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Pd(0) cross-coupling of 5-iodouridine and an O-linked hydroxylamine alkyne bound to 2-
chlorotrityl chloride polystyrene resin. © 1998 Elsevier Science Ltd. All rights reserved.

Hydroxamates are know to possess a wide spectrum of biological activities including
antibacterial, anticancer, and antifungal.!* The hydroxamic acid functionality is an effective metal ion

(e.g., zinc) chelator.*3 Consequently, compounds containing this functionality can be potent
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inhibitors of metalloenzymes such as thermolysin,®’ angiotensin-converting enzyme (ACE), 8 and
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matrix metallop es (MMPs)>11, Hydroxamic acids are also observed t

iiail 1 11 LAVAIVAE

diphosphate educ[ase (RDPR) 12-15 3 key enzyme involved in
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biosynthesis. For example, hydroxyurea is clini ieved to be efficacious by trapping
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the free tyrosyli radical present in the RDPR active site.
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owever, the weak in vivo effectiveness
of hydroxyurea has prompted additional synthetic studies towards other RDPR hydroxamic acid
inhibitors. Specifically, the hydroxamic acid nucleosides and analogues are of interest for RDPR
inhibition, yet the current synthetic procedures to these derivatives are limited.!®!® Herein, we report
a facile strategy for the preparation of a nucleoside hydroxamic acid on solid-support.

A number of requirements must be met to successfully synthesize nucleoside hydroxamic acid
port and demonstrate the utility of this synth in thi

J

modification, 2) capitalize on the obvious advantages of solid-phase synthesis,?0 and 3) design a
strategy amenable to combinatorial library synthesis. Presently, nucieoside hydroxamic acids are
synthesized by a solution phase method via acylation of hydroxylamine with activated carboxylic acid
derivatives, and reports of a solid-phase procedure are not known.!®1? Solid-phase procedures for
synthesizing peptide and peptidomimetic hydroxamic acids using either resin bound N-2! or O-linked
hydroxylamines are described in the literature.2227 The O-linked hydroxylamine can be used if
subsequent solid-phase reactions do not alter the unprotected amine (pKa =10). With these issues in
mind, we decided to use the 2-chlorotrityl chloride polystyrene resin as solid support, an O-linked
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Reagents and Conditions: a) TEA, DMF, 25 °C; b) H,NNH,.H,O, THF, 25 °C;
c) DCC, HOB, DIPEA, propiolic acid, -10 °C. P = 2-chlorotrityl polystyrene resin
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Reagents and Conditions: d) Pd(PPhj)s, Cul, DMF, TEA, 25 °C; e) MeOH-NHj3, 25 °C;
f) 5% TFA, DCM, 25 °C; 89% yield. P = 2-chiorotrityl polystyrene resin

As shown in Scheme 1, the 2-chlorotrityl chloride polystyrene resin, 1, was reacted with N-
hydroxyphthalimide, 2, in the presence of TEA to afford the N-hydroxyphthalimide derivative 3. This
intermediate was cleanly transformed to the desired hydroxylamine resin, 4, by treatment with



hydrazine hydrate. Hydrazinolysis of phthalimide to the free amine functionality was confirmed by a
positive ninhydrin test.2622  Finally, the free amine was efficiently coupled with propiolic acid by the
DCC/HOBt method to afford compound S, and the disappearance of the starting amine, 4, was
indicated by a negative ninhydrin test.

As shown in Scheme 2, the alkyne terminated hydroxylamine resin was subsequently cross-

coupled with 3' 5'-dibenzoyloxy—Z'-deoxy-S—iodouridine 6, using a Heck catalyst.?®30 Exposure of
the resin to iodo-uridine in the presence of Pd(Ph3P)4 and Cul, in DMF and TEA afforded the
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TFA/DCM to afford the product, 9, in 89% overall yield.

