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NUCLEOSIDES & NUCLEOTIDES, 16(1&2), 115-128 (1997) 

SYNTHESIS OF SOME HYDROXAMIC ACIDS RELATED TO URIDINE: 
POTENTIAL INHIBITORS OF RIBONUCLEOSIDE DIPHOSPHATE 

REDUCTASE 

Peter Currid and Richard H. Wightman* 

Department of Chemistry, Heriot-Watt University, Edinburgh EH14 4AS, UK. 

ABSTRACT: 5-(N-Hydroxy)carboxamidouridine (5) and 5-(N-hydroxy)carboxamido- 
methyluridine (6 )  have been synthesized; these hydroxamic acids incorporate a radical 
trap into a nucleoside structure, and are designed as potential inhibitors of ribonuclmtide 
diphosphate reductase. 

Introduction 
The enzyme ribonucleoside diphosphate reductase (RDPR) catalyses the 

reductive conversion of ribonucleotides into their deoxy analogues. Since pool sizes of 
deoxyribonucleotides in mammalian cells are very small and inadequate for cell 
replication, this enzyme occupies a key role in cellular proliferation and a number of 
studies have shown correlation between RDPR activity and rates of cell division.* Thus 
the inhibition of RDPR becomes a valid objective in cancer chemotherapy. 

RDPR catalyses the reduction of a nucleoside diphosphate with concomitant 
oxidation of a dithiol unit; the small protein thioredoxin can function as the immediate 
hydrogen donor, and must be reduced again by the enzyme thioredoxin reductase, which 
contains a flavin coenzyme, to complete the catalytic cycle.293 It appears to be genedy 
accepted that RDPR from both bacterial and mammalian sources consists of two 
subunits (termed B1 and B2 for the bacterial enzyme, M1 and M2 for the mammalian 
one); of these the B 1/M1 subunit binds the substrate and contains the redox-active thiols, 
whilst the B2/M2 unit contains both two Fen' atoms linked by a p-0x0 bridge and, very 
unusually, a tyrosyl free radical which is essential for acti~ity.~93 As a result of studies 
with various 2'deoxy-2'-halo- and 2'-azido-2'-deoxynucleoside diphosphates which act 
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116 CURRID AND WIGHTMAN 
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Scheme 1 

as irreversible inactivators of RDPR, and work with specifically-labelled substrates, the 
mechanism shown in Scheme 1 has been proposed.3~~ 

A number of antitumour agents are known to act by inhibition of RDPR; amongst 
them are hydroxyurea (11, guanazole (2) and IMPY (3), of which hydroxyurea is in 
clinical use.5 More recently, hydroxybenzohydroxamic acid derivatives such as 4 have 

H&<NTNH2 cB H o e  H N-OH 

4 N" \ 

HO-N K NH, 
H 

1 H 2  H 3 

attracted attention as inhibitors of RDPR.6 However, hydroxyurea is a relatively weak 
inhibitor, and its in v i m  effectiveness may suffer because of the difficulty of delivering 
useful dosages at the tumour site.5 

The weight of evidence strongly supports the idea that hydroxyurea (1) and 
related compounds,5 and the benzohydroxamates (4)6 act as inhibitors of RDPR by 
destroying the free radical at the active site. 
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HYDROXAMIC ACIDS RELATED TO URIDINE 117 

The considerations above suggest that it might be possible to design more potent 
inhibitors of RDPR by attaching a hydroxamate to a natural nucleotide substrate such 
that the hydroxamate is positioned above the p-face of the ribose unit in the region of 
space where the free radical (X' in Scheme 1) lies. It has become clear from the X-ray 
crystal structure of B2 protein7 that catalysis requires long-range electron transfer 
between the tyrosyl radical and the substrate, involving at least one thiol as a relay! so 
that the positioning of the hydroxamate may not be critical. Additionally we were 
encouraged by the observation that base modification does not have a major effect on the 
interaction of nucleotides to the substrate site of RDPR? and by the fact that 
acyclonucleoside hydroxamic acids have been shown to be potent inhibitors of RDPR.10 

In this paper we report the synthesis of the uridine-based hydroxamic acids 5 and 
6 and studies related to the N-hydroxycarbamate 7. Other workers have recently 
described uridine derivatives with potential radical traps attached to the sugar unit.11 

5 6 7 

Results and Discussion 
The synthesis of the hydroxamic acid 5 is outlined in Scheme 2. Silylation of 

uracil-5carboxylic acid, followed by condensation with 1 -O-acety1-2,3,5-tri-O-benmyl- 
P-Pribofuranose (8) under Vorbriiggen-type conditions gave the protected nucleoside 9 

in 68% yield. For formation of the hydroxamate, the acid 9 was firstly converted to its 
N-hydroxysuccinimidyl ester 10 (7 1%) by DCC-mediated coupling, followed by 
reaction with hydmxylamine in the presence of methylamine. Routine debenzoylation 
then led to the nucleoside 5. 

