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mp 164-165 “C. The *H NMR spectral data is given in Table 
11. 
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The addition of methoxypyridinecarboxaldehydes to certain lithium dialkylamides gave a-amino alkoxides 
in situ that were ring-lithiated with alkyllithium bases. Alkylation and hydrolysis on workup provided ring- 
substituted methoxypyridinecarboxaldehydes via a one-pot reaction. The one-pot methylation of isomeric 
methoxypyridinecarboxaldehydes was examined. The regioselectivity of the lithiation-methylation was dependent 
on the aldehyde, the amine component of the a-amino alkoxide, and the metalation conditions. When lithiated 
NJV,”-trimethylethylenediamine was used as the amine component of the a-amino alkoxide, methylation generally 
occurred ortho to the aldehyde function. The analogous reactions using lithium N-methylpiperazide as the amine 
component gave substitution next to the methoxy group. Several new methylated methoxypyridinecarboxaldehydes 
were prepared in a regioselective manner by using this one-pot procedure. 

Despite the susceptibility of pyridines to  nucleophilic 
attack by alkyllithium bases, directed lithiation has re- 
cently evolved as a useful method for regioselective sub- 
stitution of the pyridine ring.2 A variety of ortho-directing 
groups have been utilized to effect regiospecific metalation 
into an ortho position of pyridine. Directing groups include 
CONR2,3 CONHR,3 oxa~o l ines ,~  p i~a loylamino,~  OCON- 

OR,’ OCH20R,* halogen: and SO2NR2.l0 Carbon- 
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yl-derived directing groups prepared from pyridine- 
carboxaldehydes have not been investigated. Due to  a 
need for substituted methoxypyridinecarboxaldehydes in 
our laboratories, we decided to  study the lithiation of 
methoxypyridines directed by a-amino alkoxides. 

The  addition of aromatic aldehydes to  certain lithium 
dialkylamides gives a-amino alkoxides tha t  can be ring- 
lithiated with alkyllithiums. Alkylation and hydrolysis on 
workup provides ortho-substituted aryl aldehydes via a 
one-pot reaction. This methodology works well for the 
one-pot substitution of benzaldehyde derivatives1’ as well 

(8) Winkle, M. R.; Ronald, R. D. J. Org. Chem. 1982, 47, 2101. 
(9) Mallet, M.; Marsais, F.; QuBguiner, G.; Pastour, P. C. R. Acad. Sci. 

Ser. C 1972,275,1439. Mallet, M.; Marsais, F.; QuBguiner, G.; Pastour, 
P. Zbid. 1972,275, 1535. Gribble, G. W.; Saulnier, M. G. Tetrahedron 
Lett. 1980,21,4137. Giingor, T.; Marsais, F.; Qu-er, G. J. Organomet. 
Chem. 1981,225, 139. Mallet, M.; QuBguiner, G. Tetrahedron 1982,38, 
3035. Marsais, F.; Lapendrix, B.; Giingor, T.; Mallet, M.; Qugguiner, G. 
J. Chem. Res., Miniprint, 1982,2863. Marsais, F.; Tr6court, F.; Bretint, 
P.; QuBguiner, G. J. Heterocycl. Chem. 1988,25,81. Estel, L.; Marsais, 
F.; Qugguiner, G. J. Org. Chem. 1988, 53, 2740. 

(lO).Bretint, P.; Marsais, F.; Qugguiner, G. Synthesis 1982, 822. 
Marsais, F.; Cronnier, A.; TrBcourt, F.; Qubguiner, G. 1987, 52, 1133. 

(11) Comins, D. L.; Brown, J. D.; Mantlo, N. B. Tetrahedron Lett. 
1982,23,3979. Comins, D. L.; Brown, J. D. Zbid. 1983,24,5465. Comins, 
D. L.; Brown, J. D. J. Og. Chem. 1984,49,1078. Comins, D. L.; Brown, 
J. D. Zbid. 1989, 54, 3730. 

0 1990 American Chemical Society 



70 J .  Org. Chem., Vol. 55, No. 1, 2990 

as for heterocyclic aromatic aldehydes,12 i.e., various 
thiophene-, furan-, pyrrole-, and indolecarboxaldehydes. 
The directing power of an a-amino alkoxide group can be 
altered by simply varying the amine component, allowing 
regioselective control during the lithiation of a diactivated 
aromatic ring."J2 Since an a-amino alkoxide's ortho-di- 
recting ability is due to a chelation effect and not a strong 
inductive effect, it  was not clear tha t  the  regioselective 
control inherent in this methodology could be utilized in 
the pyridine series, as competing nucleophilic attack of the 
alkyllithium base on the  pyridine nucleus may occur. In 
this report we describe our studies on the directed lithia- 
tion of various a-amino alkoxides prepared in situ from 
methoxypyridinecarboxaldehydes. 

Results and Discussion 
Synthesis of Methoxypyridinecarboxaldehydes. 

