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Abstract A concise formal synthesis of camptothecin is

described. The key pyrido-lactone (DE ring) was prepared

effectively starting from 2-chloronicotinic acid via lithia-

tion, reduction, and hydrolysis in 29% overall yield.

Keywords Pyridone � Lactone � 2-Chloronicotinic acid �
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Introduction

Camptothecin (CPT, 1), a natural alkaloid, was first iso-

lated from Camptotheca acuminata (Xi Shu) by Wani and

Wall in 1966 [1]. The primary cellular target of the family

of camptothecin products, with camptothecin as lead, is the

covalent binary complex formed between DNA and topo-

isomerase I (Topo I) during DNA relaxation, and

stabilization of this complex by camptothecin was believed

to lead to cell death [2, 3]. Thus, CPT and its analogues

showed potent antitumor activity. Two camptothecin ana-

logues, topotecan (2) [4] and irinotecan (3) [5, 6], have

been approved by the Food and Drug Administration

(FDA) to treat cancers. While one of its analogues, foeti-

dine (4), exhibits anti-human immunodeficiency virus

(HIV) activity [7], other analogues are in different stages of

clinical and preclinical trials [8] (Scheme 1).

Due to its excellent biological activity, unique mode of

action, and challenging pentacyclic structure, camptothecin

has been a popular compound over four decades for study

by both medicinal and synthetic chemists. In 1971, Stork

and Schultz [9] first reported the total synthesis of cam-

ptothecin, which as one of the key steps involves

annulation of an ester carbonate and unsaturated lactone.

Subsequently, Corey [10] first reported the asymmetric

total synthesis of camptothecin in 1975. To date, methods

of synthesis of CPT and its analogues have been reported

by many innovative approaches using different processes

as the key step [11–42], such as cascade radical cyclization

[43], Friedlander condensation [44], Michael addition [45,

46], and the Diels–Alder reaction [47, 48]. However,

synthesis of camptothecin still remains a challenge, since

most of the known synthetic routes are lengthy, of low

overall efficiency, and of high cost. As part of our research

program, we have directed our efforts towards a more

practical and efficient strategy to build the camptothecin

structure using simple starting materials and reactions.

Results and discussion

After having reviewed the reported methods for synthesis

of camptothecin and its analogues, we decided to use

the classical Comins’ approach (Scheme 2), wherein the

C ring is created by condensation of 2-bromo-3-(bromo-

methyl)quinoline (AB ring) with pyridone derivative 5 (DE

ring). Thus, the construction of the DE ring is the pivotal

and difficult point [49]. Herein we report a novel approach

for construction of the DE synthon of camptothecin.

Structure analysis shows that the pyridone 5 possesses

three substituent groups at C2, C3, and C4-positions. 2-

Chloronicotinic acid is a very cheap commercial chemical;

its carboxylic group could be reduced to a hydroxymethyl

group and the 2-chloro group could be converted to a

2-keto group by hydrolysis. According to the literature

S. Yu � Y. Luo � Haiyan Liu � Haomin Liu � W. Lu (&)

Department of Chemistry, Institute of Medicinal Chemistry,

East China Normal University, 200062 Shanghai,

People’s Republic of China

e-mail: wlu@chem.ecnu.edu.cn

123

Monatsh Chem (2010) 141:245–249

DOI 10.1007/s00706-009-0245-0



[50, 51], many polyfunctional pyridines could be constructed

via lithiation and subsequent electrophilic additions [52–

55]. Moreover, the lithiation of pyridinecarboxylic acids

occurs at the position ortho to the carboxyl group [56, 57],

which makes the introduction of functional groups at the

C4-position very effective. Based on these considerations,

2-chloronicotinic acid (6) and N,N-diethyl-2-oxobutyra-

mide (11) were selected for the construction of the DE ring

via our strategy, which is highlighted retrosynthetically in

Scheme 3.

As is shown in Scheme 4, 2-chloronicotinic acid (6) was

deprotonated with 3 equiv lithium 2,2,6,6-tetramethylpi-

peridine (LTMP) and 1 equiv n-BuLi in anhydrous THF at

-78 �C under nitrogen. The intermediate dilithio deriva-

tive reacted with N,N-diethyl-2-oxobutyramide (11) and

provided lactone 7 in 60% yield. The resulting lactone 7

was then refluxed in AcOH to produce pyridone 8 in

excellent yield (91%). It should be noted that synthesis of

pyridone 8 has been reported by Peters and co-workers [25]

