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Abstract: Adenosine-5'-N-ethyluronamides which are modified at the 6-amino group are of considerable interest
as adenosine receptor agonists. This report describes a new and efficient approach to the synthesis of this class
of biologically active compounds.

The natural nucleoside, adenosine, exerts its physiological effects via extracellular adenosine reccptog_si
termed Aj, Aj, A3, which are distributed throughout a wide variety of tissues in mammalian systems.
Adenosine has been clinically approved as a medication by the FDA for the treatment of supraventricular
tachycardla However, adenosine therapeutics is limited by its rapid metabolic inactivation and non-selectivity
for the receptor subtypes. There has been considerable interest in developing adenosmg: receptor agonists that
have metabolic stability and high Ay, A, or A3 receptor binding affinity and selectivity. Several adenosine-5'-
N~cthy1u1:‘oglamidc derivativcg have recently been discovered as potent adenosine A, A,, or A, receptor
agonists. For example, N -cyclopentyladenosine-5'-N-ethyluronamide shows potent A, agonist activity (K =
0.50 nM) with a selectivity ratio, Az /A1 = 270,6 while N6-benzyladcnosine-5‘-N—cthyluronamidc exhibits strong
Aj receptor binding (K; = 6.8 nM) with A; /A3 and A /A3 ratios of 143 The majority of these compounds have
been synthesized by the methodology of Olsson and coworkers which uses inosine as the starting mzmen'al.6
However, oxidation of the isopropylidene protected inosine to the corresponding 5'-carboxylic acid with
CrO3/acetic acid is problematic and only moderate yields of product are obtained. We have also found that a
double chlorination to form the key intermediate, 2',3'-O-isopropylidene-6-chloropurine-5'-carboxylic acid
chloride from the corresponding inosine-5'-carboxylic acid is not favorable under the reported reaction
conditions. Another known methodology for the synthesis of N -substituted adenosine-5'-N-ethyluronamides
utilizes the Dimroth rearrangement of Nl-alkylated 5'-N- ethyluronamidoadenosine ’ However, this approach has
serious limitations; only methyl, benzyl, or allylic halides can alkylate the N' of adcnosme derivatives to an extent
that is synthetically useful. This paper reports on a new approach to the synthesis of N -substituted adenosine-5'-
N-ethyluronamides of interest as adenosine Ay or A receptor agonists. The pathway used is general and
reproducible and the overall yields using this approach are higher compared to previous methods.

Adenosine (1) was used as the starting material in the synthesis of NO-substituted adenosine-5'-N-
ethyluronamide analogues (8-12). It was protected as its 2',3‘-0-acmonidv:9 by reaction with 2,2- dimethoxy-
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propane and p-toluenesulfonic acid in acetone at room temperature for 1 h (Scheme 1). The 5'-hydroxyl group of
the 2',3'-O-acetonide 2 was oxidized to the carboxylic acid under conditions of high dilution'® with excess of
KMnOy4 (3 molar equivalents) in a KOH solution adjusted to pH 12.5. This oxidation reaction which involved
stirring the reaction mixture at room temperature for 24 h gave consistently high yields of the 5’-uronic acid (>
86%). Conversion of the carboxylic acid 3" 10 the ethyl ester 41 (82 % yield) was accomplished by stirring the
nucleoside in absolute ethanol under N7 and slowly dripping in an e(éuimolar amount of thionyl! chloride at 0 °C,
and then stirring the reaction mixture at room temperature for 18 h.  Activation of the 5’-carboxylic acid as its
ethyl ester for the eventual uronamide formation also allowed the use of a thermally-induced radical deamination-
halogenation reaction to form the 6-chloropurine riboside analogue 5315  The radical reaction was
accomplished at 60 °C under Ny with n-pentyl nitrite as the aprotic diazotization agent, CCl4 as the chlorine
atom donor, and acetonitrile as the solvent to afford compound 5% in 70 % purified yield. The 6-chloro group
of § was displaced by the appropsriate aralkyl or cycloalkylamine in acetonitrile in the presence of triethylamine at
room temperature to give the N -substituted adenosine-5'-carboxylic acid ethyl ester derivatives 6a-e (75-90 %
yield).17 The ethyl esters 6a-e were converted to the corresponding ethyluronamides 7a-e in 60-70 % yield by
stirring in a closed system with an excess of ethylamine hydrochloride and triethylamine in acetonitrile at 55 °C
for 48 h. Compo&nds 7Ta-e were easily deprotected with 1N HCl at 55 °C for 3 h to provide target compounds
8-12 (Scheme 1).