For the synthesis of the higher homologue 6, we were initially attracted by the 
report by Senda and coworkers that a suitable side-chain could be introduced at C-5 of 
uracil derivatives by the interaction between 5-hydroxyuracils and stabilized 
phosphoranes.12 In order to give a side-chain which should be capable of selective 
deprotection, the reaction of 5-hydroxyuridine (l2)l3 with t-butoxycarbonylmethylene 
triphenylphosphorane (13) was investigated. Reaction in dioxan at reflux12 gave the 
trio1 14 which was directly acetylated to give the m-O-acetyl compound 15 (Scheme 2) 
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118 CURRID AND WIGHTMAN 
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Scheme 2 

in 68% overall yield. Interestingly, however, when 15 was treated with trifluoroacetic 
acid (TFA) in dichloromethane, deprotection of the r-butyl ester was accompanied by 
decarboxylation to give tri-0-acetyl-5methyluridine 1614 in good yield. 

An approach involving base-sugar condensation (Scheme 4) was more 
successful.15 Silylation of 5-carboxymethyluraci1(17)~6 followed by condensation with 
ribofuranose derivative 8 gave the nucleoside 18. This was converted into the 
hydroxamic acid 6 using the same procedures as for the lower homologue. Thus 
condensation of 18 with N-hydroxysuccinimide gave the active ester 19 (73%). which 
was treated with hydroxylamine to give the triester 20. This could be debenzoylated 
with methoxide in methanol to give the triol6. 

We also considered the N-hydroxycarbamate 7 as a target. In an approach to this 
(Scheme 3, treatment of 5-hydroxyuridine with acetone, 2,2-dimethoxypropane and p-  
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1 6  
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Scheme 4 
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TSOH 
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Scheme 5 

toluenesulfonic acid gave a mixture of about equal amounts of the derivative 21 in which 
all the sugar hydroxy groups were protected, and the 2',3'-O-isopropylidene derivative 
22.17 When 21 was treated with p-nitrophenyl chlorofonnate, followed by brief 
treatment with dilute acid, the mixed carbonate 23 was isolated in good yield. 

The positioning of the p-nitmphenyloxycarbonyl group in 23 on 0-5 rather than 
on N-3 was supported in the 'H-NMR spectrum by the downfield shift (0.9 ppm) of H-6 
in 23 as compared to either 21 or 22, and chemically by a negative ferric chloride test. 

Consideration of p& v a l ~ e s ~ ~ , * ~  led us to believe that the nitrophenolate anion 
should be the better leaving group in this mixed carbonate, but despite considerable 
experimentation it was not possible to obtain an N-hydroxycarbamate by interaction of 
23 with hydroxylamine. 

Conversion of 5 and 6 to their diphosphates and biological evaluation will be 
reported elsewhere. 
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HYDROXAMIC ACIDS RELATED TO URIDINE 121 

Experimental 
NMR spectra were recorded on a Bruker WP 200 SY spectrometer. IH-Spectra were 
obtained at 200 MHz, and 13C-spectra at 50 MHz, with CDC13 as solvent unless 
otherwise stated. Coupling constants are measured in Hz. Mass spectrometry was 
performed using V.G. updated MS9 and V.G. ZABE high resolution EIFAB 
instruments. Specific rotations were measured at room temperature using a Bendix-NPL 
143D automatic polarimeter (path length 1 cm); units for [ a ] ~  V d U e S  are 10-l deg Cm2 
g-1. Melting points were determined using an Electrothermal MK II melting point 
apparatus and are uncorrected. 

Column chromatography was carried out using Kieselgel H type 60 (Merck) an 
external pressure being applied to the top of columns. Organic extracts were dried over 
anhydrous magnesium sulfate. 

