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Here we report Pd catalyzed synthesis of N,N-dimethyl[1,8]naphthyridine-2-amines by facile incorpo-
ration of N(Me)2 group from DMF in moderate to good yield.
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INTRODUCTION

Naphthyridine system is of great importance because

of their broad applications in medicine. 1,8-Naphthyridine

or naphthyridone systems are potentially useful as antihy-

pertensives, antitumor agents, immunostimulants, and

herbicide safeners. Also, N,N-dimethyl amino substituted

1,8-naphthyridines act as diuretic agents [1]. N,N-Dime-

thylamino group is present in methylene blue, crystal

violet, 4-N,N-dimethylaminopyridine etc. (which are both

biologically and chemically important compounds) [2].

In addition to palladium catalyzed CAC homo and

hetero coupling reactions of aryl halides [3], it has been

emerging as a powerful approach for the CAN coupling

reactions [4,5]. Hawes et al. [1d] were able to incorporate

the N,N-dimethylamino group in 1,8-napthyridines by

treatment with gaseous dimethylamine. Palladium cata-

lyzed aminocarbonylation using formamides as the amine

source is also reported [5c]. With this information, we

became interested to explore the reactions capable of

introducing N,N-dimethylamino group in halo[1,8]naph-

thyridine systems.

RESULTS AND DISCUSSION

In our attempt to synthesize N,N-dimethylamino sub-

stituted 1,8-naphthyridines, we have carried out the reac-

tion at room temperature with N,N-dimethylamine for

direct replacement of halides but it does not work. Even

under refluxing condition, the reaction does not proceed.

The reaction is then carried out in the presence of

Pd(OAc)2 at room temperature and then it is also

refluxed but the reaction fails. We then intended to

change to N,N-dimethylformamide to see whether it

may be a possible source of N,N-dimethylamino group

by use of palladium catalysis. By several attempts, the

reaction of one mmol of halo-napthyridine using DMF

(0.95 mL), aqueous K2CO3 (1 mmol in 0.35 mL of

water), TBAB (0.5 mmol), and Pd(OAc)2 (0.05 mmol)

at room temperature does not proceed but under reflux

at 115�C, the reaction is successful with moderate to

high yield (Table 1). The reaction rate and the yields

are increased by the addition of isopropyl alcohol due to

acceleration in the generation of Pd (0) [3g]. Although

this method is similar to carbon-carbon homo-coupling

reaction as reported by Lamaire, [3g] we are able to iso-

late only in one case the carbon-carbon homo-coupled

yellow crystalline product N,N,N0,N0-tetramethyl-3,30-bi-
[1,8]-naphthyridin-7,70-diamine 9 from (7-chloro-[1,8]-

napthyridin-2-yl)-dimethylamine 2.

Although various types of palladium catalyzed amina-

tion reactions are known [4], the incorporation of N,N-
dimethylamino group is not hitherto reported from DMF

in the [1,8]-naphthyridine system. So we report for the

first time the incorporation of N,N-dimethylamino group

from DMF under this reaction condition in the variously

substituted [1,8]-napthyridines (Table 1). In the other

aryl halides including pyridine halides homocoupled

products result as reported in the literature [3g].
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In Table 1, entry 8, 7-bromo-1H-[1,8]naphthyridine-2-
one 8 is represented as the enol-form for convenience

but it is actually present in the lactam form.

The yield of the products increases as the number of

chlorine atoms decreases from 5 to 7 which may be due

to the CACl bond strength. In case of 2,7-dichloro-1,8-

naphthyridine 5, after 4 h reflux, mono- and disubsti-

tuted products 2 and 2a are, respectively, formed with

the same ratio but after 8 h no mono substituted product

2 is found. For mixed bromo chloro napthyridine 7, the

same result is observed where bromo group is always

substituted but not chloro, which may be due to the

lower bond strength of CABr bond than CACl bond.

The starting chloro and bromo derivatives are made

according to the literature procedure [6,7].

