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Tubercidin (7-deazaadenosine, Tu) is a highly cytotoxic nucleoside xencbiotic that, as the
nucleoside or nucleotide derivatives, closely mimics the actions of adenosine (or its corresponding
nucleotides) in a wide variety of biochemical/biological systems. In light of its acceptance in
these test systems as an adenosine (Ado) surrogate, it was postulated that the compound might
interact with adenosine receptors. To test this hypothesis, a nonphosphorylatable derivative
(5’-O-methyl tubercidin, MeTu) was prepared and evaluated in comparison with tubercidin
and Ado in a variety of biological systems. In a cell culture assay using Chinese hamster ovary
cells, MeTu is approximately one-third as cytotoxic as is Ado and 105-fold less cytotoxic than
Tu. Both Tu and MeTu inhibited the antigen-stimulated release of S-hexosaminidase from
mouse bone marrow derived mast cells in vitro, but only Tu was active in the in vivo PCA test.
The inhibitory effect of MeTu on mast cell mediator release does not appear to involve

interaction with adenosine receptors or to be the result of conversion to Tu per se.

Introduction

Tubercidin [(7-deazaadenosine (Tu)] is a nucleoside
xenobiotic first described by Anzai et al. as an antimy-
cobacterial and cytotoxic agent.! In-depth investiga-
tions were undertaken with this compound by scientists
at the Upjohn Co. and the National Cancer Institute,
including clinical evaluation as an antitumor agent.2=%
Many studies have been carried out on the mode of
action of Tu but, to date, none has defined a site of
action in mammalian cells. Tu is not deaminated by
nucleoside deaminase or cleaved by nucleoside phos-
phorylase® in animal cells. When taken up into mam-
malian cells, the parent compound is phosphorylated
and cannot exit the cell (e.g., retained in a “metabolic
trap”). Although Tu, in its fully phosphorylated forms,
was not cytotoxic to erythrocytes,® this nucleoside
(presumably after conversion to the appropriate nucle-
otides) is highly cytotoxic to dividing animal cells.23 Its
cytotoxicity in mammalian cells cannot be reversed by
a variety of nucleosides studied,® in contrast to a report
of reversal in S. fecalis.”

In light of the many reactions in which Tu, or one of
its corresponding nucleotides, substitutes for adenosine
(Ado) or adenylic acids in a variety of biochemical
reactions,®® it occurred to one of us that an analog or
derivative of the compound that could not be phospho-
rylated in the body should be nontoxic but may well
interact effectively at Ado receptor sites. To test this
hypothesis, the 5-0-methyl ether of Tu (MeTu) was
synthesized and studied for certain biochemical and
biological properties, as described below.

Chemistry

In Scheme 1, the synthetic route of 5-O-methyl-
tubercidin (IIT) is depicted. The 2,3’-O-isopropylidene-
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tubercidin (I)° was O-methylated with methyl iodide,
in presence of sodium hydride, in ethylene glycol di-
methyl ether to yield 2’,3’-O-isopropylidene-5"-O-meth-
yltubercidin (II). The isopropylidiene group of II was
removed by heating with acetic acid to yield 5’-O-
methyltubercidin (ITI).

Results and Discussion

The first experiment undertaken with MeTu had the
objective of demonstrating lack of cytotoxicity, since that
property is a sine qua non if the compound is to be used
in an intact animal for the treatment of nonfatal
diseases. Such an experiment is complicated by the fact
that Ado, per se, is also cytotoxic to certain mammalian
cells in culture.l® Accordingly, Ado and Tu were com-
pared with MeTu in Chinese hamster ovary (CHO) cells
in the presence and absence of an S-9 microsome
fraction, and the data are presented in Table 1.

