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   Abstract 

 Effi cient synthetic routes to the title compounds 2-amino-
5-chloro-3-pyridinecarboxaldehyde ( 1a)  and 5-amino-2-
chloro-4-pyridinecarboxaldehyde ( 1b)  are reported. Both 
compounds are important substrates in the synthesis of naph-
thyridine derivatives.  

   Keywords:    amino;   chloro;   naphthyridine;   pyridinecarbox-
aldehyde;   synthesis.     

  Introduction 

 Naphthyridine derivatives are important natural and syn-
thetic compounds. They have received considerable atten-
tion over the past years because they have a broad spectrum 
of biological activities including anticancer (Atanasova et 
al. , 2007 ; Bowling et al. , 2008 ), anti-infl amatory (Roma et 
al. , 2000, 2008   ), anti-hypertensive (Ferrarini et al. , 2000 ), 
antiherpes (Souza et al. , 2007 ) and antimicrobial (Pettit et 
al. , 2004 ) properties. Friedl ä nder condensation between 
amino pyridinecarboxaldehyde and ketones has been one of 
the most successful methods for the synthesis of a variety 
of naphthyridines (Turner , 1990 ; Thummel , 1992 ; Chen and 
Deady , 1993 ). As a part of synthesis program, we are espe-
cially interested in the synthesis of chloro and amino substi-
tuted pyridinecarboxaldehydes. Although several methods 
of synthesis of amino substituted pyridinecarboxaldehydes  
have been reported (Gassman and Huang , 1974 ; Majewicz 
and Caluwe , 1974 ; Turner , 1983 ; Moormann et al. , 1987 ; 
Estel et al. , 1989 ; Rivera et al. , 2001 ), an effi cient route 
to chlorinated derivatives has not been developed. Herein 
we would like to report an effi cient and simple method for 
the preparation of 2-amino-5-chloro-3-pyridinecarboxalde-
hyde ( 1a ) and 5-amino-2-chloro-4-pyridinecarboxaldehyde 
( 1b ).  

  Results and discussion 

 The fi rst synthetic route to  1a  and  1b  is shown in Scheme  1  . 
Commercially available 2-aminopyridine ( 2a ) and 5-amino-2-
chloropyridine ( 2b ) were allowed to react with di- tert -butyl 
dicarbonate in  t -BuOH to give the respective  N -Boc pro-
tected products  tert -butyl pyridin-2-ylcarbamate  (3a)  and 
 tert-butyl 6-chloropyridin-3-ylcarbamate (3b)  in high yield 
(Venuti et al. , 1988 ). Lithiation (Christensen , 1975 ; Olah and 
Arvanaghi , 1981 ) of  3a  and  3b  with  n -BuLi in the presence of 
tetramethylethylenediamine (TMEDA) in THF followed by 
treatment of the resultant lithio derivatives with DMF gave 
the respective formyl products  tert -butyl 3-formylpyridin-2
-ylcarbamate ( 4a)  and  tert-butyl 6-chloro-4-formylpyridin-
3-ylcarbamate (4b) . Removing the  N -Bocprotecting group 
from  4a  and  4b  by treatment with trifl uoro acetic acid (TFA) 
in CH 2 Cl 2  gave product  2-amino-3-pyridinecarboxaldehyde 
(5)  and the title compound  1b , respectively. Compound  5  was 
further transformed into  1a  using  N -chlorosuccinimide (NCS) 
as a halogenating reagent (Mitchell et al. , 2009 ). 

 Compound  1b  was also prepared by another route (Scheme 
 2  ). Commercially available 2-chloro-4-methyl-5-nitropyridine 
( 6 ) was converted to ( E )-2-(2-chloro-5-nitropyridin-4-yl)- N,N -
dimethylethenamine ( 8 ) by reaction with an excessof  N,N -
dimethylformamide dimethylacetal ( 7 ) in DMF. Oxidation 
(Schmitz et al. , 2008 ) of  8  with a large excess of NaIO 4  pro-
vided 2-chloro-5-nitro-4-pyridinecarboxaldehyde ( 9 ) (Burger 
and Lindvall , 2010 ). Conventional reduction (Smith and Opie , 
1948 ) of compound  9  furnished the desired product  1b .  

  Conclusion 

 Two routes to pyridinecarboxaldehyde derivatives  1  are 
reported. Compounds  1a  and  1b  are important intermediates 
in the synthesis of naphthyridine derivatives.  