The required methoxypyridinecarboxaldehydes were pre- 
pared in two steps from commercially available dibromo- 
pyridines or from methoxypyridines in one step via di- 
rected lithiation. Treatment of 2,6-dibromopyridine with 
sodium methoxide in methanol gave 6-bromo-2-methoxy- 
pyridine, which on lithium-halogen exchange and for- 
mylation with dimethylformamide (DMF) provided 6- 
methoxy-2-pyridinecarboxaldehyde (I). In an analogous 

Comins and Killpack 

alkoxide. Reaction of 1 with LTMDA followed by lithia- 
tion with n-butyllithium and methylation gave a 77% yield 
of aldehydes 8 and 9 in a ratio of 96:4. The regiogelectivity 
can be reversed by changing the amine component. 
Treatment of 1 with LNMP, tert-butyllithium, and methyl 
iodide gave a 70% yield of 8 and 9 in a ratio of 3:97. 

- Qk + CHO CHO Me0  

1 )  LTMDA 

1 
2) 2 mBuLi MeO 

-78'. .5 h ; 
4?, .5 h 

3) Mel; w 8 77% 9 

rata 96 :4  

1) LNMP 

2) 1.5 r-BuLi 
- 1 8 9 

70% -78". 1.25 h: 

Me0 CHO Me0 

1 2 3 

OMe 

OMe CHO 

4 5 6 

fashion, 2,5-dibromopyridine was converted to 5-bromo- 
2-methoxypyridine, which was treated with n-butyllithium 
and DMF to give 6-methoxy-3-pyridineboxaldehyde (2). 
Monosubstitution of 3,5-dibromopyridine was achieved 
using sodium methoxide in DMF. Subsequent lithium- 
halogen exchange a t  -100 OC and formylation gave 5- 
methoxy-3-pyridinecarboxaldehyde (3) in good yield. 
Directed lithiation of 2-, 3-, and 4-methoxypyridine using 
mesityllithium as the base and subsequent formylation 
with DMF gave 2-methoxy-3-pyridinecarboxaldehyde (4), 
3-methoxy-2-pyridinecarboxaldehyde (5), and 4-meth- 
oxy-3-pyridinecarboxaldehyde (6), r e s p e ~ t i v e l y . ~ ~  

Directed Lithiation Studies. The a-amino alkoxides 
were prepared by addition of the pyridinecarboxaldehyde 
to lithiated N,N,iV'-trimethylethylenediamine (LTMDA) 
or lithium N-methylpiperazide (LNMP) in tetrahydro- 
furan (THF) a t  -78 "C. The  a-amino alkoxide 7, formed 

metalation 

OLi 
7 

in situ from pyridinecarboxaldehyde 1, has two sites, C-3 
and C-5, where lithiation may occur. We anticipated that 
regioselective metalation could be achieved a t  either 
position by varying the amine component of the a-amino 

(12) Comins, D. L.; Killpack, M. 0. J. Org. Chem. 1987, 52, 104. 

-47,'fSmin 

3) Mel;Hfl  
ratio 3:97 

We next investigated the  methylation of pyridine- 
carboxaldehyde 2. The a-amino alkoxide formed from 2 
and LTMDA was lithiated and methylated to give the C-4 
and C-5 substituted pyridines 10 and 11 in a ratio of 973. 
The analogous reaction of 2 with LNMP and tert-butyl- 
lithium gave mainly C-5 methylated pyridine 11. Lithia- 
tion-methylation a t  C-2 was not observed. 

CHO 1) LTMDA 
2 * 

MeO 2) 2 rrBuLi 
42', 3 h 

1 0 65% ratb 97 :3  3) Mel;H$3 

2 1) LNMP - y-JCHO+ 1 0  
2) 2 r-BuLi/ 1 TMEDA M ~ O  -78', .5 h ; -42', 2 h 

3) Me1 ;ccp 1 1  

70% 

rab W : 7  

The metalation of pyridinecarboxaldehyde 3 using 
LTMDA and n-butyllithium led to a 70:30 mixture of C-4 
and C-6 methylated pyridines 12 and 13. We were unable 
to find conditions to improve the ratio of products in favor 
of C-4 substitution. A highly regioselective C-6 methyl- 

1 )  LTMDA MeO,&CW M e O w C M  

Me 

3 - k,l + AN l  
Me 2) 1.75 nBuLi 

-no, 4 h 

ratio 70: 30 

1) LNMP 

2) 2 M S L i  

3) Me1;w 

3 1 3  79% 

-42", 1 h ; W,40 min 

ation was obtained, however, by using LNMP as the amine 
component and me~ityllithium'~ (MESLi) as the base. In 
this manner pyridinecarboxaldehyde 13 was isolated as the 
sole product in 79% yield. Substitution a t  C-4 occurred 
when pyridinecarboxaldehyde 4 was treated with LTMDA, 
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n-butyllithium, and methyl iodide. An 82% yield of 
substituted pyridine 14 was isolated as the sole product. 

