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Abstract : In order to obtain 4-C-alkylated pyridin-2(1H)-ones, two strategies 

were studied : nucleophilic substitution of 4-chloro-3-nitropyridinone derivatives 

which essentially failed and lithiations of 2-methoxy-3-pivaloylaminopyridines 

which gave the expected products. © 1997 Elsevier Science Ltd. 

With a view to obtaining biologically active compounds related to the pyridinone family of HIV-1 

Reverse Transcriptase inhibitors which we recently described l, we now wish to obtain different 4-C-alkylated 

pyridin-2(1H)-ones of general formula 1 (Figure 1). To this end, two strategies have been studied. First, since 

we have previously reported the substitution reactions of 4-chloro-5-methyl-3-nitropyridin-2(IH)-one 2 (2) 

and 4-chloro-3-nitroquinolin-2(1H)-one I respectively (3) with thiophenol and aniline 1, leading to the 

corresponding 4-thiophenyl and 4-anilino derivatives l, we tried to extend this methodology by the 

nucleophilic substitutions of 2 and 3 with various carbanions. Secondly, we studied the lithiation and 

subsequent alkylation of 2-methoxy-3-pivaloylaminopyridines. In this paper, we report the results of our 

studies in this field. 

HN l-.  ~ I I  0 ( RI Ri = -NO 2, -NH2 
R 2 -D, -CH3, -n-C4H9, -CH2C6H 5 

R 4 / " ~ "  R 2 R 3 -H,-CH3, 
R3 ~ x  R 4 -H, -CH 3 -C2HSR3 - R4 = ' J ~ x - ~  

1 

Figure 1 : How to 4-C-alkylate 3-substituted- and 3,5,6-trisubstituted-pyridin-2(IH)-ones ? 

A) Nucleophilic substitutions of 4-chloro-3-nitropyridinone derivatives 

As a model (Table 1) we studied the reaction of chloronitropyridinone 2 with methylmagnesium iodide 

and methyllithium. All starting material was completely consumed at -78°C and in the presence of 2.5-3 
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equivalents of  CH3Li and CH3MgI. From the large cocktail of compounds observed by TLC, only two 

compounds could be isolated ; structures 6 and 7 were assigned on the basis of IH NMR. Clearly two main 

reactions took place : i) the normal chlorine atom substitution by methylmagnesium iodide, leading to 4,5- 

dimethyl-3-nitropyridin-2(1H)-one (6) ; ii) the 1,6-Micha~l type addition of methylmagnesium iodide giving 

the compound 7 (7 is rather unstable, but could be isolated by rapid flash chromatography; for example, it 

decomposes at room temperature within 30 min. in a dilute chloroform solution, as observed during 1H NMR 

spectrum acquisition). This 1,6-Michael addition was the only reaction observed ~vhen methyllithium was 

used and the yield was then improved to 25 %. Subsequent manganese dioxide oxidation of derivative 7 

allowed the isolation of the stable 4-chloro-5,6-dimethyl-3-nitropyridin-2(1H)-one (8) (Table 1). 

O O 

HN ~ Nucleophile Nu HN 

Cl Nu 

22 4 

Nucleophile Experimental Products Yields 
Conditions 

H 
O O'" O 
~"-~. NO2 ...[Q .¢ Iq,,, 8 % (6) HN 

MeMgl (3.0 eq) in ether THF, -78°C and 
H ~ CI 
n 8 % (7) 

6 7 
H 

O" O 

r~ 5Q. N-. 
MeLi (2.5 eq) in ether THF, -78°C H @ O 25 % 

- - f  c1 
H3C I 

7 (unstable) 
O 

a. MeLi (2.5 eq) in ether 1) THF. -78°C HN NO2 

b. MnO 2 (10.0 eq) 2) CH2CI2, r.t. C1 

8 

Table 1 : Nucleophilic substitutions of 4-chloro-5-methyl-3-nitropyridin-2(IH)-one (2) 

with methylmagnesium iodide and methyllithium 

Similar reactions using both methylmagnesium iodide and methyllithium were then performed using 

4-chloro-3-nitroquinolin-2(1H)-one (3) as the starting compound. The results are summarized in Table 2. 

Under the usual conditions, methylmagnesium iodide and methyllithium led directly to a low yield of  4,4- 
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dimethyl-3-nitro-3,4-dihydroquinolin-2(1H)-one (9) corresponding to a 4-C-bis-methylation (Table 1, entries 

1 and 3). This probably arises from an 1,4-addition-elimination and new addition reaction of 

methylmagnesium iodide or methyllithium on the compound 3. The monomethylated derivative 10 was never 

observed under these experimental conditions. However, treatment of 3 with a fourfold excess of a 2:1 

mixture of Grignard reagent/copper bromide 3 salt (Table 1, entry 2) gave the expected 4-methyl-3- 

nitroquinolin-2(1H)-one (10), with a yield which did not exceed 6 %. Attempts to react compound 3 with 3 

equivalents of dimethylzinc in toluene at reflux led only to recovered starting compound 3. 

O O 
I I  

HN ~ NO2 Nucleophile Nu HN NO2 

" ~ C I  ................ ~ Nu 

3 ~ 5 

Entry Nucleophile Experimental Products Yields 
Conditions 

O 

1 MeMgI (3.0 eq) in ether THF, -78°C 6 % 

9 

O 

MeMgl (8.0 eq) in ether CuBr 3 (4.0 eq), H N ~ I  NOa 6 % (10) 

2 THE, -78°C  ~ and 

15 % (3) 
10 

O 

3 MeLi (2.2 eq) in ether THF, - 7 8 ° C  ~ .  NO2 20 % 

MeLi (3.5 eq) in ether THF, -78°C ~ :~ 31% 
9 

O 

n-BuLi (2.2 eq) in hexane THF, -78°C HN ~ NO2 34 % 

4 
n-BuLl (3.5 eq) in hexane THF, -78°C ~ -,.7 34 % 

\ 
11 n-BuLi (3.3 eq) in hexane THF, 0°C 18 % 

Table 2 : Nucleophilic substitutions of 4-chloro-3-nitroquinolin-2(/H)-one (3) 
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In the case of n-butyllithium, the reaction was studied at -78°C with 2.2 and 3.5 equivalents of n-BuLi 

and at 0°C with 3.3 equivalents of the same reagent. As can be seen in Table 2 entry 4, the use of 3.5 

equivalents of n-BuLi did not improve the 34 % yield obtained at -78°C with 2.2 equivalents and a higher 

temperature (0°C) led to a markedly lowered yield of the 4,4-dibutyl-3-nitro-3,4-dihydroquinolin-2(1H)-one 

(11), the formation of which can be explained as above. 

Thus, the use of methylmagnesium iodide, methyllithium and n-butyllithium did not seem to be an 

appropriate way of obtaining the desired 4-C-monoalkylated pyridin-2(1H)-ones 4 or 5. On the other hand, 

nucleophilic substitutions of compounds 2 and 3 were studied with the more hindered and stabilized diethyl 

malonate 46, benzylcyanide and ethyl phenylacetate anions under various experimental conditions. Only 

diethyl malonate gave the expected compounds. However,  compound 2 led to diethyl-(5-methyl-3- 

nitropyridin-2(1H)-on-4-yl)malonate (12) with a low yield (6 %). Chloroquinolinone 3 again gave better 

results, diethyl malonate derivative 13 being obtained in a yield of 37 %, after optimization (Table 3, entry 5). 

O o 
FIN ~ NO2 22 31 HN ~ . . ~  NO - , 

. D, thy, 

C H,-CO]Et (DEM) t 

12 13 

Entry Starting Yield % 
recoveredsl 

material Experimental Conditions (expected arting 

compound) material 

1 2 DEM 4,5 (7.0 eq), Nail (7.0 eq), DMF recovered 

6.5 h, Arcflux 

2 2 DEM (3.0 eq), Nail (3.0 eq), THF/HMPA cat 4 % (12) 57 % 

3.5 h r.t. and then 12 h Arellux 

3 2 DEM (6.0 eq), Nail (6.0 eq), THF/DMF 6 % (12) 61% 
5 h 80°C and then 48 h 40°C 

4 3 DEM 4,5 (2.0 eq), Nail (2.0 eq), THF 13 % (13) 

5 h r.t. and then 15 h Areflux 

5 3 DEM (7.5 eq), Nail (7.5 eq), THF/DMF 37 % (13) 
4 h 100°C and then 48 h r.t. 

6 3 a. HMDS 6 (excess), TMSCI cat, Areflu x 25 % (13) 17 % 
b. DEM (5.0 eq), Nail (5.0 eq), THF/DMF, 70°C, 3.5 h 

Table 3 : Nucleophilic substitutions of 2 and 3 by diethyl malonate 

These disappointing results led us to study the lithiation and subsequent electrophilic substitution of 

suitably substituted pyridines. 
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B) Lithiations and electrophilic substitutions of 2-methoxy-3-pivaloylaminopyridines 
As is well known, the lithiation of polysubstituted aromatics generally requires an ortho-directing 

group 7. Therefore, starting from the commercially available 3-nitropyridin-2(1H)-one (14), we prepared 8 3- 

aminopyridinone 15 and its N-Boc and N-pivaloylamino derivatives 16 and 17. Attempts to obtain the 4- 

lithiated pyridine from compound 16 by using tert-butyllithium, as described in the literature in the case of N- 

Boc aniline 9 and N-Boc pyridines 10, totally failed. We turned to the study of 17, but attempts at lithiation ]1,12 

with n-BuLl at -10°C in the presence of tetramethylethylenediamine (TMEDA) also failed. In both cases, no 

traces of the corresponding 4-deuteropyridines 18 were observed when quenching was performed with D20. 

