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Abstract—Radiolabeled antimitotic agents [11C]T138067 and [18F]T138067 have been synthesized for evaluation as new potential
positron emission tomography (PET) biomarkers for cancer imaging. In vivo biodistribution and micro-PET imaging of
[11C]T138067 were performed in breast cancer animal models MCF-7 transfected with IL-1a implanted athymic mice and MDA-
MB-435 implanted athymic mice. The results suggest that the uptakes of [11C]T138067 in both MCF-7 transfected with IL-1a
tumor and MDA-MB-435 tumor are non-specific binding.
# 2003 Elsevier Ltd. All rights reserved.
Antimitotic drugs have emerged as an effective treat-
ment for a variety of cancers.1 The new antimitotic
agent T138067 is an irreversible inhibitor of tubulin
polymerization, which is currently in phase II clinical
trials and is effective against many tumor types, includ-
ing those that express the multidrug resistant (MDR)
phenotype.2�5 The anticancer mechanism of T138067 is
that it has been shown to covalently bind to cysteine-
239 on b-tubulin isoforms 1, 2, and 4 by the way of a
nucleophilic aromatic substitution reaction, and the
covalent modification of b-tubulin inhibits the poly-
merization of the a,b-tubulin heterodimers into micro-
tubules, which leads to cell arrest at the G2/M cell cycle
boundary followed by apoptosis.2

In order to develop novel cancer biomarkers for molec-
ular imaging,6 a series of positron emission tomo-
graphy (PET) cancer imaging agents that target either
receptors or enzymes have been synthesized in this
laboratory.7�15 Tubulin polymerization provides a tar-
get for the in vivo biomedical imaging technique PET to
image cancers. Radiolabeled antimitotic agent T138067
analogues labeled with positron emitting radionuclides
carbon-11 or fluorine-18 may enable non-invasive mon-
itoring of cancer tubulin polymerization and its
response to antimitotic drug treatment using PET. Here
we report the synthesis of [11C]T138067 and [18F]T138067,
and the in vivo biodistribution and micro-PET imaging
of [11C]T138067.

The synthesis of [11C]T138067 and [18F]T138067 is
shown in Scheme 1.

The reaction of two commercially available starting
materials pentafluorobenzenesulfonyl chloride (2) and
3-fluoro-4-methoxyaniline (3) in methanol provided tar-
get compound N-(3-fluoro-4-methoxy-phenyl)-2,3,4,5,6-
pentafluorobenzenesulfonamide (T138067, 1) in 85%
chemical yield. The demethylation of 1 with BBr3 in
methylene chloride gave the phenol precursor N-(3-
fluoro-4-hydroxy-phenyl)-2,3,4,5,6-pentafluorobenzene-
sulfonamide (4) in 43% chemical yield for carbon-11
radiolabeling. The phenol precursor 4 was alkylated
with [11C]methyl triflate16,17 under basic conditions
using tetrabutylammonium hydroxide (TBAH) through
11C-O-methylation method and isolated by solid-phase
extraction (SPE) purification9,18�20 to produce pure tar-
get tracer [11C]T138067 ([11C]1) in 45–60% radio-
chemical yields based on 11CO2, decay corrected to end
of bombardment (EOB), in 20–25 min synthesis time.
The large polarity difference between the phenol pre-
cursor and the labeled O-methylated product permitted
the use of SPE technique for purification of radiotracer
from radiolabeling reaction mixture. The reaction
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mixture was diluted with NaHCO3 (0.1M) and loaded
onto C-18 cartridge by gas pressure. The cartridge col-
umn was washed with water to remove unreacted phe-
nol precursor, non-reacted [11C]methyl triflate and
reaction solvent acetonitrile, and then final labeled pro-
duct was eluted with ethanol. Chemical purity, radio-
chemical purity, and specific radioactivity were
determined by analytical HPLC methods, which
employed a Prodigy (Phenomenex) 5 mm C-18 column,
4.6�250 mm; 3:1:3 CH3CN: MeOH: 20 mM, pH 6.7
KHPO4

� mobile phase, 1.5 mL/min flow rate, UV (240
nm) and g-ray (NaI) flow detectors. Retention times in
this HPLC system were: RT4=2.17 min, RT[11C]1=5.30
min. The chemical purity of precursor 4 and standard
sample 1 was >95%, radiochemical purity of target
radiotracers [11C]1 was >99%, and the chemical purity
of target radiotracer [11C]1 was >95%. The specific
activity of target radiotracers [11C]1 was 0.6–0.8 Ci/
mmol (n=3–5) at end-of-synthesis (EOS).

