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THE PREPARATION OF TRITIUM AND DEUTERIUM-LABELLED CAMPTOTHECIN
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SUMMARY

The synthesis of d,%,~12-bromocamptothecin (2d)
from camptothecin (l) is described. Reduction of
the bromo derivative 2d with tritium gas in the
presence of palladium on carbon afforded d,£-camp-
tothecin 12-3H having a specific activity of 29 Ci/
mmol. A simpler labelling procedure was subsequently
discovered whereby deuterium in the presence of
palladium on carbon reduced ring B of camptothecin
and also exchanged the C-5 hydrogen with deuterium.
The reduced camptothecin aromatized to camptothecin
in the presence of air to give deuterium incorpora-

tion in the C-5 and C-7 positions.
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INTRODUCTION

Camptothecin++ is a novel pentacyclic alkaloidl with highly signifi-
cant activity in animal leukemia systems2 and which exhibits marked in
vitro activity in inhibition of RNA syntheses and "depolymerization" of
DNA.3 In studies involving the pharmacological behavior of camptothecin
specifically tritium labelled camptothecin was required. In this paper,
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we wish to report two procedures for the preparation of labelled camp-
tothecin (1). The first, involving four steps, introduces a label pri-
marily at the C-12 position. This synthesis proceeds through the known
d,f-12-bromocamptothecin (gg)A, a compound for which experimental details
were lacking. Therefore, in this paper full experimental details are
reported. The second is a one step procedure and provides optically
active camptothecin (1) labelled at the C-5 and C-7 positions.
RESULTS AND DISCUSSION

d-Camptothecin (1) was nitrated using concentrated sulfuric acid
and fuming nitric acid to give a complex mixture from which d,2-12~
nitrocamptothecin (2a) could be obtained by chromatography in low yields
(26%). Chinese workers report that 12-nmitrocamptothecin (2a) has a blue
fluorescence whereas the isomeric 9-nitrocamptothecin gives a yellow

fluorescence.a We isolated a compound with a blue fluorescence and a
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melting point of 271-273°C (1it.4 268-270°C). Reduction of 2a with

hydrogen in the presence of platinum proceeded without difficulty to
give amine 2b in good yield. Diazotization of 2b was carried out in 48%
hydrobromic acid with sodium nitrite. Amine 2b was only partially
soluble in the acid, but the diazonium salt 2c formed a clear orange
solution. Oxygen was purged from the system using argon and freshly
prepared cuprous bromide was then added. If these precautions were not
taken, an unknown tribrominated product and a compound containing one
bromine and one extra oxygen were formed as the principal products as
determined by mass spectrometry.

After heating at 90°C for 1 hour, d,2-12-bromocamptothecin (2d)
with a melting point of 243-245°C (1it.4 239°C) could be isolated in 369
yield. Reduction of 2d in dioxane using 10% palladium on carbon and
tritium gas (ca. 600 Torr) for 12 hours gave a product which was puri-
fied by column chromatography to give d,l-camptothecin-12—3H (2e) of
high specific activity (29 Ci/mmol).

If reduction of 2d was carried out with deuterium (760 Torr) for a
longer period (24 hours), a pink fluorescent material which was slightly
less polar than camptothecin was formed. After exposure of this com-
pound to air, a product was formed which was not characterized except
for the fact that the pink fluorescence was replaced by blue fluo-
rescence and the Rf of this compound was identical to that of campto-
thecin.

We assumed that in addition to replacement of the 12-bromo sub-
stituent by deuterium, partial reduction of ring B by deuterium might

have occurred. The latter upon rearomatization yielded camptothecin.
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This suggested that camptothecin (1) may be directly deuterated thus
leading to a simpler method of labelling 1 than that via the 12-bromo-
route.

Accordingly, 1 was subjected to 24-hour deuteration as described
above. The pink, fluorescent material was formed as beforé suggesting
that this product arose from the partial reduction of 1 with deuterium.
When oxygen was passed through the solution, the pink fluorescence
disappeared. The resulting product was purified by chromatography.

Mass spectral peaks in the region of parent ion were observed as
follows: 348 (80), 349 (100), 350 (78), 351 (30) indicating that 1 with
a mixture of dO’ dl, d2, and d3 species had been formed. It could be
calculated that deuterated 1 contained 35% dO’ 35% dl’ 24% d2, and 6% d3
species with an average of 1.0l deuterium atoms per molecule‘5 Integra-
tion of the C-5 methylene protons at § 5.29 in the pmr spectrum of
deuterated 1 showed only 55% of the expected value. An average of 0.9
(2 % 0.45) deuterium incorporated at this position would account for the
reduced peak area. Thus at this position, there were either 0, 1, or 2
deuterium atoms. Since the mass spectrum showed a d3 species, at least
one other position in the molecule must also be deuterated. Because
there were almost no d4 species present, this indicated that ring A was
not reduced. Another possible position which was ruled out is C-17 (2
benzylic hydrogens) since deuteration at this position would also give
rise to a d4 species.6 Reduction of either rings B or D and rearoma-
tization would result in a single deuterium being incorporated at
either C-7 or C-14.