Me 
1) LTMDA CHO 

2) 2 mBuLi OMe 

3) Mel;H& 

4 * 

-420,l.S h ; -2T, .5 h 

1 4 82% 
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amine component of the a-amino alkoxide. The  lack of 
success in obtaining an a-amino alkoxide directed lithiation 
a t  C-2 is interesting. A C-3 methoxy or ethoxy group 
directs lithiation to  C-2,' while chelating C-3 ortho-di- 
recting groups such as -OCH20Me and -OCONR2 effect 
metalation a t  C-4.678 Because the C-N bonds of a pyridine 
ring are shorter than the ring C-C bonds, some of the bond 
angles are distorted from 120O. In pyridine, for example, 
the C-4, C-3, H-3 bond angle is 121.36', whereas the C-2, 
(2-3, H-3 angle is 120.11°.14 This small distortion might 
affect the angle of intramolecular attack onto the C-2 or 
C-4 hydrogen by the alkyllithium base, which is chelated 
to a C-3 directing group (i.e., 19 and 20). This may cause 
C-2 lithiation via complex 19 to be less favorable than the 
analogous attack a t  the C-4 hydrogen via complex 20.15 
Further study is needed to  support this hypothesis. 

5 1) LNMP - &Me 

2) 2 MESLi N CHO 

3) Me1 ;w 1 5  67% 

-23", 2 h ; O", 1 h 

- 
1 )  LNMP 

2) 1.5 MESLi 

3) Mel;H$ 

6 

-Bo, 4 h 

1 6  82% 

Mesityllithium was effective a t  lithiating the C-4 position 
of the a-amino alkoxide derived from pyridine 5 and 
LNMP.  Methylation and workup gave 3-methoxy-4- 
methyl-2-pyridinecarboxaldehyde (15) in 67% yield. Re- 
giospecific substitution of pyridinecarboxaldehyde 6 a t  C-5 
was achieved using L N M P  and mesityllithium. We were 
unable to induce metalation a t  C-2 by using LTMDA as 
the amine component. 

To determine if methylated methoxypyridinecarbox- 
aldehydes could be further substituted using this metho- 
dology, we prepared an a-amino alkoxide from pyridine 
9 and LTMDA. Lithiation with n-butyllithium and me- 
thylation gave a 67% yield of the tetrasubstituted pyridine 
17. "'a" 1) LTMDA 

Me0  men^^^ 2) 2 4P, I  nBuLi h ;  - CHO 

-23", .5 h 
1 7  67% 9 3) Mel:W 

The analogous reaction of the a-amino alkoxide derived 
from pyridinecarboxaldehyde 8 and LTMDA gave alkyl- 
ation mainly on the C-3 methyl group. A mixture of 
products 18 and 17 were obtained in a ratio of 94:6, dem- 
onstrating the a-amino alkoxide's ability to direct lateral 
metalation as well as ring lithiation. 

c fJCHgH3+ 1 7  

Me0 xy CHO 2) 1.2 nBuLi MeO 

Me 1) LTMDA 

CHO 
-78'. 2 h : 

8 

Conclusion 
Lithiation of pyridines directed by a-amino alkoxides 

has been shown to  be effective for the substitution of 
various methoxypyridinecarboxaldehydes. The  procedure 
utilizes a convenient one-pot reaction, which has an  ob- 
vious advantage over the more classical multistep ortho- 
directing methodologies. A high degree of regioselective 
control is achieved in many cases by simply changing the 

~ ' 2 :  \ less favorable than OLi 

Me0 Me0 N H e B u  

1 9  2 0  

The methodology presented in this paper is useful for 
the regioselective preparation of substi tuted alkoxy- 
pyridines, which are valuable precursors to pyridones and 
pyridinols,16 as well as synthetically useful dihydro- 
p y r i d ~ n e s . ' ~  

Experimental Section 
All reactions were performed in oven-dried glassware under 

a N2 atmosphere. Tetrahydrofuran (THF) was dried by distil- 
lation from sodium benzophenone ketyl prior to use. N,N,N'- 
Trimethylethylenediamine, N-methylpiperazine, and dimethyl- 
formamide (DMF) were distilled from calcium hydride and stored 
over 3-A molecular sieves under N2. Other solvents and reagents 
from commercial sources were generally stored over 3-A molecular 
sieves and used without further purification. 

