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Abstract: Pyridine hydroehloride has been widely used in the cleavage of ethers. It is shown herein that this reagent is 
also efficient for the synthesis of chloro compounds starting from the corresponding bromo derivatives in n-deficient 
series such as pyridine and quinoline. Thus, for example, 7-bromo-8-hydroxyquinoline was almost quantitatively 
converted into 7-chloro-8-hydroxyquinoline. The scope of the reaction has been studied. 
Copyright © 1996 Published by Elsevier Science Ltd 

Pyridine hydrochloride (py,HCl) 1 has been extensively used for ether cleavages, 2 cyclization 3 and 
dehydration reactions. 4 We herein describe a new application of py,HCl as a chlorinating reagent in hydroxy- 
quinoline and pyridine series. During the course of an ether cleavage with py,HCl we observed the replacement 
of a bromine atom by chlorine. This observation led us to study and test this unusual reaction for the synthesis 
of chlorohydroxy derivatives in quinoline and pyridine series starting from the corresponding bromo 
derivatives. 8-Hydroxyquinoline (oxine) and its halo derivatives at the phenyl ring have found extensive 
applications as analytical reagents, metal extracting agents and corrosion inhibitors because of their ability to 
form complexes with many metal ions. 5 They are also used as insecticides, 6 bactericides, 7 fungicides, 8 anti 
malarial agents 9 and more recently as anti tumoral agents. 10 

In pyridine series, direct bromination of 2-hydroxypyridine is regioselective at C-311 whereas 
chlorination is not. However, heating 3-bromo-2-hydroxypyridine (1) in py,HC1 at its boiling temperature led to 
the corresponding 3-chloropyridine 2 in good yield (Scheme 1). 

py, HCI Br py, HCI Ci 

79 % 98 % 
1 2 OH 3a OH 3b 

Scheme 1 

In quinoline series, direct bromination at the phenyl ring is regioselective at C-7,12 whereas direct 
chlorination is not. Heating 7-bromo-8-hydroxyquinoline (3a) in py,HC1 quantitatively afforded 7-chloro-8- 
hydroxyquinoline 3b (Scheme 1). 13 Note that direct displacement of Br by C1 had already been observed for 3b 
(HC1 under pressure at 160-180°C) but the yield is not mentioned. 14 
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Under the same conditions, 5-bromo-8-hydroxyquinoline (4a), 5,7-dibromo-8-hydroxyquinoline (5a) and 7- 
bromo-8-hydroxy-5-methylquinoline (6a) 15 led to the corresponding chloro compounds 4batib in good to 
excellent yields (Scheme 2, Table 1). 

Table 1: Pyridine hydrochloride Reaction on 
X1 py, HCI ,Xa Var ious  8-Hydroxyquinoline Derivatives 

D Starting Xl X 2 Product X3 X4 Yield 
x material % 

OH OH 
4a Br H 4b CI H 93 

~-ea 4b-Sb 5a Br Br 5b C1 C! 90 
Scheme2 6a CH3 Br 6b CH3 CI 99 

This reaction was also tested on iodo quinolines since it is known that their reactivity is different from 
bromoquinolines. In the case of 5,7-diiodo-8-hydroxyquinoline (7), a mixture of 5,7-dichloro-8- 
hydroxyquinoline (Sb), monochloro-8-hydroxyquinolines 3b-.4b and 8-hydroxyquinoline ($a) was obtained. As 
expected 5,7-dichloro-g-hydroxypyridine (Sb) was the major product; however, formation of dehalogenated 
compounds were also observed in significant ratio. 
Moreover, when the reaction was carried out with deuterated pyridine hydmchloride (py,DC1) instead of 
py,HCl, compound 5b and deuterated quinolines 3e, 4e and 8b were obtained in a similar ratio; the deuterium 
incorporation taking place at each chlorine atom position (Scheme 3). 

I CI CI R R 

I 10 min CI CI R 

OH OH OH OH OH 
1' 6b (39 %)= R = H 4b (25 %)= 3b (18 %)= 8a (18 %)a 

6b (40 %)= R = D 4c (23 %)= 3c (17 %)J Sb (15 %)= 

a Yields determined by 1H NMR analysis of the crude product, 

Scheme 3 

It is to be noted that under the same conditions, 2- and 4-bromophenols gave a complex mixture of chlom and 
bromophenols.16 Intracyclic nitrogen atom seems to take a significant part in the 2-hydroxypyridine and 8- 
hydroxyquinoline series. 