Only 1-N-benzyl-3-pivaloylaminopyridin-2(1H)-one (19) was isolated from 17 after reaction with benzyl 

bromide (Scheme l). 

O O O 

a. b. 

14 15 8 16 

Lc. + d.,e. 
o o o 

N (~ [] HN NHY 

D 

17 18 
19 Y = Boc or Piv 

a H=, Pd/C 10 %, MeOH/THF (I/1), r.t., 97 %; b. (Boc)20 (1.1 eq), NEt3(2.2 eq), CH2CI 2, r.t. to Arenu x, 25 % (and 47 % 

starting material 15); c. t-BuCOC1 (1.1 eq), NEt 3 (1.1 eq), CHzCI 2, 0°C to r.t., 81%; d. t-BuLl 9"t¢~ (3.3 eq), THF, -78°C; e. 

D20; f. n-BuLi H'~2 (3.5 eq), TMEDA (3.5 eq), THF, -78°C to -10°C; g. Benzyl bromide (4.5 eq), 69 %. 

Scheme 1 : Lithiation studies of protected 3-aminopyridin-2(1H)-ones 16 and 17 

Although the presence of the lactam function in the cases of furo- and pyrrolo-[3,2-c]pyridinones did 

not prevent the formation of the corresponding lithiatied derivatives in moderate yields 13, it seemed that in 

our case the protection of the NHCO pyridinone function of 16 and 17 was necessary 14. Starting from 2- 

chloro-3-nitropyridine (20), we prepared the known nitropyridine 2115,16, then the corresponding amine 2217 

and 2-methoxy-3-pivaloylaminopyridine 18 (23) (Scheme 2). In this study, an appreciable improvement of the 

preparation of 23 was obtained (93 % overall yield) compared to that described in the literature. Lithiation of 

compound 23 by n-BuLi at -10°C in the presence of TMEDA took place quantitatively, as verified by D20 

hydrolysis which gave 4-deutero derivative 24. This high yield was fully in agreement with results recently 
reported by Qu6guiner et al. 11,19. When reacted with benzyl bromide, the lithio derivative led to 4-benzyl-2- 
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methoxy-3-pivaloylaminopyridine (25), the acidic hydrolysis 11 of which (regeneration of the NHCO function) 

provided the expected 3-amino-4-benzylpyridin-2(1H)-one (26) (Scheme 2). 

c1 OMe OMe 
a. ,. - ., N , NH2 

Y I b. 

20 2115A6 2217 

0 OMe OMe OMe 

2318 26 25 24 
a. MeONa (1.3 eq), MeOH, r.t.; b. H2, Pd/C l0 %, MeOH/qTqF (l/l), r.t.; c. t-BuCOC1 (1.1 eq), NEt 3 (1.1 eq), CH2CI 2, 

0°C to r.t., (93 % overall yield for 3 steps); d. n-BuLl "t~) (3.5 eq), TMEDA (3.5 eq), THF, -78°C to -10°C; e. D20, 99 

%; f. Benzyl bromide (4.5 eq), 68 % and 10 % of starting material 23; g. HCI 3M H, H20, Ar~jlu~, 70 %. 
Scheme 2 : Synthesis and lithiation of compound 23 

O O 

% O  a .  ~ O N a /  "O b .  ,. " ~ H N ~ I  CN H N + ~  CN 

27 282°'2J 2920,21 3022 

O O C1 

29 C. ~ d. ~NOej e. ~. / ~ N O x N / .  ] 

31 3221 3323 
OMe OMe OMe 

f. ~. N ~  NO2 g. ~- N ~  N H 2 /  h. , N ~  NHPiv 

3423 3523 36 

a. HCO2Et (1.08 eq), MeONa (1.00 eq), EtOH, Et20, N:, 0°C to r.t., >39 %; b. Cyanoacetamide (l.00 eq), piperidine 0.75 
eq), AcOH (0.75 eq), H20, Ar~tl~, 61% (29) and 1.5 % (30); c. HC1 6N, 2 days, Ar~nux, 88 %; d. H2SO~ (d=1.80) (25.00 eq), 
HNO 3 (d=1.52) (2.00 eq), 0°C, 81%; e. POCI 3 (30.00 eq), BnEt3NC1 (4.00 eq), A~:nux, 88 %; f MeONa (3.00 eq), MeOH, 
r.t., 64 h, 99 %; g. H2, Pd/C 10 %, MeOH/THF (1/1), 99 %; h. t-BuCOCI (1.10 eq), NEt 3 (1.10 eq), CH2CI2, 0°C, 96 %. 

Scheme 3 : Synthesis of 36 
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These encouraging results led us to consider this route as suitable for the synthesis of related 5,6- 

disubstituted pyridinone derivatives. Therefore 5-ethyl-6-methyl-3-pivaloylamino derivative 36 was prepared 

from 2-pentanone (27) according to the pathway depicted in Scheme 3. Base-catalysed ethylformate 

formylation of 27 gave mainly the intermediate 28 from which 29 was produced by cyclocondensation with 

cyanoacetamide20, 21. However,  the concomitant formation of 3-cyano-6-propylpyridin-2(1H)-one (30) ; 

which had already been prepared by another route 22, showed that partial 1-formylation of  2-pentanone (27) 

can not be avoided. Hydrolysis and decarboxylation of nitrile 29 provided 5-ethyl-6-methylpyridin-2(1H)-one 

(31) the nitration of which gave nitropyridinone 32, already prepared from 28 and nitroacetamide 21. The 

synthesis of 32 starting from cyanoacetamide is a convenient and safe alternative to the use of the rather 

expensive nitroacetamide which requires a hazardous preparation. Successive transformations into 3323, 3423, 

3523 and 36 proceeded as described for the synthesis of analogue 23 (Scheme 3). o I 
II OMe I OMe OMe OMe 

a 33 o / / ~ N 1/2 02 
-- o 

" ~ "  CH2 @ CH 2 

38 39 37 (56 %) 

and 34 (32 %) 

l b . c .  

O O OMe OMe 
H2N [ Nil HN , NH2 PivHN. /].. .J,.. NUPiv 

41 40 (50 %) 
and 36 (29 %) 

a. MeONa (3.00 eq), MeOH, r.t., 144 h; b. H 2, Pd/C 10 %, MeOH/THF (I/1); c. t-BuCOC1 (1.10 eq), NEt 3 (1.10 eq), 

CH2C12, 0°C; d. HC1H 3M, AcOH, H20, Aretlux, 93 %. 

Scheme 4 : Dimerization reaction of 33 

It is worth noting that when the transformation 33 to 34 was performed, over 144 h instead of 64 h, a 

dimerized compound 37 was isolated with a 56 % yield. Formation of a radical arising from monoelectronic 

oxidation of transient species 38 or 39 probably accounts for this result which corresponds to the already 

described dimerization of p-nitrotoluene 24,25 (Scheme 4). The dimer 37 was further transformed into 40 and 

41, successively, under the usual experimental conditions. 
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OMe 

OMe NHPiv d., g., b.*** N ~  NHPiv 
N ~  a., b.* 36 + 43 + 44 + 45 

" ~" OMe 

N ~ ' ~  NHPiv 

42 36 
Br 

1 
44 

h. d., b . * * /  ~ FIN ~ NHPiv 

o 4 +44 - 

N ~ NHPiv 
O 1-IN 

Li" "Li  --'--- ] 
f. 

49 47 

49 -I- 50 

O 
H ~  e. c. HN , NH2 

OMe O 

5O ~ 

48 46 

a. t-BuLi (3.5 eq), TMEDA (3.5 eq), THF, -78°C to -10°C; b. Benzyl bromide (4.5 eq), *28 % (43), 11% (44), 7 % (45) 

and 8.5 % 36 recovered, **56 % (42 + 44 : 6/4) and 24 % 36 recovered, ***53 % (42) and 34.5 % 36 recovered; c. HC1 

3M H, H20, AcOH, Arcn,x to r.t., 74%; d. n-BuLi (3.5 eq), TMEDA (3.5 eq), THF, -78°C to 0°C; e. D20, =100 %; f. HCI 
3M H, HzO, Arejlu~, 52 % (6/4); g. Cuq:DMS 262'~ (3.5 eq), THF, -78°C to O°C; h. HCI 3M t~, H20, Arctlu~ to r.t., 95 %. 