2',3',5'-Tri-O-benzoyluridine-5-catboxylic acid (9) - Uracil-5-carboxylic acid mono- 
hydrate (1 .Og, 5.75mmol), hexamethyldisilazane (10 ml), xylene (10 ml) and 
chlorotrimethylsilane (0.73 ml, 5.75mmol) were stirred and heated under reflux with 
careful exclusion of moisture. Ammonia was vigorously evolved and IW4Cl sublimed 
into the condenser. After two hours the solid had dissolved to give a clear, colourless 
solution. Evaporation of the excess hexamethyldisilazane and xylene under reduced 
pressure gave a colourless syrup to which was added sequentially l-O-acetyl-2,3,5-t.ri-O- 
benmyl-P-D-nbofuranose (8) (2.89g, 5.75mmol) in dry 1,2-dichloroethane (20 ml) and 
trimethylsilyl mfluoromethanesulfonate (1.7 ml, 8.62mmol). The resulting mixture was 
stirred for two hours at room temperature, then diluted with dichloromethane (30 ml) 
and shaken with saturated NaHCO3 solution (20 ml). The resulting emulsion was 
filtered through a bed of Celite-sand and the aqueous layer separated and extracted with 
further dichloromethane (2 x 20 ml). The combined organic layers were dried and 
evaporated. The residue was dissolved in dichloromethane containing silica and 
evaporated to dryness under reduced pressure. The preadsorbed powder was applied to 
the top of a silica column which was eluted with ethyl acetate-methanol (20:l). 
Fractions containing the product were evaporated to a small volume (approximately 20 
ml). Dropwise addition of hexane resulted in precipitation of the carboxylic acid (9) 
(2.63 g, 68%) as a white crystalline solid, m.p. 213-215'C, [ a ] ~  -74.3 (c 1.13 in 
DMSO); SH [(CD3h SO] 4.67 (2H, m, H-S'), 4.79 (lH, m, H-4'), 5.90-6.10 (W, m, H-2', 
H-3'). 6.30 (lH, d, J 2.2, H-l'), 7.30-7.73 (9H, m, Ph), 7.78-8.08 (6H, m, Ph), 8.74 (lH, 
S, H-6), 12.25 (lH, bs, NH), 12.74 (lH, bs, CaH);  S, [(CD3hSO], 63.4 (C-5'),70.3 (C- 
3'),73.6 (C-2'), 79.4 (C-4'), 90.0 (C-l'), 103.6 (C-5), 128.6, 129.1, 129.3, 133.4, 133.74, 
133.8 (Ph), 149.2 ((2-2) 149.7 (C-6). 162.9 (C-4), 163.0, 164.6 (CO, aromatic esters), 
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122 CURRID AND WIGHTMAN 

165.5 (C02H); m/z(FAB) 623 (MNa), 601 (MH)+ (Found: MH+ 601.1460; 
C31H25N2011 requires 601.1458. Found: C, 61.9%; H, 4.0%; N, 4.6%; calc. for 
C31HaN2011: C, 62.0%; H, 4.0%; N, 4.7%). 

N-Succinim'dyl 2',3',5'-tri-O-benzoyluridine-5-carboxylate (10) - DCC (309mg, 1.5 
mmol) was added to a mixture of the acid 9 (600mg, 1.0 mmol) and N- 
hydroxysuccinimide (1 15 mg, 1.0 mmol) in dry DMF (10 ml). The reaction mixture was 
stirred for 72 h at room temperature. Acetic acid (200 mg) was added and the mixture 
stirred for an additional 1 h to destroy the excess of DCC. The crystalline 
dicyclohexylurea was filtered and washed with ethyl acetate (15 ml). The residue after 
evaporation was dissolved in hot ethyl acetate and the solution was cooled to room 
temperature. Dropwise addition of hexane resulted in precipitation of the active ester 10 
(493 mg, 71%) as a white crystalline solid, m.p. 238-240°C, [a]D -139.2 (c0.57 in 
CHCl3), Rf 0.62 (ethyl acetate: chloroform: acetone, 5:3:2); 8~ [(CDjhSO], 2.82 (4H, s, 