A cmr study was undertaken in order to determine the exact position

of deuteration. For carbons substituted with deuterium, there is a
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decrease in peak area relative to the same carbon in an undeuterated
sample. Thus, by comparing the ratio of the peak areas of deuterated
camptothecin to camptothecin (1), it should be possible to determine
which carbons were substituted with deuterium. However, it was first
necessary to assign chemical shift values to the carbons of campto-
thecin.

Hutchinson and coworkers7 report chemical shift values for 18 of
the 20 carbon atoms of 1 and make partial assignments for these values.
We were able to observe signals corresponding to all 20 carbons and,
with the aid of spectra of intermediates obtained during the synthesis
of d,2-camptothecin8 and of substituted camptothecin derivatives, make
definite assignments (see table 1). Assignments for the aromatic carbons
in the gquinoline and pyridone nuclei were the most difficult to make.

By comparison with quinoline,9 2,6-dimethy1quinoline,9 2,3-dimethyl-
pyridine,9 and substituted quinoline 2,10 assignments could be made for
the quinoline portion of the molecule. These assignments were further
substantiated by making use of the substituent effects of bromine and
applying this information to d,£-12~bromocamptothecin (2d). There was a
close agreement with the predicted and observed chemical shift values
thus giving further proof that the quinoline carbons of camptothecin (1)
were assigned correctly. Low intensity peaks were assigned to quarter-
nary carbons.

Assignment of the pyridone carbons were likewise made by comparison
with the cmr spectra of pyridone9 and intermediates such as 4 obtained
during the synthesis of d,z-camptothecin.8 The spectrum of desoxy-
camptothecin (Q) was useful in assigning the chemical shift value of

150.0 (instead of 148.0) to C-15 in camptothecin (1).
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Table 1

Cmr Assignments for Camptothecin (l)a

Chemical Shift
152.6
145.4

50.3
129.8
131.6
128.0
128.5
127.7
129.0
130.4
148.0

96.7
150.0
119.1
156.8

65.3

7.9
30.3
72.4

172.5

a .
The spectrum was recorded at room temperature in

DMSO—d6.
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Both C-5 and C-~7 suffered a reduction in peak areas in going from
camptothecin (1) to deuterated camptothecin. From this information, it
could be concluded that deuteration was taking place at these two positions.
The palladium catalyst was then responsible for a two-fold effect: (1)
reduction of ring B and (2) exchange of the benzylic hydrogens at C—S.11
Previous work from our laboratories has shown that it is possible to
exchange the hydrogens at the C-5 position, but only under drastic basic
conditions.12 Thus the C-5 position should not be particularly vulner-
able to further exchange under in vivo conditions. This second method
of labelling camptothecin avoids the tedious synthesis of d,2-12-bromo-~
camptothecin (gg) and also provides material which is optically active.

EXPERIMENTAL

Radioactive samples were counted in a Packard Tri-Carb 3375 liquid
scintillation spectrometer using an Omnifluor-toluene (6 g/liter) cock-
tail. Developed TLC plates were scanned on a Varian Berthold Radio-
scanner fitted with a model LB 242 K ratemeter. Pmr spectra were re-
corded on a Varian HA-100 spectrometer and cmr spectra were recorded on
a JEOL JNM-PS-100 spectrometer. Mass spectra were obtained on an AEI MS
902 instrument. Tritium gas was purchased from New England Nuclear,

Boston, Mass.

d,2-12-Nitrocamptothecin (2a). Camptothecin (1, 1.276 g, 3.67

mmol) was dissolved in concentrated sulfuric acid (93%, 25 mL). The
solution was cooled to -5°C in an ice-salt bath and fuming nitric acid
(90%, 1.3 mL) was added over a 10 min period. The yellow solution which
had darkened considerably was allowed to warm to room temperature and

stirred until TLC [silica gel; CHCl,-acetone-MeOH (70:20:10)] showed the

3

disappearance of starting material (ca. 7 hr.). The reaction mixture
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was poured over ice (150 g) and extracted with CH2C12 (3 X 150 mL). The
organic phase was dried (NaZSOA) and evaporated to yield 1.47 g of a
crude material which was passed through a silica gel column (20 g, 10%
MeOH-CHClS) to obtain 1.22 g of a yellow solid. This material was

mixed with silica gel 60 (10 g) using 13% MeOH-CHCl,, dried and then

3’
applied to a larger column (200 g) which was eluted with 3% MeOH—CHC13.
The desired material with an Rf = 0.40 (camptothecin's Rf

CHC13-acetone—MeOH (70:20:10) was isolated as a yellow solid which was

crystallized from 139 MeOH-CHC1

= 0.50) in

3 and EtOAc to yield 0.38 g (26% ) of 2a.

