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Abstract

3'-Fluoro-3'-deoxy-thymidine (FDT), a fluorinated analog of 3’-azido-thymidine (AZT), is
both more active against the HIV virus but also more toxic than AZT. Because of its
fluorine atom, it can be labeled with '3F to be used to monitor this drug’s biodistribution
and targeting. A new synthesis for FDT, suited for !°F labeling, has been developed.
After protecting the 5'-hydroxy group with a trityl group, the 3’-hydroxy group was
subtituted with a mesyl group in the lyxo configuration. Treatment with '8F potassium
fluoride and crown-18 ether yielded the '®F-labeled fluoro derivative which on detritylation
afforded 8F FDT with 7% labeling efficiency. This is the first reported synthesis of 3'-
fluoro-5'-O-trityl deoxythymidine using potassium fluoride and preparing its '®F labeled
analog. The time required to incorporate '°F in the intermediate compound and isolate
the end-product is reasonably short (approximately 2 h) which will allow sufficient time
to conduct biological studies with this short-lived radionuclide.

Introduction

3’'-Azido-thymidine (AZT) (Fig. 1; R'=R?=H; R®*=Nj,) is currently the
antiviral drug most widely used [1-4] in the management and control of
the HIV virus, believed to be the cause of a variety of clinical conditions
referred to as acquired immunodeficiency syndrome (AIDS) [56~7]. For a
drug to be effective, it is necessary for that drug to be able to reach its
desired target site at the required concentration and rate, thereby allowing
it to exercise its therapeutic effect. Because the brain is a major target of
the AIDS virus, it is of major interest to know whether an agent that may
be effective against the AIDS virus in other parts of the body, is also able
to cross the blood/brain barrier. The noninvasive methods that are being
developed in our laboratory [8—~11] have proven their ability to monitor the
degree of targeting of a number of anticancer drugs.

3'-Fluoro-deoxythymidine (FDT) (VII, Fig. 1) is an analog of AZT that
has been reported, from in vitro assays, to offer even greater protection
against the effects of the virus than AZT [12]. Because of its narrower
selectivity index and higher toxicity, the use of FDT in place of AZT as a
therapeutic regimen has not been considered practical [13]. In addition, FDT
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R! R? R® Name

I Tr H OH 5-O-trityl thymidine
1I Tr H Ms  3'-mesyl-5'-O-trityl
o thymidine
CH, M Tr H Ts 3-tosyl-5-O-trityl

| thymidine

v Tr OH H 1-(5'-O-trity}-B-D-
lyxofuranosyl) thymine

A" Tr Ms H 3’'-mesyl-(5'-O-trityl-B-
D-lyxofuranosyl) thymine

V1 Tr H F 3'-fluoro-5'-O-trityl-
deoxythymidine

VII H H F 3’-fluoro-deoxythymidine

VIII H H OH thymidine

Tr=—CPhy; Ms=CH3S80,—; Ts=p-CHzPhSO,—

Fig. 1. AZT structure.

is also stereochemically similar to AZT; the N3 and the F substituents are
in the 3’ ‘down’ position. It is interesting to note that the stereochemical
isomer of FDT, with fluorine in the ‘up’ position, is not biologically active,
[14] since it fails to meet the requirements necessary to be identified as a
substrate for the enzyme reverse transcriptase. Such lack of retroviral activity
is also true for the 3’ epimer of AZT with Ny in the ‘up’ position [14].
However, with the availability of fluorine-18, FDT labeled with !3F would
provide a noninvasive procedure for establishing the location and extent by
which this drug may target the tissues and organs infected by the HIV virus.
Because of the high sensitivity of radionuclide imaging and measurements,
the amount of *8F-FDT that would be administered would be well below any
radiotoxic doses and yet allow for monitoring of the ¢n vivo biodistribution
of this drug. The methods described in this study have been developed to
determine which fluorination method could be readily used with !2F. This
would require a reasonable radiochemical yield under rapid synthesis con-
ditions.