The commercially available starting material 4-fluoro-3-
nitroaniline (5) was reacted with NaOMe/MeOH to
convert to 4-methoxy-3-nitroaniline (6) in 93% chemical
yield. The reaction of 2 with 6 in methanol provided the
nitro-precursor N-(4-methoxy-3-nitro-phenyl)-2,3,4,5,6-
pentafluorobenzenesulfonamide (7) in 82% chemical
yield for fluorine-18 radiolabeling. The nitro-precursor
7 was labeled by a conventional nucleophilic substitu-
tion14 with K[18F]/Kryptofix 2.2.2 in CH3CN at 120 �C
for 20 min to provide target tracer [18F]T138067
([18F]1). The radiolabeling reaction was monitored by
analytical radio-HPLC method, in which we employed
a HPLC system aforementioned. Retention times in
the analytical HPLC system were: RT7=3.23 min,
RT[18F]1=5.48 min, RTK[18F]=1.88 min. The radio-
labeling mixture was passed through a Silica Sep-Pak to
remove Kryptofix 2.2.2 and non-reacted [18F]fluoride.
The large polarity difference between nitro-precursor,
labeled product and Kryptofix 2.2.2, non-reacted
[18F]fluoride permitted the use of a simple SPE tech-
nique21,22 for fast isolation of nitro-precursor and
labeled product from the radiolabeling reaction mix-
ture. The key part in this technique is a SiO2 Sep-Pak
type cartridge, which contains �0.5–2 g of adsorbent.
The Sep-Pak was eluted with MeOH and the solvent
was evaporated under high vacuum to give the mixture
residue of the precursor and product. The existence of
the catalyst Kryptofix 2.2.2 and non-reacted [18F]fluo-
ride would affect the purification of labeled product
from its mixture with precursor; therefore, they needed
to be removed before [18F]1 was separated from the
mixture. This mixture was purified with SPE method
instead of HPLC method so that it will be amenable for
automation. The residue was dissolved in NaHCO3

(0.1M, 1 mL), passed through a C-18 cartridge by gas
pressure to remove precursor by simple SPE with water.
The large polarity difference between precursor 7 and
radiolabeled product [18F]1 permitted the use of SPE
technique for fast purification of radiotracer [18F]1 from
its mixture with 7. The radiochemically pure compound
[18F]1 was isolated with ethanol from the C-18 cartridge
and evaporated to remove organic solvent and for-
mulated with saline. The radiochemical yield of [18F]1
was 30–35%, and the synthesis time was 60–70 min
from EOB. Chemical purity, radiochemical purity, and
specific radioactivity were determined by analytical
HPLC method. The chemical purities of precursor 7
and standard sample 1 were >95%, the radiochemical
purity of target radiotracer [18F]1 was >99%, and the
chemical purity of radiotracer [18F]1 was �93%. The
Scheme 1. Synthesis of [11C]T138067 and [18F]T138067: (a) MeOH; (b) BBr3, CH2Cl2; (c)
11CH3OTf, TBAH, CH3CN; (d) NaOMe/MeOH; (e) 2,

MeOH; (f) K18F, K2.2.2, CH3CN.
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specific radioactivities of radiotracer [18F]1 were 0.8–1.2
Ci/mmol (n=3–5) at EOS.

Compounds 1, 4 and 7 have analytical data such as mp,
1H NMR and MS in agreement with the indicated
structures.23

In vivo biodistribution studies of [11C]T138067 were
performed in breast cancer animal models MCF-7
transfected with IL-1a implanted athymic mice and
MDA-MB-435 implanted athymic mice. Tumor-bearing
athymic mice utilized were prepared as described in our
previous work.13 Athymic mice 8 weeks post-xenograft
implantation were injected intravenously (iv) with sub-
pharmacologic doses (1–3 mCi) of [11C]T138067 via the
tail vein while under conscious restraint. At 30 min post
injection, mice were sacrificed by decapitation under
halothane anesthesia, their tissues quickly excised,
weighed, and the decay-corrected radioactive content
measured using a Packard Cobra Quantum gamma
counter. The tissue localization at the various time
points, expressed as % of injected dose per gram of tis-
sue (% id/g), weight normalized % id/g (kg% id/g) and
% of injected dose per organ were calculated from the
tissue count and weight data using an Excel spreadsheet
program. In vivo biodistribution data of [11C]T138067
in MCF-7 transfected with IL-1a implanted athymic
mice and MDA-MB-435 implanted athymic mice are
listed in Tables 1 and 2, which showed the uptakes of
[11C]T138067 in these tumors were 1.51�0.39% dose/g
in MCF-7 transfected with IL-1a implanted mice,
1.92�0.08% dose/g in MDA-MB-435 implanted mice,
respectively; the ratios of tumor/muscle (T/M) and
tumor/blood (T/B) were 0.89�0.23 (T/M, MCF-70s),
0.94�0.36 (T/B, MCF-7’s); and 1.01�0.26 (T/M,
MDA-MB-435), 5.63�0.71 (T/B, MDA-MB-435),
respectively, at 30 min post iv injection. The data pre-
sented here represented the average value in three tumor
mice. The tumor/muscle and the tumor/blood ratios are
in a range of 0.9–5.6, and they are not very high. In
comparison with blood, brain, heart, liver, lungs,
spleen, kidneys, small intestine, bone and muscle, bio-
distribution studies of [11C]T138067 in MCF-7 trans-
fected with IL-1a implanted athymic mice and MDA-
MB-435 implanted athymic mice did not show higher
uptakes in tumors than in other organs. A considerable
uptake was observed in liver, lungs, kidneys and small
intestine. These results indicate that the uptakes of
[11C]T138067 in both MCF-7 transfected with IL-1a
tumor and MDA-MB-435 tumor are most likely the
result of non-specific binding.

