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Introduction

The biaryl framework is found in many medicinal molecules (1)}, nat-
ural products (2)?, ligands (3)° and advanced materials*. Kharasch, Negi-
shi, Stille and Suzuki reactions are the four most commonly used catalyt-
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ic methods® in biaryl synthesis. Palladium-catalyzed cross-coupling reaction
between boronic acids [Ar'B(OH),] and organic halides (Ar®X) is called Suzuki
reaction®’ and is a powerful method for the formation of carbon—carbon bonds.
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Arylboronic acids are important reagents for the synthesis of biaryls
via a cross-coupling reaction with aryl halides especially catalyzed by pal-
ladium. In addition, arylboronic acids have significant medical roles®!°.
Suzuki coupling reactions between heterocyclic halides and heterocyclic
boronic acids are remarkably few in the literature. In the synthesis of 3-
and 4-pyridinylboronic acids, authors use either directed ortho-metalla-
tion (DoM)'!"!3 or metal-halogen exchange!#1¢ processes in order to get de-
sired compounds. For example Bouillon and co-workers!” followed both
of these procedures: Halogen-metal exchange reaction of 4 with n-butyl
lithium afforded 6 and also ortho-metallation of 5 with LDA occured re-
gioselectively and gave 6 and then quenched at low temperature by the
addition of triisopropylborate to afford 2-chloro-3-pyridinylboronic acid
(7) (Scheme 1). DoM protocol has also wide applications in aromatic and
heteroaromatic natural product synthesis.!®
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Scheme 1: The synthesis of 2-chloro-3-pyridinylboronic acid (7).

In literature pyridinylboronic acids were synthesized at low yields
that reflects the difficulty in their isolation because of the amphoteric
nature of pyridinylboronic acids at a pH of 7. Polar and hydrophilic char-
acter of 3- and 4- pyridinylboronic acids makes their isolation difficult
from aqueous media.!’>!® Acknowledgement of these isolation problems
has led to improved procedures for their synthesis.
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Materials and Methods

In our previous studies on biaryl systems,?°?? we used direc-
ted ortho-metallation and metal-halogen exchange methods for lithiati-
on reactions. This paper extends these studies in synthesizing a new
pyridinylboronic acid and new heterobiaryls. In this context, it investi-
gates lithiation ability of 2-methoxy-5-bromopyridine (8) and 2-chloro-
6-methoxypyridine (9) for the synthesis of new heteroarylboronic acids.
In the course of experimental work, 2-methoxy-5-bromopyridine (8) was
lithiated at C (4) by reaction with LDA in THF at -78°C, and then trea-
ted with triisopropylborate (TIPB) to afford 5-bromo-2-methoxypyridin-4-
ylboronic acid (11) (Scheme 2). Parry reported this synthesis before with
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Scheme 2: Lithiation of 2-methoxy-5-bromopyridine (8) with LDA
and t-Buli, and then subsequent pyridinylboronic acid synthesis.

39% yield?* but after all the careful handling and modifications done for
better yield only 29% pure product was obtained. In this procedure, pre-
cipitation is a critical step and should be handled very carefully. Besides,
chromatographic separation can not be applied for the purification of
boronic acids and precipitation is only method for the isolation of the bo-
ronic acid as a pure product. The reaction of 2-methoxy-5-bromopyridine
(8) with tert-butyllithium (t-BuLi) in THF at -78°C gave lithium-halogen
exchange reaction and then treatment with triisopropylborate (TIPB) af-
forded 2-methoxypyridin-5-ylboronic acid (10) (Scheme 2). This is also
a known boronic acid in literature and it was synthesized by using n-
Buli with 65% yield.>* The strategy involving directed metallation was
applied to 2-chloro-6-methoxypyridine (9) and ortho-metallation with re-
spect to methoxide group occured and then treatment with triisopropyl-
borate (TIPB) afforded 6-chloro-2-methoxypyridin-3-ylboronic acid (12)
(Scheme 3). This is a new boronic acid and its cross-coupled products are



88 HACETTEPE UNIVERSITY JOURNAL OF THE FACULTY OF PHARMACY

candidates as reagents for further coupling reactions since they have a
chloro substituent (Entries 1-3 in Table 1). In addition, these heterobia-
ryls (13-15) are also valuable intermediates for the synthesis of conju-
gated oligoarylene systems as advanced materials.?5%7
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Scheme 3: The synthesis of 6-chloro-2-methoxypyridin-3-ylboronic
acid (12).