In summary, a new procedure for the synthesis of a hydroxamic acid nucleoside on solid
support is described. Based on the results shown above, we are currently pursuing other halo-
nucleosides such as ribo, deoxy, and acyclic nucleosides for selective modification. This synthetic
strategy may also serve to facilitate the development of combinatorial libraries containing hydroxamic

acid nucleosides and to accelerate the discovery of novel nucleoside structures with biological

activities.3!
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The advantages of solid-phase reactxons include: 1) ease of product purlﬁcatlon 2) hlgh
uuupliug efficiencies as a result of increased reagent concentration, 3) amenable to
combinatorial strategies (e.g., split pools) and 4) incorporation into biological screening

assays.
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2-chlorotrityl chloride polystyrene resin (0.28g, 1.8 mmol/g loading, Advanced ChemTech)
was added to a solution of dry DMF (10 ml) containing N- hydroxyphthahrmde (0.4g, 2.5
mmol) and trlethylamme (0. 25g, 2. Smmol) and stirred for 12 hours. The resin was filtered
d.IlLl bUDquUCHll)’ deﬂCﬂ w1m UlVlI" Wd[cr ll‘lI‘ lVleUl"l ana C[ner lﬂe loaaecl resm was
then suspended in freshly distilled THF (15 ml) and hydrazine hydrated (0.5 ml) was added.
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After 10 hours the reaction was stopped and the resin was agam isolated by filtration and
washed with DMF, water, THF, MeOH, and ether. Next, this modified resin was suspended

in dry DMF (10 i""ul) and DIPEA (3.5 mmol) and HOBt (2.5 mmol) were added. The reaction
was cooled to -10 °C and propio ul‘r- ngld (2.5 mmol) was added drop-wise followed by DCC
2.5 mmol). The reaction was stirred for 6 hours at -10 ©C and then the resin was isolated and
washed with DMF, DCM, MeOH, and ether to afford § (note: the reaction yield is sensitive to
temperature).

Heck, R. F Ace. Chem.

es. 1978 6-151.
Resm 5 was suspended in dry DMF (10 ml), and 3',5'-dibenzoyloxy-2'-deoxy-5-iodouridine

(1.5 mmol), Pd(Ph3P)4 (0.15 mmol), Cul (0.3 mmol) and TEA (3ml) were added. The

reaction was stirred for 12 hours at 25 OC under a nitrogen atmosphere. The reaction mixture
was subsequently filtered, and the isolated resin washed with DMF, water, THF, MeOH and
ether to vield 7. Next, deben70vlatmn was performed directly on solid support hv addition of
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MeOH-NH3 (5 ml) for 15 hours at 25 ©C. The resin was then washed W1th MeOH, DCM,
ether and dried _Einally, re§jr}§ was treated with 5% TFA/DCM (10 ml) for one hour to afford

compound 9. HPL.C and NMR confirmed the product to be greater than 95% pure. (0.139 g;
89% yield) m.p. 196 °C; FAB-MS calculated C12H1307N3 311.25, found [M+H]*+ 312.1;
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H NMR (DMSG-d6) 6 1.9-2 (m, 1H, H-2), 2.1-2.2 (m, 1H, H-2"), 3.5 (m, 1H, H- 59, 3.6
(m, 1H, H-5"), 3.7 (m, 1H, H-4", 4.2 (m, 1H, H-3"), 5.1 and 5.2 (1H, OH-5' and 1H, OH-
3),6(t 1H, Hl)66(bs 1H, NH),78(bs 1H, OH), 8.2 (s, 1H, C-6), 113(bs 1H,

NH). 13C NMR (DMS0-d6) 5 42 (C=CCO), 62.2 (C-5), 70.8 (C-3"), 72 (C-2"), 77.8
(C=CCO) 79 (C-4), 86.2 (C-1'), 89.5 (C-5), 146.5 (C-6), 152 (C-2), 154.8 (C-4), 162
(CONHOH).

For a review of Combinatorial Chemistry see the Acc. Chem. Res. Special Issue (1996, volume
29, number 3.)