-CH2-CH2), 4.67 (2H, m, H-5'),4.83 (lH, m, H-4'), 5.96-6.17 (2H, m, H-2', H-37, 6.38 
(lH, d, J 4.3, H-l'), 7.32-7.74 (9H, m, Ph), 7.80-8.11 (6H, m, Ph), 8.94 (lH, s, H-6), 
12.10 (lH, S, NH); 8c[(CD3 hSO]. 25.4 (CH2 -CHz), 63.6 (C-57, 70.4 (C-37, 73.9 (C- 
2'),79.5 (C-Q'), 91.1 (C-l'),99.9 (C-5), 128.6, 129.1, 129.3, 133.4, 133.8 (Ph), 149.1 (C- 
2), 158.3, 151.9 (C-6), 158.4, 164.5, 164.6, 165.4, and 170.0 (6xCO); m/z (FAB) 698 
(MH)+ (Found: MH+ 698.1620; C35H28N3013 requires 698.1622. Found: C, 60.0%; H, 
3.9%; N, 5.8%; calc. for C35H27N3013: C, 60.3%; H, 3.9%; N, 6.0%). 

2',3',5'-Tri-0-benzoyl-5-[(N-hydroxy)carboxamido]uridine (1 1 ) - A solution of 
hydroxylamine hydrochloride (28mg, 0.41 mmol), the active ester 10 (286mg, 0.41 
mmol) and triethylamine (86~1, 0.61 mmol) in dry DMF (loml) was stirred for 24 h at 
room temperature. Triethylamine hydrochloride was filtered and washed with ethyl 
acetate (15 ml). The combined filtrates were diluted with more ethyl acetate (25ml), 
washed with water (25ml), dried and evaporated to give a light yellow syrup. Trituration 
of this material in ether gave the hydroxamare 11 (178mg, 71 %) as a white powder, mp 
234-237 O C ,  [ a ] ~  -64.2 (c 1.06 in DMSO), and giving a deep blue colour when treated 
with femc chloride solution; 8~ [CDCkj+(CD3hSO] 4.61 (3H, m, H-4', H-5'),5.84 (2H, 
m, H-2', H-3'), 5.94 (lH, d , J  3.2, H-l'), 7.16-7.52 (9H, m, Ph), 7.7-8.0 (6H, m, Ph), 8.43 
(lH, S, H-6), 8.87 (lH, bs, NH), 10.64 (lH, S, OH), 11.72 (lH, bs, NH); 
G,[CDC13+(CD3hSO] 63.2 (C-5'), 70.5 (C-3'), 73.3 (C-27, 79.6 (C-4'), 91.7 (C-l'), 
105.5 (C-5), 127.8, 128.0, 128.7, 129.0, 129.1, 132.6, 133.0, 133.1 (Ph), 146.4 (C-6), 
148.7 (C-2), 159.1 (C-4), 162.0, 164.4, 164.5 and 165.4 (4 x CO); m/z(FAB) 638 
"a)+, 616 (MH)+ (Found: MH+ 616.1510; C31H283011 requires 616.1567. Found: 
C, 60.8%; H, 4.5%, N, 7.2%; calc. for C31H25N3011 : C, 60.5%; H, 4.1%; N, 6.8%). 
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HYDROXAMIC ACIDS RELATED TO URIDINE 123 

5-(N-Hydroxy)-curboxamidouridine ( 5 )  - To a solution of sodium methoxide [from 
sodium (11 mg) in dry methanol (5 ml)] was added the mester 11 (17Omg, 0.28 mmol). 
The mixture was stirred for 15 min. at room temperature, after which the solution was 
evaporated to dryness. The resulting white solid was dissolved in water (25 ml) and 
extracted with ether (2 x 25 ml). Amberlite IR 120 (H+) resin was added to the aqueous 
phase and the suspension was stirred for 30 min. The resin was filtered and washed with 
water (2 x 10ml). Evaporation of the combined filtrate and washings afforded the 
hydroxamate 5 (51 mg, 61%) as a straw-coloured solid, m.p. 170-172 OC, and giving a 
deep blue colour when treated with ferric chloride solution; 88 [(cDJ)2SO] 3.69 (2H, m, 
H-57, 3.94 (2H, m, H-2', H-3'), 4.08 (lH, q, J-4.8, H-4'), 5.13 (2H, m, 2 x OH), 5.47 
(lH, d, J 5.3, OH), 5.78 (lH, d, J 4.7, H-l'), 8.70 (lH, bs, OH), 10.57 (lH, S, NH), 11.92 
(lH, bs, NH); &[(CD3)2SO] 60.8 (C-5'),69.8 (C-3'),74.0 (C-2'), 85.1 (C-4'). 88.8 (C-1), 
105.6 ((2-5). 145.4 (C-6), 149.7 (C-2), 159.7 (C-4), 162.4 (CONHOH); m/z(FAB) 304 
(h4H)+ (Found: MH+ 304.078 1; CioH14N308 requires 304.0783). 