The synthesized heterobiaryl compounds may be a precursor of
biologically active another compound or may have following activities.
Bipyridines (15-17) synthesized here are similar compounds to some
herbicides known as diquate?® and paraquate®. Paraquat (N,N'-dimethyl-
4,4'-bipyridinium dichloride) is one of the most widely used herbicide
in the world and is also toxic to human beings and animals. Moreover,
pyridyl pyrimidine (13-14) structure exists in some drugs. For example,
imatinib®® and nilotinib3! are Ber-Abl tyrosine kinase inhibitors used in
the treatment of chronic myeloid leukemia. Pyridyl pyrimidine unit forms
a part of the backbone of these drugs.

Experimental

All reagents were of commercial quality and reagent quality solvents
were used without further purication. 'H and *C NMR spectra were de-
termined on a Bruker DPX 400 MHz FT spectrometer. Mass spectra were
obtained on an Agilent 5973 Network Mass Selective Detector via HPP7-
M Direct Insertion Probe. The purity of the compounds was assessed by
thin layer chromatography on silica gel 60 F254. Column chromatogra-
phy was conducted on silica gel 60 (mesh size 0.063-0.200 mm).
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TABLE 1

Suzuki-Miyaura coupling of haloheterocycles with boronic acids

Heterobiaryls

m Pd(PPh;),Cl,, Na,CO4
R—— l—B(OH)2 + X — = >
X 1,4-dioxane, 95 C

N
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Methods Used for Pyridinylboronic acids:

6-Chloro-2-methoxypyridin-3-ylboronic acid (12)*': To a solution of
2-chloro-6-methoxypyridine (2.0 mL, 16.81 mmol) in anhydrous THF (40
mlL) at -78°C was added lithium diisopropylamide (9.0 mL, 18.49 mmol,
2.0 M) dropwise during 0.5 hrs. The reaction was stirred for 2.0 h at
-78°C, then triisopropylborate (4.7 mL, 20.17 mmol) was added dropwise
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and left stirring overnight. The mixture was quenched with H,O (40 mL).
The organic solvent was evaporated in vacuo and the remaining aqueous
layer, pH 9, was filtered. The filtrate was washed with diethyl ether (2x40
mL). The aqueous layer was then acidified to pH 4 (with 48% HBr) to give
the product.

5-Bromo-2-methoxypyridin-4-ylboronic acid (11)*®: To a solution of
5-bromo-2-methoxypyridine (733 mg, 3.90 mmol) in anhydrous THF (10
mL) at -78°C was added LDA (2.0 M in heptane-THF-ethylbenzene, 6.9
mL, 13.8 mmol) dropwise. The reaction mixture was stirred for 1 h at
-78°C, then TIPB (1.5 g, 7.8 mmol) was added dropwise. The mixture was
stirred for 1 h at -78°C then quenched with H,O (10 mL) and allowed
to warm to room temperature overnight. The solvent was evaporated in
vacuo and the aqueous layer was taken to pH 10 with 5% NaOH and was
then washed with Et,0. The aqueous layer was then acidified to pH 4
with 48% aq HBr to precipitate the product.

2-Methoxypyridin-5-ylboronic acid (10): To a solution of 5-bromo-
2-methoxypyridine (1543 mg, 7.8 mmol) in anhydrous THF (20 mL) at
-78°C was added t-BulLi (4.82 mL, 8.19 mmol, 1.7 M in pentane) drop-
wise. The reaction mixture was stirred for 1 h at -80°C then TIPB (3.8
mL, 16.13 mmol) was added dropwise. The mixture was allowed to warm
to room temperature with stirring overnight. The solvent was evaporated
in vacuo and the aqueous layer was taken to pH 10 with 1M NaOH and
was then washed with Et,0. The aqueous layer was then acidified to pH
4 with 48% HBr to precipitate the product.