  Experimental section 

 All reactions were carried out under a nitrogen atmosphere using 
standard Schlenk techniques. All solvents were dried and degassed 
by standard methods and stored under nitrogen.  1 H NMR and  13 C 
NMR spectra were recorded at 400   MHz and 100   MHz, respectively, 
on a Bruker DPX400 NMR spectrometer. 

   Tert -butyl pyridin-2-ylcarbamate (3a) 

 To a stirred solution of  2a  (9.4   g, 0.1   mol) in  t -BuOH (200   ml) was 
added di- tert -butyl dicarbonate (24   g, 0.11   mol). The mixture was 
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stirred overnight at 30 – 40 ° C. Solvent was evaporated in vacuo to give 
crude product  3a  which was further purifi ed by crystallization from 
ethanol. A white solid (16.0   g, yield 83 % ) was obtained; mp 79 – 81 ° C 
 1 H NMR (CDCl 3 ):   δ   1.55 (s, 9H), 6.92 ∼ 6.95 (m, 1H), 7.64 ∼ 7.68 (m, 
1H), 7.99 ∼ 8.01 (m, 1H), 8.30 ∼ 8.35 (m, 1H), 8.78 (s, 1H);  13 C NMR 
(CDCl 3 ):   δ   28.0, 80.2, 112.3, 117.4, 137.9, 147.1, 152.7. 

 Compound  3b  was obtained as a white solid by using a similar 
procedure (yield 80 % ); mp 127 – 128 ° C.  1 H NMR (CDCl 3 ):   δ   1.50 (s, 
9H), 6.88 ∼ 7.01 (m, 1H), 7.24 (d,  J  = 8.8   Hz, 1H), 7.93 (s, 1H), 8.27 
(s, 1H);  13 C NMR (CDCl 3 ):   δ   28.2, 81.3, 124.1, 128.9, 134.9, 139.7, 
144.2, 152.9.  

   Tert -butyl 3-formylpyridin-2-ylcarbamate (4a) 

 To a stirred solution of  3a  (1.94   g, 10   mmol) in dry THF (20   ml) 
at -78 ° C was added dropwise  n -BuLi in  n -hexane (12   ml, 2.5   M, 
30   mmol). The solution was stirred at the same temperature for 
30   min and then TMEDA (0.9   ml, 3   mmol) was added. The mixture 
was allowed to warm slowly to -20 ° C and stirred for 2   h. Excess 
DMF (5   ml) was then added at -78 ° C. The resultant mixture was 
warmed to room temperature slowly, stirred overnight and then 
quenched with a saturated aqueous solution of NaHCO 3 . The mix-
ture was then extracted with CH 2 Cl 2 , and the extract was dried over 
anhydrous sodium sulfate, fi ltered, and concentrated to give a yel-
low oil. Purifi cation by silica gel column chromatography (CH 2 Cl 2 /
ethyl acetate, 10:1) gave  4a  as a white solid (1.0   g, yield 45 % ); mp 
111 – 112 ° C;  1 H NMR (CDCl 3 ):   δ   1.56 (s, 9H), 7.12 ∼ 7.15 (m, 1H), 
7.99 ∼ 8.02 (m, 1H), 8.65 ∼ 8.67 (m, 1H), 9.92 (s, 1H), 10.18 (s, 1H); 
 13 C NMR (CDCl 3 ):   δ   28.0, 81.4, 116.8, 117.7, 143.6, 150.6, 152.3, 
154.1, 192.8. 

 Compound  4b  was obtained as a white solid by using a similar 
procedure (yield 40 % ); mp 146 – 148 ° C;  1 H NMR (CDCl 3 ):   δ   1.54 (s, 
9H), 7.55 (s, 1H), 9.61 (s, 1H), 9.76 (s, 1H), 9.45 (s, 1H);  13 C NMR 
(CDCl 3 ):   δ   30.9, 84.9, 129.7, 129.9, 137.5, 145.0, 146.5, 154.8, 
196.1.  