In summary, a new and efficient approach to the synthesis of N6-aralkyl or N6-cycloalkyladcnosine-5'-N-
ethyluronamides of interest as adenosine receptor agonists has been developed. The methodology is general and
can be used for the synthesis of a wide variety of new or known N -substituted adenosine uronamides. The new
target compounds presented as examples are related to known potent adenosine A1, A, or A3 receptor agonists.
As a result of substitution at the N6-position and particularly because of the alteration of the 5’-CH;OH, these
compounds are metabolically stable with respect to hydrolytic deamination by adenosine deaminase.
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and acidified to pH 4 with 3N HCI. The precipitated product was collected and dried in vacuo to give 3.61 g
(86 %) of 3° as a white solid: mp 274-276 °C; UV (H;0) Anax 257 nm; "H NMR (DMSO-dy) 8 1.35 (s, 3H),
1.52 (s, 3H), 4.67 (s, 1H), 5.50 (m, 2H), 6.32 (s, 1H), 7.26 (br s, 2H), 8.08 (s, 1H), 8.26 (s, 1H).
Preparation of 4: A suspension of 3 (3.63 g, 11 mmol) in absolute EtOH was cooled to 0 °C with stirring.
Thionyl chloride (0.82 mL, 11 mmol) was dripped in slowly and the mixture was allowed to stir at room
temperature for 18 h under N,. The solvent was evaporated and the residue was purified by flash column
chromatography on silica gel to afford 3.23 g (82 %) of 4° as a yellow oil: '"H NMR (DMSO-ds) 8 0.92 (1,
3H), 1.35 (s, 3H), 1.52 (s, 3H), 3.77 (m, 2H), 4.86 (s, 1H), 5.51 (m, 2H), 6.43 (s, 1H), 8.24 (br s, 2H), 8.30
(s, 1H), 8.46 (s, 1H).
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Preparation of 5: To a solution of 4 (2.11 g, 6 mmol) in CCl, (40 mL) and acetonitrile (50 mL) was added n-
pentyl nitrite (1.60 mL, 12 mmol) in an ice/water bath under N,. The reaction mixture was stirred at 60 °C
overnight. Evaporation of the solvent and purification of the resulting residue by flash column
chromatography on silica gel gave 1.55 g (70 %) of 5 as a yellow oil: UV (MeOH) Ay 263 nm; '"H NMR
(DMSO-ds) 6 1.03 (¢, 3H), 1.43 (s, 3H), 1.62 (s, 3H), 3.87 (m, 2H), 4.85 (s, 1H), 5.56 (m, 2H), 6.29 (s,
1H), 8.32 (s, 1H), 8.67 (s, 1H).

General procedure for the preparation of 6a-e: To a solution of § in CH;CN was added the appropriate
amine (1.5 eq) and Et;N (1.2 eq) under N,. The reaction mixture was stirred at room temperature for 12 h.
The solvent was removed under reduced pressure and the product was purified by flash column
chromatography on silica gel.

Physical data for No'(2,2-diphenylethyl)adenosine-5'-N-ethylur0namidc (8): mp 124-126 °C; IR (carbonyl)
1653 cm™; UV (MeOH) Aua 267 nm (€ 19,360); "H NMR (DMSO-ds) 8 1.09 (t, 3H), 3.25 (q, 2H), 4.15
(m, 3H), 4.31 (m, 1H), 4.61 (m, 2H), 5.48-5.87 (br m, 2H), 5.95 (d, 1H), 7.10-7.43 (m, 10H), 7.95 (br m,
1H), 8.36 (s, 2H), 8.88 (t, 1H); >C NMR (DMSO-de) & 14.55, 33.05, 43.95, 49.34, 71.83, 72.92, 84.44,
87.56,119.7, 126.1, 127.8, 128.2, 140.3, 142.6, 147.8, 152.2, 154.3, 168.9.

Anal. Calcd for C26H2sNgO4: C, 63.93; H, 5.78; N, 17.20. Found: C, 63.56; H, 5.54; N, 16.74.
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