
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 26 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Organic Preparations and Procedures International
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t902189982

PREPARATION OF NOVEL QUINO[3, 4-C]-, QUENO[4, 3-C], QUINO[5,
6-C]-, QUINO[6, 5-C]-, AND QUINO[7, 8-C][2, 7]NAPHTHYRIDINE
Charles F. Nutaitisa; Kimberly Smitha

a Department of Chemistry, Lafayette College, Easton, PA

To cite this Article Nutaitis, Charles F. and Smith, Kimberly(2007) 'PREPARATION OF NOVEL QUINO[3, 4-C]-,
QUENO[4, 3-C], QUINO[5, 6-C]-, QUINO[6, 5-C]-, AND QUINO[7, 8-C][2, 7]NAPHTHYRIDINE', Organic Preparations
and Procedures International, 39: 6, 611 — 615
To link to this Article: DOI: 10.1080/00304940709458646
URL: http://dx.doi.org/10.1080/00304940709458646

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t902189982
http://dx.doi.org/10.1080/00304940709458646
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Volume 39, No. 6 (2007) OPPI BFUEFS 

6. G. W. Kabalka, Z. Wu and Y. Ju, Tetrahedron Lett., 41,5161 (2000). 

7. a) J. M. Aizpurua and C. Palomo, Tetrahedron Lett., 25, 1 103 (1984); b) J. M. Aizpurua, B. 
Lecea and C. Palomo, Can. J. Chem, 64,2342 (1 986); c) R. C. Weast, “Handbook of Chem- 
istry andphysics”, 57” ed. C. R. C. Press, Cleveland, Ohio. 1977-1978. 

8. Z. F. Li, C. Q. Sheng, H. Y. Qiu and Y. M. Zhang, Org. Prep. Proc. Int. 39,429 (2007). 

9. A. McKillop, D. Bromley and E. C. Taylor, J. Org. Chem., 34, 1 172 (1969). 

10. a) A. Lorenzo, P. Molina and M. Vilaplana, Synthesis, 853 (1980); b) R. N. Castle and J. L. 
Riebsomer, J. Org. Chem. 21,142 (1956); c) R. C. Fuson and H. G .  Cooker Jr. J.  Am. 
Chem. Soc. 62,1180 (1940); d) S. R. Landauer and H. N. Rydon, J. Chem Soc. ,2224 
(1953); e) H. G. Bray, J. C. Caygill, S. P. James and P. B. Wood, Biochem. J., 90, 127 
(1964); f) E. J Corey and J. E. Anderson, J. Org. Chem., 32,4160 (1967). 

* * * * * * * * 

PREPARATION OF NOVEL QUINO[3,4-C]-, QUINO[4,3-C], QUIN0[5,6-C]-, 

QUIN0[6,5-C]-, AND QUIN0[7,8-C][2,7lNAPHTHYRIDINE 

Submitted by 
(06/07/07) 

Charles F. Nutaitis* and Kimberly Smith 

Department of Chemistry, Lufayette College, Easton, PA 18042 
e-mail: nutaitic@lafayette.edu 

Polycyclic aromatic hydrocarbons containing one or more nitrogen atoms in place of a 
carbon atom (&AH or azaarenes) are ubiquitous environmental pollutants emanating from 
various sources, including the fossil fuel industry, tobacco smoking, wood preservation, pesti- 
cides, cooked high-protein foods and pharmaceuticals. Like their carbocyclic counterparts, 
azaarenes have been shown to possess mutagenic and carcinogenic activity that can vary greatly 
between regioisomers.’ As a result, there continues to be interest in developing synthetic method- 
ologies for the preparation of a large variety of azaarene ring systems so that a more complete 
structure-activity profile can be deduced. 

For the past 15 years, we have been investigating an intramolecular pyridyne cycliza- 
tion strategy for the synthesis of the benzo[c][2,7]naphthyridine ring system 3, a structural 
feature common to many natural products exhibiting biological activity.* 

The pyridyne cyclization precursors 1 can be readily obtained from reductive amination 
of 5-bromonicotinaldehyde and the appropriate aromatic amine. Utilizing this methodology, 
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azaarenes have been previously prepared by us from 5-bromonicotinaldehyde and aniline, substi- 
tuted anilines, 1 -aminoanthracene, and amin~pyridines~. A logical extension of this synthesis 
scheme is to investigate the pyridyne cyclization of the precursors obtained from 5-bromonicoti- 
naldehyde and aminoquinolines. Because the 3-, 6-, and 7-aminoquinoline regioisomers have 
two different ortho cyclization sites available, thls strategy can theoretically result in ten different 
quino[c][2,7]naphthyridines, all of which represent previously unreported heterocyclic ring 
systems. We now delineate the results of our investigations on the extension of this pyridyne 
cyclization methodology to the synthesis of azaarenes from the combination of 5-bromonicoti- 
naldehyde and all seven aminoquinoline regioisomers. 