Scheme 5 : Lithiations and substitutions of pyridine derivative 36  
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It was hoped that the conditions used successfully for the lithiation and substitution of 23 could be 

applied to 36. However, treatment with n-BuLi at -10°C in the presence of TMEDA followed by addition of 

benzyl bromide led to recovered starting material and did not give the expected pyridine 42. Surprisingly, 

using t-BuLi under similar conditions gave 28 % of 6-phenethylpyridinone 43, 11% of 4-bromo derivative 

44, 8 % of recovered starting material 36 and 7 % of partially deprotected starting compound 45 ; no traces of 

the expected product 42 were observed. These results clearly showed that in both cases, the 4-1ithio derivative 

47 was certainly not efficiently formed. Acidic hydrolysis of 43 gave corresponding pyridinone 46 (Scheme 

5). 

In order to get specific lithiation at the 4-position of compound 36, a study of lithiation conditions of 

this compound was planned, using n-BuLi at various temperatures with and without TMEDA. The results of 

this study are summarized in Table 4, where the yields correspond to the percentage of deuterated pyridinone 

48 obtained after D20 hydrolysis of lithio derivative 47. 

Entry a. n-BuLi (3.5 eq), THF with TMEDA (3.5 eq) Entry a. n-BuLl (3.5 eq), THF without TMEDA 

b. D20 b. D20 

Temperature/ Deuteration Observations Temperature Deuteration Observations 
Time percentage* /Time percentage* 

-40°C / Yellow 
1 not performed I' 0% 

30 min. Solution 

Yellow - 10°C / Orange 
2 - I 0°C / I h 0% 2' 50% 

Solution 30 min. Solution 

3 0°C / 1 h -100% Orange 3' 0°C / 25% Yellow Light 
Precipitate 30 min. Precipitate 

25°C / Yellow 25°C / Orange 
4 50% 4' 0% 

30 min. Precipitate 30 rain. Solution 

Table 4 : Deuteration Studies of 36 with n-BuLi as a function of the Temperature 

(*Defined by IH NMR) 

As can be seen, 4-1ithiations were performed both in the presence (entries 1 to 4) and absence (entries 

1' to 4') of TMEDA. As expected, yields were higher in the presence of TMEDA (except entry 2'). At -10°C 

(entry 2), no lithiation occurred. At 0°C (entry 3), a quantitative lithiation of compound 36 was observed. At 

higher temperature (entry 4), the yield decreased, probably due to the degradation of the lithio derivative 47. 

Using the optimum conditions for lithiation followed by benzyl bromide quenching then provided 4-benzyl- 

pyridinone 42 and bromo derivative 44 in a ratio 3/2 and with a 56 % overall yield (42 + 44) together with 

recovered compound 36 (24 %) (Scheme 5). Complete hydrolysis of the inseparable 42 + 44 mixture was 

performed by boiling with dilute hydrochloric acid to give another inseparable mixture of pyridinones 49 and 

50. The formation of the bromo derivative 44 can be explained by a metal/halogen exchange in the reaction 

of the ortho-lithio derivative 47 with benzyl bromide. The lithium/bromide exchange observed is clearly 
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facilitated by the ability to form stabilized benzylic anionic species. Finally, in order to avoid the formation of 

this undesired 4-bromopyridine 44, the intermediate lithium derivative 47 was turned into the corresponding 

organocopper reagent by CulI:dimethyl sulfide complex 26-29. C-alkylation with benzyl bromide then provided 

4-benzyl-5-ethyl-2-methoxy-6-methyl-3-pivaloylaminopyridine (42) with a 53 % yield and 34 % of recovered 

starting material 36. 

Although we finally succeeded in synthesing the desired 4-C-alkylated pyridin-2(1H)-one derivatives 

26 and 49 via the lithiation strategy, it is obvious that the experimental conditions generally need specific 

optimization for each new example if the required efficiency is to be obtained. Biological studies of the new 

compounds are in progress and results will be reported elsewhere. 

In conclusion, this study led to some general remarks which must be pointed out : 

The direct nucleophilic substitutions of 4-chloro-3-nitropyridin-2(iH)-one 2 or the equivalent 

chloronitroquinolone 3 provided various compounds arising either from direct substitution or from 1,6 or 1,4- 

MichaEl type addition-elimination and new addition reactions. Moreover, when the expected compounds were 

obtained, the yields were generally low. 

On the contrary, lithiation of 2-methoxy-3-pivaloylaminopyridine derivatives allowed their 

electrophilic substitution. Under normal conditions, however, a 4-bromo derivative appeared as a by product 

and in order to improve the yields by avoiding the side reactions, an organocopper reagent was used 

successfully. 

Experimental 

TLC was carried out on pre-coated plates of silica gel 60F254 (Merck). In order to reveal the compounds, TLC 

plates were exposed to UV-light. Purifications were performed on silica gel (40-60 I, tm, SDS) columns by medium 

pressure chromatography. In all experiments involving lithium and magnesium derivatives, the glassware was dried in 

the oven for a 24 h period before use. Tetrahydrofuran (THF) was systematically freshly distilled from 

sodium/benzophenone. All melting points were measured on an Electrothermal 9200 apparatus and were uncorrected. 

NMR spectra were recorded at 294 °K in the given solvents on a Bruker AC 200 and a Bruker AMX 300 apparatus 

using the hydrogenated residue of the deuteriated solvents (CHCI3, 8 = 7.25 ppm and DMSO, 8 = 2.54 ppm) as internal 

standards for IH NMR as well as the deuteriated solvents (CHC13, 8 = 77.0 ppm ; DMSO, 8 = 39.6 ppm and CH2C12, 

54.1 ppm) as internal standards for 13C NMR (*, # = interchangeable assignments). Chemical shifts (5) were reported in 

ppm units, downfield either from TMS (s, d, t, q, m, dd, td, br s for singlet, doublet, triplet, quadruplet, multiplet, 

doublet of doublet, triplet of doublet and broad respectively) and coupling constants (J) were given in hertz (Hz). 

Multiplicity's for 13C NMR were obtained using DEPT spectroscopy. Elemental analysis, performed by the "Service 

Central de Microanalyses du CNRS", 91190 Gif-sur-Yvette, France, were within 0.3 % or the theoretical values 

calculated for C, H, N, O and CI. Mass spectra (MS) were obtained on a AEI MS-50 spectrometer for the electronic 

impact (IE) and on a NERMAG R10-10-C by direct introduction for the chemical ionization (DCI/NH4+). For some 

products obtained with a low yield (< 10 %), only I H NMR and/or MS spectra were recorded. 
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CAUTIONS : Because of the strong allergic effects on the skin of the chloro-nitropyridinone derivative 2 and chloro- 

nitroquinolone 3, their manipulation should be carried out in a well ventilated hood and the use of gloves is strongly 

recommanded. 

Since dimethyl sulfide is very toxic and very irritating for eyes, this reagent must  be used very 

cautiously and with an appropriate respirator. 

4 ,5-Dimethyl-3-nl t ropyr idin-2(1H)-one (6) : Methylmagnesium iodide (1.78 M in ether ; 0.30 ml ; 0.53 mmol) was 

added dropwise to a solution of 4-chloro-3-nitro-5-methylpyridin-2(IH)-one 2 (2) (100 mg ; 0.53 mmol) in THF (10 ml) 

cooled at -78°C. The mixture was stirred at -78°C under a nitrogen atmosphere for a 15 min. period. Two other eq of 

methylmagnes ium iodide (1.78 M in ether ; 0.60 ml ; 1.06 mmol) were added and the solution was stirred at room 

temperature during 18 h. The mixture was poured in 15 ml of a saturated aqueous solution of ammonium chloride. The 

aqueous layer was extracted with 3 x 10 ml of chloroform. The combined organic layers were dried over magnesium 

sulfate and concentrated under  reduced pressure. The residue was purified by column chromatography using 

cyclohexane:ethyl acetate = 1:1 to 0:1 as eluant giving the unstable product 7 (9.0 mg ; 8 %) and the product 6 (7.0 mg ; 

8 %) as a yellow solid. Rf = 0.28 (dichloromethane:ethanol = 8:2) ; IH NMR (CDCI3) 8 : 2,09 (s, 3H, CH3-5), 3.09 (s, 

3H, CH3-4), 6.68 (s, 1 H, H-6). 

4-Chloro-5,6-dimethyl-3-nitro-l,6-dihydropyridin-2(1H)-one (7) : The reaction was performed as above using 2.5 eq 

of methylli thium (1.6 M in ether) and 4-chloro-3-nitro-5-methylpyridin-2(lH)-one 2 (2) (100 mg ; 0.53 mmol). After 

usual treatment, the residue was quickly purified by column chromatography using cyclohexane:ethyl acetate = 1:1 as 

eluant giving the product 7 (22 mg ; 25 %) which is unstable in solution. Rf = 0.53 (dichloromethane:ethanol = 95:5) ; 

I H NMR (CDCI3) 8 : 1.45 (d, 3H, ] = 6.7 Hz, CH3-6), 2.04 (s, 3H, CH3-5 ), 4.14 (qd, 1 H, J I = 6.5 Hz, J2 = 1.0 Hz, H-6), 

6.44 (br s, 1 H, NH), 15.16 (s, 1 H, OH). 

