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Photoinduced Alkylthiolation of Halogenated Purine Nucleosides

Vasu NaIR*, David A. YOUNG

Department of Chemistry, University of lowa, lowa City, lowa 52242, U.S.A.

A new and highly efficient methodology for the synthesis of biologically
important methylmercaptopurine nucleosides is described. The approach
represents a substantial improvement over earlier reported methods for this
class of compounds.

A number of thioalkylated purine nucleosides have been
found to have interesting biological activity. For example, 6-
methylmercapto-9-(p-ribofuranosyl)-purine (1) is one of
the most potent inhibitors of de novo purine synthesis. It is
readily phosphorylated by adenosine kinase and incorporat-
ed into RNA and DNAZ? The 5-monophosphate of 1
specifically inhibits amidophosphoribosyltransferase®. Both
compound 1 and its 2-amino analogue exhibit antitumor
activity*®. 2-Methylmercaptoadenosine analogues are ex-
cellent aggregators of mammalian blood platelets®.
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Previous syntheses of 6-methylmercaptopurine nucleosides
involved conversion of protected inosine and guanosine to
the 6-thio compound. Deprotection followed by alkylation
with methyl iodide and base gave the desired product (e.g. 1
and 5b) generally in low overall yields®” ~*!, The syntheses
of 2-methylmercapto- and 2,6-dimethylmercaptopurine nu-
cleosides have been achieved previously but in very low yields
(< 5%) from ring closure of appropriate imidazole deriva-
tives with carbon disulfide, followed by alkylation with
methyl iodide!? ™16, We report a new, highly efficient and
reproducible approach to the synthesis of thioalkylated
purine nucleosides.

In the synthesis of 6-methylmercapto-95-(p-ribofuranosyl)-
purine (1), adenosine served as the starting material. It was
selectively acetylated with acetic anhydride and pyridine and
then converted to the 6-iodo compound 2 by reaction with »-
pentyl nitrite and diiodomethane in acetonitrile at 60°C.
This deamination-halogenation procedure is a modification
of one reported previously by us!”. Photolysis of a nitrogen-
purged solution of 2 in dimethyl disulfide (or in dimethyl
disulfide dissolved in acetonitrile) in a Hanovia photochem-
ical apparatus with irradiation from a Vycor-sleeved 450 W
mercury lamp for 8 h, resulted in a clean conversion to 3
(85% yield of pure product, Table). Deprotection of 3 with
ethanclic ammonia proceeded smoothly and almost quan-

titatively (Scheme A). Compound 1 was purified by reversed-
phase H.P.L.C. on Amberlite XAD-4 resin. The overall yield
from adenosine was about 40 % (Table).
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Scheme A

Guanosine served as the starting material for the synthesis of
2,6-disubstituted purine nucleosides in which at least one
position contained a methylmercapto functionality. It was
converted to 4 by selective acetylation followed by reaction
with phosphoryl chloride and N,N-dimethylaniline®
(Scheme B). Photolysis of 4 in dimethyl disulfide or in
dimethyl disulfide dissolved in acetonitrile gave Sa in 57 %
yield after purification. The overall yield from guanosine
after deprotection (33 %) is a significant improvement over
previously reported procedures (Table)® %11,

Treatment of 4 with n-pentyl nitrite, diiodomethane, and
acetonitrile at 70°C for 3 h gave the protected dihalogenated
nucleoside 6!°. Controlled photolysis of 6 in the presence of
dimethyl disulfide gave 7a. On prolonged photolysis, both
halogens in the dihalogenated nucleoside 6 were replaced and
2,6-dimethylmercaptopurine nucleoside 8a was produced in
good yields. These alkylthiolations were monitored by mass
spectrometry.

The importance of 2-alkylmercaptoadenosine analogues in
blood platelet studies and the cumbersome synthetic
methods available for these analogues®!?7 !¢ led us to
investigate a possible approach to these compounds through
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a photoinduced alkylthiolation. The dihalogenated nu-
cleoside 6 was converted to protected 2-iodoadenosine 9 by
treatment with ethanolic ammonia at ice/salt bath tempera-
tures followed by reacetylation of the product with acetic
anhydride and pyridine?°. Photolysis of 9 in the presence of
dimethy! disulfide gave 10a (52 %) which was easily depro-
tected and purified by H.P.L.C. on Amberlite XAD-4 resin.
This procedure is far superior (five to ten times in overall
yields) to previously used methods involving ring closure of
imidazole derivatives.