Melting points were determined with a Thomas-Hoover ca- 
pillary melting point apparatus and are uncorrected. NMR spectra 
were recorded on a Varian XL-300 or an IBM AF 80 spectrometer. 
Radial preparative-layer chromatography (Radial PLC) was 
carried out by using a Chromatotron (Harris Associates, Palo Alto, 
CA). Elemental analyses were carried out by M-H-W laboratories, 
Phoenix, AZ. Infrared spectra were recorded on a Perkin-Elmer 
Model 7500 spectrometer. Gas-liquid chromatography (GC) was 
performed on a Hewlett-Packard Model 5880A gas chromatograph 
equipped with a 30 m X 0.25 mm FSOT column packed with 
OV-101. The 2,4-dinitrophenylhydrazones were prepared by using 
a modified method published by Behforouz.l8 
6-Bromo-2-methoxypyridine. 6-Bromo-2-methoxypyridine 

was prepared by a variation of the literature procedure.lg To 
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Y.; Houk, K. N. J. Am. Chem. SOC. 1988, 110, 8360. 
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a stirred solution of 2,6-dibromopyridine (17.42 g, 74 mmol) in 
anhydrous MeOH (50 mL) was added NaOMe (28.6 mL of 25% 
NaOMe in MeOH, 125 mmol). The mixture was refluxed for 25 
h and then poured into cold 5% NaHC03 (50 mL). The mixture 
was extracted with ether (3 X 30 mL), and the organic layer was 
concentrated. Ether (50 mL) was added to the remaining liquid, 
and the mixture was washed with brine (40 mL). The organic 
layer was dried (K2CO3) and concentrated, and the residue was 
Kugelrohr distilled (85-95 "C/15 mmHg) to give 10.11 g (73%) 
of 6-bromo-2-methoxypyridine as a clear liquid: IR (neat) 2953, 
1596,1582,1558,1472,1413,1298,1022,857 cm-'; 'H NMR (80 

H, J = 8 Hz), 7.37 (t, 1 H, J = 8 Hz); 13C NMR (20 MHz, CDCl,) 
6 54.3, 109.5, 120.3, 138.8, 140.5, 163.9. 
6-Methoxy-2-pyridinecarboxaldehyde (1). To a stirred 

solution of 6-bromo-2-methoxypyridine (1.01 g, 5.40 "01) in THF 
(20 mL) at -78 "C was added n-BuLi (5.61 mmol). After 1 h, DMF 
(0.472 g, 6.00 mmol) was added, and the mixture was allowed to 
stir for 30 min at -78 "C. The cold mixture was poured directly 
into a stirred aqueous solution of 5% NaHC03 (50 mL) and 
extracted with ether (3 X 25 mL). The combined organic extracts 
were washed with brine and dried (K2CO3). The mixture was 
filtered and concentrated. The crude product was purified by 
radial PLC (silica gel, 5% EtOAc-hexanes) followed by Kugelrohr 
distillation [bp 99-105 "C/20 mmHg (lit.20 bp 103-104 "C/20 
mmHg)] to give 574 mg (78%) of 1 as an oil: IR (neat) 2955,2829, 
1719, 1704, 1600, 1474, 1333, 1276 cm-'; 'H NMR (300 MHz, 

= 7.2 Hz), 7.74 (dd, 1 H, J = 8.4, 7.2 Hz), 9.97 (s, 1 H); 13C NMR 

192.50; DNP mp 216-219 "C. 
5-Bromo-2-methoxypyridine. 5-Bromo-2-methoxypyridine 

was prepared by a variation of the literature procedure.lg To a 
stirred solution of 2,5-dibromopyridine (10.94 g, 46 mmol) in 
anhydrous MeOH (25 mL) was added NaOMe (50 mL of 25% 
NaOMe in MeOH, 210 mmol). The mixture was refluxed for 7 
h and then poured into cold stirred 5% NaHC03 (75 mL). The 
mixture was extracted with ether (4 X 30 mL) and washed with 
brine (3 X 30 mL). The organic layer was dried (MgSO,), filtered, 
and concentrated. The crude product was purified by Kugelrohr 
distillation (65-70 "C/3.5 mmHg) to give 7.96 g (92%) of a clear 
liquid: IR (neat) 2984, 2946, 1572, 1451, 1339, 1293, 1262, 1009, 
799 cm-'; 'H NMR (80 MHz, CDC13) 6 3.88 (s, 3 H), 6.59 (d, 1 
H, J = 8.8 Hz), 7.56 (d, 1 H, J = 8.8 Hz), 8.18 (9, 1 H); 13C NMR 

6-Methoxy-3-pyridinecarboxaldehyde (2). To a stirred 
solution of 5-bromo-2-methoxypyridine (1.63 g, 8.69 mmol) in THF 
(25 mL) at -78 "C was added n-BuLi (9.10 mmol). After 1 h, DMF 
(1.27 g, 17.4 mmol) was added and stirring was continued for 30 
min at -78 "C. The cold mixture was poured directly into a stirred 
aqueous solution of 5% NaHC03 (50 mL) and extracted with ether 
(3 X 25 mL). The combined organic extracts were washed with 
brine and dried (K2CO3). The mixture was filtered and con- 
centrated to give a yellow solid (1.21 g). The crude product was 
recrystallized from hexanes to give 1.00 g (84%) of 2 as a light 
yellow solid: mp 50.5-51.5 "C (hexanes); IR (neat) 2993, 2952, 
2837,1696,1605,1568,1495,1363,1291,1222,1016,838 cm-'; 'H 