4-Chloro-5 ,6-d lmethyl -3-n i t ropyr id in-2  (1H)-one  (8) : The reaction was performed as above us ing 2.5 eq of 

methyllithium (1.6 M in ether) and 4-chloro-3-nitro-5-methylpyridin-2(/H)-one 2 (2) (100 mg ; 0.53 mmol). After usual 

treatment, the residue was quickly purified by column chromatography using cyclohexane:ethyl acetate = 1 : I as eluant 

giving the product 7 (23.0 mg). Then manganese oxide (97 mg ; 1.12 mmol) was added to a solution of 7 (23 m g ;  0.11 

mmol) in 20 ml of dichloromethane. The mixture was stirred at room temperature under a nitrogen atmosphere during 

48 h. The catalyst was filtered off on celite and the solvent was evaporated under reduced pressure to give 8 (3 mg ; 9 

%). Rf = 0.24 (cyclohexane:ethyl acetate = 1:1) ; MS (IE) : 202 [M]. 

4 ,4-Dimethyl -3-ni t ro-3 ,4-dihydroquinol in-2(IH)-one  (9) : Starting from 4-chloro-3-nitroquinolin-2(IH)-one I (3) 

(100 mg ; 0.44 mmol) and methyllithium (1.6 M in ether ; 0.98 ml ; 1.56 mmol), the reaction was performed as above 

(for 7). After treatment, the residue was purified by column chromatography using dichloromethane:ethanol = 1:0 to 

95:5 as eluant giving the product 9 (30 mg ; 31%)  as an orange solid, m.p. 136-137°C ; Anal. Calcd for C IIH 12N203 : 

C, 59.99 ; H, 5.49 ; Found : C, 60.49 ; H, 5.74 ; R f =  0.42 (hexane:ethyl acetate = 1:1) ; MS (IE) : 220 [M] ; 174 [M- 

NO2] ; IH NMR (CDCI3) 8 : 1.75 (s, 3H, CH3-4"), 1.85 (s, 3H, CH3-4"), 5.45 (s, IH, H-3), 7.17-7.27 (m, 1H, H-6#), 

7.41-7.53 (m, 1H, H-7#), 7.55-7.59 (m, 2H, H-5 and H-8), 9.70 (s, IH, NH). 
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4-Methyl-3-nitroquinolin-2(1H)-one (10) : A mixture of  255 mg (1.78 retool) of  anhydrous copper(l) bromide, 

anhydrous THF (5 ml) and 2.0 ml of  ethereal methylmagnesium iodide (1.78 M ; 3.56 mmol)  was stirred under a 

nitrogen atmosphere at -78°C for 20 rain. 4-Chloro-3-nitroquinolin-2(1H)-one I (3) (100 mg ; 0.44 mmol), dissolved in 

THF (5 ml) was added dropwise and the reaction mixture was stirred for 1 h at -78°C, 1.5 h at 0°C and then 16 h at 

room temperature. The mixture was poured in 20 ml of a saturated aqueous solution of ammonium chloride. The 

aqueous layer was extracted with 3 x 50 ml of chloroform. The combined organic layers were washed with 20 ml of 

water and 20 ml of brine, dried over magnesium sulfate and concentrated under reduced pressure. The residue was 

purified by column chromatography using cyclohexane:cthyl acetate = 95:5 to 1:1 as eluant giving the product l0  (6.0 

mg ; 6 %) as a white solid and the starting material 3 ( 15.0 mg ; 15 %). 10 : Rf = 0.37 (cyclohexane:ethyl acetate = 

1:1) ; IH NMR (CDCI3) g : 3.27 (s, 3H, CH3-4), 7.25-7.30 (m, IH, H-6*), 7.30-7.34 (m, 1H, H-7*), 7.80-7.87 (m, 2H, 

H-5 and H-8). 

4,4-Dibutyl-3-nitro-3,4-dibydroquinolin-2(1H)-one (11) : Starting from 4-chloro-3-nitroquinolin-2(/H)-one 1 (3) (1130 

mg ; 0.44 mmol) and n-butyllithium (1.6 M solution in hexane ; 0.98 ml ; 1.56 mmol), the reaction was performed in 

THF at -78°C as above (for 6). After treatment, the residue was purified by column chromatography using 

dichloromethane as eluant giving the product 11 (46 mg ; 34 %) as a pale yellow solid, m.p. 130-132°C ; Anal. Calcd 

for C17H24N203 : C, 67.08 ; H, 7.95 ; N, 9.20 ; Found : C, 66.92 ; H, 7.75 ; N, 8.91 ; Rf = 0.61 

(dichloromethane:ethanol = 95:5) ; MS (1E) : 304 [M] ; 201 [M-NO2-butyll ; 189 [M-2 n-C4H9-H] ; IH NMR (DMSO- 

d6) ~5 : 0.80-2.13 (m, 18H, 2 n-C4H9), 5.90 (s, IH, H-3), 7.00 (d, J = 7.6 Hz, IH, H-6*), 7.10 (t, J = 7.6 Hz, 1H, H-7*), 

7.27 (m, 2H, H-5 and H-8), 10.91 (s, 1H, NH). 

Die thyl - (5-methyl -3-n i t ropyr id in-2( IH)-on-4-yl )malonate  (12) : Dimethylformamide was dried on 4 /~, molecular 

sieves. The starting material 2 was dried in the presence of phosphorus pentoxide under vacuum at room temperature. 

To a solution of freshly distilled diethyl malonate (0.48 mt ; 3.18 retool) in dry THF (5 ml) was added sodium hydride 

(60 % dispersion in mineral oil) (127 mg ; 3.18 mmol). The mixture was stirred at room temperature for a 30 min. 

period. 4-Chloro-5-methyl-3-nitropyridin-2(IH)-one 2 (2)  (100 mg ; 0 . 5 3  mmol) ,  dissolved in 10 ml of dry 

dimethylformamide, was added dropwise. Stirring was pursued under a nitrogen atmosphere at 80°C for 5 h and further 

at 40°C for 48 h. After cooling, the organic layer was neutralized by addition of a 10 % aqueous solution of acetic acid 

and evaporated under reduced pressure. The residue was taken up in 10 ml of ethyl acetate and washed with 10 ml of 

water. The aqueous layer was extracted with 10 ml of ethyl acetate. Tile combined organic layers were dried over 

magnes ium sulfate and concentrated under reduced pressure. The residue was purified by column chromatography 

using dichloromethane:ethanol = 1:0 to 98:2 as eluant giving the starting material 2 (61 mg ; 6 1 % )  and the product 12 

(10 mg ; 6 %) as a yellow solid. Rf = 0.54 (dichloromethane:ethyl acetate:ethanol = 1:1:0.1) ; I H NMR (CDC13) 6 : 1.29 

(t, 6H, J = 7.0 Hz, 2 CH2CH3), 2.14 (s, 3H, CH3-5), 4.26 (q, 4H, J = 7.2 Hz, 2 CH2CH3), 4.65 (s, IH, CH-4), 7.41 (s, 

1H, H-6), 13.30 (br s, IH, NH). 

Diethyl-(3-nitroquinolin-2(1H)-on-4-yl)malonate (13) : Starting from diethyl malonate (0.50 ml ; 3.30 mmol), 60 % 

sodium hydride (132 m g ;  3.30 mmol) and 4-chloro-3-nitroquinolin-2(1H)-one I (3) (100 m g ;  0.44 mmol), the reaction 

was performed as above (for 12). The solvents were evaporated under reduced pressure and water (10 ml) was added. 

The aqueous layer was neutralized by addition of a saturated aqueous solution of ammonium chloride and extracted 
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with 3 x 10 ml of ethyl acetate. The combined organic layers were dried over magnesium sulfate and concentrated under 

reduced pressure. The residue was purified by column chromatography using dichloromethane:ethanol = 1:0 to 95:5 as 

eluant giving the product 13 (58 mg ; 37.5 %) as pale yellow crystals (after recrystallisation from ethanol), m.p. 159- 

160°C ; Anal. Calcd for C16H16N207 : C, 55.17 ; H, 4.63 ; N, 8.04 ; O, 32.15 ; Found : C, 55.21 ; H, 4.51 ; N, 7.99 ; O, 

32.42 ; R f =  0.41 (dichloromethane:ethanol = 95:5) ; 1H NMR (CDC13) 8 : 1.21 (t, 6H, J = 7.2 Hz, 2 CH3), 4.24 (q, 4H, 

J = 7.1 Hz, 2 CH2), 4.90 (s, IH, CH-4), 7.31 (td, IH, J! = 7.0 Hz, J2 = 1.2 Hz, H-7'*), 7.50 (dd, 1H, J1 = 7.4 Hz, J2 = 0.9 

Hz, H-6'#), 7.64 (td, 1H, J1 = 7.0 Hz, J2 = 1.0 Hz, H-8'*), 7.86 (dd, 1H, J1 = 7.5 Hz, J2 = 0.8 Hz, H-9'#), 13.01 (br s, IH, 

NH). 