2',3',5'-Tri-O-aceryl-5-t-butoxycarbonylmethyluridine (15) - A solution of 5-hydroxy- 
uridine (12) (2.01 g, 7.73 mmol) and t-butoxycarbonylmethylene triphenylphosphorane 
(13) (3.50 g, 9.28 mmol) in dry dioxan (100 ml) was heated under reflux for 9 h. 
Evaporation of the solvent gave a light brown syrup. Water (100 ml) was added which 
resulted in the precipitation of triphenylphosphine oxide. After filtration the aqueous 
solution was extracted with ether (2 x 50 ml). Evaporation of the aqueous solution under 
reduced pressure afforded the trio1 14 (2.59 g) as a dark brown syrup. A solution of this 
material in dry pyridine (40 ml) containing acetic anhydride (2.58 g, 25.3 mmol) was 
stirred at room temerature for 16 h. Evaporation of the solution gave a dark brown 
syrup, which was preadsorbed onto silica and applied to the top of a silica column. 
Chromatography with ethyl acetate-methanol (955) as eluent gave the triacerute 15 
(2.55 g, 68%) as a white amorphous foam which softened at 41T, [ a ] ~  -1.9 (c 1.07 in 
CHC13; 6~ 1.47 (9H, s, CMe3), 2.12, 2.16 and 2.18 (each 3H, s, OAc), 3.28 (2H, s, a- 
CH2), 4.60-4.83 (3H, H-4, H-5'), 5.27-5.42 (2H, m, H-2, H-3'), 6.12 (lH, d, J ,  4.7, H- 
l'), 7.49 (lH, s, H-6), 9.54(1H, s, NH); 6c 20.3, 20.4 and 20.6 (MeCO), 28.0 (Me3C), 
32.4 (a-CH2), 63.2 (C-5'),70.4 (C-3'),72.7 (C-27, 80.1 (C-4'), 81.5 (OCMe3), 87.3 (C- 
l'), 109.6 (C-5). 137.4 (C-6), 150.1 (C-21, 162.5 ((2-41, 169.4 and 169.5 (x2) (MeCO), 
170.2 (COtBu); d z  (FAB) 485 (h4H)+ [Found: (MH)+ 485.1771. C21H2gN2011 
requires 485.17711. 

2',3',5'-Tri-O-acetyl-5-methyluridine (1 6) - To a solution of 2',3',5'-m-O-acetyl-5-t- 
butoxycarbonylmethyluridine (15) (100 mg, 0.2lmmol) in dichloromethane (10 ml) was 
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124 CURRID AND WIGHTMAN 

added TFAKH2C12 (l:l,  10 ml). The mixture was stirred at room temperature for 1 h, 
and then evaporated to give a light yellow syrup. This was taken up in dichloromethane 
(20 ml) and the solution was washed with saturated NaHCO3 (20 ml) and dried. 
Evaporation and chromatography of the residue on silica, with toluene : ethyl acetate 
(1: 1) as eluent afforded the 5-methyluridine derivative 1614 (52 mg, 68%) as a clear oil, 
Rf0.38 (toluene : ethyl acetate, 1:2); S, 2.13,2.15 and 2.17 (each 3H, s, OAc), 2.30 (3H, 
s, CH3). 4.29-4.43 (3H, m, H-4, H-5'), 5.29-5.40 (2H, m, H-2', H-3'),6.09 (lH, d, J 4.6, 
H-l'), 7.53 (lH, S ,  H-6), 9.51 (lH, bs, NH); S, 20.1. 20.3, 20.4 and 20.5 (4 x CH3), 62.9 
(C-57, 70.2 (C-37, 72.8 (C-2'), 79.9 (C-47, 87.2 (C-l'), 127.8 (C-5), 130.3 (C-6). 149.4 
(C-2), 158.0 (C-4), 168.2, 169.5 and 170.1 (COMe). 