through a five-step strategy in a yield of 24%. Thus, our

two-step synthesis with 55% overall yield is much more

efficient and appealing. However, the direct reduction of

pyridone 8 into diol 10 with different hydride-reducing

compounds (NaBH4, LiBH4, or LiAlH4) resulted in low

yields. Thus, a two-step reduction was attempted. Treat-

ment of pyridone 8 with sodium borohydride and

cerium(III) chloride heptahydrate in absolute ethanol

afforded lactol 9 in 88% yield. Subsequently, reduction of

lactol 9 into 10 with aluminum isopropoxide was executed

in good yield. Finally, the desired diol 10 was hydrolyzed
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to give pyridone 5 in 82% yield. Finally, the camptothecin

and 10-hydroxycamptothecin targets were obtained from

the pyrido-lactone 5 via Comins’ approach [49].

In summary, the total synthesis of racemic camptothecin

was developed by using the pyrido-lactone 5 as a pivotal

substrate. The latter was obtained in five steps from 2-

chloronicotinic acid (6) using lithiation as the key step, in

29% overall yield. This approach offers a practical syn-

thetic route for racemic camptothecin and its analogues.

Finally, on the basis of this approach, the total asymmetric

synthesis of camptothecin is currently in progress in our

group.

Experimental

1H nuclear magnetic resonance (NMR) spectra were

recorded on a Bruker DRX-500 (500 MHz). 13C NMR

spectra were obtained on a JNM-EX400 (100 MHz). Mass

spectra (MS) were determined on a Finnigan MAT-95 mass

spectrometer.

4-Chloro-N,N,1-triethyl-1,3-dihydro-3-oxofuro[3,4-c]pyri-

dine-1-carboxamide (7, C14H17ClN2O3)

n-BuLi (58.5 cm3, 2.5 M in n-hexane) was added to a

solution of 14.4 cm3 2,2,6,6-tetramethylpiperidine (117.6

mmol) in 200 cm3 anhydrous THF at -78 �C under

nitrogen. The mixture was stirred for 30 min at the same

temperature, before 5.0 g 2-chloronicotinic acid (31.64

mmol) was added. After 30 min at -78 �C, 17.2 g N,N-

diethyl-2-oxobutyramide (109.5 mmol) was added and

stirred for another 30 min. Then the mixture was allowed

to reach room temperature and hydrolyzed with 50 cm3

1 N HCl. The mixture was extracted with ethyl acetate,

dried over anhydrous Na2SO4, and concentrated to afford

25.0 g crude 7, which was further purified by column

chromatography (ethyl acetate:hexane = 1:5) to give pure

7 as a white solid (5.66 g, 60% yield). M.p.: 53 �C; 1H

NMR (500 MHz, CDCl3): d = 0.84 (t, J = 7.0 Hz, 3H),

1.15 (t, J = 7.0 Hz, 3H), 1.26 (t, J = 7.0 Hz, 3H), 2.15

(m, 1H), 2.40 (m, 1H), 3.14 (m, 1H), 3.28 (m, 1H), 3.51 (m,

1H), 3.98 (m, 1H), 7.86 (d, J = 5.0 Hz, 1H), 8.63 (d,

J = 5.0 Hz, 1H) ppm; 13C NMR (100 MHz, CDCl3):

d = 7.51, 12.27, 14.59, 32.57, 42.58, 89.09, 119.95,

148.97, 153.19, 161.81, 164.86, 165.98, 189.04 ppm; MS

(EI): m/z = 296; HRMS (EI): m/z calcd for C14H17N2O3

[M]? 296.0928, found 296.0926.

N,N,1-Triethyl-1,3,4,5-tetrahydro-3,4-dioxofuro[3,4-c]pyr-

idine-1-carboxamide (8, C14H18N2O4)

Compound 7 (1.5 g, 5.03 mmol) was dissolved in 40 cm3

acetic acid, and the solution was heated for 6 h at 120 �C.

The mixture was then cooled to room temperature and

poured into 80 cm3 water. The solution was extracted with

CH2Cl2, washed with brine, dried over anhydrous Na2SO4,

and evaporated to dryness to give a white solid (1.27 g,

91%), which was used without further purification. M.p.:

176 �C (Ref. [25] m.p.: 177 �C); 1H NMR (500 MHz,

DMSO-d6): d = 0.88 (t, J = 7.5 Hz, 3H), 1.14 (t,

J = 7.0 Hz, 3H), 1.24 (t, J = 6.5 Hz, 3H), 2.09 (m, 1H),

2.38 (m, 1H), 3.15 (m, 1H), 3.26 (m, 1H), 3.50 (m, 1H),

3.94 (m, 1H), 6.93 (d, J = 6.5 Hz, 1H), 7.80 (d,

J = 6.5 Hz, 1H), 13.17 (bs, 1H) ppm; 13C NMR

(100 MHz, DMSO-d6): d = 12.25, 14.38, 30.62, 41.90,

87.75, 101.76, 111.09, 143.17, 157.12, 165.56, 166.04,

168.42 ppm; MS (EI): m/z = 278; HRMS (EI): m/z calcd

for C14H18N2O4 [M]? 278.1267, found 278.1266.

