, a facile synthetic route to 4-halobutyl ben-
zoates has been developed. This highly useful protocol can
be readily achieved via C-O bond cleavage of THF in the
presence of a metal halide and benzoyl chloride under mild
conditions. In this system, no extra solvent was necessary to
carry out the reaction. More importantly, it can be clearly
inferred that the halogen atom attached to the product came
from the metal halide used.

Experimental Section

The following is a representative procedure: to a solution
of benzoyl chloride (5.0 mmol) in THF (5 mL) was added
manganese chloride at rt and the mixture was stirred at rt
overnight. After being stirred, the resulting reaction mixture
was quenched with 3 N HCI solution (10 mL), extracted
with ether (3 X 10 mL) and the combined organic layer was
sequentially washed with saturated NaHCO; and NaCl solu-
tion, dried over MgSQy. Flash chromatography (ethyl ace-
tate/hexanes) afforded 4-chlorobutyl benzoate in 80% iso-
lated yield.

4-Chlorobutyl benzoate.>" '"H NMR (CDCl;) 8.03-7.99,
7.54-7.23 (m, SH) 4.33 (t, J = 6.1H, 2H), 3.24 (t, /= 6.3H,
2H), 1.92 (m, 4H) C NMR (75 MHz, CDCl;) & 166.35,
132.83, 130.05, 129.38, 128.24, 63.94, 44.36, 29.10, 26.00;
EIMS m/z 213 (M").

4-Bromobutyl benzoate: 'H NMR (CDCl;) & 8.08-7.42
(m, 5H), 4.36 (t, J = 6.0 Hz, 2H), 3.49 (t, J = 6.7 Hz, 2H),
2.07-1.92 (m, 4H); C NMR (75 MHz, CDCl;) & 166.49,
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132.94, 130.13, 129.49, 128.34, 63.91, 33.07, 29.35, 27.35;
EIMS m/z 257 (M").

4-Todobutyl benzoate: 'H NMR (CDCl;) §8.05-7.40 (m,
SH), 4.33 (t, J= 6.0 Hz, 2H), 3.24 (t, J = 6.0 Hz, 2H), 1.99-
1.85 (m, 4H); *C NMR (75 MHz, CDCl;) 166.35, 132.81,
130.00, 129.38, 128.23, 63.58,29.91, 29.49, 5.96; EIMS m/z
305 (MY).
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