2',3',5'-Tri-O-Benzoyl-5-carboxyme~hyluridine (18) - 5-Carboxymethyluracil (17)16 (0.5 
g, 2.94 mmol), hexamethyldisilazane (5 ml), xylene (5 ml), and chlorotrimethylsilane 
(0.37 ml, 2.94 mmol) were stirred and heated under reflux with careful exclusion of 
moisture. Ammonia was vigorously evolved and M C 1  sublimed into the condenser. 
After 1 h the solid had dissolved to give a clear, colourless solution. Evaporation gave a 
colourless syrup, to which was added a solution of 1-0-acetyl-2,3,5-tri-O-benmyl-~-D- 
ribofuranose (8) (1.48 g, 2.94 mmol) in dry 1,2-dichloroethane (15 ml) followed by 
trimethylsilyl trifluoromethanesulfonate (0.85 ml, 4.41 mmol). The resultant solution 
was stirred for 2 h at room temperature, then diluted with dichloromethane (20 ml) and 
shaken with saturated NaHCO3 solution (10 ml). The resulting emulsion was filtered 
through a bed of Celite sand and the aqueous layer extracted with further 
dichloromethane (2 x 20 ml). The combined organic extracts were washed with water (2 
x 25 ml), dried and evaporated. Chromatography on silica, eluting with ethyl acetate, 
afforded a white foam. This was dissolved in boiling ethyl acetate and the solution was 
cooled to room temperature. Dropwise addition of hexane resulted in precipitation of the 
carboxylic acid 18 (900 mg, 50%) as a white solid, mp 161-163'C, [ a ] ~  -74.3 (c 1.05 in 
DMSO1); 8~ [CDCl3+(CD3h SO], 3.0 (2H, AB dd, J 17.5, CH2C02H), 4.70 (2H, m, H- 
5'), 4.84 (lH, m, H-4), 5.87 (lH, t, J 5.7, H-3'), 5.97 (lH, m, H-2'), 6.38 (lH, d , J  5.4, 
H-l'), 7.28-7.69 (lOH, m, Ph + H-6), 7.89-8.14 (6H, m, Ph), 10.20 (lH, bs, NH); 8, 
[CDC13+(CD3hSO], 31.5 (E-CH~), 63.8 (C-S), 71.2 (C-3), 73.7 (C-z'), 80.3 (C-4'), 88.3 
(C-l'), 109.4 (C-3, 128.3, 128.6, 129.1, 129.4, 129.6, 129.7, 133.5 (Ph), 138.0 (C-a), 
150.0 (C-2), 163.1 (C-4), 165.1 and 165.9 (aromatic esters), 172.4 (C02H); m/z (FAB) 
615 (MH)+ [Found: MH+ 615.1615; C32H~N2013 requires 615.1615. Found: C, 
62.2%; H, 4.0%; N, 4.5%; calc. for C32H2a2011: C, 62.5%; H, 4.2%; N, 4.6%.] 

N-Succinimidyl -2',3',5'-Tri-O-benzoyl-5-carboxymethyluridine (19) - DCC (185 mg, 
0.89mmol) was added to a mixture of the acid 18 (0.5 g, 0.8lmmol) and N- 
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hydroxysuccinimide (94 mg, 0.8lmmol) in dry DMF (10 ml) and the reaction mixture 
was stirred for 72 h at room temperature. Acetic acid (100 mg) was added and the 
reaction mixture stirred for an additional 1 h to destroy the excess of DCC. The 
crystalline dicyclohexylurea was filtered and washed with ethyl acetate (15 ml). The 
light yellow filtrate was diluted with more ethyl acetate (25 ml), washed with water 
(2x30 ml) and dried. Evaporation afforded an oily solid, which was dissolved in 
dichloromethane containing silica and evaporated to dryness. The resultant silica was 
applied to the top of a silica column and chromatographed with ethyl acetate-methanol 
(20:l) as eluent, to give the active ester 19 (426 mg, 73%) as a white solid, mp 83-85 'C, 
Rf 0.60 (ethyl acetatechloroform-acetone, 5:3:2), [ a ] ~  -32.6 (c 1.08 in CHCl3); & 2.76 
(4H, s, CH2CH2), 3.39 (2H, AB dd, J 17.4, a-CH2), 4.63-4.88 (3H, m, H-4, H-5'), 5.83 