2-(1,2-Dihydro-3-hydroxymethyl-2-oxopyridin-4-yl)-N,N-

diethyl-2-hydroxybutyramide (10, C14H22N2O4)

NaBH4 (1.09 g, 28.8 mmol) was added in two portions to a

cold (0 �C) solution of 0.8 g compound 8 (2.88 mmol) and

2.68 g cerium(III) chloride heptahydrate (7.2 mmol) in

anhydrous ethanol (80 cm3) over 30 min. After warming to

Reagents and conditions: (a) n-BuLi (4 equiv), TMP (3 equiv), -78°C. (b) AcOH, reflux, 6 h. (c) NaBH4 (10

equiv), CeCl3.7H2O (2.5 equiv), ethanol, 30 min. (d) (i-PrO)3Al (2 equiv). (e) 1N HCl, reflux, 3h.
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room temperature, the mixture was poured into 200 cm3

saturated NaHCO3/NaCl solution (1:1) and extracted with

250 cm3 EtOH/CH2Cl2 (1:4). The combined extracts were

dried over anhydrous Na2SO4 and evaporated to dryness to

give 9 as a white solid (0.88 g, 88%). A mixture of 0.6 g

crude compound 9 (2.14 mmol) and 0.87 g aluminum

isopropoxide (4.28 mmol) in 40 cm3 isopropanol was

refluxed for 2 h at 85 �C. The mixture was then cooled

to room temperature and quenched with 20 cm3 1 N HCl.

The solution was then extracted with 200 cm3 EtOH/

CH2Cl2 (1:4), dried over anhydrous Na2SO4, and evapo-

rated to dryness to give an off-white solid, which was

purified by trituration with 5 cm3 CH2Cl2, affording

product 10 (0.45 g, 75%) as a white solid. M.p.: 196 �C

(Ref. [25] m.p.: 193 �C); 1H NMR (500 MHz, DMSO-d6):

d = 0.69 (t, J = 7.1 Hz, 3H), 0.75 (t, J = 6.2 Hz, 3H),

1.01 (t, J = 6.9 Hz, 3H), 1.87 (m, 1H), 2.07 (m, 1H), 3.11

(m, 1H), 3.32 (m, 1H), 4.39 (s, 1H), 4.66 (s, 1H), 6.40 (d,

J = 7.0 Hz, 1H), 7.30 (d, J = 7.0 Hz, 1H), 11.62 (s, 1H)

ppm; 13C NMR (100 MHz, DMSO-d6): d = 12.22, 12.58,

32.76, 55.64, 77.91, 103.78, 126.76, 132.35, 152.55,

163.27, 171.54, 168.42 ppm; MS (EI): m/z = 282; HRMS

(EI): m/z calcd for C14H22N2O4 [M]? 282.1580, found

282.1582.

4-Ethyl-4-hydroxy-1H-pyrano[3,4-c]pyridine-3,8(4H,7H)-

dione (5, C10H11NO4)

A solution of 0.266 g compound 10 (0.943 mmol) in

12 cm3 3 N HCl was heated for 1 h at 100 �C. The mixture

was cooled to room temperature and evaporated to dryness

to give a straw-yellow solid. Purification of the latter with

anhydrous ethanol yielded product 9 (0.16 g, 81%) as a

white solid. M.p.: 226 �C (Ref. [25] m.p.: 227 �C); 1H

NMR (500 MHz, DMSO-d6): d = 0.80 (t, J = 7.0 Hz,

3H), 1.74 (m, 2H), 5.22 (s, 2H), 6.23 (s, 1H), 6.35 (d,

J = 7.0 Hz, 1H), 7.42 (d, J = 7.0 Hz, 1H), 11.82 (bs, 1H)

ppm; 13C NMR (100 MHz, DMSO-d6): d = 30.35, 65.10,

71.88, 102.07, 119.00, 134.66, 149.86, 158.85, 172.52

ppm; MS (EI): m/z = 209; HRMS (EI): m/z calcd for

C10H11NO4 [M]? 209.0688, found 209.0692.
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(1995) Heterocycles 40:1055
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