Experimental

5'-O-Trityl thymidine (1)

Thymidine (7.38 g) was suspended in anhydrous pyridine (100 ml) and
trityl chloride (9.20 g) was added to the flask and heated on a steam bath
for 30 min. The solution was poured into 4 1 of ice water with vigorous
stirring. The powdery material that separated was collected by suction filtration.
The material was dried overnight in a dessicator charged with phosphorus
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pentoxide. Crystallization from acetone/benzene yielded a pure compound
having a melting point of 127-128 °C (lit.m.p. [15], 128-130 °C).

3'-Mesyl-5'-O-trityl thymidine (II)

To 5'-O-trityl thymidine (5.0 g), dissolved in anhydrous pyridine (50
ml), was added methanesulfonyl chloride (2.5 ml). The mixture was kept
overnight at 0 °C under anhydrous conditions. Ice water (1 ml) was added
to the reaction mixture and allowed to stand for 1 h; it was then poured
into ice water (500 ml) and stirred vigorously. The resulting precipitate was
collected by suction filtration and dried under vacuum (m.p., 111-114 °C;
lit. value [16], 111-114 °C).

3'-Tosyl-5'-O-trityl thymidine (IL)

5'-O-Trityl thymidine (970 mg, 2 mmol) was dissolved in anhydrous
pyridine (10 ml) and stirred on an ice bath. p-Tosyl chloride (1.14 g),
dissolved in anhydrous pyridine (10 ml), was added dropwise to this solution.
The reaction mixture was stirred at room temperature for 32 h during which
the reaction was monitored by thin layer chromatography (SiO, gel, chloroform/
methanol 6:1). After 32 h, water (30 ml) was added to the reaction mixture
with “stirring, and then extracted with dichloromethane (350 ml). The
organic layer was dried with sodium sulfate and evaporated under vacuum;
residual pyridine was removed by co-evaporation with toluene. Crystallization
from ethanol-water yielded a white compound (m.p., 108—-110 °C, yield 85%).
'H NMR (CDCly): 8§ 1.64 (s, tosyl CHy), 8 7.80 (m, aromatic tosyl H) ppm.

1-(5'-O-Trityl-B-p-lyxofuranosyl) thymine (IV)

3'-Tosyl-5'-0O-trityl thymidine (311 mg) was dissolved in ethanol (4.8
ml). Sodium hydroxide (1 M, 1.95 ml) was added and the mixture was
refluxed for 1 h. The mixture was cooled by adding ice chips and ice water
(150 ml) dropwise with stirring. The pH was carefully reduced to a value
of 2 by adding hydrochloric acid (1 M). The precipitate was collected by
suction filtration, washed with large quantities of water and dried overnight
(m.p., 254-256 °C, lit. value [17], 254-256 °C; yield, 89%).

3'-Mesyl-5'-trityl-B-p-lyxofuranosyl thymine (V)
5'-Trityl-1-(B-p-lyxofuranosyl)-thymine (5.0 g, 0.01 mol) was dissolved
in dry pyridine (30 ml). The solution was cooled in a freezing ice mixture.
Under positive nitrogen pressure, methanesulfonyl chloride (2.5 ml, 3.7 g,
0.032 mol) was added dropwise; the reaction mixture was kept in the freezer
for 22 h. The flask was kept at room temperature for 3 h, cooled in an ice
bath and ice water (1 ml) added. The flask was kept in the refrigerator for
an additional hour. The reaction mixture was then poured dropwise into 1
1 of ice water. The precipitate was collected and dried (TLC silica gel 60F254;
chloroform/methanol 9:1; R, 0.54). The compound was crystallized from
ethanol (m.p., 118-120 °C, lit. m.p. {18], 116-118 °C; yield, 86%).
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Fluorination to 3’'-fluoro-5'-O-trityl-deoxythymidine (VI)

Method I: Using the hydroxy compound (IV) with DAST

Compound IV (0.485 g) was dissolved in dichloromethane (20 ml) and
stirred for 1 h with diethylamino sulfur trifluoride (DAST; 0.5 ml) at room
temperature [14]. Then the mixture was poured into sodium bicarbonate
solution (5%, 20 ml) and extracted with EtOAc (3 X20 ml). The organic
layer was dried (sodium sulfate) and purified on a silica gel column (Fig.
1, R'=Tr; R?=H; R®*=F).