8.07 (d, 1 H, J = 9 Hz), 8.64 (s, 1 H), 9.96 (9, 1 H); 13C NMR (75 

5-Bromo-3-methoxypyridine. Sodium methoxide in MeOH 
(20.5 mL, 95 mmol) was stirred under reduced pressure (15 
" H g )  at 65 "C for 30 min. The remaining solid was placed under 
a N2 atmosphere and dissolved in DMF (60 mL). Solid 3,5-di- 
bromopyridine (15 g, 63 mmol) was added, and the mixture was 
stirred at 63-68 "C. After 4 h, additional NaOMe/MeOH solution 
(7 mL, 32 mmol) was added. The reaction mixture was allowed 
to stir at 63-68 "C for 12 h, then poured into H20 (80 mL), and 
extracted with ether (6 X 20 mL). The combined organic extracts 
were washed with brine (50 mL) and dried (MgS04). The mixture 
was filtered and concentrated to give a yellow solid. The crude 
product was purified by radial PLC (silica gel, 10% EtOAc- 

MHz, CDClJ 6 3.89 (9, 3 H), 6.63 (d, 1 H, J = 8 Hz), 6.99 (d, 1 

CDCl3) 15 4.03 (s, 3 H), 6.98 (d, 1 H, J = 8.4 Hz), 7.57 (d, 1 H, J 

(75 MHz, CDClJ 6 53.15, 115.01, 115.92, 138.71, 150.08, 164.02, 

(20 MHz, CDCl3) 6 53.76, 111.79, 112.69, 141.00, 147.70, 163.10. 

NMR (300 MHz, CDC13) 6 4.04 (s, 3 H), 6.85 (d, 1 H, J = 9 Hz), 

MHz, CDC13) 6 54.07, 111.84, 126.50,137.20,152.63,167.47, 189.26. 

Comins and Killpack 

hexanes) followed by recrystallization (hexanes) to give 8.78 g 
(78%) of 5-bromo-3-methoxypyridine as a light yellow solid. The 
residue from the mother liquid was purified by radial PLC (silica 
gel, 5% EtOAc-hexanes) to give an additional 1.27 g (11%) of 
product: IR (neat) 3045,3010,2940,1577,1557,1457,1418,1313, 
1266, 1009, 858 cm-'; 'H NMR (300 MHz, CDC1,) 6 3.86 (s, 3 H), 
7.36 (s,1 H), 8.25 (s, 1 H), 8.29 (s, 1 H); '% NMR (75 MHz, CDC1,) 
6 55.45, 120.02, 122.78, 135.85, 142.46, 155.64; mp 34-35 "C 
(hexanes). Anal. Calcd for C6H6BrNO: C, 38.33; H, 3.22; N, 7.45. 
Found: C, 38.18; H, 3.26; N, 7.28. 

5-Methoxy-3-pyridinecarboxaldehyde (3). To a stirred 
solution of 5-bromo-3-methoxypyridine (4.09 g, 22.9 "01) in THF 
(100 mL) at -100 "C was added n-BuLi (25.2 mmol) over 10 min. 
The solution was allowed to stir for an additional 20 min at -100 
"C, and then DMF (2.3 mL, 29.8 mmol) was added. The mixture 
was stirred for 30 min, allowing the temperature to slowly warm 
to -60 "C. The cold mixture was then poured directly into brine 
(100 mL) and extracted with ether (3 X 40 mL). The combined 
organic extracts were dried (K2CO3), filtered, and concentrated. 
The crude product was purified by radial PLC (silica gel, 10% 
EtOAc-hexanes) to give 2.19 g (73%) of 3 as a light yellow solid: 
IR (neat) 2943, 2844, 1708, 1693, 1588, 1473, 1428, 1321, 1282, 
1253, 1175 cm-'; 'H NMR (300 MHz, CDClJ 6 3.93 (s, 3 H), 7.62 
(s, 1 H), 8.56 (s, 1 H), 8.67 (9, 1 H), 10.11 (s, 1 H); 13C NMR (75 
MHz, CDCl,) 6 55.59,116.16,131.86,144.53,144.86,156.00, 199.51; 
mp 33-34 "C (hexanes/CCl,). Anal. Calcd for C7H7N02: C, 61.31; 
H, 5.15; N, 10.21. Found: C, 61.17, H, 5.22; N, 10.35. 
2-Methoxy-3-pyridinecarboxaldehyde (4). To a stirred 

