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A TOTAL SYNTHESIS OF (2)-CAMPTOTHECIN 
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Abstrac&-The pentacyclic alkaloid (+zamptothecin (1) has been synthesized from the dihydro- 
pyridone derivative 13. through the intermediacy of the pyrone IS and the ketotactone 19. 

In 1966, Wall et al. reported the isolation of the 
new and unusual alkaloid (+)-camptothecin (1) 
from Camptotheca acuminata Decaisne (Nyssa- 
ceae), a deciduous tree which grows almost ex- 
clusively in the interior of mainland China.’ The 
structure was elucidated by a combination of 
spectral methods and X-ray analysis of the iodo- 
acetate salt.*** The fact that camptothecin was 
thought to have antineoplastic activity,3 coupled 
with the difficulty in obtaining free supplies of the 
alkaloid, was enough to stimulate efforts at total 
synthesis in a number of laboratories.4-R 

1 

From the outset, it was clear that it was prefer- 
able to construct the quinoline moiety in the ter- 
minal stages of the synthesis, since camptothecin 
(1) as well as the synthetic analogs 2, 3, and 4 
exhibit only minimal solubility in the usual organic 
solvents.a*10 Furthermore, in some earlier work, it 
had been determined that Friedltider condensation 
of anthranilaldehyde with the amino ketone 5 
yields mainly the quinoline derivative 6.” 

A total synthesis of camptothecin, therefore, 

~-Cl&.,, 

5 6 

revolved around the preparation of the key tri- 
cyclic lactone 18. Once available, this intermediate 
could be C-alkylated and oxidized to the precursor 
#I which could be hydrolyzed to the ketone 21 
prior to FriedKnder condensation with anthranil- 
aldehyde to afford camptothecin. Alternatively, the 
intermediate 19 could be condensed with anthranil- 
aldehyde, and then C-alkylated and oxidized to 
afford the racemic alkaloid. 

Prolonged treatment of the ethylene ketal of 
the known urethan 7”.‘* with 1 M ethanolic potas- 
sium hydroxide at room temperature provided the 
carboxylic acid 8 in 91% yield. The acid chloride 
of 8 was converted to the dione 9 in 79% yield by 
reaction with the sodium salt of diethyl malonate 
and acid hydrolysis of the resulting diester. The 
diethylene ketal of 9 was then relluxed for two days 
in dilute ethanolic potassium hydroxide in a nitro- 
gen atmosphere, because of the extreme sensitivity 
of the hydrolysis to traces of oxygen. The resulting 
amine 10 was formed in 89% yield. The hydro- 
chloride salt of 10 could be efficiently acyiated 
in 91% yield using carbethoxyacetyl chloride in 
basic solution to afford the dike&d ester 11. The 
critical selective hydrolysis of 11 to the mono- 
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ketone 12 was achieved in 75% yield using 50% 
aqueous acetic acid at 60” for 18 hr. Under these 
conditions, only the side chain ketal was hydrolyzed 
as indicated by IR CO bands in the product at 
1735 (ester C=Q), 1720 (acyclic ketone C=O), and 
1650 cm-r (amide C=Q); while a ring ketone band 
at 1760 cm-’ was absent. Mass spectral data also 
supported this conclusion; a ring ketal peak at 
m/e 99 was present, but the peak for the side 
chain ketal fragment at m/e 87 was lacking. 

Treatment of the monoketone 12 with sodium 
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mle 99 m/e 87 
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ethoxide at 0” furnished the dihydropyridone 13 in 
83% yield, in what amounts to a new synthesis of 
dihydropyridones. Subsequent treatment of 13 
with excess DDQ produced a red-brown oil which 
was passed through a short alumina column to 
provide the pyridone 14 in 40% yield. 

Attention was now turned to the construction 
of the dlactone ring of the key tricyclic inter- 
mediate 18. 3ase catalyzed condensation of the 
pyridone 14 with diethyl oxalate followed by 
treatment of the crude product with ethanolic 
hydrogen chloride led to the pale yellow vinyl 
lactone 15 in 65% yield, by the mechanism indi- 
cated in Scheme I. 