In an attempted radiofluorination, the solution containing the ®F-fluoride
was first dried with anhydrous benzene (1 ml). Compound IV dissolved in
dichloromethane was added to this dry residue, and from here onwards the
procedure was followed exactly as above.

Method II: Using the mesyl compound (V) with potassium fluoride

Potassium fluoride (22 mg, 0.38 mmol) was placed in a flask equipped
with a septum and dissolved in dry methanol (1 ml). The solution was
evaporated to dryness. The residue was redissolved in dry methanol (1 ml);
18-crown-6 ether (3.15 M, 23 ul, 0.7 mmol) in methanol was added to the
solution. It was evaporated to dryness once again. Compound V (55.8 mg,
0.10 mmol) dissolved in anhydrous DMF (1 ml) was injected into the flask.
The flask was heated in an oil bath (100 °C) for 1 h under nitrogen; at the
end of this period no starting material could be detected by TLC (VI: yield,
57%; m.p., 104—106 °C).

For radiofluorination, potassium carbonate (1 M, 50 ul), potassium
fluoride (0.5%, 0.1 ml) and ®F-KF solution (0.1 ml) were placed in a flask
and dried under vacuumn. The residue was dissolved in dry methanol (1
ml) and the procedure then followed was exactly as described above.

Detritylation of compound VI to 3'-fluoro-deoxythymidine (VII)

Method I

To 3'-fluoro-5'-O-trityl thymidine (195 mg) was added 80% acetic acid
(2.67 ml); the mixture was then refluxed for 6 min. [16]. The acetic acid
was removed by evaporation under vacuum; residual acetic acid was removed
by co-evaporation with ethanol. Water was added to the mixture which was
then heated at 100 °C for 5 min. The water-insoluble portion was filtered
off and the filtrate was evaporated to dryness to yield a crystalline material
melting at 178-179 °C. A '°F NMR analysis of this material revealed one
peak at —173 ppm relative to CFCl; (R!=R2=H; R*=F).

Method IT

To 3'-fluoro-5’-O-trityl thymidine (0.48 g) was added 50 ml of 2% p-
toluenesulfonic acid in chloroform/methanol (7:3). The reaction mixture was
stirred for 20 min at 40 °C [21]. Sodium hydroxide (1 M, 5.5 ml) was added
to the mixture and the latter was stirred an additional 5 min and evaporated
under vacuum. After washing the residue with ethanol, it was evaporated
under vacuum and resuspended in ethanol. The supernatant was removed
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by aspiration and the residual ethanol removed by evaporation. The residue
was then applied to a silica gel column. The pure compound was separated
by column chromatography using chloroform initially followed by chloroform/
methanol (98:2) and analyzing the eluate with chloroform/methanol (6:1) on
TLC. The appropriate fractions were combined and evaporated to provide
a solid (VII) (yield, 64%) melting at 178-179 °C (lit. m.p. [14, 19], 176-178
°C).

The labeling efficiency was 7% for the final product (FDT, VII) when
using potassium fluoride as the fluorinating agent and 2% p-toluenesulfonic
acid as the detritylation reagent.

Results and discussion

Starting from thymidine, we synthesized 5'-O-trityl thymidine (I). Reaction
of this intermediate with p-toluenesulfonyl chloride afforded 3'-tosyl-5'-O-
trityl thymidine (III) in 85% yield. In contrast to 3’'-mesyl-5’-trityl thymidine
(ID), which yields the lyxofuranosyl compound (IV) in 4 h [17], the 3'-tosyl
analog yielded the same compound after refluxing in excess alkali for 1 h.
The reaction sequence described above allowed the incorporation of the
hydroxy group in the 3’ ‘up’ position. This compound on fluorination would
undergo a Walden inversion to yield a compound substituted with fluorine
in the 3' ‘down’ position. As mentioned earlier, FDT with fluorine in the
‘down’ configuration provides anti-HIV activity while such biological activity
is not seen in FDT with fluorine in the 3’ ‘up’ position.