General Procedure for the Cross-Coupling Reactions

The boronic acid (1.7 mmol) the arylhalide (1.5 mmol) and Pd(PPh,),Cl,
(5 mol% of boronic acid) were sequentially added to degassed 1,4-diox-
ane (10 mL) and the mixture was stirred at room temperature for 30 min.
Degassed aqueous Na,CO, solution (1M) was added and the reaction mix-
ture was heated under nitrogen at reflux for 24 h. The solvent was re-
moved in vacuo then ethyl acetate was added and the organic layer was
washed with brine, separated, and dried over MgSO,. The mixture was
purified by chromatography on a silica gel column. Other products iso-
lated were small amounts of the unreacted boronic acid and unreacted
arylhalide which were usually the first materials to elute.
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Results

6-Chloro-2-methoxypyridin-3-ylboronic acid (12): 2-Chloro-6-methoxy-
pyridine (2.0 mL, 16.81 mmol) was used according to method to give
product as a white solid (0.4 g, 13%). 'H-NMR (CDCl,, 400 MHz) 5, 7.95
(2H, br s, 2xOH), 7.90 (1H, d, J=7.48 Hz, 4-CH), 7.03 (1H, d, J=7.48 Hz,
5-CH), 3.88 (3H, s, OCH,). "*C-NMR (CDCl,, 100 MHz) 5. 166.06 (2-C),
148.58 (6-C), 147.38 (4-CH), 116.28 (5-CH), 115.02 (3-C), 53.78 (OCH,).
IR (KBr) v___(neat / cm™) 2995, 1770, 1759, 1375, 1246, 1057. MS (EI)
m/z 187 (M*, 100%), 117 (M*-Cl-2xOH, 92%), 102, 84, 41.

5-Bromo-2-methoxypyridin-4-ylboronic  acid  (11):  5-Bromo-2-
methoxypyridine (733 mg, 3.90 mmol) was used according to method
to give product as a white solid (260 mg, 29%). 'H-NMR ((CD,),CO, 400
MHz) 5, 8.19 (1H, s, 6-CH), 7.76 (2H, s, 2xOH), 6.86 (1H, s, 3-CH), 3.87
(3H, s, OCH,). "*C-NMR ((CD,),CO, 100 MHz) . 148.14 (6-C), 116.38 (3-
C), 115.61 (5-C), 53.79 (OCH,).

2-Methoxypyridin-5-ylboronic acid (10): 5-Bromo-2-methoxypyridine
(1543 mg, 7.8 mmol) was used according to method to give product as a
white solid (673 mg, 37%). 'H-NMR ((CD,),CO, 400 MHz) 5, 8.63 (1H, s,
6-CH), 8.06 (1H, d, J=8.33, 4-CH), 7.19 (2H, s, 2xOH), 6.74 (1H, d, J=8.27,
3-CH), 3.92 (3H, s, OCH,). *C-NMR ((CD,),CO, 100 MHz) 5, 166.53 (2-C),
154.41 (6-C), 145.03 (4-C), 110.64 (3-C), 53.38, (OCH,).

5-(6'-Chloro-2'-methoxypyridin-3'-yl)-2-methoxypyrimidine (13):
6-Chloro- 2-methoxypyridin-3-ylboronic acid (100 mg, 0.534 mmol) and
5-bromo-2-methoxypyrimidine (89 mg, 0.471 mmol) was used according
to the general method to afford the product as white solid (70 mg, 58%)
; R, 0.33 (1:2 EtOAc-hexane). '"H-NMR (CDCI,, 400 MHz) 6, 8.62 (2H, s,
4,6-CH), 7.49 (1H, d, J=7.6 Hz, 4'-CH), 6.95 (1H, d, J=8.0 Hz, 5'-CH),
4.00 (3H, s, OCH,), 3.95 (3H, s, OCH,). '*C-NMR (CDCI,, CCl,, 100 MHz)
3. 164.91 (2-C), 160.23 (2'-C), 158.72 (4,6-CH), 148.34 (6'-C), 139.49
(4'-CH), 122.99 (3'-C), 116.96 (5'-CH), 116.25 (5-C), 54.94 (OCH,), 54.39
(OCH,).