solution of tert-butyllithium (8.19 mmol, 4.96 mL of a 1.65 M 
solution in pentane) in 20 mL of THF at  -78 "C was added 
dropwise 2-bromomesitylene (0.60 mL, 3.9 mmol). After this 
stirred for 1 h, 2-methoxypyridine (0.32 mL, 3.0 "01) was added 
dropwise, and the mixture was warmed to 0 "C and stirred for 
1 h. The homogeneous solution was warmed to room temperature 
and stirred for an additional 1 h. This solution was cooled to -78 
"C and N,N-dimethylformamide (0.35 mL, 4.5 mmol) was added 
in one portion and stirred for 1 h. Acetic acid (6.0 mmol, 0.35 
mL) was added, and the solution was warmed to room temper- 
ature. Saturated aqueous NaHC03 (20 mL) was added, and the 
mixture was extracted with three 20-mL portions of diethyl ether. 
The combined organic layers were washed with brine, dried over 
MgSO, for 15 min, filtered through Celite, and concentrated in 
vacuo. The crude product was purified by radial PLC (silica gel, 
EtOAc-hexanes) to give 0.257 g (63%) of 4 as an oil: 'H NMR 
(300 MHz, CDCl,) 6 10.38 (s, 1 H), 8.39 (dd, 1 H, J = 5.0 and 2.0 
Hz), 8.12 (dd, 1 H, J = 8.0 and 2.0 Hz), 7.02 (m, 1 H, J = 8.0, 
5.0 and 1.0 Hz), 4.08 (s, 3 H); 13C NMR (75 MHz, CDC13) 6 189.1, 
164.4, 152.8, 137.5, 118.8, 117.2, 53.8; IR (neat) 3004, 2964, 2869, 
1684,1654,1584,1474,1422,1394,1114,1269,1204,1115, 1034, 
883,824, 794, 692 cm-'. Anal. Calcd for C7H702N: C, 61.31; H, 
5.14; N, 10.21. Found: C, 61.40; H, 5.14; N, 10.28. 

3-Methoxy-2-pyridinecarboxaldehyde (5). To a stirred 
solution of tert-butyllithium (8.01 mmol, 4.40 mL of a 1.82 M 
solution in pentane) in 20 mL of THF at -78 "C was added 
dropwise 2-bromomesitylene (0.60 mL, 3.9 mmol). After this 
stirred for 1 h, 3 methoxypyridine (0.30 mL, 3.0 mmol) was added 
dropwise. The solution was warmed to -23 "C, stirred for 3 h, 
and then cooled again to -78 "C. Nfl-Dimethylformamide (0.35 
mL, 4.5 mmol) was added, and the resulting solution was stirred 
at -78 "C for 1 h. The reaction was quenched at  -78 "C with 20 
mL of brine and extracted with ether. The combined organic 
layers were washed with brine, dried over K2C03, and concen- 
trated. The crude product was purified by radial PLC (silica gel, 
EtOAc/EtOH) to give 0.350 g (85%) of 5, which was subsequently 
recrystallized (benzene/cyclohexane) to give a white solid: mp 

1 H, J = 4.0 Hz), 7.55-7.35 (m, 2 H), 3.98 (s, 3 H); 13C NMR (75 
MHz, CDC1,) 6 190.3, 157.8, 141.9, 140.9, 128.7, 120.1, 55.7; IR 
(KBr) 3077,2991,2960,2876,1694,1577,1470,1432,1395,1297, 
1255,1189,1158,1114,1066,1007,925,857,807,738,658 cm-l. 
Anal. Calcd for C7H7N02: C, 61.31; H, 5.14; N, 10.21. Found: 
C, 61.36; H, 5.16; N, 10.24. 
4-Methoxy-3-pyridinecarboxaldehyde (6). To a stirred 

solution of tert-butyllithium (8.01 mmol, 4.40 mL of a 1.82 M 
solution in pentane) in 20 mL of THF at  -78 "C was added 
dropwise 2-bromomesitylene (0.60 mL, 3.9 mmol). After this 

67-68 "C; 'H NMR (300 MHz, CDCl3) 6 10.35 (s, 1 H), 8.41 (d, 

(19) Testaferri, L.; Tiecco, M.; Tingoli, M.; Bartoli, D.; Massoli, A. 

(20) Schultz, 0.; Fedders, S. Arch. Pharm. 1977, 310, 128. 
Tetrahedron 1985, 41, 1373. 
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stirred for 1 h, 4-methoxypyridine (0.30 mL, 3.0 "01) was added 
dropwise. This solution was warmed to -23 "C, stirred for 3 h, 
and then cooled again to -78 "C. N,N-Dimethylformamide (0.35 
mL, 4.5 mmol) was added, and the solution was stirred at  -78 
"C for 1 h. The reaction was quenched at  -78 "C with 20 mL 
of brine and extracted with ether. The combined organic layers 
were dried over K2C03. Concentration gave the crude product 
which was purified by radial PLC (silica gel, EtOAc/EtOH) to 
give 0.317 g (77%) of 6 as a solid, which was further purified for 
elemental analysis by recrystallization (CClJ to give white crystals: 
mp 65.5-67.5 "C; 'H NMR (300 MHz, CDCl,) 6 10.46 (s, 1 H), 
8.90 (9, 1 H), 8.65 (d, 1 H, J = 6.0 Hz), 6.95 (d, 1 H, J = 6.0 Hz), 
4.01 (s, 3 H); 13C NMR (75 MHz, CDC1,) 6 188.6, 166.6, 155.9, 
150.7, 120.4, 107.1, 55.8; IR (KBr) 3105, 3079, 2985, 2951, 2886, 
2849,2770,1679,1586,1500,1488,1439,1396,1314,1278,1205, 
1170, 1061, 1018, 932, 841, 822, 745, 660 cm-'. Anal. Calcd for 
C7H7N02: C, 61.31; H, 5.14; N, 10.21. Found: C, 61.11; H, 5.09; 
N, 10.01. 
General Procedure for Methylation of Methoxy- 