Required for C, H,.N,O m/e 393.0961, found: m/e 393.0965.

207157376°
d,2-12-Aminocamptothecin (2b). A mixture of 2a (127 mg, 0.323

mmol) and platinum oxide (110 mg) in absolute EtOH (75 ml) was hydro-
genated in a Parr Shaker during 2.5 hr. at 35°C. The mixture was filtered
through Celite and evaporated to yield an orange solid which was cry-

stallized from 13% MeOH-CHC1l, and EtOAc to yield 105 mg (90%) of 2b.

3

Required for C20H17H304: m/e 363.1219. Found: m/e 363.1213.

d,2-12-Bromocamptothecin (2d). Amine 2b (90 mg, 0.248 mmol) was

suspended in hydrobromic acid (48%, 3.3 mL) and cooled in an ice bath.
Sodium nitrite (20.5 mg, 0.297 mmol) dissolved in 0.20 mL of HZO was
added portionwise over a 10 min period and the mixture was allowed to
stir at room temperature for 1 hr. at which time it turned a clear
orange. The system was purged with argon and cuprous bromide (46 mg,
0.231 mmol) was added. After heating at 90°C for 1 hr., the reaction
mixture was cooled and added to HZO (30 mL), extracted with CH2C12 (3 X
30 mL), dried (NaZSO4) and evaporated to give 118 mg of crude material.
This was eluted from a silica gel 60 column (20 g) using 1% MeOH-CHC1

3

to give a yellow solid (a quenching spot with the same R_ as 1) which

f
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was crystallized from CHCl, to yield 38 mg (36%) of 2d. Required for

3

C,.H, .BrN O m/e 426.0212. Found: m/e 426.0213.

2071577204
d,2-campt0thecin-12—3H (2e). A mixture of 2d (4 mg, 0.0094 mmol),

10% palladium on carbon (3.2 mg), p-dioxane (0.4 mL) and triethylamine
(0.04 mL) was placed in a small flask connected to a modified high
vacuum microhydrogenation apparatus.13 A break-seal ampoule containing
carrier free tritium gas (5.0 Ci, 1.90 mL at STP) was attached. The
mixture was frozen in liquid nitrogen, the system evacuated and the
ampoule seal was broken. The mixture was warmed to room temperature
(19°C) and stirred for 12 hr. During the reaction, the pressure of
tritium gas was slightly under atmospheric pressure. The uptake of
tritium matched the calculated amount. The mixture was refrozen and the
excess tritium gas pumped out. After warming to room temperature, the
catalyst was removed by filtration through Celite and washed with 13%
MeOH-CHClB. The solvent was removed in vacuo and the residue taken up

in a minimum amount of 4% MeOH-CHCl, and eluted through a silica gel 60

3

column (6 g) monitoring with a UV light. TLC [silica gel HF CHC13-

2542
acetone-MeOH (70:20:10)] of fraction 2 (1.7 mg, 52%)14 showed a single
fluorescent, radioactive spot with an Rf identical with that of campto-
thecin (1). Its UV spectrum was also identical with that of 1. This
material had a specific activity of 29 Ci/mmol and a radiochemical

purity of greater than 95%.

d—camptothecin-S,?-ZH. A mixture of d-camptothecin (1, 20 mg,

0.086 mmol), 10% palladium on carbon (30 mg), anhydrous p-dioxane (16
mL) and triethylamine (1.2 mL) was stirred at room temperature (19°C) in
an atmosphere of deuterium (760 Torr) for 24 hr. The catalyst was

removed by filtration, washed with 139% MeOH-CHC13, and oxygen was bubbled

327
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through the solution for 3 hr. The solvent was removed in vacuo and
the resulting solid was mixed with a small amount of silica gel using
13% MeOH—CHC13, dried and then applied to a larger column of silica gel

60 (8 g). The column was eluted with 2% MeOH-CHC1 The resulting

3

material was crystallized from 13% MeOH-CHC1, and EtOAc to yield 11 mg

3
(37%) of light yellow solid which was pure by TLC. w/e: 348(80) 349(100)
350(78), 351(30), 352(5.5).
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