5-(6'-Chloro-2'-methoxypyridin-3'-yl)pyrimidine (14): 6-Chloro-
2-methoxypyridin-3-yl boronic acid (100 mg, 0.534 mmol) and



92 HACETTEPE UNIVERSITY JOURNAL OF THE FACULTY OF PHARMACY

5-bromopyrimidine (75 mg, 0.471 mmol) was used according to the gene-
ral method to afford the product as white solid (30 mg, 29%) ; R, 0.16 (1:2
EtOAc-hexane). 'H-NMR (CDCI,, CCl,, 400 MHz) §,, 9.16 (1H, s, 2-C), 8.89
(2H, s, 4,6-CH), 7.61 (1H, d, J=7.6 Hz, 4'-CH), 7.06 (1H, d, J=8.0 Hz, 5'-
CH), 4.08 (3H, s, OCH,). '*C-NMR (CDCI,, CCl,, 100 MHz) 5. 160.32 (2'-C),
157.60 (2-CH), 156.22 (4,6-CH), 149.29 (6'-C), 140.04 (4'-CH), 129.51 (5-
C), 117.11 (5'-CH), 116.03 (3'-C), 54.50 (OCH,).

4-(6-Chloro-2-methoxypyridin-3-yl)-6-iodopyrimidine (15): 6-Chloro-
2-methoxypyridin-3-ylboronic acid (100 mg, 0.534 mmol) and 4,6-diio-
dopyrimidine (156 mg, 0.471 mmol) was used according to the general
method to afford the product as yellow solid (20 mg, 12%) ;: R 0.50 (2:1
MeOH-hexane). 'H-NMR (DMSO-d,, CDCI,, CCl,, 400 MHz) 5, 8.44, (1H,
d, J=8.0 Hz, 4-CH), 8.25 (1H, s, 2-CH), 7.24 (1H, d, J=8.0 Hz, 5-CH), 6.89
(1H, s, 5-CH), 4.00 (3H, s, OCH,).

2-Ethoxy-6’-methoxy-3,3 -bipyridine (16): 2-Ethoxypyridin-3-yl-boronic
acid (150 mg, 0.901 mmol) and 5-bromo-2-methoxypyridine (150 mg, 0.795
mmol) was used according to the general method to afford the product as
yellow oil (150 mg, 72%) ; R, 0.23 (CHCI, only). 'H-NMR (CDCl,, CCl,, 400
MHz) 5, 8.30, (1H, s, 2'-CH), 8.08 (1H, d, 4-CH), 7.77 (1H, d, J=8.64 Hz,
4'-CH), 7.52 (1H, d, J=7.32 Hz, 6-CH), 6.88 (1H, dd, J=7.32 & 4.92, 5-CH),
6.74 (1H, d, J=8.60, 5'-CH), 4.41 (2H, q, J=7.04, OCH,), 3.94 (3H, s, OCH,),
1.37 (3H, t, J=7.04, CH,). "*C-NMR (CDCI,, CCl,, 100 MHz) 5. 163.25 (6'-C),
160.47 (2-C), 146.67 (6-C), 145.77 (2'-C), 139.11 (4'-C), 137.60 (4-C), 125.64
(3-C), 121.04 (3'-C), 116.74 (5-C), 110.07 (5'-C), 61.65 (OCH,), 53.21 (OCH,),
14.58 (CH,).