Reductive amination of 5-bromonicotinaldehyde was successful for all of the amino- 
quinoline isomers except 8-aminoquinoline, which resulted in an extremely complex product 
mixture as evidenced by both thin layer chromatography and proton NMR spectroscopy. As the 
proton NMR spectrum showed little to no evidence of a successful reaction, separation or 
cyclization of the mixture was not attempted. While both 2-aminoquinoline and 4-aminoquino- 
line yielded reductive amination products, neither resulted in a viable preparation of their respec- 
tive azaarene upon attempted cyclization and oxidation. The product mixture resulting from 2- 
aminoquinoline showed no evidence of a cyclization product by proton NMR spectroscopy due 
to absence of absorptions in the 6 9-10 region. Peaks in this region are due to the C-1 and C-8 
protons of the 2,7-naphthyridine substructural unit. While the 'H NMR spectrum of the product 
resulting from cyclization and subsequent oxidation of the reductive amination product from 4- 
aminoquinoline did show the presence of the expected azaarene, quin0[4,3-~][2,7]naphthyridine 
(S), all attempts to purify the product by flash chromatrography were unsuccessful; only trace 
amounts ( < I %  overall yield from 4-aminoquinoline) of an impure product were obtained. The 
remaining aminoquinoline isomers all yielded azaarene products in overall purified yields of 5- 
3 I % for the four-step process. It is clear from these reactions that the a-carbons of quinoline are 
preferred over the kcarbons as cyclization sites. When only a P-carbon is available ortho to the 
amino group, little to no cyclization occurs (5% yield for the 5-amino isomer 6 and < I  % yield 
for the 4-amino isomer 5). When both an a -  and P-carbon are available, the reaction appears to 
be completely regioselective for the a site as no conclusive evidence was apparent in the proton 
NMR spectra for the presence of regioisomers that would have resulted from cyclization on a p- 
carbon. As a result, five previously unreported heterocyclic ring systems have been prepared 4-8, 

four of which can be obtained in pure form: 4,6,7,8. 
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For all of the aforementioned syntheses, the four-step sequence was carried out without purifica- 
tion of the intermediate products due to tedious, capricious chromatography for the reductive 
amination products and partial air oxidation of the cyclized dihydronaphthyridine products. 

Studies are currently underway in our laboratories to further explore the scope and limi- 
tations of this protocol for the preparation of a wide variety of azaarenes. 

Acknowledgements- We thank Lafayette College for supporting this work and the Kresge 
Foundation for the purchase of a 400 MHz FT-NMR spectrometer. 

EXPERIMENTAL SECTION 

All reactions were performed in oven-dried glassware (1 2O"C), and all lithiation reactions were 
performed under nitrogen. Lithium diisopropylamide (LDA) was prepared by standard proce- 
dures from diisopropylamine and n-butyllithium. Tetrahydrofuran was distilled from 
sodiumhenzophenone. Thin layer chromatography was performed on precoated (0.25 mm) silica 
gel 60 FZ4 plastic sheets and was visualized with 254 nm ultraviolet light. Flash chromatography 
was performed with silica gel 60 (200-400 mesh).4 Proton and carbon NMR spectra were 
recorded on a Jeol Eclipse400 FT-NMR spectrometer; chemical shifts are reported in parts per 
million relative to internal-TMS (proton) or the solvent chloroform-d (carbon). Melting points 
were determined in open capillary tubes with a Mel-Temp Laboratory Devices apparatus and are 
uncorrected. All starting materials were commercially available except for 4-aminoquinoline and 
7-aminoquinoline, which were prepared by literature pr~cedures.~ 

Preparation of Quino[6,5-~][2,7]naphthyridine (7).- A magnetically stirred solution of 5- 
bromonicotinaldehyde (0.997 g, 5.36 mmol), 6-aminoquinoline (0.768 g, 5.33 mmol), and p- 