Confirming earlier work with human KB cells,1° Ado
was shown to have demonstrable cytotoxicity against
CHO cells at concentrations of 1136 and 114 4M in the
absence of microsomes but was noncytotoxic, even at
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Table 1. In Vitro Cytotoxicities of Ado, MeTu, and Tu®
Percent Inhibition of Cell Growth®
Ado MeTu Tu
uM -5-9 +8-9b uM -5-9 +5-9 uM -5-9 +S8-9
1136 43 S 360 37 99 114 = 1074 100 100
114 36 0 37 30 36 114 x 1074 92 80
11 19 0 3.7 12 2 1.1 x 1074 16 9
1.1 22 8 0.4 0 8 0.1 x 1074 10 4
0.17 0 0.04 0 20 0.01 x 10-# 9 11

« Assay conducted with Chinese hamster ovary cells, clone K1 subclone BH4, designated CHO-K1-BH4,''? using Pharmakon Res.
Intl., Inc. protocol 314-CYT/CHO. Relative cytotoxicity was determined after 5 h exposure to the test article, followed by an overnight
recovery period in the absence of the compound. Variability in the numbers presented in the table falls between 10% and 20%. * Plus or

minus S-9 microsome fraction.
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Figure 1. Effect of Tu and Ado on -hexosaminidase release from mouse bone marrow mast cells. Left to right: buffer, antigen,

Ag + 10 M Ado.

these high concentrations, in the presence of the S-9
fraction. Our conclusion for the lack of activity in the
presence of the microsomal fraction is that Ado is almost
certainly deaminated by adenosine deaminase and/or
cleaved by nucleoside phosphorylase. The high cyto-
toxicity observed with Tu at 0.01 and 0.001 ¢M confirms
that reported in previous studies,?® and it is evident
that S-9 microsomes have no effect on this nucleoside.
In the absence of exogenous microsomes, MeTu is
approximately three times as cytotoxic as is Ado and
105-fold less cytotoxic than Tu. On the other hand,
marked cytotoxicity was observed with 360 uM MeTu
in the presence of the S-9 fraction. The latter result
was unexpected since MeTu cannot be phosphorylated
and, at the other concentrations studied, its cytotoxicity
is much more comparable to that seen with Ado. De-
O-alkylation of the order of 0.001%, which would convert
MeTu to Tu, could explain the level of cytotoxicity
observed at this high concentration of MeTu. Since the
cytotoxicity at 37 uM MeTu is not increased in the
presence of the S-9 microsome fraction and since the
pattern of inhibition of hexoseaminidase release from
mast cells with MeTu (Figure 2) is distinet from that
observed with Tu (Figure 1), we conclude that MeTu is
not active by virtue of bioconversion to Tu.

Tu and MeTu were next evaluated as possible ago-
nists or antagonists at the Ado receptor. The release
of f-hexosaminidase, a granule-associated mediator
released in parallel with histamine upon antigen chal-
lenge, is the end point measured.’® Mast cells possess

at least two types of cell surface adenosine receptors,
the Ay, coupled to adenylate cyclase activation, and the
Agy, coupled to adenylate cyclase activation and/or phos-
phatidyl inositol metabolism. Aj receptors have also
been reported to be present on these cells. Which of
these receptor subtypes is responsible for the augmen-
tation of mast cell degranulation by adenosine is under
investigation. Under the experimental conditions used,
Tu (2—50 4uM) was not cytotoxic, as assessed by spon-
taneous release of S-hexosaminidase into the medium
(Figure 1). At a concentration of 50 uM Tu, this
compound induced an approximately 60% inhibition of
B-hexosaminidase release (p < 0.002). The ability of 10
#M Ado to significantly enhance antigen-stimulated
B-hexosaminidase release remained intact at Tu con-
centrations up to and including 50 uM. Therefore, it is
concluded that Tu, at a concentration of 50 uM, inhibits
mast cell preformed, granule-associated mediator re-
lease but does not obviously inhibit the ability of Ado
to enhance mediator release. This would suggest that
Tu does not compete at the mast cell Ado receptors
involved in the mast cell secretory response because, if
it did, no stimulation would be expected to result from
the addition of Ado. The apparent decrease in Ado
stimulation is, in our experience, a secondary effect that
results from the inhibitory effect on antigen stimulation.