2’-Ethoxy-6-methoxy-2,3 -bipyridine (17): 2-Ethoxypyridin-3-yl-boronic
acid (150 mg, 0.901 mmol) and 2-chloro-6-methoxypyridine (114 mg, 0.795
mmol) was used according to the general method to afford the product as
yellow oil (130 mg, 71%) ; R 0.28 (CHCI, only). 'H-NMR (CDCl,, CCl,, 400
MHz) 5, 8.41 (1H, d, J=7.52, 4'-CH), 8.12 (1H, d, J=4.84, 6'-CH), 7.74 (1H,
d, J=7.52, 5-CH), 7.55 (1H, dd, J=7.64 & 8.04, 4-CH), 6.95 (1H, dd, J=4.84
& 7.48, 5'-CH), 6.64 (1H, d, J=8.08, 3-CH), 4.48 (2H, q, J=7.08, OCH,), 3.97
(3H, s, OCH,), 1.44 (3H, t, J=7.08, CH,). '*C-NMR (CDCl,, CCl,, 100 MHz) §_
163.29 (2'-C), 160.86 (6-C), 150.71 (2-C), 146.50 (6'-C), 138.97 (4-C), 138.47
(4'-0), 122.17 (3'-C), 117.23 (5'-C), 116.84 (5-C), 109.42 (3-C), 61.78 (OCH,),
52.87 (OCH,), 14.75 (CH,).
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Conclusion

Lithiation ability of two compounds (8 and 9) was investigated in this
study. Directed ortho-metallation reaction of 2-chloro-6-methoxypyridine
(9) gave new boronic acid 12. This new pyridinylboronic acid (6-chloro-2-
methoxypyridin-3-ylboronic acid, 12) was used as a coupling partner in
Suzuki reaction for the preparation of new heterobiaryls (13-15). Sub-
stituted new bipyridines (16-17) were also formed via Suzuki coupling
reaction by using 2-ethoxypyridin-3-ylboronic acid (18) as coupling re-
agent. The cross-coupled products (13-15) can be used as reagents for
further coupling reactions since they possess a chloro substituent.

Summary

2-Chloro-6-methoxypyridine (9) was lithiated via directed ortho-
metallation (DoM) reaction with LDA and then treatment with triisopro-
pylborate (TIPB) afforded 6-chloro-2-methoxypyridin-3-ylboronic acid
(12). Suzuki Cross-Coupling reaction of this new pyridinyl boronic acid
(12) or 2-ethoxypyridin-3-ylboronic acid (18) with various heteroaryl
halides gave five new heterobiarys (13-17). All synthesized compounds
were characterized mainly by 'H NMR and '*C NMR spectral data.

Key Words: Heterobiaryl, cross-coupling, metallation, synthesis.

Ozet

Yeni Piridinilboronik Asit ve Piridinilboronik Asitler ile
Heteroaril Halojeniirlerin Cross-Coupling Tepkimeleri ile Yeni
Heterobiariller

2-Klor-6-metoksipiridin (9), LDA ile orto-metallasyon yonlendirme
(DoM) tepkimesiyle lithiye edildi ve sonra triizopropilborat (TIPB) ile mua-
mele edilerek 6-klor-2-metoksipiridin-3-ilboronik asit (12) olusturuldu.
Bu yeni piridinil boronik asit (12) veya 2-etoksipiridin-3-ilboronik asitin
(18) bircok heteroaril halojentirle Suzuki Cross-Coupling tepkimesi so-
nucunda bes yeni heterobiaril (13-17) sentezlendi. Tim sentezlenmis
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bilesiklerin yapilar1 baslica 'H NMR ve *C NMR spektral verilerle karak-

terize edildi.

10.

11.

12.

13.

14.

15.

Anahtar Kelimeler: Heterobiaril, cross-coupling, metallasyon, sentez.

REFERENCES

Thomas, L. Gilchrist, Heterocyclic Chemistry, Addison Wesley Longman Ltd., Third
Edition, 262 (1997).

Cass, Q. B., Tiritan, E., Matlin, S. A., Freire, E. C. : Gossypol enantiomer ratios in cot-
ton seeds, Phytochemistry, 30(8), 2655-2657 (1991).

McCarthy, M., Guiry, P. J. : Axially Chiral Bidentate Ligands in Asymmetric Cataly-
sis, Review Article, Tetrahedron, 57(18), 3809 (2001).