pyridinecarboxaldehydes. To a stirred solution of the secondary 
amine (Nflfl'-trimethylethylenediamine or N-methylpiperazine, 
2.4 mmol) in 10 mL of THF was added n-BuLi (2.2 mmol) at -78 
"C. After 15 min, the appropriate methoxypyridinecarbox- 
aldehyde (2 mmol) was added, and the mixture was stirred at -78 
"C for 15 min. The indicated base was added and stirred at the 
indicated temperatures and times. Methyl iodide (10 mmol) was 
added at -78 "C, and the mixture was allowed to come to room 
temperature (30 min). The solution was poured into vigorously 
stirred cold brine (25 mL) and extracted with ether (3 X 25 mL). 
The organic extracts were dried (KZCO,) and concentrated. The 
crude products were purified by radial PLC (EtOAc-hexanes), 
Spectral Data. 6-Methoxy-3-methyl-2-pyridinecarbox- 

aldehyde (8): IR (neat) 2945,2820,1711,1606,1483,1341,1272, 
796 cm-'; 'H NMR (80 MHz, CDC13) b 2.55 (s, 3 H), 3.99 (s, 3 H), 
6.83 (d, 1 H, J = 8.4 Hz), 7.47 (d, 1 H, J = 8.4 Hz), 10.06 (s, 1 
H); 13C NMR (20 MHz, CDCl,) 6 18.03, 53.87, 115.57, 129.14, 
143.28, 146.92, 162.79, 195.38; mp 52.5-54 "C (hexanes). Anal. 
Calcd for C8HgNO2: C, 63.57; H, 6.00, N, 9.27. Found: C, 63.53; 
H, 6.08; N, 9.12. 
6-Methoxy-5-methyl-2-pyridinecarboxaldehyde (9): IR 

(KBr) 3011,2955,2841,1695,1597,1463,1277,1243,1027 cm-'; 
'H NMR (300 MHz, CDC1,) 6 2.28 (s, 3 H), 4.05 (s, 3 H), 7.49 (d, 
1 H, J = 7.2 Hz), 7.54 (d, 1 H, J = 7.2 Hz), 9.94 (s, 1 H); 13C NMR 

162.96, 193.06; DNP mp 222-224 "C (EtOH). Anal. Calcd for 
C8HgN0S C, 63.57; H, 6.00; N, 9.27. Found: C, 63.21; H, 5.83; 
N, 9.12. 
6-Met hoxy-4-methyl-3-pyridinecarboxaldehyde (10): IR 

(KBr) 3026,1695,1613,1554,144.6,1362,1255,1147 cm-'; 'H NMR 

(s, 1 H), 10.07 (s, 1 H); 13C NMR (75 MHz, CDC1,) 6 19.85, 53.85, 
112.90, 125.38, 151.42, 155.25, 166.60, 190.58; mp 91-92 "C 
(hexanes). Anal. Calcd for C8HgNO2: C, 63.57; H, 6.00; N, 9.27. 
Found: C, 63.31; H, 6.02, N, 9.13. 
6-Met hoxy-5-methyl-3-pyridinecarboxaldehyde (1 1): IR 

(neat) 2989,2953,1694,1605,1484,1408,1381,1268,1141, 1016 
cm-'; 'H NMR (300 MHz, CDC1,) 6 2.24 (s, 3 H), 4.06 (s, 3 H), 
7.88 (s, 1 H), 8.47 (s, 1 H), 9.93 (s,1 H); '% NMR (75 MHz, CDC1,) 
6 15.79, 54.30, 122.10, 126.73, 136.35, 150.39,166.19,189.81; mp 
56-56.5 "C (hexanes). Anal. Calcd for C8HgN02: C, 63.57; H, 
6.00; N, 9.27. Found: C, 63.69; H, 5.94; N, 9.30. 
5-Met hoxy-4-methyl-3-pyridinecarboxaldehyde (12): IR 

(KBr) 2960,1692,1585,1489,1422,1294,1270,1011,909,713 cm-'; 
'H NMR (300 MHz, CDC13) 6 2.56 (s, 3 H), 3.98 (s, 3 H), 8.37 (s, 
1 H), 8.62 (s, 1 H), 10.33 (s, 1 H); I3C NMR (75 MHz, CDCl,) 6 
10.51, 56.50, 129.85, 136.45, 137.57, 146.04, 154.18, 191.82; mp 
70.5-71.5 "C (hexanes). Anal. Calcd for C8HgNO2: C, 63.57; H, 
6.00; N, 9.27. Found: C, 63.66; H, 6.06; N, 9.27. 