In similar experiments performed with MeTu, this
nucleoside derivative inhibited antigen-induced mast
cell 8-hexosaminidase release in a dose-related fashion,
with borderline significance at a concentration of 10 uM
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Figure 2. Effect of MeTu on f-hexosaminidase release from mouse bone marrow mast cells. Left to right: buffer, antigen, Ag

+ 10 uM Ado.
Table 2. Activity of MeTu and Tu in the PCA Mouse Test
injected at site grade® “p” b
saline 0 -
antigen (Ag) 1.74 £+ 0.88 =
Ag + Tu 1.17 £ 0.94 <0.05
Ag + MeTu 1.75 + 1.22 =0.05

@ (0 = no bluing; grade 1 < 5 mm bluing; grade L. = 5—10 mm;
grade 3 = 10 mm.  p values are compared to antigen alone; p
value Tu vs MeTu < 0.02. See ref 14 for details of the PCA test.

(p = 0.06) and clear inhibition at 50 4M (p < 0.005) and
500 uM (p < 0.005) (Figure 2). Ado retained its ability
to augment mediator release, even in the presence of
500 uM MeTu, suggesting (as with Tu) that this agent
is not an agonist or antagonist of the mast cell Ado
receptor associated with degranulation.

Since Tu and its 5-methyl ether appear to inhibit
mast cell mediator release in a noncytotoxic manner,
experiments were carried out to determine whether
either or both of these compounds were able to inhibit
the passive cutaneous anaphylaxis (PCA) reaction in
vivo.'* Briefly, mice were sensitized intradermally with
DNP-IgE or saline control, followed 24 h later by the
subcutaneous injection of saline, Tu or MeTu. Five
minutes after these subcutaneous injections, a mixture
of DNP—HSA antigen and Evan’s blue dye were infused
into the mouse tail vein. Assessment of the local bluing
reaction, an extravasation of Evans blue dye indicative
of increased vascular permeability (“bluing”), was de-
termined 5 min after the intravenous infusion and
graded as detailed in Table 2. A pilot study was
performed in mice to determine whether or not either
of the compounds would show bluing by virtue of
cytotoxicity or, perhaps, some other local mechanism.
When 25 uL of a 50 uM solution of Tu or 25 uL of a 500
#M solution of MeTu were injected subcutaneously,
neither compound alone caused any bluing, which was
readily observed at the positive IgE injection site. Ina
second experiment, 24 mice were sensitized intrader-
mally with anti DNP—IgE, followed 24 h later by
subcutaneous injection of saline, Tu, or MeTu and
intravenous injection with DNP—HSA antigen and
antigen. The data are shown in Table 2. Using the

paired ¢ test, Tu induces a significant decrease in bluing
compared to antigen alone (p < 0.05) but MeTu did not
(p = 0.28). The difference between Tu and MeTu was
statistically significant (p < 0.02).

It is interesting and, perhaps, somewhat surprising
that Tu per se showed no evidence of Ado receptor effects
in the systems reported herein in light of its demon-
strated ability to mimic Ado in a variety of biochemical
test systems, including hexokinase, myokinase, PEP
carboxykinase, RNA polymerase, DNA polymerase, AA-
tRNA synthetases, myosin ATPase, terminal -CCA
tRNA pyrophosphorylase, and adenosine kinase.® No-
table exceptions to Tu functioning as a surrogate for Ado
are its lack of deamination by Ado deaminase or
cleavage by nucleoside phosphorylase® and its inability,
as the triphosphate nucleotide, to replace ATP as an
energy source for the aminoacylation of tRNA.1%

In light of the ability of Tu to function in place of Ado
in so many biochemical systems® and as a substitute
for Ado in maintaining erythrocyte viability in vivo,5 it
was postulated that Tu might interact very effectively
with Ado receptors. All available evidence suggests that
Tu, like most other cytotoxic nucleosides, exerts its
cytotoxicity only after conversion to its 5-phosphate.?
In light of the severe toxicity observed with Tu in
animals and humans,?*% one could not hope to use this
compound as an Ado receptor blocker (or agonist), other
than in life-threatening disease. MeTu was selected as
an exemplary derivative of Tu that could not be phos-
phorylated but that would retain major chemical equiva-
lence with Tu per se. To our knowledge, this ether has
not been reported in the literature, in spite of consider-
able synthetic activity over the years on Tu, per se.16719
MeTu was synthesized to provide a derivative of Tu that
would, hopefully, not be converted metabolically to Tu
but that was postulated to interact at Ado receptors.
The data presented here show that neither Tu nor MeTu
inhibits the mast cell Ado receptor function involving
augmented mediator release although effects on other
adenosine receptor-mediated pathways cannot be ruled
out. However, these compounds inhibit mast cell me-
diator release from mouse bone marrow cells in vitro
by an unknown mechanism not involving Ado receptors.
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Furthermore, Tu, but not MeTu, showed inhibitory
activity in the PCA test in mice. This provides ad-
ditional in vivo support for the antiallergic activity of
Tu demonstrated in the in vitro mast cell secretory
assays. MeTu showed activity only on the inhibition of
B-hexoseaminidase release from mast cells but was not
active in the in vivo PCA test.

