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Summary: 6-Substituted-2-pyridones can be selectively N-alkylated by treatment with NaH./LiBr in a mixture of 
DhIF and DME. Yields of N-propargylated, N-allylated, and other N-functionalized products are good, and only 
small amounts of the isomeric O-alkylated product (40%) are typically formed. 

The high interest surrounding the camptothecin family of antitumor agents’ has revived 
synthetic activity in this area, and several new or significantly improved routes to this class of 
compounds have recently appeared. * A number of these routes pass through N-alkyl-2-pyridones. 
Our strategy, outlined below, calls for an N-propargylation of a 6-halopyridone just prior to the key 
tandem radical reaction.*’ We have found literature methods inadequate for this N-propargylation, 
and this Letter describes a new procedure that we have developed. This procedure appears to be 
generally useful for the selective N-functionalization of pyridones. 

6-halopyridone camptothecin it 
OH0 

Deprotonation of a pyridone with base provides an ambident anion that can subsequently react 
on nitrogen or oxygen. The literature records extensive studies on the influence of base, electrophile 
and solvent on the regioselectivity of N- versus O-alkylation for the ambident 2-pyridone anion.3 6- 
Substituted-2-pyridones are prone to O-alkylation, and typical literature conditions proved 
unsatisfactory for the selective N-propargylation of 6-bromo-2-pyridone (la). We therefore 
undertook a systematic study with the goal of maximizing the yield of N-propargylation. 

le : R’ = H, X = Br 2 3 
lb : R1 = CH$OOMe. X = Br 

Experiments designed to probe the effects of base, solvent, and additive on the N-propargylation 
of la and lb are summarized in Table 1. Reaction of the sodium salt of la with propargyl bromide 
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gave an N/O-alkylation ratio of 0.38: 1 in DMF and 1.3: 1 in DME (entries 1, 2). This ratio was nearly 
unaffected when changing from la to lb, reflecting small influence exerted by the RI substituent on 
the regioselectivity (entry 3 vs. 2). Use of methanol as either an additive or solvent slightly increased 
the ratio 2:3 (entries 4,5,6). In the case of pure methanol as solvent, 30% starting material remained 
unreacted. In contrast to the modest solvent effects, the influence of the counteranion was dramatic. 
When the potassium salt was used instead of the sodium salt, the 0-alkylated product 3b was the 
major product (entry 7), whereas the lithium salt generated from butyllithium gave the N-alkylation 
product 2b with excellent selectivity (15/l, entry 8). However, the use of butyllithium in hexane is not 
ideal because the low solvent polarity increased the reaction time and left unreacted starting material. 

We thus decided to prepare the lithium salt4 by treatment of the sodium salt with lithium bromide 
prior to the addition of propargyl bromide. Small amounts of DMF were also added to increase the 
solubility of this salt. Under these conditions, la and lb were rapidly N-propargylated in a ratio only 
slightly lower than that obtained with n-BuLi (entries 9, 10). However, the isolated yields of 2a and 
2b from these reactions were moderate (66% and 73%). We then discovered that by increasing the 
amounts of both DMF and lithium bromide, N-propargylation of la occurred in a slighly lower ratio 
but in a very good isolated yield (86%. entry 11). In terms of yield and selectivity, these conditions are 
the best that we have found for the 6-substituted-2-pyridone series. By comparison, the procedure 
recently described by Rico and coworkers for the selective N-alkylation of 2-pyridone was not 
selective when applied to la (entry 12).5 

Table 1. Propargylation of 6-Bromo-2-pyridones 1 (X I: Br; R2 = H)a 

Entry pyridone Base Solvent Additive Ratio 2:3 
(Yield 2,%) 

1 la Nali DMF 0.38 : 1 
2 la NaH DME 1.3 : 1 
3 lb NaH DMB 1.2 : 1 
4 lb NaH DMJZ MeOH (1 equiv) 1.3: 1 
5 lb NaH DME MeOH (5 equiv) 1.4: 1 
6 lb N&l MeOH 1.8 : lb 
I lb t-BuOK DME 0.29 : 1 
8 lb n-B&i DMB 15 : 1c 
9 la NaH DMB LiBr (1.1 equiv), DMF (1 equiv) 12 : 1 (66) 
10 lb NaH DME LiBr (1.1 equiv), DMF(1 equiv) 12: 1(73) 
11 la N&l DMiXXvlF4: 1 LiBr (2 equiv) 10 : 1 (86) 
12 la K2C03 PhCHs&O 100: 1 n-Bu+NBr 1.5 : 1 (63) 

(a) The reaction was carried out with 2 equiv of propargyl bromide. (b) 30% Starting material was 
recovered. (c) 20% Starting materials remained after 3 days at reflux. 

