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Abstract

The chlorination of aromatic aldehydes with boron trichloride in hexane under reflux conditions produces the
corresponding dichloromethyl derivatives in excellent yields. © 2000 Elsevier Science Ltd. All rights reserved.

The chlorination of aldehydes to the correspondinggem-dichlorides is a very useful transformation
in organic synthesis since the product dichloroarylmethanes are of value in the pharmaceutical and
agricultural industries.1 Generally, PCl5 is used to generate geminal dichlorides.2 Other methods include
the use of PhCCl3/FeCl3,3 SeO2/Me3SiCl,4 SOCl2/DMF5 and SOCl2/(Me2N)3PO6 as chlorination
reagents. Recently, the oxophilicd-block metal chlorides were used to chlorinate aromatic aldehydes.7

However, all these methods require either high temperature or toxic reagents.
Boron trichloride has been extensively used as a reagent for the cleavage of a wide variety of ethers.8

To our knowledge, it has not been utilized to convert aldehydes to the corresponding geminal dichlorides.
During a recent study of an aldol–Grob reaction sequence catalyzed by boron trihalides, we found that
BCl3 failed as a catalyst.9 On closer examination, we discovered that BCl3 reacts with aromatic aldehydes
to generate the corresponding geminal dichlorides in excellent yields (Scheme 1). The reaction provides
an efficient method for generating these useful products.

Scheme 1.

A series of aromatic aldehydes were subjected to the new reaction (Table 1). Essentially all of the
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Table 1
Chlorination of aromatic aldehydes with boron trichloride in hexanea

aromatic aldehydes investigated were successfully converted to the corresponding dichlorides with the
exception ofp-anisaldehyde;8,10 the BCl3 cleavage of the methoxy ether moiety competes effectively
with the formation of the desired dichloride as evidenced by the presence of phenolic byproducts. As can
be seen from the data presented in Table 1, aldehydes with strong electron withdrawing groups such as
the nitro group proceed at a slower rate.

Although a detailed mechanistic study has not been undertaken, we found that benzaldehyde reacts
with BCl3 in hexane at room temperature to form a white solid. We were able to isolate this solid by
removing hexane solvent from the reaction mixture at�10°C (benzaldehyde was formed upon addition
of water to this solid). The NMR spectra of the solid (in C6D6) were recorded and revealed that the
characteristic1H and13C resonances for the aldehyde group were absent but that new1H and13C NMR
resonances were present at 7.02 and 92.5 ppm, respectively. The spectral data are consistent with the
formation of an intermediate,3, in which one chlorine has migrated to the carbonyl carbon to form an
alkoxyboron dichloride. This intermediate presumably then undergoes migration of the second chlorine
to give2, as shown in Scheme 2.

The synthesis of dichlorophenylmethane is representative. Benzaldehyde (2.0 mmol, 0.21 g) is dissol-
ved in hexane (10 mL) at room temperature in a dry flask maintained under a nitrogen atmosphere. Boron
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Scheme 2.

trichloride (2.0 mmol, 2.0 mL of a 1.0 M solution in hexane) is added to the aldehyde solution at room
temperature with the immediate formation of a white precipitate. The reaction mixture is then refluxed
for the indicated time. Water (5 mL) is added to the reaction mixture, the organic layer is separated and
the product isolated by column chromatography (hexanes, silica gel) to yield 0.29 g (90%) of the desired
product.

The reaction of BCl3 with aromatic aldehydes provides a general, high yield method for preparing
dichloroarylmethanes. The method is not suitable for the preparation of geminal dichlorides from
carbonyl compounds containing enolizable hydrogens.

Acknowledgements

We wish to thank the US Department of Energy and the Robert H. Cole Foundation for support of this
research.

References

1. (a) Hill, R. A. In Comprehensive Organic Functional Group Transformations; Pergamon Press: New York, 1995; Vol. 4, p.
11. (b) Halpert, J. R.; Balfour, C.; Miller, N. E.; Kaminisky, L. S.Mol. Pharmacol. 1986, 30, 19. (c) Kabalka, G. W.; Li,
N.-S.; Yu, S.J. Organomet. Chem. 1999, 572, 31.Organometallics1995, 14, 1565. (d) Olivan, M.; Caulton, K. G.Inorg.
Chem. 1999, 38, 566. (e) Ishino, Y.; Mihara, M.; Nishihama, S.; Nishiguchi, I.Bull. Chem. Soc. Jpn. 1998, 71, 2669.

2. Armstrong, D. E.; Richardson, D. H.J. Chem. Soc. 1933, 496.
3. Filimonov, B. F.; Litvinenko, G. S.; Dvorko, G. F.Zh. Obshch. Khim. 1977, 47, 1670.
4. Lee, J. G.; Park, I. S.; Seo, J. W.Bull. Korean Chem. Soc. 1995, 16, 349.
5. Newman, M. S.; Sujeeth, P. K.J. Org. Chem. 1978, 43, 4367.
6. Khurana, J. M.; Mehta, S.Indian J. Chem., Sect. B1988, 27b, 1128.
7. Firouzabadi, H.; Shiriny, F.Tetrahedron1996, 52, 14929.
8. Bhatt, M. V.; Kulkarni, S. U.Synthesis1983, 249.
9. Kabalka, G. W.; Li, N.-S.; Tejedor, D.; Malladi, R. R.; Trotman, S.J. Org. Chem. 1999, 64, 3157.
10. Lansinger, J. M.; Ronald, R. C.Synth. Commun. 1979, 9, 341.