It was now necessary to convert the vinyl lac- 
tone 15 to the glactone 18. An important observa- 
tion at this stage was that the vinyl &tone 15 
readily dissolved in aqueous bicarbonate, indica- 
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ting rapid hydrolysis to the enolate dianion 151. 
The marked susceptibility of the pyrone carbonyl 
to nucleophilic attack suggested that 15 should 
undergo facile reduction with a mild nucleophilic 
reducing agent; and indeed treatment of an ethan- 
olic solution of the vinyl lactone with sodium boro- 
hydride resulted in the immediate appearance of a 
bright yellow color indicating opening of the 
lactone to an enolate ion by hydride attack at the 
pyrone carbonyl. The yellow color then slowly 
faded pointing to the disappearance of the enolate 
species and formation of the trio1 16 which was not 
isolated (Scheme 2). Rather, cleavage of the 
water-soluble product with periodic acid gave rise 
to the crystalline hemiacetal 17 in 77% yield from 
the vinyl lactone 15. Oxidation to the desired 6 

lactone 18 was achieved using platinum and 
oxygen, 

At this stage in the synthesis, a report appeared 
in the literature describing an independent prepara- 
tion of the pentacyclic precursor 22 and its con- 
version to (*)-camptothecin6 It was, therefore, 
decided to convert the Mactone 18 to the pre- 
cursor 22. This conversion was readily achieved 
through hydrolysis of the ketal function of 18 using 
oxalic acid in hot aqueous ethanol. and condensa- 
tion of the resulting keto lactone 19 with anthranil- 
aldehyde; thus affording an alternate synthesis of 
(?)-camptothecin. 

It is relevant to point out that the efficacy of 
camptothecin as an anti-cancer drug has been 
recently seriously questioned. Camptothecin was 

16 
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used in the treatment of sixty-one patients at the 
Mayo Clinic in Rochester, Minnesota, suffering 
from advanced gastrointestinal adenocarcinoma. 
After two months, only two of the patients (3%) 
showed partial objective responses.‘s 

EXPERIMENTAL 
M.ps are uncorrected. NMR spectra are at 6OMHz 

with TMS as internal standard, and CDCls as solvent. 
Mass spectra were recorded on an A.E.I. MS-902 
spectrometer at 70eV. TLC was on Merck Silica Gel 
plates F-254. Microanalyses were performed by Midwest 
Microlab, Inc., Indianapolis. 

I-Carbethoxy-2-carbethoxymethyl-3-oxopyrrolidine (7). 
This cyclic ketone was prepared from #l-alanine and di- 
ethyl fumarate.1’.12 

Erhylene ketal of 7. Prepared from 7 using ethylene 
glycol, dry benzene and a little p-toluenesulfonic acid 
in a Dean-Stark water separator. A clear viscous oil, 
80% yield, b.p. 127-135” (O-2 mm). (Found: C, 54.06; 
H, 7.63. Calcd. for C ,3H21NOB: C, 54.33; H, 7.38%). 

1 Karbethoxy-2-carboxymethyl-3 -oxopyrrolidine ethyl- 
ene ketal (8). The ethylene ketal of 7 (32.9 g. 0. I I5 mol) 
was dissolved in 75 ml deoxygenated EtOH and added 
rapidly, under a stream of N, to a stirred soln of KOH 
(lY.Zg) in 230ml deoxygenated 67% aq EtOH. The 
orange-yellow soln was allowed to stand under a N, 
atm for 18 hr and then brought to pH 8 and concen- 
trated in cucuo. The mixture was diluted with water, 
acidified at O”, and saturated with NaCI. Extraction 
with EtOAc followed by drying and evaporation produced 
an orange-brown oil. The crude acid slowly crystallized to 
give 27 g (9 1%) of a tan solid, m.p. 64-75” which was used 
in the next step. Recrystallization from benzene-light 
petroleum gave white crystals, m.p. 78-80”. (Found: C, 
50.97; H, 6.61. Calcd. for C,,H,,NO,: C, 50.96; H, 
6.61%). 

Acid chloride of8. Oxalyl chloride (18.5g, 0.145 mol) 
was added rapidly to a soln of the above acid (25.Og, 
OW65 mol) in I50 ml dry benzene, and the mixture 
provided with a carborundum chip to promote the emission 
of gases. AAer 3 hr the solvent was evaporated in uacuo 
at room temp. A second portion of benzene was added, 
and again evaporated. The residue was a viscous brown 
colored oil which was used directly in the next step. 
ui:E“ 1685 and 1795 cm-‘. 

I-Carbethoxy-2-p-oxoproply-3-oxopyrrolidine (9). 
NaOEt prepared from 9.5 g of Na (O-412 mol) and 400 ml 
dry EtOH was added slowly to a soln of malonic ester 
(68 g, 0.425 mol) in 100 ml EtOH. The mixture was con- 
centrated and several portions of dry ether added and 
evaporated. The white Na-salt was then dried and crushed 
to a fine powder. 