3-tert-Butoxyearbonylaminopyridin-2(lH)-one (16) : The mixture of di-tert-butyl dicarbonate (2.75 ml ; 12.0 mmol) 

and triethylamine (1.67 ml ; 12.0 mmol) was added to a suspension of 158 (1.20 g ; 10.9 mmol)  in 50 ml of 

dichloromethane. The mixture was stirred at room temperature for I h and refluxed during 30 min.. Triethylamine (I .67 

ml ; 12.0 mmol) was still added and the mixture was refluxed during 30 min. Stirring at room temperature was pursued 

12 h further. The organic layer was washed with 50 ml of water and 50 ml of brine, dried over magnes ium sulfate and 

concen t ra ted  unde r  reduced  pressure .  The  res idue was purif ied by co lumn  c h r o m a t o g r a p h y  us ing  

dichloromethane:ethanol:triethylamine = 1:0:0 to 78:15:5 as eluant giving the product 16 (0.58 g ; 25 %) as a green-blue 

solid and starting material 15 (0.57 g ; 47 %). 16 : m.p. 148-149°C ; Anal. Calcd for CIOH14N203 : C, 57.13 ; H, 6.71 ; 

N, 13.33 ; O, 22.83 ; Found : C, 56.81 ; H, 6.41 ; N, 13.21 ; O, 23.05 ; R f =  0.49 (dichloromethane:ethanol = 95:5) ; IH 

NMR (DMSO-d6) 5 : 1,49 (s, 9H, COOC(CH3)3), 6.25 (t, 1H, J = 7.0 Hz, H-5), 7.08 (d, IH, J = 7.1 Hz, H-4), 7.72 (s, 

I H, NH-3), 7.82 (d, I H, J = 7.2 Hz, H-6), 11.90 (br s, 1 H, NH- 1 ). 

3 -Piva loylaminopyr id in-2( IH)-one  (17) : Triethylamine (0.70 ml ; 4.99 mmol) was added to a solution of 158 (500 

mg ; 4.54 mmol) in 50 ml of dichloromethane. The mixture was cooled at 0°C and 0.61 ml of trimethylacetyl chloride 

(4.99 mmol) was added dropwise. The solution was stirred at room temperature for a 3 h period and washed with 20 ml 

of water. The aqueous layer was extracted with 3 x 20 ml of dichloromethane. The combined organic layers were 

washed with 20 ml of brine, dried over magnesium sulfate and concentrated under reduced pressure. The resulting solid 

was washed with cyclohexane, filtrated and dried giving the product 17 (715 m g ;  8 1 % )  as a white solid, m.p. 180- 

181°C ; Anal. Calcd for CIoHI4N203 : C, 61.84 ; H, 7.27 ; O, 16.47 ; Found : C, 62.19 ; H, 7.52 ; O, 16.09 ; Rf = 0.21 

(dichloromethane:ethanol = 95:5) ; I H NMR (DMSO-d6) 5 : 1.23 (s, 9H, COC(CH3)3), 6.27 (t, 1H, J = 6.6 Hz, H-5), 

7.13 (dd, IH, J!= 1.1 Hz, J2 = 6.3 Hz, H-4*), 8.22 (dd, IH, Jl= 1.8 Hz, J2 = 7.3 Hz, H-6*), 8.65 (br s, 1H, NH-3), 12.10 

(brs,  IH, NH-1). 

1-N-Benzyl-3-pivaloylaminopyridin-2(1H)-one (19) : The starting material 17 was dried in the presence of 

phosphorus pentoxide under vacuum at room temperature during 48 h. 3-Pivaloylaminopyridin-2(IH)-one (17) (300 

mg ; 1.54 mmol) and freshly distilled (on calcium hydride) TMEDA (0.82 ml ; 5.41 mmol) were added to anhydrous 

THF (6 ml) and the mixture was cooled at -78°C under a nitrogen atmosphere, n-Butyllithium (1.6 M in hexane ; 3.38 

m l ,  5.41 mmol) was then slowly added. The mixture was stirred for 2 h at -10°C, cooled at -78°C and freshly distilled 

benzyl bromide (0.83 ml ; 6.95 mmol) was added dropwise. After 2.5 h at -10°C, the solution was allowed to reach 

room temperature, stirred for 12 h and water (15 ml) was then added. The aqueous layer was extracted with 3 x 40 ml of 

ethyl acetate. The combined organic layers were washed with 15 ml of brine, dried over magnes ium sulfate and 
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concent ra ted  unde r  reduced  pressure .  The  res idue  was purif ied by co lumn  c h r o m a t o g r a p h y  us ing  

dichloromethane:ethanol = 1:0 to 95:5 as eluant to give the product 19 (303 m g ;  69 %) as a violet oil. Anal. Calcd for 

CITH2oN202 : C, 71.81 ; H, 7.09 ; N, 9.85 ; O, 11.25 ; Found : C, 71.63 , H, 6.97 ; N, 9.62 ; O, 11.29 ; Rf = 0.68 

(dichloromethane:ethanol = 95:5) ; IH NMR (DMSO-d6) 8 : 1.25 (s, 9H, COC (CH3)3), 5,21 (s, 2H, CH2), 6.39 (t, 1H, J 

= 7.2 Hz, H-5), 7.29-7.36 (m, 5H, C6H5), 7.53 (dd, IH, JI = 1.6 Hz, J2 = 6.9 Hz, H-4*), 8.21 (dd, IH, J1 = 1.5 Hz, J2 = 7.4 

Hz, H-6*), 8.67 (s, IH, NH-3). 

2 -Methoxy-3-n l t ropyr id ine  (21) : Sodium methoxide (0.44 g ; 8.20 mmol) was slowly dissolved in 10 ml of methanol. 

20 (commercial,  can be pursached from Aldrich) (1.00 g ; 6.31 mmol), dissolved in 10 ml of methanol,  was added 

dropwise. The mixture was stirred for a 8 h period at room temperature. Sodium chloride was filtrated and evaporation 

of the solvent under reduced pressure provided the known product 2115,16 in quantitative yield (1.00 g) as a yellow solid 

m.p. 149-150°C. 

3 -Amino-2-methoxypyr ld lne  (22) : 2-Methoxy-3-nitropyridine (21) (925 m g ;  6.0 mmol) was dissolved in 30 ml of a 

mixture of  methanol:THF = 1 : I. The catalyst (10 % palladized charcoal) (92 rag) was added and the mixture was stirred 

at room temperature under hydrogen atmosphere for 1 h. The catalyst was filtered off. The solvents were evaporated 

under reduced pressure giving the product 22 (740 mg ; 99 %) as a violet solid, m.p. 49-50°C, in agreement with the 

litterature 17. 

4 -Deu te ro -2 -me thoxy-3 -p iva loy l amlnopyr id ine  (24) :The  starting material 23 was dried in the presence of 

phosphorus pentoxide under vacuum at room temperature during 24 h. 2-Methoxy-3-pivaloylaminopyridine 18 (23) (50 

mg ; 0.24 mmol) and freshly distilled (on calcium hydride) TMEDA (0.13 ml ; 0.84 mmol) were added to anhydrous 

THF (1 ml) and the mixture was cooled at -78°C under a nitrogen atmosphere, n-Butyllithium (1.6 M in hexane ; 0.53 

ml ; 0.84 mmol)  was then slowly added. Dry ice bath was removed, the mixture was stirred for 2 h at -10°C and 

deuterium oxide (1.0 ml) and then water (2.0 ml) were added. The aqueous layer was extracted with 3 x 10 ml of ether. 

The combined organic layers were washed with 5 ml of brine, dried over magnes ium sulfate and concentrated under 

reduced pressure giving the product 24 (49 mg ; 99 %) as a colourless oil. Anal. Calcd for CI 1H15DN202 : C, 63.13 ; H, 

7.22 ; Found : C, 63.18 ; H, 7.68 ; Rf = 0.29 (cyclohexane:ethyl acetate = 9:1) ; 1H NMR (DMSO-d6) 8 : 1.26 (s, 9H, 

COC(CH3)3), 3.96 (s, 3H, CH30) ,  7.01 (d, IH, J = 4.9 Hz, H-5), 7.94 (d, 1H, J = 5.3 Hz, H-6), 8.51 (s, IH, NH-3). 

4-Benzyl-2-methoxy-3-pivaloylaminopyr id ine  (25) : Starting from 2-methoxy-3-pivaloylaminopyridine 18 (23) (500 

m g ;  2.40 mmol),  TMEDA (1.27 ml ; 8.40 mmol) and n-butyllithium ( 1.6 M in hexane ; 5.25 ml ; 8.40 mmol), the 

reaction was performed as above (for 24). The mixture was stirred for 2 h at -10°C, cooled again at -78°C and freshly 

distilled benzyl bromide (1.28 ml ; 10.80 mmol) was added dropwise. After 2.5 h at -10°C, the solution was warmed to 

room temperature, stirred for 12 h and water (20 ml) was then added. The aqueous layer was extracted with 3 x 60 ml of 

ether. The combined organic layers were washed with 20 ml of brine, dried over magnesium sulfate and concentrated 

under reduced pressure. The residue was purified by column chromatography using cyclohexane:ethyl acetate = 1:0 to 

7:3 as eluant giving the product 25 (487 mg ; 68 %) as a white solid and 50 mg of starting material 23 (10 %). 25 : m.p. 