The generality of this procedure has been demonstrated by the reactions of several 6-substituted- 
2-pyridones with different electrophiles, mainly propargyl derivatives. Table 2 shows selected results. 
In these experiments, the ratio of N/O-alkylation was not generally determined, but the high yields of 
N-alkylation products show that 0-alkylation is a minor pathway (~10%) at best. The chromato- 
graphic separation of N- and 0-alkylation products is not difficult. 

As evidenced in entries 1 and 2, addition of lithium bromide in the procedure of Rico and 
coworkerss led to N-propargylation in good to excellent yield. With our procedure, all N-propargyl- 
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ations occurred smoothly, with yields in the 80-90% range (entries 3-l 1). Little influence was exerted 
by either the pyridone substituent or the nature of the propargyl derivative (entries 3 to 7). Similar 
yields were obtained when ally1 bromide (entry 8) or bromoacetonitrile (entry 9) was used as the 
electrophile. Benzyl and alkyl halides also reacted in good yields, although the N/O-alkylation ratio 
was lower (-5:l). Functionalized pyridones have been used with excellent success (entries 136 and 
14). The 2-pyridone in entry 13 is an intermediate in the synthesis of mappicine and mappicine 
ketone,’ and that in entry 14 is a key precursor of (20S)-camptothecin.* 

Table 2. NaHILiBr-Mediated N-Alkylation of Various 2-Pyridones 1 with Electrophilesa 

Entry Pyridone Alkylating agent Product 
0 0 

R2+lal - 
Rl 

1 
2 
3 
4 
5 
6 
I 
8 
9 
10 
11 
12 
13 

14 

X 

COOMe 
CH20THP 
Br 
I 
Br 
Br 
I 
I 
I 
Br 
Br 
Br 

R’ 

H 
H 
H 
H 
CH2COOMe 
CH2COOMe 
H 
H 
H 
H 
H 
H 

0 

R2 

HC=CCH2Br 
HC=CCH2Br 
HC=CCHzBr 
HGCCH2Br 
TMSGCCH2Br 
PhCH(OTBDPS)C=CCHzBr 
THPOCH2CH2C=CCH2Br 
CHz=CH-CH2-Br 
NC-CH2-Br 
PhCH2Br 
BuI 
Etl 

HC=CCHzBr 

HC=CCH2Br 

Yield (%) 

63b 
87b 
86 
84 
86 
82C 
89 
88 
87 
83d 
71d 
83d 
0 

OH 

95 

88 
(a) See procedure below. (b) Modified Rico procedure, see reference 5. K2CO3 (2 equiv)/LiBr (2 
equiv)lBuNBr (0.1 equiv), toluene/water 100: 1, reflux 1 h. (c) Compared to 63% and 38%, with DMF 
(1 equiv) and without DMF, respectively. d) For these substrates the use of 4 equiv LiBr in 10: 1 
DMWDMF gave improved N/O-alkylation ratios. 
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In summary, this procedure holds excellent promise for the selective N-alkylation of various 
functionalized 2-pyridones. 

Typical procedure for selective N-alkylation: 
To a solution of 2-pyridone (1 mmol) in DME (2.0 mL) and DMF (0.5 mL) under argon was added 
portionwise 60% NaH (42 mg, 1.05 mmol) at 0 ‘C. LiBr was added (174 mg, 2 mmol) 10 min later. 
The mixture was stirred 15 min at room temperature, the electrophile (2 mmol) was added, and the 
reaction was heated at 65 “C until the TLC analysis showed the absence of starting material (usually 
15 h). The mixture was poured into brine (50 mL), extracted with AcOEt (6 x 30 mL), and dried over 
NazS04. The residue obtained after concentration of the solvent was purified by flash 
chromatography over silica gel. Small amounts of the 0-alkylated product as well as remaining 
electrophile eluted before the N-alkylated product. 
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