The above Na-salt was suspended in 800 ml dry ether 
and the crude acid chloride (26.7 g, OX@65 mol) in 150 ml 
dry ether was added dropwise with stirring over a 30 min 
period. After refluxing for 2 hr. ice and water were added 
and the resultant two phase system acidified with IO% 
HCI. The two layers were separated and the aqueous 
layer extracted with a second portion of ether. The 
combined ether extracts were evaporated to provide a 
mixture of diethyl malonate and the crude diethyl malon- 
ate adduct. 

The above orange-brown liquid was refluxed for I2 
hr in a mixture of 350ml HOAc and 350 ml 3% HCI. 
The mixture was evaporated and water added and again 

evaporated. More water was then added and the aqueous 
soln basitied with solid N&COs. Extraction of the aq 
soln with ether followed by drying and evaporation gave 
a dark red-brown liquid. Vacuum distillation afforded 
16.2g (79%) of a viscous light yellow liquid, b.p 95” 
(0.03mm); v:::‘~ 1690, 1715 and 1760 cm-‘. (Found: C, 
5592; H, 746. Calcd. for C,J+,,NO,: C. 56.32; H. 
7.10%). 

Diethylene ketal of 9. A mixture of diketone 9 (16.2 g, 
0.076 mol) and ptoluenesulfonic acid monohydrate 
(0.95g, OW5 molj was dissolved in 500 ml dry benzene 
containinn 22ml ethvlene zlvcol. The flask was fitted 
with a Dean-Stark -water-separator and the mixture 
stirred under reflux overnight. After cooling, the mixture 
was shaken with sat NaHCOsaq and the benzene soln 
dried and evaporated to furnish a nearly colorless liquid. 
Vacuum distillation of the crude diketal produced 20.6g 
(90%) of a clear, colorless liquid, b.p 122” (O-03 mm); 
vz$ 1680cm-‘. High resolution mass measurement: MC 
Calcd. for CIaHf3N0,,: mle 301.1524. Found: m/e 
301.1528. 

2+Oxoprupyl-3-oxopyrrolidine dierhylene ketaf hydro- 
chloride (10. HCI). A soln of the diethylene ketal of the 
urethan 9 (20.6 g, 0.0685 mol) in 60 ml EtOH was added 
rapidly under a stream of deoxygenated NP to a soln of 
KOH (56g) in 195 ml EtOH and 30 ml water. The re- 
sultant yellow soln was refluxed under a N, for 43 hr. 
The dark brown soln was concentrated in uacuo, diluted 
with water, and extracted with ether. The aqueous soln 
was saturated with NaCl and extracted with ether. Com- 
bination of the ether extracts. followed by drying and 
evaporation gave a dark brown liquid from which vacuum 
distillation provided l4.Og (89%) of the light yellow 
amine, b.p 97-102” (0.05 mm). High resolution mass 
measurement: M+ Calcd. for C,,HlsNO,: m/e 229.1314. 
Found: m/e 229.1310. 

The amine was dissolved in 250 ml dry ether and HCI 
gas bubbled in slowly at intervals until no more salt 
precipitated from soln. The crude hydrochloride salt was 
filtered and dried in Iracuo to yield 15.6g (83% based on 
urethan) of white crystals, m.p 139-141”. and was used 
directly in the next step. The analytical sample was 
prepared by recrystallization from EtOH-ether. (Found: 
C, 49-61; H. 7.48. Calcd. for C,,H&INO,: C, 49.71; H, 
76@%). 

1 -Ethoxycarbonylace@I-2-p-oxopropyl-3-oxopyrroii- 
dine dierhyiene ketal (II). A mixture of the above amine 
hydrochloride (12-Y g, 0.0487 mol) in 175 ml chloroform 
and K&O> (28.5 g, 0.21 mol) in I75 ml water was chilled 
in an ice bath. Carbethoxvacetvl chloride” (22-O K. 0.146 
mol) in 50 ml chloroform v&s added dropwise with 
stirring over a period of 20 min. The mixture was stirred 
an additional 30 min and the two layers separated. The 
chloroform soln was washed with cold 1% HCI and then 
with Na#ZOs soln. After drying, the chloroform soln was 
treated with Norit filtered and evaporated to furnish 15.2 g 
(9 I %) of a light green viscous oil which was essentially 
pure and was used in the next step without purification; 
uCHClr 1645 and 1735 cm-‘. High resolution mass measure 
m”e” M+ Calcd. for C,,H,,NO,: m/e 343-1630. Found: 
m/e 343.1633. 