The reaction mechanism is certainly complex. However some observations can be made. The 
replacement of a bromine or a iodine atom either by chlorine, hydrogen or deuterium occurs regiospecifically. 
When bromo derivatives were used as starting material, the replacement of bromine atoms by chlorine atoms 
was only observed. However in the case of iodoquinolines, there is a significant formation of dehalogenated 
compounds. 
An aromatic electrophilic substitution by H + or D + could be suggested to explain the formation of 
dehalogenated compounds since py,HCl had been previously described as a dehalogenating agent in the phenol 
series by Royer. 17 
A nucleophilic substitution by the CI- species of py,HCl could also be suggested since the reaction occurs very 
favorably at C-5 or/and C-7 of 8-hydroxyquinolines. In this very protic medium, an intermediate Mesenheimer 
complex could be stabilised (Scheme 4). 
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OH 

Scheme 4 

Application to the Synthesis of a Chloropyridoxanthone. Xanthone derivatives have potential 
pharmaceutical properties.l 8 Taking advantage of the previously described replacement of a bromine atom by a 
chlorine, a chloro pyridoxanthone could be obtained. 
From 5,7-dibromo-8-methoxyquinoline (9), a regioselective bromine-lithium exchange 19 with phenyllithium20 
in diethylether, followed by reaction of the lithio derivative with o-anisaldehyde, led to alcohol 10. 21 Oxidation 
of 10 was achieved by pyridinium chlorochromate 22 (PCC) in the presence of molecular sieves in 
diehloromethane at room temperature to give the ketone 11. 23 Cyclisation of 11 with py,HCl gave 5-chloro- 
pyrido[3,2-c]xanthone 12. 24 The replacement of the bromine atom by a chlorine was confirmed by mass 
spectrum analysis (Scheme 5). 

1) 2 eq PhLi / Et20 / -75°C / 2.5 h 
Br Br PCC / molecular sieve Br 

3) HCI / H20 =, CH2CI2 1 20°C• 

Br 
52 % OCH3 OCH 3 H~CO OH 

9 t l  
OCH3 53 % 

t0 CI 

0 

H3CO O 

py, HCI / 
220°~//  83 % 

Scheme 5 

Reactions using pyridine hydrochioride; General Procedure: A mixture of pyridine (10 mL) and cone. HCI 
(10.2 mL) was heated to 220°C for 5 rain. The hot pyridine hydrochloride thus obtained was added to the 
required 8-hydroxyquinoline derivative (or 3-bromo-2-hydroxypyridine) (1.33 retool). The mixture was 
refluxed (220°C) for 10 rain and poured onto ice (10 g). Neutralisation with NaHCO 3 (12 g), extraction by 
EtOAc (4 x 30 mL), drying (Na2SO4, 10 g) and removal of solvent afforded a crude product which was filtered 
over silica gel (10 g, eluent: EtOAc). 

Acknowledgment: We thank la Quinol6ine (Oissel plant; France) for furnishing 5-bromo-8-hydroxyquinoline. 

REFERENCES AND NOTES 

1. 

2. 

Royer, R.; Demerseman, P. Bull. Chem. Soc. Fr. 1968, 2633-2648. 

Royer, R.; Bachelet, J.-P.; Demerseman, P. Bull. Chem. Soc. Fr. 1973, 611-615 and references cited 
therein. 



6698 

3. Royer, R.; Lechartier, J.-P., Demerseman, P. Bull. Chem. Soc. Fr. 1971, 1707-1710. Royer, R.; 
Demerseman, P.; Colin, G. Bull. Chem. Soc. Fr. 1972, 2948-2951. Tr~court, F.; Qugguiner, G. J. Chem. 
Res. M 1982, 912-942, S 1982, 76-77. 

4. Royer, R.; Demerseman, P.; Colin, G. Bull. Chem. Sac. Fr. 1970, 1026-1029. 

5. Hollingshead, R.G.W. Oxine and Its Derivatives, Butterworths: London; 1954-56, Iiol. I-IV and 
references cited therein. Phillips, J.P. Chem. Rev. 1956, 56, 271-297. Katsuta, S.; Suzuki, N. Anal. Lett. 
1993, 26, 947-957. Arakawa, K.; Asamo, T. Jpn. Kokai Tokkyo Koho JP 05 86,373; Chem. Abst. 1993, 
119, 121017v. Maslakov, A.G.; Gresham, E.; Hamor, T.A.; McWhiunie, W.R.; Perry, M.C.; Shaikh, N. 
J. Organometal. Chem. 1994, 480, 261-266. 