toluenesulfonic acid monohydrate (0.01 g, 0.053 mmol) in benzene ( I  50 mL) was refluxed for 
48 hrs with water removal via a Dean-Stark trap. The benzene was removed in vacuo, the oily 
residue was dissolved in methanol (50 mL), and sodium borohydride pellets (2.0 g, 53 mmol) 
were added over 15 min. The resulting mixture was magnetically stirred at room temperature for 
24 hrs. The methanol was removed in vacuo and the viscous oily residue was partitioned 
between chloroform (50 mL) and water (50 mL). The aqueous layer was further extracted with 
chloroform (2 x 50 mL) and the combined organic layers were dried over anhydrous sodium 
sulfate, filtered and concentrated and dried in vucuo to afford a yellow-brown solid. A solution of 
the solid in dry THF (20 mL) was added over a period of 2 min, by means of a syringe, to a 
magnetically stirred solution of LDA (21 mmol) in dry THF (100 mL) under nitrogen at such a 
rate that the temperature remained below -100°C. The resulting mixture was allowed to warm 
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slowly to room temperature and stirred for 24 hrs. The dark reaction mixture was diluted with 
water (200 mL) and extracted with chloroform (3 x 100 mL). The combined extracts were dried 
over anhydrous sodium sulfate, filtered, and concentrated in vacuo. The resulting brown oil was 
dissolved in methylene chloride (50 mL), manganese dioxide (2.3 g, 26 mmol) was added and 
the mixture was magnetically stirred for 24 hrs. The manganese dioxide was removed by 
filtering the reaction mixture through Celite and the Celite was washed with acetone until the 
filtrate eluting from the Celite was colorless. Silica gel was added to the filtrate and the mixture 
was concentrated in vucuo to a dry powder. Flash chromatography ( 1  : 1 hexanedacetone to 
remove high Rf material followed by I :2 hexanedacetone) gave quin0[6,5-~][2,7]naphthyridine 
(7) cleanly as an orangebrown solid (0.383 g, 31%) Recrystallization of a small amount from 
5:1 hexanedacetone gave a light grey solid, mp 198-200°C; 'H NMR (CDCI,): 6 9.58 (s, IH), 
9.54 (s, IH), 9.37 (dd, J = 1.5, 9.0 Hz, IH), 9.09 (dd, J = 1.5, 4.5 Hz, IH), 8.99 (d, J = 6.0 Hz, 
IH), 8.74 (d, J = 6.0 Hz, IH), 8.43-8.38 (m, 2H), 7.69 (dd, J = 4.5, 9.0 Hz, IH); ',C 
NMR(CDC1,): 6 153.4, 153.0, 150.4, 149.0, 148.6, 146.3, 136.5, 134.6, 133.4, 132.4, 125.2, 
122.3, 121.6, 118.8, 118.4. 
Anal. Calcd for C,,H,N,: C, 77.91; H, 3.92; N, 18.17. Found: C, 77.81; H, 3.96; N, 17.95. 
Quino[3,4-~][2,7lnaphthyridine (4).- was prepared analogously from 5-bromonicotinaldehyde 
and 3-aminoquinoline (10%) as a salmon-colored solid that was recrystallized from 5: 1 
hexanedacetone: mp 187-189°C; 'H NMR(CDC1,): 6 9.64 ( s ,  lH), 9.61 (s, IH), 9.56 ( s ,  IH), 
9.07 (d, J = 6.0 Hz, IH), 9.02 (dd, J = 1.0, 8.0 Hz, IH), 8.94 (d, J = 6.0 Hz, IH), 8.36 (dd, J = 1.5, 
8.0 Hz, IH), 7.88 (td, J = 1.0, 8.0 Hz, IH), 7.82 (td, J = 1.5, 8.0 Hz, IH); NMR(CDC1,): 6 
154.3, 153.6, 153.4, 149.5, 146.6, 139.9, 135.8, 131.2, 129.5, 128.3, 126.0, 123.8, 123.5, 122.9, 
1 19.5. 
Anal. Calcd for C,,H,N,: C, 77.91; H, 3.92; N, 18.17. Found: C, 77.79; H, 4.02; N, 18.01. 
Quin0[5,6-~][2,7Jnaphthyridine (6).- was prepared analogously from 5-bromonicotinaldehyde 
and 5-aminoquinoline (5%) as a brown solid that was recrystallized from 5: 1 hexanedacetone: 
mp 245247°C; 'H NMR(CDC1,): 6 9.68 (dd, J = 1.5, 8.5 Hz, IH), 9.60 (s, IH), 9.56 (s, IH), 
9.12 (dd, J = 1.5, 4.5 Hz, IH), 9.01 (d, J = 6.0 Hz, IH), 8.73 (d, J = 9.0 Hz, IH), 8.45 (d, J = 6.0 
Hz, IH), 8.35 (d, J = 9.0 Hz, IH), 7.72 (dd, J = 4.5, 8.5 Hz, IH); ',C NMR(CDC1,): 6 152.9, 
152.0, 151.8, 149.6, 148.8, 143.3, 136.9, 133.7, 130.0, 127.3, 123.3, 122.4, 122.0, 119.5, 115.6. 
Anal. Calcd for C,,H,N,: C, 77.91; H, 3.92; N, 18.17. Found: C, 77.96; H, 4.02; N, 18.02. 
Quino[7,8-~][2,7lnaphthyridine (8).- was prepared analogously from 5-brornonicotinaldehyde 
and 7-aminoquinoline (3 1 %) as an orange solid that was recrystallized from 5: 1 hexanedacetone: 
mp 194-196°C; 'H NMR(CDC1,): 6 10.63 (d, J = 6.0 Hz, IH), 9.47 (s, IH), 9.43 (s, IH), 9.12 
(dd,J=2.0,4.0Hz, IH),8.95(d,J=6.0Hz, IH),8.27(dd,J=2.0Hz,8.0Hz, IH),8.18(d,J= 
9.0 Hz, lH), 8.02 (d, J = 9.0 Hz, IH), 7.57 (dd, J = 4.0, 8.0 Hz, IH); I3C NMR(CDC1,): 6 154.1, 
152.5, 149.4, 149.3, 148.5, 147.9, 137.7, 136.5, 130.5, 129.9, 127.6, 122.5, 122.3, 121.7, 118.8. 
Anal. Calcd for C,,H,N,: C, 77.9 1 ; H, 3.92; N, 18.17. Found: C, 77.72; H, 3.98; N, 18.04. 
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