I - Ethoxycurbonylacetyi- 2 - fi - oxopropyl- 3-oxopyrroli- 
dine monoerhylene ketaf (12). Diketal II (6.02g. O-0175 
mol) was dissolved in 270 ml of 50% aqueous AcOH and 
heated at 60” for I8 hr. Evaporation of the solvent pro- 
vided a light yellow liquid which was diluted with water 
and neutralized with solid N&CO,. The mixture was 
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extracted with chloroform, dried, and evaporated to give 
a yellow oil which crystallized upon trituration with 
ether. Recrystallization from benzene-light petroleum 
produced 4.0 g (75%) of the monoketone as white 
needles, m.p. 81-82”; YE:” 1650, 1720 and 1735 cm-‘. 
Mass spectrum m/e 299 (9) (M+), 254 (8). 212 (8), 184 
(61, Iti (7). 115 (11). 100 (22), 99 (100). 56 (36) and 
55 (26). (Found: C. 56.10: H. 7.05. Calcd. for 
c, 56.i7;H. 7.08%). 

C,.H.,NO.: .._. _ 

2’,3’,8’,9’-Tetrahydro-6’-carbethoxy-7’-methyl-5’-0~0- 
spire-[ 1,3-dioxolane-2, I ‘(S’H)-indolizine) (13). A soln of 
ethanolic NaOEt, prepared from Na metal (0.73 g, 0.0317 
mol) in 50ml abs EtOH, was added dropwise under a 
stream of Nt to an ice cold soln of 12 (7.91 g, 0.0264 mol) 
in IO0 ml abs EtOH. Stirring was continued for an addi- 
tional I5 min at 0” and the mixture then diluted with 
400 ml water and neutmlized with 10% HCI. The aqueous 
soln was extracted with chloroform and the extracts dried 
and evaporated to afford a light yellow oil which readily 
crystallized upon trituration with ether. Recrystallization 
from benzend-light petroleum furnished 6.ig (83%) of 
white crvstals. m.o. 89-90”: vZ!? 1625. 1660 and 1725: 
AEtOH 26bnm (log-c 3.08); NGg 8 2.06 (3H. s, C=C- max 
CL). (Found: C, 59.62; H, 692. Calcd. for C,,H,gNO,: 
C, 59.76; H, 6.82%). 

2’,3’-Dihydro-6’-carbethoxy-7’-merhyl-5’-~~x~~-spiro- 
[ 1,3-dioxolane-2.1 ‘(S’H)-indo/&e] (14): A soln or the 
unsaturated lactam ester 13 (3.1 g, 0.01 I mol) and DDO 
(4.Og, 0.0173mol) in 250ml dry benzene was refluxed 
with stirring for 18 hr under a N,. After cooling, the solid 
hydroquinone was filtered and washed thoroughly with 
benzene. Evaporation of the combined benzene soln 
furnished a red-brown oil which was passed rapidly 
through a short column of base washed Fisher Alumina 
using chloroform as an eluent. Evaporation of the chloro- 
form gave rise to I .27 g (41%) of a nearly colorless solid 
which was recrystallized from benzene-hexane to afford 
white crystals, m.p. I IO- 112”; uL’J$‘~ 1605, 1660 and 1725: 
A::/ 232 (sh) and 310 nm (log’rj.47 and 3.73); NMR s 
2.28 (3H, s, C=C-CH,), 8 6.15 (lH, s, pvridone H). 
(Found: C, 60.35; H, 2-09. Calcd. for C&,,NOJ: 6, 
60-20; H, 6.15%). 

3’-Curbethoxy-7’-8’-dihydro-I ‘,lO’-dioxo-spiro(l,3-di- 
oxolane-2,6’( lO’H)-[ I H]pyrano[3,4-flindolizine] (15). A 
mixture of the above pyridone (0.48 g, I.72 mmol) and 2 
ml diethyl oxalate was dissolved in 45 ml dry benzene. A 
soln of ethanolic NaOEt, prepared from Na metal (O-19 
g, 8.6 mmol) in 8.5 ml EtOH, was then added rapidly and 
the soln stirred under NZ for 19 hr. The resultant orange- 
yellow suspension was shaken with water and the com- 
bined aqueous extracts washed with ether. Acidification 
with 10% aq HCI, followed by extraction with chloroform 
furnished an orange soln which was dried and evaporated. 
The crude oil was dissolved in EtOH and treated with 
12 drops of ethanolic HCI. After stirring for 3 hr. the 
orange color had disappeared and a considerable amount 
of yellow solid had precipitated out of soln. Evaporation 
produced the crude vinyl &tone which was recrystal- 
lized from MeOH to afford 372 mg (65%) of pale yellow 
needles, m.p. 218-220”; Y=:‘~ 1610. 1640, 1665, 1730and 
1760 cm-‘; AeF 240 (sh), 248, 262, 298 (sh), 313, 325 
(sh) and 364 nm (log E 4.03, 4+8,4.06, 3.85, 3+9,3.%and 
3.88); NMR 6 6.32 (IH, s, pyridone I-i), 8 7.18 (IH. s, 
pyrone _H). (Found: C, 56.91; H, 4.65. Calcd. for C,,H,h 
NO,. l/2 CHSOH: C, 56.73; H, 4.91%). 