110-111°C ; Anal. Calcd for CI8H22N202 • 0.6 H20 : C, 69.92 ; H, 7.56 ; N, 9.06 ; Found : C, 69.86 ; H, 7.26 ; N, 9.31 ; 

Rf = 0.08 (cyclohexane:ethyl acetate = 9:1) ; I H NMR (DMSO-d6) 8 : 1.25 (s, 9H, COC(CH3)3), 3.84 (s, 2H, CH2), 
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3.86 (s, 3H, CH30) ,  6.72 (d, 1H, J = 5.2 Hz, H-5), 7.20-7.31 (m, 5H, C6H5), 7.96 (d, IH, J = 5.2 Hz, H-6), 8.87 (s, IH, 

NH-3). 

3 -Amino-4-benzylpyr id in-2(1H)-one  (26) : To a suspension of 4-benzyl-2-methoxy-3-pivaloylaminopyridine (25) 

(200 mg ; 0.67 mmol) in water (30 ml), 3M aqueous hydrochloric acid (15 ml) was added. The mixture was refluxed for 

3.5 h. The yellow solution was neutralized by addition of concentrated aqueous ammonium hydroxide and extracted 

with 3 x 80 ml of ethyl acetate. The combined organic layers were washed with 10 ml of brine, dried over magnesium 

sulfate and concentrated under reduced pressure. Column chromatography using dichloromethane:ethanol = 1:0 to 95:5 

as eluant gave the product 26 (94 mg ; 70 %) as a white solid, m.p. 166-167°C : Anal. Calcd for C12HI2N20 : C, 71.98 ; 

H, 6.04 ; N, 13.99 ; O, 7.99 ; Found : C, 71.88 ; H, 6.03 ; N, 14.05 ; O, 7.72 ; R f =  0.23 (dichloromethane:ethanol = 

95:5) ; 1H NMR (DMSO-d6) 8 : 3.75 (s, 2H, CH2), 4.93 (s, 2H, NH2), 5.86 (d, IH, J = 6.8 Hz, H-5), 6.61 (d, IH, J = 6.8 

Hz, H-6), 7.22-7.36 (m, 5H, C6H5), 11.29 (br s, IH, NH-1). 

3-Cyano-5-ethyl-6-methylpyr idin-2(1H)-one 20,21 ( 2 9 ) a n d  3-eyano-6-propylpyridin-2(1H)-one 22 (30)  : After 

heating in the presence of calcium hydride for I h, piperidine was distilled. The aqueous solution of piperidinium 

acetate was prepared by dropwise addition at 0°C of glacial acetic acid (39.00 ml ; 0.68 mol) to piperidine (67.40 ml ; 

0.68 mol) in 90 ml of water. 2-Ethyl-3-oxobutanal sodium salt 20,21 (28) (123.72 g ; 0.91 mol), cyanoacetamide (76.40 

g ; 0.91 mol) and water (2100 ml) were then added. The resulting mixture was refluxed for 16 h, cooled to 0°C and 

glacial acetic acid (150 ml) was added cautiously. The precipitate was collected by filtration, washed with 800 ml of 

water and dried in the presence of calcium chloride under vacuum at 50°C to give the product 20,21 29 (90.30 g ; 61%)  

as a pale yellow solid m.p. 243-244°C. The aqueous layer was extracted with 3 x 600 ml of dichloromethane. The 

combined organic layers were concentrated under reduced pressure. The residue was purified by column 

chromatography using dichloromethane:ethanol = 1:0 to 9:1 as eluant giving the product 22 30 (2.20 g 1.5 %) as a pale 

yellow solid m.p. 150-151°C. 

5-Ethyl-6-methylpyridln-2 (1H)-one (31) : 3-Cyano-5-ethyl-6-methylpyridin-2(IH)-one 20,21 (29) (10.0 g ; 61.66 

mmol) was dissolved in 440 ml of 6N aqueous hydrochloric acid. The mixture was refluxed under stirring during 48 h. 

After cooling at 0°C, the aqueous layer was basified by addition of 200 ml of a concentrated aqueous ammonium 

hydroxide solution and extracted with 3 x 350 ml of dichloromethane. The combined organic layers were dried over 

magnes ium sulfate and concentrated under reduced pressure giving the product 31 (7.5 g ; 88 %) as a white solid, m.p. 

155-156°C ; Anal. Calcd for C8HI!NO : C, 70.04 ; H, 8.08 ; N, 10.21 ; O, I 1.66 ; Found : C, 69.75 ; H, 7.89 ; N, 9.99 ; 

O, 11.57 ; Rf = 0.75 (dichloromethane:ethanol = 95:5) ; IH NMR (CDCI3) ~ : 1.09 (t, 3H, J = 7.5 Hz, CH3CH2), 2.32 

(s, 3H, CH3-6), 2.38 (q, 2H, J = 7.6 Hz, CH3CH2), 6.39 (d, IH, J = 9.1 Hz, H-3*), 7.28 (d, IH, J = 9.2 Hz, H-4*), 13.25 

(brs,  1H, NH-1). 

5-Ethyl-6-methyl-3-ni t ropyr idin-2(1H)-one (32) : 5-Ethyl-6-methylpyridin-2(lH)-one (31) (6.0 g ; 44.0 mmol) was 

dissolved in concentrated sulfuric acid (58.6 ml ; 1093.0 mmol). The mixture was cooled at 0°C and nitric acid (d = 

1.52 ; 3.5 ml ; 88.0 mmol)  was cautiously added dropwise. The colour of  the solution changed from red to yellow- 

orange. The resulting mixture was stirred at 0°C for 1.5 h, then poured in 400 ml of ice water and extracted with 3 x 1.0 



12520 V. DOLLI~ et al. 

1 of dichloromethane. The combined organic layers were dried over magnesium sulfate and concentrated under reduced 

pressure giving the product 21 32 (6.4 g ; 81%)  as a yellow solid, m.p. 247-248°C. 

5 -Ethy l -2-methoxy-6-methy l -3-p iva loy laminopyr id lne  (36) : 3-Amino-5-ethyl-2-methoxy-6-methylpyridine 23 (35) 

(3.68 g ; 22.14 mmol)  was dissolved in the mixture of dichloromethane (260 ml) and triethylamine (3.39 ml ; 24.35 

mmol). The mixture was cooled at 0°C and 3.00 ml of trimethylacetyl chloride (24.35 mmol) was added dropwise. The 

solution was stirred at 0°C for 15 min. and then washed with 100 ml of water. The aqueous layer was extracted with 3 x 

200 ml of dichloromethane. The combined organic layers were dried over magnes ium sulfate and concentrated under 

reduced pressure. The residue was purified by column chromatography using dichloromethane as eluant to provide the 

product 36 (5.31 g ; 96 %) as a colourless oil. Anal. Calcd for CI4H22N202 : C, 67.17 ; H, 8.86 ; N, 11.19 ; O, 12.78 ; 

Found : C, 67.11 ; H, 8.56 ; N, 10.91 ; O, 12.67 ; Rf = 0.88 (dichloromethane:ethanol = 95:5) ; IH NMR (CDC13) 8 : 

1.16 (t, 3H, J = 7.4 Hz, CH3CH2), 1.28 (s, 9H, COC(CH3)3), 2.32 (s, 3H, CH3-6), 2.49 (q, 2H, J = 7.5 Hz, CH3CH2), 

3.93 (s, 3H, CH30),  7.83 (br s, 1H, NH-3), 8.39 (s, IH, H-4) ; 13C NMR (CH2CI2) ~ : 15.2 (CH3CH2), 21.5 (CH3-6), 

26.0 (CH3CH2), 28.1 (COC(CH3)3), 40.5 (COC(CH3)3), 54.1 (CH30), 121.3 (C-5), 127.8 (CH-4), 130.6 (C-3), 146.8 

(C-6), 151.3 (C-2), 177.4 (COC(CH3)3). 

5-Ethy•-6-[2'-(5-ethy•-2-meth•xy-3-nitr••yridin-6-y•)ethy•]-2-meth•xy-3-nitr•pyrid•ne (37) : Sodium methoxide 

(4.04 g ; 75.0 mmol) was slowly dissolved in 60 ml of methanol at 0°C. 2-Chloro-5-ethyl-6-methyl-3-nitropyridine 23 

(33) (5.00 g ; 25.0 mmol),  dissolved in 65 ml of methanol, was added dropwise. The mixture was stirred at room 

temperature for a 144 h period and concentrated under reduced pressure. Water (300 ml) was added. The aqueous layer 

was extracted with 3 x 250 ml of ethyl acetate. The combined organic layers were washed with 100 ml of brine, dried 

over magnes ium sulfate and concentrated under reduced pressure. The residue was purified by column chromatography 

using cyclohexane:ethyl acetate = 1:0 to 1 : 1 as eluant giving the product 23 34 (1.57 g ; 32 %) as an orange solid and the 

dimer 37 (2.71 g ; 56 %) as an orange solid. R f =  0.33 (cyclohexane:ethyl acetate = 9:1) ; MS (IC) : 391 [M + H] ; 375 

[M + H -  O] ; 359 [M + H -  2 O] ; 197 [M/2 + H] ; 1H NMR (CDCI3) ~5 : 1.32 (t, 6H, J = 7.5 Hz, 2 CH3CH2), 2.85 (q, 

4H, J = 7.5 Hz, 2 CH3CH2), 3.94 (s, 4H, 2 CH2), 4.18 (s, 6H, 2 CH30),  8.08 (s, 1 H, H-4*), 8.18 (s, 1 H, H-4'*). 