Experimental Section

Melting points were measured on a Thomas-Hoover capil-
lary melting point apparatus. The H NMR spectra were
recorded on a Varian Gemini 200 MHz spectrometer. The
chemical shifts are reported in parts per million relative to
tetramethylsilane as an internal standard. The TLC analysis
were run on E. Merck precoated silica gel 60F-254 plates of
0.25 mm thickness. Compounds of interest were detected
either by ultraviolet lamp (Spectroline, 254 nm) or by staining
with iodine.

2,8'-0-Isopropylidene-5-O-methyltubercidin (II). To
a solution of 0.61 g (2 mmol) of 2’,3-O-isopropylidenetubercidin
(I) dissolved in 10 mL of ethylene glycol dimethyl ether was
added 80 mg (64 mg, 2.6 mmol) of 80% sodium hydride in oil
dispersion. Next, 0.15 mL (0.34 g, 2.4 mmol) of methyl iodide
was added, followed 40 min later by 1 mL of dimethylforma-
mide. After 1h, the mixture was concentrated under vacuum,
treated with water and chloroform, and separated. The
organic layer was dried over anhydrous sodium sulfate and
concentrated to an oil. The oil was purified in a silica gel
column (200—400 mesh), eluting with 5% methanol in chlo-
roform to give 210 mg (0.66 mmol, 33% yield) of the desired
product. NMR (CDCl;s): 6 1.37, 1.63 (each 3H, s, isopropyl),
3.38 (3H, s, 5'-OCHjy), 3.60 (2H, m, H-5",}1,), 4.35 (1H, m, H-4"),
4,96 (1H, m, H-3"), 5.10 (2H, br s, NHy), 5.19 (1H, m, H-2"),
6.11 (1H, 4, H-1', J1 2 = 2.88 Hz), 6.37 (1H, 4, H-9, Jys = 3.7
Hz), 7.17 (1H, d, H-8, Js9 = 3.7 Hz), 8.33 (1H, s, H-2).

5’-0O-Methyltubercidin (III). A mixture of 200 mg (0.62
mmol) of II, 3 mL of glacial acetic acid, and 3 mL of water
was heated of 90 °C for 4 h. The solution was concentrated
under vacuum at 60 °C and the concentrate triturated with
ether and filtered. The solid was washed with ether and dried
to give 155 mg (0.45 mmol, 72% yield) of a white solid as an
acetic acid salt. The above material (128 mg) was purified on
a 100 g silica gel (70—230 mesh) column, eluting with 20%
methanol in chloroform. The collected product was concen-
trated, dissolved in methanol, and filtered through a disposable
filter (Supelco 5-8072, 25 mm, 0.45 mm porosity). The filtrate
was concentrated and crystallized from methanol—ether to
obtain 101 mg of product, mp 161—162 °C. NMR (DMSO-dg):
6 3.30 (3H, s, 5’-OCHjy), 3.50 (2H, m, H-5,3), 3.95 (1H, m, H4"),
4.06 (1H, m, H-3"),4.34 (1H, m, H-2"), 5.18 (1H, 4, 3'-OH, Jy on
= 5.1 Hz), 5.2 (1H, d, 2-OH, Jxon = 6.4 Hz), 6.06 (1H, d,
H-1’, Jy g = 5.6 Hz), 6.60 (1H, d, H-9, Jgs = 3.8 Hz), 7.00 (2H,
br s, NH,), 7.28 (1H, d, H-8, Js9 = 3.8 Hz), 8.06 (1H, s, H-2).

Anal. (C)pHgN4O40.5 Hy0). Caled: 49.82; H, 5.92; N,
19.36. Found: C, 49.85; H, 5.58; N, 19.22.
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