EXPERIMENTAL

Representative experimental procedure for N-(7-dimethyl

amino[1,8]naphthyridin-2-yl)acetamide 4a. In a round-bot-
tomed flask, a mixture of N-(7-chloro-[1,8]naphthyridin-2-yl)-
acetamide 4 (170 mg, 0.813 mmol), Pd(OAc)2 (11.3 mg,
0.05 mmol), K2CO3 (112 mg, 0.813 mmol), TBAB (130.1 mg,

0.4065 mmol), water (0.8 mL), DMF (1.5 mL), and 2 mL of
isopropayl alcohol is taken and refluxed for 7.5 h under nitro-
gen atmosphere. The whole solution is then passed through a
celite bed (2 cm), washed well with isopropyl alcohol, the fil-
trate is then evaporated under reduced pressure and washed

well with brine followed by water. The organic layer is then
dried with Na2SO4 (anhydrous) and evaporated under reduced
pressure followed by column chromatography using 2% metha-

nol in CH2Cl2 offering the corresponding N,N-dimethylamino
derivative, N-(7-dimethylamino-[1,8]naphthyridin-2-yl)-acetam-
ide 4a as yellow crystals. mp. 214–216�C; IR (KBr): 3219,
3062, 1692, 1609, 1326, 1151, 834, 796.45 cm�1; 1H NMR
(CDCl3, 400 MHz): d 8.349 (bs, 1H), 8.094 (d, 1H, J ¼
8.5 Hz), 7.914(d, 1H, J ¼ 8.5 Hz), 7.786 (d, 1H, J ¼ 9.0Hz),
6.827 (d, 1H, J ¼ 9.0Hz), 3.266 (s, 6H), 2.215 (s, 3H); ms
(ESI) m/z 244.97 (MþþHþNa, 100), 497.97 (2MþHþNa, 80).
Anal. Calcd. for C12H14N4O: C, 62.59; H, 6.13; N, 24.33.
Found: C, 62.56; H, 6.16; N, 24.37.

Methyl(7-methyl[1,8]napthyridin-2-yl)amine 1a. mp.
140–142�C; IR (KBr): 1665, 1348, 1153, 842, 782 cm�1; 1H
NMR (CDCl3, 400 MHz): d 7.99 (d, 1H, J ¼ 9.04 Hz), 7.98
(d, 1H, J ¼ 7.96 Hz), 7.07 (d, 2H, J ¼ 8.48 Hz), 3.17 (s, 6H),
2.55 (s, 3H). ms (ESI): m/z 188.3 (Mþþ 1, 100), (Mþþ 2,

10). Anal. Calcd. for C11H13N3: C 70.56; H, 7.00; N, 22.44.
Found: C 70.58; H, 7.03; N, 22.40.

N,N,N0,N0-Tetramethyl[1,8]naphthyridine-2,7-diamine 2a.

mp. 155–157�C; IR (KBr): 2928, 1540, 1379, 1148, 739 cm�1;
1H NMR (CDCl3, 400 MHz): d 7.61 (d, 2H, J ¼ 8.9 Hz), 6.54
(d, 2H, J ¼ 8.9 Hz), 3.23 (s, 12H). ms (ESI): m/z 217.3 (Mþþ
1, 100), 218.1 (Mþþ 2, 15). Anal. Calcd. for C10H10N6: C,
66.64; H, 7.46; N, 25.90. Found: C, 66.66; H, 7.43; N, 25.94.

(7-Azido[1,8]naphthyrin-2-yl)dimethylamine 3a. mp.

135–137�C; IR (KBr): 2927, 2122, 1531, 1354, 1148, 900, 739
cm�1; 1H NMR (d6-DMSO, 400 MHz): d 8.15 (d, 1H, J ¼
8.2 Hz), 8.08 (d, 1H, J ¼ 9.2 Hz), 7.21 (d, 1H, J ¼ 8.3 Hz),
7.18 (d, 1H, J ¼ 9.1 Hz), 3.29 (s, 6H). Anal. Calcd. for
C10H10N6: C, 56.07; H, 4.71; N, 39.23. Found: C, 56.05; H,