5-Ethy•-6-[2'-(5-ethy•-2-meth•xy-3-piva••y•amin•pyridin-6-y•)ethy•]-2-meth•xy-3-piva••y•am•n•pyridine (40) : 

The preceding crude compound (9.40 g, without purification by column chromatography) was dissolved in 460 ml of a 

mixture of  methanol:THF = 1:1. The catalyst (10 % palladized charcoal) (0.94 g) was added and the mixture was stirred 

at room temperature under hydrogen atmosphere for 2.5 h. The catalyst was filtered off and the solvent evaporated 

under reduced pressure. The resulting residue (7.40 g) was dissolved in dichloromethane (570 ml) and triethylamine 

(6.81 ml ; 48.8 mmol). The mixture was cooled at 0°C and trimethylacetyl chloride (6.00 ml ; 48.8 mmol) was added 

dropwise. The solution was stirred at 0°C for 15 min and then washed with 200 ml of water. The aqueous layer was 

extracted with 3 x 400 ml of dichloromethane. The combined organic layers were dried over magnes ium sulfate and 

concen t ra ted  unde r  reduced  pressure .  The res idue  was purif ied by co lumn  c h r o m a t o g r a p h y  us ing  

dichloromethane:ethanol = 1:0 to 99:1 giving 36 (3.22 g ; 29 %) as a colourless oil and 40 (5.50 g ; 50 %) as a yellow 

solid. 40 : m.p. 170-170.5°C ; Anal. Calcd for C28H42N404 : C, 67.44 ; H, 8.49 ; N, 11.24 ; O, 12.83 ; Found : C, 

67.14 ; H, 8.59 ; N, 11.09 ; O, 12.98 ; R f =  0.11 (dichloromethane) ; MS (IC) : 499 [M + H] ; 251 [M/2 + 2H] ; IH 

NMR (CDCI3) ~i : 1.16 (t, 6H, J = 7.4 Hz, 2 CH3CH2), 1.30 (s, 18H, 2 COC(CH3)3), 2.57 (q, 4H, J = 7.5 Hz, 2 
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CH3CH2), 3.06 (s, 4H, 2 CH2), 3.94 (s, 6H, 2 CH30),  7.86 (s, 2H, H-4 and 4'), 8.41 (s, 2H, 2 NH-3) ; 13C NMR 

(CH2C12) 8 : 15.9 (CH3CH2), 25.6 (CH3CH2), 28.1 (COC(CH3)3), 33.4 (CH2), 40.5 (COC(CH3)3), 54.1 (CH30), 121.2 

(C-5), 128.0 (CH-4), 130.5 (C-3), 150.0 (C-6), 151.5 (C-2), 177.4 (COC(CH3)3). 

3-Amin•-6-[2'-(3-amin•-5-ethy•-pyridin-2(1H)-•n-6-y•)ethy•]-5•ethy•pyridin-2(1H)-one (41) : 3M a q u e o u s  

hydrochloric acid (28 ml) and glacial acetic acid (20 ml) were added to a suspension of 5-ethyl-6-[2'-(5-ethyl-2- 

methoxy-3-pivaloylaminopyridin-6-yl)ethyl]-2-methoxy-3-pivaloylaminopyridine (40) (300 mg ; 0.60 mmol) in 56 ml 

of water. The mixture was refluxed for 17 h. The solution was basified at 0°C by addition of concentrated aqueous 

ammonium hydroxide. The solid was filtered off giving 41 (170 mg ; 93 %) of a beige solid, m.p. 300°C ; Anal. Calcd 

for C16H22N402 • 0.65 H20  : C, 61.19 ; H, 7.48 ; N, 17.84 ; Found : C, 60.95 ; H, 7.18 ; N, 17.63 : Rf = 0.14 

(dichloromethane:ethanol = 95:5) ; 1H NMR (DMSO-d6) ~5 : 0.98 (t, 6H, J = 7.3 Hz, 2 CH3CH2), 2.20 (q, 4H, J = 7.5 

Hz, 2 CH3CH2), 4.84 (s, 4H, 2 NH2), 6.32 (s, 2H, H-4 and 4'), 11.02 (br s, 2H, NH-I and 1'). The 2 CH2 signals were 

overlapped by DMSO signal. 

4-Benzyl-5-ethyl-2-methoxy-6-methyl-3-pivaloylaminopyridine (42) : The starting material 36 and copper iodide 

(Cull) were dried in the presence of phosphorus pentoxide under vacuum respectively at room temperature and at 60°C 

during 24 h. 5-Ethyl-2-methoxy-6-methyl-3-pivaloylaminopyridine (36) (200 mg ; 0.80 mmol) and freshly distilled (on 

calcium hydride) TMEDA (0.42 ml ; 2.80 mmol) were added to dry THF (10 ml) and the mixture was cooled at -78°C 

under a nitrogen atmosphere, n-Butyllithium (1.6 M in hexane ; 1.75 ml ; 2.80 mmol) was added dropwise. Dry ice bath 

was removed and the mixture was stirred for I h at 0°C. An orange-yellow precipitate was observed. In another hand, 

the CulI:dimethyl sulfide complex was prepared at -78°C under a nitrogen atmosphere by addition of dimethyl sulfide 

(2.64 ml ; 35.95 mmol)  to a suspension of copper iodide (532 mg ; 2.80 mmol) in anhydrous THF (20 ml). The 

CulI:dimethyl sulfide complex was then added dropwise to the mixture at -78°C. The grey mixture was stirred at 0°C 

for a 30 rain. period and cooled again at -78°C to allow the addition of benzyl bromide (0.43 ml ; 3.60 mmol). The 

resulting mixture was stirred at 0°C for 2 h and at room temperature for 12 h. Water (4 ml) and 28 % aqueous 

ammonium hydroxide (4 ml) were added. The blue aqueous layer was extracted with 3 x 20 ml of ether. The combined 

organic layers were washed with 10 ml of brine, dried over magnes ium sulfate and concentrated under reduced 

pressure. The residue was purified by column chromatography using cyclohexane:ethyl acetate = 1:0 to 8:2 as eluant to 

give the product 42 (143 m g ;  53 %) as a white solid and 69 mg (34.5 %) of starting material 36. 42 : m.p. 186-187°C ; 

Anal. Calcd for C21H28N202 • 0.1 H20  : C, 73.73 ; H, 8.25 ; N, 8.19 ; O, 9.83 ; Found : C, 73.51 ; H, 8.01 ; N, 7.93 ; O, 

9.84 ; R f =  0.27 (cyclohexane:ethyl acetate = 8:2) ; IH NMR (CDCI3) 5 : 1.00 (t, 3H, J = 7.5 Hz, CH3CH2), 1.18 (s, 9H, 

COC(CH3)3), 2.46 (s, 3H, CH3-6), 2.56 (q, 2H, J = 7.5 Hz, CH3CH2), 3.89 (s, 3H, CH30),  3,99 (s, 2H, CH2C6H5), 6.60 

(br s, IH, NH-3), 6.94-6.97 (m, 2H, C6H5), 7.17-7.22 (m, 3H, C6H5). 

5-Ethyl-6-(2-phenethyl)-3-pivaloylamlnopyridin-2(1H)-one (43) and  5 -e thy l -6 -methy l -3 -p iva loy laminopyr id in -  

2 ( lH) -one  (45) : The starting material 36 was dried in the presence of phosphorus pentoxide under vacuum at room 

temperature during 24 h. 5-Ethyl-2-methoxy-6-methyl-3-pivaloylaminopyridine (36) (200 mg ; 0.80 mmol) and freshly 

distilled (on calcium hydride) TMEDA (0.42 ml ; 2.80 mmol) were added to dry THF (6 ml) and the mixture was 

cooled to -78°C under a nitrogen atmosphere, t-Butyllithium (1.6 M in pentane ; 1.64 ml ; 2.80 mmol) was then slowly 

added. Dry ice bath was removed and the mixture was stirred for 2.75 h at -10°C. An orange precipitate was observed. 
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The mixture was cooled at -78°C and freshly distilled benzyl bromide (0.43 ml ; 3.60 mmol) was added dropwise. After 

2 h at -10°C, the solution was warmed to room temperature and stirred for 12 h. Water (10 ml) was then added and the 

aqueous layer was extracted with 3 x 20 ml of ether. The combined organic layers were washed with 10 ml of brine, 

dried over magnes i um sulfate and concentrated under reduced pressure. The residue was purified by column 

chromatography using dichloromethane:ethanol = 1:0 to 98:2 as eluant giving 15 mg of starting material 36 (8.5 %), 44 