  5-Amino-2-chloro-4-pyridinecarboxaldhyde (1b) 

 To a stirred solution of  4b  (2.57   g, 10   mol) in CH 2 Cl 2  (100   ml) was 
added TFA (10   ml) at room temperature. The mixture was stirred over-
night and then saturated aqueous NaHCO 3  solution was added. It was 
then extracted with CH 2 Cl 2  and dried over anhydrous sodium sulfate, 
fi ltered and concentrated to give yellow oil which was further purifi ed 
by silica gel column chromatography (CH 2 Cl 2 /ethyl acetate, 10:1) to 
give 1.5   g (96 % ) of  1b  as a yellow solid; mp 164 – 166 ° C;  1 H NMR 
(DMSO- d  6 ):   δ   7.15 (br, 2H), 7.64 (s, 1H), 8.07 (s, 1H), 9.92 (s, 1H); 
 13 C NMR (DMSO- d  6 ):   δ   123.5, 126.7, 135.2, 141.0, 144.3, 194.4. 
HRMS: Calculated for C 6 H 5 ClN 2 O: 156.0090; Found: 156.0089. 

 Compound  5  was obtained as a yellow solid by using a similar 
procedure: yield 40 % ; mp 84 – 86 ° C;  1 H NMR (CDCl 3 ):   δ   6.73 ∼ 7.04 
(m + br, 3H), 7.80 ∼ 7.82 (m, 1H), 8.26 ∼ 8.27 (m, 1H), 9.86 (s, 1H);  13 C 
NMR (CDCl 3 ):   δ   112.6, 113.7, 144.3, 154.5, 158.5, 192.6.  

  2-Amino-5-chloro-3-pyridinecarboxaldehyde (1a) 

 To a stirred solution of  5  (0.97   g, 8   mmol) in acetonitrile (20   ml) was 
added NCS (2.14   g, 16   mmol). The mixture was heated under refl ux 
for 2   h. Solvent was evaporated in vacuo to give the crude prod-
uct which was further purifi ed by silica gel column chromatography 
(CH 2 Cl 2 /ethyl acetate, 10:1). Product  1a  was obtained as a yellow 
solid (0.65   g, yield 52 % ); mp 162 – 164 ° C;  1 H NMR (DMSO- d  6 ): 
  δ   7.68 (s, 2H), 8.15 (s, 1H), 8.26 (s, 1H), 9.84 (s, 1H);  13 C NMR 
(DMSO- d  6 );   δ   113.9, 119.3, 142.6, 153.4, 155.5, 191.5. HRMS: cal-
culated for C 6 H 5 ClN 2 O: 156.0090; Found: 156.0088.  

  (E)-2-(2-chloro-5-nitropyridin-4-yl)-N,N-

dimethylethenamine (8) 

 To a stirred solution of 2-chloro-4-methyl-5-nitropyridine ( 6 , 
8.6   g, 0.05   mol) in excess DMF (12.9   ml) was added  N,N -
dimethylformamide dimethylacetal ( 7 , 16.6   ml, 0.125   mol). The 
mixture was heated at 145 ° C for 2   h and then concentrated to give 
a dark solid. Crystallization from ethyl acetate gave product  8  as a 
red solid; mp 191 – 193 ° C;  1 H NMR (CDCl 3 ):   δ   3.06 (s, 6H), 5.95 (d, 
 J  = 13.1   Hz, 1H), 7.26 (d,  J  = 7.8   Hz, 1H), 7.33 (d,  J  = 13.1   Hz, 1H), 
8.79 (s, 1H).  

  2-Chloro-5-nitro-4-pyridinecarboxaldhyde (9) 

 To a stirred solution of compound  8  (4.55   g, 0.02   mol) in a mix-
ture of THF (100   ml) and H 2 O (100   ml) was added NaIO 4  (17.11   g, 
0.08   mol). The mixture was stirred at room temperature overnight 
while the dark solution became pale yellow with a heavy precipitate. 
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 Scheme 1  Synthesis of compound 1a and 1b.
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 Scheme 2     Synthesis of compound 1b.   
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The solid material was fi ltered off, washed twice with ethyl acetate 
and the organic phase was concentrated to give the crude product 
which was further purifi ed by silica gel column chromatography 
(hexane/ethyl acetate, 3:1). The product is a yellow solid; mp 165 –
 167 ° C;  1 H NMR (CDCl 3 ):   δ   7.76 (s, 1H), 9.25 (s, 1H), 10.50 (s, 
1H).  

  5-Amino-2-chloro-4-pyridinecarboxaldehyde (1b) 

 Compound  1b  was synthesized from compound  9  using the reported 
procedure (Smith and Opie , 1948 ).    
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