In summary, we have developed a highly efficient metho-
dology for the synthesis of methylmercaptopurine nu-
cleosides. The utility of the procedure was demonstrated by
the syntheses of five known methylmercaptopurine com-
pounds. In each case the overall yield was significantly
improved. The methodology has generality and can be
extended to include a wide variety of thioalkylated hetero-
cyclic systems.

Melting points are uncorrected and were determined on a Thomas-
Hoover melting point apparatus fitted with a microscope. Nuclear
magnetic resonance spectra were recorded on JEOL Model FX90Q
and Bruker Model WM360 Pulse Fourier transform spectrometers.
Mass spectra at 30 eV were obtained on a Hewlett-Packard 5985
G.C.-mass spectrometer. Preparative layer chromatography em-
ployed EM silica gel PF254 plates activated for 3 h at 135°C.

Photoinduced Thioalkylation; Procedure A:

A solution of the halogenated nucleoside (0.4 mmol) in dry dimethyl
disulfide (60 ml) [or in dry dimethy] disulfide (2 ml) and acetonitrile
(40mD)] is transferred to the pyrex immersion well of a quartz
photochemical reactor. The system is purged with nitrogen. and
photolysis is carried out using a 450 W mercury U. V. source with a
Vycor glass filter. When the photolysis is completed, the solvent is
removed under reduced pressure (50°C bath temperature). The
residue is purified by preparative layer chromatography with ethyl
acetate/hexane as the developing solvent.

Photoinduced Thioalkylation; Procedure B:

A solution of the halogenated nucleoside (0.4 mmol) in dry dimethyl
disulfide (60 ml) [or in dry dimethy! disulfide (2 ml) and acetonitrile
(40 ml)] is transferred to a quartz tube, and purged with nitrogen.

Photolysis is carried out in a Rayonet photochemical reactor using
light with the principal wavelength of 253.7 nm. The reaction is
worked up and purified as described in Procedure A.

6-lodo-98-(2',3',5'-tri-O-acetyl-D-ribofuranosyl)-purine (2):
This product is prepared from adenosine in 52% yield using a
modification of a procedure previously described by us!”.

2-Amino-6-chlore-94-(2',3',5'-tri-O-acetyl-D-ribofuranosyl)-purine
“:

This compound is prepared from guanosine in 75% yield by
established literature procedures!®.

2-lodo-6-chloro-94-(2',3',5-tri-O-acetyl-D-ribofuranosyl)-purine (6):
This dihalogenated nucleoside is prepared in 83 % yield by treatment
of 4 thermally with n-pentyl nitrite, diiodomethane, and
acetonitrile!®.

2-lodo-6-amino-94-(2',3',5 -tri-O-acetyl-D-ribofuranosyl)-purine (9):
This compound is prepared in 78% yield by treatment of 6 with
enthanolic ammonia followed by reacetylation®°.

Deprotection of Alkylthiolated Nucleosides; General Procedure:

To dry ethanol (50 ml) saturated with ammonia gas at ice/salt bath
temperatures is added the protected nucleoside (0.2 mmol). The
solution is stirred at this temperature for 1 h and then at 25°C for
23 h. The solvent is removed under reduced pressure and the residue
is purified by reversed-phase H.P.L.C. on Amberlite XAD-4 resin
using 60 % water/cthanol as the eluting solvent. The deprotected
nucleosides are crystallized from water to give the following known
nucleosides in ~80-90% yields: 6-methylmercapto-95-(D-
ribofuranosyl)-purine  (1)’,  2-amino-6-methylmercapto-98-(D-
ribofuranosyl)-purine  (b)*, 2-methylmercapto-6-chloro-98-(D-
ribofuranosyl)-purine (Th)*!, 2,6-dimethylmercapto-94-(p-
ribofuranosyl)-purine (8b)!'°, and 2-methylmercapto-6-amino-9p-
(p-ribofuranosyl)-purine (10b)*2.

Acknowledgment is made to the American Cancer Society for partial
support of this research. We thank the National Science Foundation for
providing funds toward the purchase of the high-field N.M.R.
spectrometer used in this work.
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