(29 mg ; 11%)  as a yellow solid, 43 (64 mg ; 28 %) as a pale yellow solid and 45 (11 mg ; 7 %) as a yellow solid. 43 : 

m.p. 168-169°C ; Anal. Calcd for C20H26N202 : C, 73.59 ; H, 8.03 ; N, 8.58 ; O, 9.80 ; Found : C, 73.58 ; H, 8.12 ; N, 

8.25 ; O, 10.03 ; R f =  0.56 (dichloromethane:ethanol = 99:1) ; IH NMR (CDCI3) (5 : 1.10 (t, 3H, J = 7.4 Hz, CH3CH2), 

1.28 (s, 9H, COC(CH3)3), 2.36 (q, 2H, J = 7.6 Hz, CH3CH2), 2.86-2.96 (m, 4H, CH2CH2), 7.17-7.25 (m, 5H, C6H5), 

8.42 (s, 1 H, H-4), 8.56 (br s, I H, NH-3), 12.93 (br s, t H, NH- 1 ) ; 45 : m.p. 200-201 °C ; Anal. Calcd for C13H20N202 : 

C, 66.07 ; H, 8.53 ; O, 13.54 ; Found : C, 66.22 ; H, 8.31 ; O, 13.49 ; Rf = 0.40 (dichloromethane:ethanol = 99:1) ; IH 

NMR (CDCI3) 6 : 1.11 (t, 3H, J = 7.6 Hz, CH3CH2), 1.31 (s, 9H, COC(CH3)3), 2.27 (s, 3H, CH3-6), 2.39 (q, 2H, J = 7.5 

Hz, CH3CH2), 8.39 (s, 1H, H-4), 8.54 (br s, IH, NH-3), 12.56 (br s, 1H, NH-I). 

4 -Bromo-5-e thyl -2-methoxy-6-methyl -3-p iva loylaminopyr id ine  (44) : The starting material 36 was dried in the 

presence of phosphorus pentoxide under vacuum at room temperature during 24 h, 5-Ethyl-2-methoxy-6-methyl-3- 

pivaloylaminopyridine (36) (400 mg ; 1.60 mmol) and freshly distilled (on calcium hydride) TMEDA (0.84 ml ; 5.60 

mmol)  were added to dry THF (12 ml) and the mixture was cooled at -78°C under a nitrogen atmosphere,  n- 

Butyllithium (1.6 M in hexane ; 3.50 ml ; 5.60 mmol) was added dropwise. Dry ice bath was removed and the mixture 

was stirred for 1 h at 0°C. An orange-yellow precipitate was observed. The mixture was cooled at -78°C to allow the 

addition of benzyl bromide (0.86 ml ; 7.19 mmol). The pale yellow mixture was stirred at 0°C for 2 h and at room 

temperature for 12 h. Water (20 ml) was added and the blue aqueous layer was extracted with 3 x 40 ml of ether. The 

combined organic layers were washed with 20 ml of brine, dried over magnes ium sulfate and concentrated under 

reduced pressure. The residue was purified by column chromatography using cyclohexane:ethyl acetate = 1:0 to 8:2 as 

eluant giving a mixture of  42 and 44 (6 : 4) (303 mg ; 56 %) and 97 mg (24 %) of starting material 36. 44 : Rf = 0.27 

(cyclohexane:ethyl acetate = 8:2) ; MS (IE) : 330/328 [M] ; 249 [M - Br] ; 244 [M - Piv] ; 1H NMR (CDCI3) 8 : 1.10 (t, 

3H, J = 7.4 Hz, CH3CH2), 1.32 (s, 9H, COC(CH3)3), 2.46 (s, 3H, CH3-6), 2.74 (q, 2H, J = 7.5 Hz, CH3CH2), 3.88 (s, 

3H, CH30) ,  6.89 (br s, 1H, NH-3). These IH NMR assignments were obtained from the pure 44 compound (obtained 

from 36 and t-BuLi, see Scheme 5) spectra. 

3 -Amino -5 -e thy i -6 - (2 -phene t hy l ) -py r i d i n -2 ( IH) -one  (46) : 3M aqueous hydrochloric acid (6 ml) was added to a 

suspension of 5-ethyl-6-(2-phenethyl)-3-pivaloylaminopyridin-2(1H)-one (43) (40 mg ; 0.12 mmol) in water (12 ml) 

and glacial acetic acid (5 ml). The mixture was refluxed for I h and then stirred at room temperature for 16 h. The 

solution was basified by addition of concentrated aqueous ammonium hydroxide and extracted with 3 x 15 ml of ethyl 

acetate. The combined organic layers were washed with 8 ml of brine, dried over magnes ium sulfate and concentrated 

under reduced pressure. The residue was purified by column chromatography using dichloromethane:ethanol = 1:0 to 

95:5 as eluant  giving the product 46 (22 m g ;  74 %) as an orange light solid, m.p. 160-161°C ; Rf = 0.62 

(dichloromethane:ethanol = 95:5) ; IH NMR (CDCI3) 5 : 0.90-1.10 (m, 31-I, CH3CH2), 2.10-2.59 (m, 4H, 2 CH2), 2.84 

(q, 2H, J = 8.3 Hz, CH3CH2), 3.90 (br s, 2H, NH2), 6.53 (s, IH, H-4), 7.1 I-7.27 (m, 5H, C6H5). 
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4-Deutero-5-ethyl-2-methoxy-6-methyl-3-pivaloylaminopyridine (48) : Starting from 5-ethyl-2-methoxy-6-methyl- 

3-pivaloylaminopyridine (36) (200 mg ; 0.80 mmol), TMEDA (0.42 ml ; 2.80 mmol) and n-butyll i thium (1.6 M in 

hexane ; 1.75 ml ; 2.80 mmol),  the reaction was performed as above (for 44). The mixture was stirred for 1 h at 0°C. 1.0 

ml of  deuterium oxide and then 3.0 ml of water were added. The aqueous layer was extracted with 3 x 10 ml of ether. 

The combined organic layers were washed with 4 ml of brine, dried over magnes ium sulfate and concentrated under 

reduced pressure to give the product 48 in quantitative yield (200 rag) as a colourless oil. Anal. Calcd for 

CI4H21DN202 : C, 66.90 ; H, 8.42 ; Found : C, 67.11 ; H, 8.88 ; Rf = 0.88 (dichloromethane:ethanol = 95:5) ; IH NMR 

(CDCI3) ~ : 1.15 (t, 3H, J = 7.7 Hz, CH3CH2), 1.29 (s, 9H, COC(CH3)3), 2.35 (s, 3H, CH3-6), 2.52 (q, 2H, J = 7.5 Hz, 

CH3CH2), 3.96 (s, 3H, CH30) ,  7.85 (br s, 1H, NH-3). 

3 -Amino-4-benzyl -5-e thyl -6-methylpyr id in-2( lH)-une  (49) : Starting from 4-benzyl-5-ethyl-2-methoxy-6-methyl-3- 

p ivaloylaminopyr idine  (42) (200 mg ; 0.59 mmol) and 3M aqueous hydrochloric acid (13 ml), the reaction was 

performed as above (for 26) to give the product 49 (135 mg ; 95 %) as violet crystals (after reclystallisation from 

ethanol), m.p. 223-224°C ; Anal. Calcd for C15HIsN20 .0 .1  H20  : C, 73.80 ; H, 7.51 ; N, 11.48 ; O, 7.21 ; Found : C, 

73.78 ; H, 7.61 ; N, 11.29 ; O, 6.99 ; R f =  0.77 (dichloromethane:ethanol = 1:1) ; IH NMR (CDC13) 8 : 1.00 (t, 3H, J = 

7.5 Hz, CH3CH2), 2.30 (s, 3H, CH3-6), 2.41 (q, 2H, J :- 7.5 Hz, CH3CH2), 3.86 (br s, 2H, NH2), 3.91 (s, 2H, 

CH2C6Hs), 7.15-7.28 (m, 5H, C6H5), 11.80 (br s, 1H, NH-1). 

Attempt to obtain 3-amino-4-bromo-5-e thyl -6-methylpyr id in-2(1H)-one  (50) : Starting from a mixture (6:4) of 4- 

benzyl-5-ethyl-2-methoxy-6-methyl-3-pivaloylaminopyridine (42) and 4 -b romo-5-e thy l -2 -me thoxy-6 -methy l -3 -  

p ivaloylaminopyr idine  (43) (200 mg ; 0.59 mmol) and 3M aqueous hydrochloric acid (13 ml), the reaction was 

performed as above (for 26). The residue was purified by column chromatography using dichloromethane:ethanol = I:0 

to 95:5 as e luant  g iving 74 mg (52 %) of an unseparable  mixture  (6:4) of  49  + 50 .  50  : Rf = 0.77 

(dichloromethane:ethanol = 1:1) ; I H NMR (CDCI3), beside the signals of compound 49 (see above), the signals of 50 

can be recorded at 8 : 1.08 (t, 3H, J = 7.5 Hz, CH3CH 2 ), 2.29 (s, 3H, CH3-6), 2.58 (q, 2H, J = 7.5 Hz, CH3CH2), 4.42 

(br s, 2H, NH2), 12.00 (br s, 1H, NH-1). 
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