Subsequent treatment of compound IV with DAST replaced the hydroxy
group at the 3’-position with fluorine along with inversion of configuration
under very mild conditions [20].

Our efforts to duplicate this method of fluorination using !®F-fluoride
(radioactive fluoride obtained by the ®0(p,n)!®F reaction) and DAST (di-
ethylamino sulphur trifluoride) [20] did not yield good results. Attempts to
utilize ®F-fluoride as an external nucleophile during fluorination with DAST
were unsuccessful and hence there was no incorporation of '®F during the
fluorination of 1-(5'-O-trityl-B-p-lyxofuranosyl) thymine (IV). Failure of this
method necessitated a modification of our synthetic scheme. The OH group
at the 3'-carbon was converted to a good leaving group in the mesyl derivative
(V). This group could easily be replaced by the fluoride ion using potassium
fluoride as the fluorinating agent and yielded satisfactory results, both with
nonradioactive fluoride and upon fluorination in the presence of traces of
I8 A detailed description of this method of fluorination (method II) has
been provided. The '8F-fluoride was obtained as aqueous hydrogen fluoride.
Use of this acidic solution caused undesirable cleavage of the trityl group
and the glycosidic bond during fluorination. The '8F-fluoride solution was
therefore made basic by treatment with potassium carbonate prior to use
in the radiofluorination reactions.

Several attempts to obtain 3’-fluoro-deoxythymidine and its C-3’ fluoro
epimer were hampered by the detritylation procedure reported by De Clercq
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et al. [14]. The procedure which called for heating the tritylated derivatives
in 80% acetic acid for 15 min was accompanied by extensive destruction
of the nucleoside [14]. We therefore searched for less damaging methods.
Initially we used zinc bromide in methanol, which has been reported not to
attack the glycosidic bond [21, 22]. Besides insufficient solubility in methanol,
our experience with this reagent and 5'-trityl thymidine always led to a
reaction mixture which when analyzed in a chromatographic system [TLC
on silica gel 60WF254,; upper phase of EtOAc/EtOH/H,0 (4:1:2)] revealed
a spot that consistently migrated slower than authentic thymidine. Subsequent
trials of detritylation with boron trichloride (1 M in dichloromethane), on
the basis that it is a Lewis acid and therefore might possess detritylation
potential, suggested the presence of thymine after 10 min reaction with 5'-
trityl thymidine, indicating that it might be a too agressive reagent for our
purpose. We therefore decided to try 80% acetic acid again, this time heating
the reaction mixture for 6 min instead of the 15 min reported by De Clercq
et al. [14]. Analysis on TLC as above indicated that thymidine (VIII) had
been formed. However, the difficulty associated with the removal of acetic
acid made it necessary to look for a milder medium for detritylation.

Detritylation using 2% toluenesulfonic acid in chloroform/methanol did
not cause any cleavage of the nucleoside. This method therefore was ad-
vantageous over the previous method using acetic acid [21]. The eluate from
the column was analyzed by fluorine-19 NMR spectroscopy, prior to and
following detritylation. Analysis of the spectra of the fluorination mixture
prior to detritylation revealed three peaks at —96, —99 and —173 ppm
relative to CFCl;. However, a similar analysis of the detritylated material
revealed only one fluorine absorption at —173 ppm. The absorptions at
— 173 ppm for both compounds can be further resolved into identical patterns
of 16 peaks.

Inasmuch as '8F is a radionuclide with the very short half-life of 109
min, the time required for any radiolabeling is a key consideration in such
a synthesis. The procedure described in this study required approximately
2 h from the moment that !®F reacted with the 3’-mesyl-5’'-trityl-B-D-lyxo-
furanosyl (V) intermediate until the isolation of !¥F-FDT (VII). Such a relatively
rapid synthesis is critical if one wishes to use such a radiolabeled compound
to conduct biological studies. Although other methods of fluorination had
been used before, they were not suitable for rapid !°F labeling. However,
the efficiency of radiolabeling was only 7%, and further work needs to be
undertaken to improve the yield from this reaction.
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