Shirota, Y. : Organic Materials for Electronic and Optoelectronic Devices, J. Mater.
Chem., 10, 1-25 (2000).

Stanforth, S. P. : Catalytic Cross-Coupling Reactions in Biaryl Synthesis, Review Ar-
ticle, Tetrahedron, 54(3-4), 263-303 (1998).

Miyaura, N., Suzuki, A. : Palladium-Catalyzed Cross-Coupling Reactions of Organobo-
ron Compounds, Chem. Rev., 95, 2457-2483 (1995).

Suzuki, A. : Recent Advances in the Cross-Coupling Reactions of Organoboron Deriva-
tives with Organic Electrophiles, 1995-1998 Review Article, J. Organometallic Chem-
sitry, 576(1-2), 147-168 (1999).

Westmark, P. R., Smith, B. D. : Boronic Acids Selectively Facilitate Glucose Transport
through a Lipid Bilayer, J. Am. Chem. Soc., 116, 9343-9344 (1994).

James, T. D., Sandanayake, K. R. A. S., Iguchi, R., Shinkai, S. : Novel Saccharide-
Photoinduced Electron Transfer Sensors Based on the Interaction of Boronic Acid and
Amine, J. Am. Chem. Soc., 117, 8982-8987 (1995).

Weston, G. S., Blazquez, J., Baquero, F., Shoichet, B. K. : Structure-Based Enhance-
ment of Boronic Acid-Based Inhibitors of AmpC K-Lactamase, J. Med. Chem., 41, 4577-
4586 (1998).

Gribble, G. W., Saulnier, M. G., Regioselective ortho-Lithiation of Halopyridines. Syn-
thesis of ortho-Disubstituted Pyridines and a Convenient Generation of 3,4-Pyridyne,
Heterocycles, 35(1), 151-169 (1993).

Trecourt, F., Queguiner, G. : Synthesis of Xanthones and Thioxanthones Having 2 Het-
eroaromatic Rings, Journal of Chemical Researchs, 3, 76-77 (1982).

Radinov, R., Haimova, M., Simova, E. : Synthesis of 4-Amino-3-Pyridinyl and 4-Amino-
5-Pyrimidinyl Aryl Ketones and Related Compounds Via an ortho-Lithiation Reaction,
Synthesis, 11, 886-891 (1986).

Lamothe, M., Pauwels, P. J., Belliard, K., Schambel, P., Halazy, S. : Differentiation
Between Partial Agonists and Neutral 5-HT1B Antagonists by Chemical Modulation of
3-[3-(N,N-dimethylamino)propyl]-4-hydroxy-N-[4-(pyridin-4-yl)phenyl]benzamide (GR-
55562), J. Med. Chem., 40(22), 3542-3550 (1997).

Cai, D., Larsen, R. D., Reider, P. J., Effective Lithiation of 3-Bromopyridine: Synthesis
of 3-Pyridine Boronic Acid and Variously 3-Substituted Pyridines, Tetrahedron Letters,
43(23), 4285-4287 (2002).



NEW PYRIDINYLBORONIC ACID AND NEW HETEROBIARYLS VIA CROSS-COUPLING REACTIONS OF 95
PYRIDINYLBORONIC ACIDS WITH HETEROARYL HALIDES

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Bouillon, A., Lancelot, J. C., Collot, V., Bovy, P. R., Rault, S. : Synthesis of Novel Halo-
pyridinylboronic Acids and Esters. Part 1: 6-Halopyridin-3-yl-boronic Acids and Esters,
Tetrahedron, 58(14), 2885-2890 (2002).

Bouillon, A., Lancelot, J. C., Collot, V., Bovy, P. R., Rault, S. : Synthesis of Novel Halo-
pyridinylboronic Acids and Esters. Part 2: 2,4, or 5-Halopyridin-3-yl-boronic Acids and
Esters, Tetrahedron, 58(17), 3323-3328 (2002).