4.68; N, 39.26.
7-Dimethylamino-1H-[1,8]naphthyridin-2-one 5a. mp. 118–

120�C; IR (KBr): 2931, 1659, 1612, 1370, 1150, 830 cm�1;
1H NMR (CDCl3, 300 MHz): d 8.92 (bs, 1H), 7.56 (d, 1H,
J ¼ 9 Hz), 7.51 (d, 1H, J ¼ 9 Hz), 6.46 (d, 1H, J ¼ 8.7 Hz),

6.32 (d, 1H, J ¼ 9.0 Hz), 3.16 (s, 6H), ms (ESI): m/z 212.1
(MþþNa, 67), 401.1 (2MþþNa, 100). Anal. Calcd. for
C10H11N3O: C, 63.48; H, 5.86; N, 22.21. Found: C, 63.44; H,
5.91; N, 22.18.

N,N,N0,N0-Tetramethyl-3,30-bi[1,8]naphthyridin-7,70-
diamine 9. mp > 300�C, IR (KBr): 1615, 1529, 1378, 1121,
844 cm�1; 1H NMR (CDCl3, 400 MHz): d 8.65 (d, 1H, J ¼
8.2 Hz), 8,05 (d, 1H, J ¼ 8.2 Hz), 7.88 (d, 1H, J ¼ 9.0 Hz),
6.95 (d, 1H, J ¼ 9.0 Hz). ms (ESI): m/z 345.4 (MþþH, 65),

376.5 (MþþHCl, 100). 376.5 (MþþHþHCl, 70). Anal. Calcd.

Scheme 1. Synthesis of N,N-dimethyl-1,8-naphthyridin-2-amines from

the corresponding halo-naphythyridines by palladium catalysis.

Table 1

Synthesis of N,N-dimethyl-1,8-naphthyridines from the corresponding halo-naphthyridines by palladium catalysis.

Entry Reactant Product Time (h) Yield (%)

1 R1 ¼ CH3, R
2 ¼ Br (1) R3 ¼ CH3 (1a) 5 75

2a,b R1 ¼ N(Me)2, R
2 ¼ Cl (2) R3 ¼ N(Me)2 (2a) 6 30

3 R1 ¼ N3, R
2 ¼ Cl (3) R3 ¼ N3 (3a) 5.5 70

4 R1 ¼ NHAc, R2 ¼ Cl (4) R3 ¼ NHAc (4a) 7.5 55

5 R1 ¼ Cl, R2 ¼ Cl (5) R3 ¼ N(Me)2 (2a) 8 58

6 R1 ¼ Cl, R2 ¼ Br (6) R3 ¼ N(Me)2 (2a) 6.5 65

7 R1 ¼ Br, R2 ¼ Br (7) R3 ¼ N(Me)2 (2a) 6 70

8 R1 ¼ OH, R2 ¼ Br (8) R3 ¼ N(Me)2 (5a) 12 72

a In this case dehydro halogenated product is obtained in 20% yield. All reactions are carried out at 115�C, Pd(OAc)2 (0.05 mmol), K2CO3

(1 mmol in 0.35 mL of water), TBAB (0.5 mmol), and 2 mL of isopropyl alcohol with respect to 1 mmol of the naphthyridine halide.
b Also CAC coupled product N,N,N0,N0-tetramethyl-3,30-bi-[1,8]-naphthyridine-7,70-diamine 9 is isolated in 15% yield.
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for C20H20N6: C, 69.75; H, 5.85; N, 24.40. Found: C, 69.78;
H, 5.80; N, 24.44.