3’,4’,7’,8’-Tetrahydro-3’-hydroxy-IO’-oxo-spiro[ 1,3-di- 
oxolam-2,6’(10’H)-[ I-H]pyrano[3,4_fjindolizine (17). 

Vinyl lactone 15 (447mg, 1.32mmol) was stirred with 
an equal weight of NaBH, in 65 ml EtOH for 18 hr. 
Aqueous AcOH was added dropwise and the mixture 
evaporated to dryness. The gummy solid was dissolved 
in 25 ml water, neutralized with dil HSO, and cooled to 
09 Periodic acid (920 mg, 30% mmol) was dissolved in 
the aqueous soln and enough dil H,SO, added to adjust 
the pH to approximately 3. After standing in the refriger- 
ator for 4 hr. the cold mixture was treated with solid 
NaHSO, until the dark brown color disappeared and the 
soln became yellow. The aqueous soln was ex&ted 
with chloroform and the extracts dried and evaporated 
to ive 275 mg (77%) of the crude solid hemiacetal. 
Recrystallization from acetone produced the pure sample, 
m.p. 183-185”; timiF” 1600, 1665, 3370 and 3590 cm-‘; 
AR::!’ 238 and 298 nm (log l 3.59and 3.76); NMR DMSO- 
$ 6 4.53 (2H, s, CH,O), 8 5.20 (IH, d, .I = 4.5 Hz. 
methinyl H). 6 6.27 (1H. s, pyridone IJ). (Found: C. 
58.84; H, 6.1 I. Calcd. for C,,H,,NO,: C. 58.85; H. 
5.7 I%). 

7’,8’- Dihydro-3’. IO’-dioxn-spiro( I ,3-dioxolane-2.6’- 
(IO’H)-(lH,3H,4H)pyruno-(3&f)indo/izine) (18). A sus- 
pension of IO mg of PtO, in 5 ml freshly distilled EtOAc 
was stirred in an atmosphere of Hp until reduction to Pt 
was complete. tS The H, in the system was replaced with 
air by careful and repeated evacuation. 0, was admitted 
and stirring continued until no further O2 was absorbed. 
A soln of 11 mg of hemiacetal 17 in 5 ml freshly distilled 
EtOAc was then added, and the mixture was stirred for 
64 hr at room temp. The mixture was filtered and the 
solvent evaporated in uacuo yielding 10 mg of a pale 
yellow oil which gradually solidified. The compound was 
&ystallized from-MeOH, m.p. 174-6”; ~~~~i 1750 and 
1670 cm’-‘: AE’OH 235 and 305 nm. Hieh resolution mass 
measuremknt(‘-?+ Calcd. for C,,H,,<O,: m/e 263.0793. 
Found: m/e 263.0797. 

Monoketone 19 deriaed from ketal tactone 18. (19). A 
mixture consisting of 9 mg of lactone 18. IO mg oxalic 
acid, 4 ml EtOH and 8 ml water was heated at 90-5” for 
16 hr. The mixture was concentrated and extracted with 
chloroform. After drying, the solvent was evaporated 
leaving 4 mg of an oil which gradually solidified. The 
compound showed a strong blue fluorescence under UV 
light, and was homogeneous by TLC. High resolution 
mass measurement: M+ Calcd. for CILHBNO,: mle 
219.1975. Found: m/e219*2003. 

20.20-Deoxydeerhylcamptothecin’s (22). A mixture of 
I mg ketolactone 19, 0.8 mg anthranilaldehyde, 0.2 mg 
NaOH and 0.4ml EtOH was allowed to stand for 16 hr 
at room temp. The separated pale yellow solid (1 mg) was 
identical with an authentic sample provided by Professor 
Winterfeldt,* m.p. 250” (dec). Both materials were 
essentially insoluble in the usual organic solvents. 

TLC of either sample, using benzene-MeOH (3: I), 
gave a single spot, R, 0.70, showing an intense blue 
fluorescence under long wave length UV light. 
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