6. Crop Protection Chemical Index, ICI Plant Protection Div.: Braeknell, 8th edn, 1977, FV2, p 9. 

7. Takayanagi, T.; Kudoh, T.; Yotsuyanagi, T. Chem. Lett. 1994, 4, 687-690. 

8. Gershon, H.; Clarke, D.D.; Gershon, M. Monatsh. Chem. 1994, 125, 51-59. 

9. Seheibel, L.W.; Adler, A. Mol. Pharmacol. 1980, 18, 320-325. 

10. Ooba, Y.; Goto, J. Jpn. Kokai Tokkyo Koho JP 05 97, 674; Chem. Abstr. 1993, 119, 152075s. 

11. TeeO. S.; Paventi M., J.. Am. Chem. Soc. 1982,4142-4146. 

12. Pearson, D.E.; Wysong, R.D.; Breder, C.V.J. Org. Chem. 1967, 32, 2358-2360. 

13. Compound 3b mp 152°C; 1H NMR (DMSO-d 6 at 200 MHz): ~ 7.42 (d, 1H, H5, J--- 8.9) 7.54 (d, IH, 
H 6, J =  8.9), 7.57 (dd, IH, H 3, J = 8.4-4.2), 8.36 (dd, 1H, H 4, J = 8.4-1.6), 8.88 (dd, IH, H 2, J = 4.2- 
1.6), 9.50 (s, 1H, OH). 

14. Howitz J.; Witte K., Chem. Ber. 1905, 38, 1260-1270. 

15. Mongin, F.; Fourquez, J.-M.; Rault, S.; Levacher, V.; Godard, A.; Tr6court, F.; Qu6guiner, G. 
Tetrahedron Lett. 1995, 36, 8415-8418. 

16. Unpublished results. 

17. Bachelet, J.-P.; Demerseman, P.; Royer, R. Bull. Chem. Soc. Fr. 1974, 2631-2634. 

18. Mauss, H. Chem. Bet. 1948, 81, 19-31. Villani, F.J.; Mann, T.A.; WelTer, E.A.; Hannon, J.; Larca, L.L.; 
Landon, M.J.; Spivak, W.; Vashi, D.; Tozzi, S.; Danko, G.; Del Prado, M.; Lutz, R. ,/. Meal Chem. 
1975, 18, 1-8. Lin, C. N.; Teng, C. M.; Chen, I. J.; Liou, S. J.; Liou, S. S.; Ko, F. N. U. S. Patent 
960227; Chem. Abstr. 1996, 124, 316877. 

19. Tr6court, F.; Mallet, M.; Mongin, F.; Qu6guiner, G. Synthesis, 1995, 1159-I 162. 

20. Mallet, M. £ Organomet. Chem. 1991, 406, 49-56. 

21. Compound 10 mp 150°C; 1H NMR (DMSO-d 6 at 200 MHz): 8 3.8 (s, IH, OH), 3.83 (s, 3H, OCH3), 
4.04 (s, 3H, OCH3), 6.60 (s, 1H, CHOH), 6.94 (m, 2H, Ph), 7.28 (m, 2H, Ph), 7.48 (dd, 1H, H 3, d = 8.6- 
4.2) 7.94 (s, 1H, H6), 8.47 (dd, 1H, H4, J=  8.6-1.6), 8.91 (dd, 1H, H2, d= 4.2-1.6). 

22. Piancatelli, G.; Scettri, A.; D'Auria, M. Synthesis 1982, 245-258. 

23. Compound 11 mp 133°C; IH NMR (DMSO-d 6 at 200 MHz): ~ 3.59 (s, 3H, OCH3), 3.87 (s, 3H, 
OCH3), 6.96 (m, 2H), 7.55 (m, 3H), 7.94 (s, 1H, H6), 8.49 (m, 1H, H4), 8.94 (m, 1H, H2). 

24. 5-Chloro-pyrido[3,2-c]xanthone 12 mp 261°C; 1H NMR (DMSO-d 6 at 200 MHz): 8 7.49 (m, IH, Ph), 
7.8 (m, 3H, H 3 and Ph), 8.4 (m, 2H, H 6 and Ph), 8.69 (dd, 1H, H 4, d = 8.5-1.5), 9.19 (dd, 1H, H2, J =  
4.5-1.5). MS (CI): m/z (%) = 282/284 (M + + 1). 

(Received in France 23 May 1996; accepted 22 July 1996) 