Preparation of 2-bromo-7-methyl[1,8]naphthyridine 1. In
a round-bottomed flask, hydrobromic acid (0.624 mL 48%,
5.65 mmol) is taken. The flask is cooled to 0�C by ice-salt

bath and then 7-methyl-[1,8]-napthyridin-2-yl-amine (200 mg,
1.257 mmol) is added to it over a period of 10 min. Then bro-
mine [0.194 mL (0.464 mg), 3.77 mmol] is added dropwise
carefully maintaining the temperature at 0�C. After addition of
bromine, NaNO2 (216.66 mg, 3.14 mmol) in water (0.31 mL)

is added for a period of 1.5 h. Here, the temperature of the
reaction should be maintained at 0�C to �5�C. After addition
is complete, it is stirred for 30 min. The precipitate obtained is
filtered and finally washed well with water to make it acid-free
and the mother liquor is collected and neutralized with NaOH

adding crushed ice and then it is extracted with CH2Cl2 (4 �
25 mL) and is dried with anhydrous Na2SO4. The solvent is
removed by evaporation under reduced pressure. This crude
product is pure enough to be crystallized to afford white

microcrystals of the title compound 1, 215 mg (77%). mp.
202–205�C, IR (KBr): 2931, 1277, 1150, 545 cm�1; 1H NMR
(CDCl3, 300 MHz): d 8.07 (d, 1H, J ¼ 9.33 Hz), 7.97 (d, 1H,
J ¼ 8.4 Hz), 7.58 (d, 1H, J ¼ 8.1 Hz), 7.41 (d, 1H, J ¼ 8.1
Hz), 2.80 (s, 3H), ms (ESI): m/z 244.96 (MþþNa, 100),

246.97 (MþþNaþ2, 98). Anal. Calcd. for C20H20N6: C, 48.46;
H, 3.16; N, 12.56. Found: C, 48.51; H, 3.12; N, 12.58.

Acknowledgments. We acknowledge the DST [SR/S1/OC-13/
2005] and CSIR [01(1913)/04/EMR-II], Govt. of India for finan-
cial support. NKD thanks the UGC, Govt. of India for research

fellowship.

REFERENCES AND NOTES

[1] (a) Badawneh, M.; Ferrarini, P. L.; Calderone, V.; Manera,

C.; Martinotti, E.; Mori, C.; Saccomanni, G.; Testai, L. Eur J Med

Chem 2001, 36, 925; (b) Chen, K.; Kuo, S.-C.; Hsieh, M.-C.; Mauger,

A.; Lin, C. M.; Hamel E.; Lee, K.-H. J Med Chem 1997, 40, 3049;

(c) Edward, M. H.; Dennis, K. J. G.; Ronald, G.G. J Med Chem 1977,

20, 838; (d) Gorecki, D. K. J.; Hawes, E. M. J Med Chem 1977, 20,

124; (e) Tomcufcik, A. S.; Meyer, W. E.; Marsico, J. W. Eur. Pat.

Appl. EP 446,604 (1991); (f) Tomcufcik, A. S.; Meyer, W. E.; Mar-

sico, J. W. US Appl. 494,387 (1990); (g) Tomcufcik, A. S.; Meyer,

W. E.; Marsico, J. W. Chem Abstr 1992, 116, 235628; (h) Saupe, T.;

Schaefer, P.; Meyer, N.; Wuerzer, B.; Westphalen, K. O. Ger. Offen.

DE 3,907,937 (1990); (i) Saupe, T.; Schaefer, P.; Meyer, N.; Wuerzer,

B.; Westphalen, K. O. Chem Abstr 1991, 114, 81808; (j) Cotrel, C.;

Guyon, C.; Roussel, G.; Taurand, G. Eur. Pat. Appl. EP 208,621

(1987); (k) Cotrel, C.; Guyon, C.; Roussel, G.; Taurand, G. FR. Appl.

85/10619 (1985); (l) Cotrel, C.; Guyon, C.; Roussel, G.; Taurand, G.

Chem Abstr 1987, 107, 39780.

[2] (a) Schirmer, H.; Coulibaly, B.; Stich, A. Redox Rep 2003,

8, 272; (b) Meissner, P. E.; Mandi, G.; Coulibaly, B. Malaria J 2006,

5, 84; (c) Sheikh, M. R. K.; Farouqui, F. I.; Modak, P. R.; Hoque, M.