Anctil, E. J. G., Snieckus, V. : The Directed ortho Metalation-Cross Coupling Symbiosis.
Regioselective Methodologies for Biaryls and Heterobiaryls. Deployment in Aromatic
and Heteroaromatic Natural Product Synthesis, Journal of Organometallic Chemistry,
653, 150-160 (2002).

Mohler, L. K., Czarnik, A. W. : Ribonucleoside Membrane Transport by a New Class of
Synthetic Carrier, J. Am. Chem. Soc., 115(7), 2998-2999 (1993).

Saygili, N., Batsanov, A. S., Bryce, M. R. : 5-Pyrimidylboronic Acid and 2-Methoxy-5-
pyrimidylboronic Acid: New Heteroarylpyrimidine Derivatives via Suzuki Cross-cou-
pling Reactions, Org. Biomol. Chem., 2, 852-857 (2004).

Thompson, A. E., Batsanov, A. S., Bryce, M. R., Saygili, N., Parry, P. R., Tarbit, B. :
2-Ethoxy-3-pyridylboronic acid: A Versatile Reagent for the Synthesis of Highly-Func-
tionalised 3-Aryl/heteroaryl-pyridines via Suzuki Cross-coupling Reactions, Tetrahe-
dron, 61(21), 4873-5140 (2005).

Demir, A. S., Findik, H., Saygili, N., Subasi, N. T. : Manganese (III) acetate Mediated
Synthesis of Biaryls Under Microwave Irradiation, Tetrahedron, 66, 1308-1312 (2010).

Parry, P. R., Bryce, M. R., Tarbit, B. : New Shelf-Stable Halo- and Alkoxy-Substituted
Pyridiylboronic Acids and their Suzuki Cross-Coupling Reactions to Yield Heteroaryl-
pyridines, Synthesis, 7, 1035-1038 (2003).

Thompson, A. E., Hughes, G., Batsanov, A. S., Bryce, M. R., Parry, P. R., Tarbit, B. :
Palladium-Catalyzed Cross-Coupling Reactions of Pyridylboronic Acids with Heteroaryl
Halides Bearing a Primary Amine Group: Synthesis of Highly Substituted Bipyridines
and Pyrazinopyridines, Journal of Organic Chemistry, 70(1), 388-390 (2005).

Y. Shirota : Organic Materials for Electronic and Optoelectronic Devices, J. Mater.
Chem., 10(1), 1-25 (2000).

Wang, C., Jung, G. Y., Batsanov, A. S., Bryce, M. R., Petty, M. C. : New electron-trans-
porting materials for light emitting diodes: 1,3,4-oxadiazole-pyridine and 1,3,4-oxadia-
zole-pyrimidine hybrids, J. Mater. Chem., 12(2), 173-180 (2002).

Mitschke, U., Bauerle, P. : The electroluminescence of organic materials, J. Mater.
Chem., 10(7), 1471-1507 (2000).

Lock, E. A., John, I. : The acute toxic effects of paraquat and diquat on the rat kidney,
Toxicology and Applied Pharmacology, 50(1), 67-76 (1979).

Revkin, A. C. : Paraquat: A potent weed killer is killing people, Science Digest, 91(6), 36-38
References and further reading may be available for this article. To view references and
further reading you must purchase this artic(1983).

Mandal, S., Moudgil, M., Mandal, S. : Rational drug design, European Journal of Phar-
macology, 625(1-3), 90-100 (2009).

Manley, P., Stiefl, N., Cowan-Jacob, S., Kaufman, S., Mestan, J., Wartmann, M., Wi-
esmann, M., Woodman, R. : Structural resemblances and comparisons of the relative

pharmacological properties of imatinib and nilotinib, Bioorganic & Medicinal Chemis-
try, 18(19), 6977-6986 (2010).



96 HACETTEPE UNIVERSITY JOURNAL OF THE FACULTY OF PHARMACY

ACKNOWLEDGMENTS

I thank Zehra Uzunoglu (METU Chemistry Department, NMR Labo-
ratory) and Tubitak — ATAL for NMR analyses. I also thank Ebru Ucak-
tark for MS analyses.