(20 MHz, CDCl3) 6 16.50, 53.83, 116.04, 127.65, 138.96, 148.82, 

(300 MHz, CDC13) 6 2.61 (9, 3 H), 4.01 (8 ,  3 H), 6.60 (5, 1 H), 8.51 
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5-Methoxy-6-methyl-3-pyridinecarboxaldehyde ( 13): IR 
(KBr) 2978,2860,1689,1595,1392,1152 cm-'; 'H NMR (300 MHz, 

10.05 (s, 1 H); 13C NMR (75 MHz, CDC1,) 6 20.10, 55.40, 112.32, 
130.81, 144.56, 154.27, 156.30, 190.58; mp 75.5-76.5 "C (hexanes). 
Anal. Calcd for C8H9N02: C, 63.57; H, 6.00; N, 9.27. Found C, 
63.38; H, 6.02; N, 9.19. 
2-Methoxy-4-methyl-3-pyridinecarboxaldehyde ( 14): IR 

(neat) 2988,2953,2869,1686,1590,1564,1476,1377, 1302,1083 
cm-'; 'H NMR (300 MHz, CDC13) 6 2.59 (s, 3 H), 4.04 (s, 3 H), 
6.77 (d, 1 H, J = 5.1 Hz), 8.16 (d, 1 H, J = 5.1 Hz), 10.54 (s, 1 
H); 13C NMR (75 MHz, CDCl,) 6 20.79, 53.84, 117.16, 120.87, 
150.79, 152.42, 165.78, 191.47; mp 29.5-30 "C (hexanes). Anal. 
Calcd for C8HgNO2: C, 63.57; H, 6.00; N, 9.27. Found: C, 63.68; 
H, 5.89; N, 9.15. 
3-Methoxy-4-methyl-2-pyridinecarboxaldehyde ( 15): IR 

(neat) 2933,2832,1715,1585,1561,1473, 1263,1224,1002 cm-'; 

1 H, J = 4.8 Hz), 8.35 (d, 1 H, J = 4.8 Hz), 10.15 (s,1 H); 13C NMR 
(75 MHz, CDCl,) 6 15.19, 62.34, 130.09, 142.80, 144.78, 145.24, 
157.33, 191.04; mp 42.5-44 "C (hexanes). Anal. Calcd for 
C8HgNO2: C, 63.57; H, 6.00; N, 9.27. Found: C, 63.76; H, 6.00; 
N, 9.18. 
4-Methoxy-5-methyl-3-pyridinecarboxaldehyde (16): IR 

(KBr) 2897,1703,1678,1574, 1480, 1404, 1269,1228,1153,996, 
821 cm-'; lH NMR (300 MHz, CDC1,) 6 2.34 (s, 3 H), 4.01 (s, 3 
H), 8.57 (s, 1 H), 8.83 (s, 1 H), 10.38 (s, 1 H); 13C NMR (75 MHz, 
CDCla 6 13.09,62.61, 123.84, 126.88,150.32,157.09, 166.77, 189.07; 
mp 64.5-66 "C (hexanes). Anal. Calcd for C8HgN02: C, 63.57; 
H, 6.00; N, 9.27. Found: C, 63.51; H, 6.04; N, 9.29. 
3,5-Dimethyl-6-methoxy-2-pyridinecarboxalde hyde ( 17): 

IR (KBr) 2961, 2924, 2832, 1696, 1561, 1478, 1416, 1356, 1277, 
1117 cm-'; 'H NMR (80 MHz, CDCl,) 6 2.21 (s, 3 H), 2.50 (s, 3 
H), 4.00 (s, 3 H), 7.23 (s, 1 H), 10.01 (s, 1 H); 13C NMR (20 MHz, 
CDC13) 6 16.09, 17.74, 53.66, 126.38, 129.17, 142.76, 144.76, 160.84, 
194.92; mp 84.5-85.5 "C (hexanes). Anal. Calcd for CgHllN02: 
C, 65.44; H, 6.71; N, 8.48. Found C, 65.21; H, 6.79; N, 8.35. 
3-Ethyl-6-methoxy-2-pyridinecarboxaldehyde (18): IR 

(neat) 2975,1711,1603,1482,1337,1271,1030 cm-'; 'H NMR (80 
MHz, CDC13) 6 1.19 (t, 3 H, J = 7.5 Hz), 3.01 (4, 2 H, J = 7.5 Hz), 
3.99 (s, 3 H), 6.86 (d, 1 H, J = 8.4 Hz), 7.53 (d, 1 H, J = 8.4 Hz), 
10.06 (s, 1 H); 13C NMR (20 MHz, CDC1,) 6 15.58, 24.24, 53.86, 
115.84, 135.54, 141.85, 146.50, 162.70, 195.12; DNP mp 180-184 
"C (EtOH). Anal. Calcd for CgH11N02: C, 65.44; H, 6.71; N, 8.48. 
Found: C, 65.45; H, 6.66, N, 8.57. 
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