In vivo micro-PET imaging studies were performed in
the Indy-PET II scanner developed by Hutchins et
al.24,25 The mouse was anesthetized with acepromazine
(0.2 mg/kg, i.m.) and torbugesic (0.2 mg/kg, i.m.). 1 mCi
of [11C]T138067 was administered intravenously to the
mouse via the tail vein. The micro-PET images of
[11C]T138067 in both breast cancer athymic mice were
acquired in Indy-PET II scanner for 15 min static scans
from a MCF-7 transfected with IL-1a tumor-bearing
mouse or a MDA-MB-435 tumor-bearing mouse at 30
Table 1. Biodistribution data of [11C]T138067 in MCF-7 transfected

with IL-1a implanted athymic mice at 30 min post iv injection. Values

are mean�standard deviation (SD) of % id/g
Tissue
 MCF-7 transfected with
IL-1a tumor-bearing mice

(n=3)
Blood
 1.68�0.30

Brain
 1.53�0.10

Heart
 1.75�0.08

Liver
 6.79�0.98

Lungs
 4.95�0.49

Spleen
 2.01�0.17

Kidneys
 3.34�0.37

Small intestine
 5.16�1.78

Bone
 1.31�0.60

Muscle
 1.70�0.22

Tumor
 1.51�0.39

Tumor/muscle (T/M) ratio
 0.89�0.23

Tumor/blood (T/B) ratio
 0.94�0.36
Table 2. Biodistribution data of [11C]T138067 in MDA-MB-435

implanted athymic mice at 30 min post iv injection. Values are mean

�standard deviation (SD) of % id/g
Tissue
 MDA-MB-435
tumor-bearing mice

(n=3)
Blood
 0.35�0.06

Brain
 1.03�0.09

Heart
 8.54�2.79

Liver
 14.92�3.21

Lungs
 9.20�3.51

Spleen
 2.95�0.33

Kidneys
 17.62�3.60

Small intestine
 6.19�1.18

Bone
 1.75�0.66

Muscle
 1.99�0.50

Tumor
 1.92�0.08

Tumor/muscle (T/M) ratio
 1.01�0.26

Tumor/blood (T/B) ratio
 5.63�0.71
Figure 1. Micro-PET image of [11C]T138067 in a MCF-7 transfected
with IL-1a implanted athymic mouse.
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min post iv injection of 1 mCi of the tracer. The images
are shown in Figures 1 and 2. The tumor area in the
tumor-bearing mouse was pointed out by the arrow in
the Figures. Both MCF-7 transfected with IL-1a tumor
and MDA-MB-435 tumor were not visible with the tra-
cer [11C]T138067 as clearly shown in the in vivo micro-
PET images.

In summary, the synthetic procedures that provide radi-
olabeled antimitotic agents [11C]T138067 and [18F]T138067
have been developed. From the in vivo study results, we
concluded that while in vitro experiments indicate effi-
cacy of antimitotic drug T138067,2 kinetic factors and
rapid blood clearance26 make [11C]T138067 unsuitable
as tracer for nuclear medicine imaging of tubulin poly-
merization. Based on the results of [11C]T138067, we
may suggest both [11C]T138067 and [18F]T138067 will
not be suitable as PET cancer imaging agents. This type
of work regards simply radiolabeling a drug that has
been developed for therapeutic purposes as is the case
with T138067 which is in phase II clinical trials indicates
that successful drugs for therapeutic and imaging pur-
poses almost invariably demonstrate different pharma-
cokinetic profiles to each other and by far the largest
majority of useful imaging agents would not be useful in
therapy.
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