A.; Yasmin, Z. J Text Inst 2006, 97, 295; (d) Singh, S.; Das, G.;

Singh, O. V.; Han, H. Org Lett 2007, 9, 401; (e) Burford, N.; Spinney,

H. A.; Ferguson M. J.; McDonald, R. Chem Commun 2004, 2696.

[3] (a) Fanta, P. E. Synthesis 1974, 1, 9; (b) Sainsbury, M.

Tetrahedron 1980, 36, 3327; (c) Negishi, E. Acc Chem Res 1982, 15,

340; (d) Sakamoto, T.; Kondo, Y.; Murata, N.; Yamanaka, H. Tetrahe-

dron Lett 1992, 37, 5373; (e) Miyaura, N.; Suzuki, A. Chem Rev

1995, 95, 2457; (f) Kang, S.-K.; Kim, T.-H.; Pyun, S.-J. J Chem Soc

Perkin Trans I 1997, 797 (g) Penalva, V.; Hassan, J.; Lavenot, L.;

Gozzi, C.; Lamaire, M. Tetrahedron Lett 1998, 39, 2559; (h) Grushin,

V. V.; Alper, H. Chem Rev 1994, 94, 1047; (i) Sturmer, R. Angew

Chem Int Ed 1999, 38, 3307; (j) Hassan, J.; Sevignon, M.; Gozzi, C.;

Schulz, E.; Lamire, M. Chem Rev 2002, 102, 1359; (k) Mori, K.;

Hara, T.; Oshiba, M.; Mizugaki, T.; Ebitani, K.; Kaneda, K. New J

Chem 2005, 29, 1174.

[4] (a) Hartwig, J. F. Angew Chem Int Ed 1998, 37, 2046; (b)

Wolfe, J. P.; Wagaw, S.; Marcoux, J.-F.; Buchwald, S. L. Acc Chem

Res 1998, 31, 805; (c) Castellote, I.; Vaquero, J. J.; Alvarez-Builla, J.

Tetrahedron Lett 2004, 45, 769; (d) Gao, G. Y.; Chen, Y.; Zhang, X.

P. J Org Chem 2003, 68, 6215; (e) Hopper, M. W.; Utsunomiya, M.;

Hartig, J. F. J Org Chem 2002, 68, 2681; (f) Hopper, M. W.; Utsuno-

miya, M.; Hartwig, J. F. J Org Chem 2003, 68, 2861; (g) Castellote,

I.; Vaquero, J. J.; Fernandez-Gadea, J.; Alvarez-Builla, J. J Org Chem

2004, 69, 8668.

[5] (a) Shakespeare, W. C. Tetrahedron Lett 1999, 40, 2035;

(b) Klapars, A.; Antilla, J. C.; Huang, X.; Buchwald, S. L. J Am

Chem Soc 2001, 123, 7727; (c) Schnyder, A.; Beller, M.; Mehltretter,

G.; Nsenda, T.; Studer, M.; Indolese A. F. J Org Chem 2001, 66,

4311; (d) Ligthart, G. B. W. L.; Ohkawa, H.; Sijbesma, R. P.; Meijer,

E. W. J Org Chem 2005, 71, 375.

[6] (a) Goswami, S.; Mukherjee, R.; Mukherjee, R.; Jana, S.;

Maity, A. C.; Adak, A. K. Molecule 2005, 10, 929; (b) Chandler, C.

J.; Deady, L. W.; Reiss, J. A.; Tzimos, V. J. J Heterocycl Chem 1982,

19, 1017; (c) Corbin, P. S.; Zimmerman, S. C.; Thiessen, P. A.;

Hawryluk, N. A.; Muray, T. J. J Am Chem Soc 2001, 124, 10475; (d)

Newkome, G. R.; Garbs, S. J.; Majestic, V. K.; Fronzek, F. R.; Chirai,

G. J Org Chem 1981, 46, 833; (e) Seide, O. Chem Ber 1926, 59,

2465.

[7] (a) Allen, C. F. H.; Thirtle, J. R. Organic Synthesis; Wiley:

New York, 1955; collective Vol. III, p 136.

326 Vol 46S. Goswami and N. K. Das

Journal of Heterocyclic Chemistry DOI 10.1002/jhet