7.64 (9H, m, Ph), 7.67 (lH, s, H-6), 7.92-8.13 (6H, m, Ph), 8.69 (lH, bs, NH); S, 25.49 
(lH, f J 5 . 8 ,  H-2'), 5.87 (lH, dd, J ~ J  6.0,J3*,4 4.2, H-3'),6.39 (lH, d,J5.5, H-l'), 7.33- 

(-CH2CH2 Succinimidyl), 33.7 ((x-CH~), 63.8 (C-5'),71.1 (C-3'), 73.6 (C-2'),80.3 (C-4), 
88.1 (C-l'), 107.2 (C-5), 128.4, 128.6, 129.3, 129.6, 129.7, 129.8, 133.5, 133.6 (Ph), 
138.5 (C-6), 149.9 (C-2), 162.1 (C-4), 165.2, 165.6, 166.0 and 166.0 (ester), 169.1 (CO, 
succinimidyl); d z  (FAB) 712 (m)+ (Found: MH+ 712.1779; C3&&013 requires 
712.1778). 

2',3' ,5'-Tri-O-benzoyl-5-[(N-hydroxy)-carbo~i~methyl]~idi~ (20). - A solution of 
hydroxylamine hydrochloride (30 mg, 0.43 mmol), the active ester 19 (300 mg, 0.43 
mmol) and dry triethylamine (9Opl, 0.65 mmol) in dry DMF (10 ml), was stirred for 24 h 
at room temperature. Triethylatnine hydrochloride was filtered and washed with ethyl 
acetate (15 ml). The light yellow filtrate was diluted with more ethyl acetate (30 ml), 
washed with water (2 x 30 ml), dried, and evaporated to give a syrup. This was 
dissolved in boiling acetone and the solution was cooled to room temperature. Dropwise 
addition of ether resulted in precipitation of the hydroxamte 20 (143 mg, 54%), as a 
white solid, mp 137-138'C, [a]D -54.1 (c 1.09 in DMSO), giving a deep red d o u r  when 
treated with femc chloride solution; 1H and l3C NMR data unresolved, d z  (FAB) 630 
(MH)+ (Found MH+, 630.1724. C32HaN3011 requires 630.1724. Found: C, 60.7%; 
H, 4.2%; N, 6.8%; calc. for C32H27N3011 : C, 61.0%; H, 4.3%; N, 6.7%.) 

5-(N-Hydroxy)carboxm~domerhyZuridine (6). - To a solution of sodium methoxide 
[from sodium (12 mg) in dry methanol (5 ml)] was added the triester 20 (140 mg, 0.22 
mmol) and the mixture was stirred for 15 min at room temperature. The solid residue 
after evaporation was dissolved in water (25 ml) and extracted with ether (2 x 25 ml). 
Amberlite IR 120 @I+) resin was added to the aqueous phase and the mixture was stirred 
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126 CURRID AND WIGHTMAN 

for 30 min. The resin was filtered and washed with water (2 x 10 ml). Evaporation of 
the combined filtrate and washings afforded the irioZ(6) (45 mg, 64%) as a white 
amorphous solid, mp 200-202'C, which gave a deep red colour when treated with ferric 
chloride solution; S, [CD3)-LSO], 2.97 (2H, s, a-CH2), 3.60 (2H, m, H-57, 3.81 (lH, m, 
H-4'),4.99 (2H, m, H-2', H-3'),5.11 (2H, m, OH), 5.39 (lH, d,J5.3, OH), 5.78 (lH, d,J 
4.6, H-l'), 7.78 (lH, s, H-6), 8.74 (lH, s, NH hydroxamate), 10.40 (lH, s, OH) 11.34 
(lH, S, NH); S, [(CD3)2 SO], 30.5 (a-CHz), 61.0 (C-59, 69.8 (C-39, 73.4 (C-2'), 84.8 
(C-4') 87.9 (C-l'), 108.0 (C-5), 138.8 (C-6) 150.7 (C-2), 163.1 (C-4), 166.3 (CO, 
hydroxamate); m/z (FAB 318 (MH)+ (Found: MH+ 318.0937. C11H16N308 requires 
318.0937). 

Acetonation of 5-hydroxyuridine (12). - A suspension of 5-hydroxyuridine (l2)13 (3 g, 
1.5 mmol) and toluenep-sulfonic acid (100 mg> in anhydrous acetone (160 ml) and 22- 
dimethoxypropane (16 ml) was stirred for 24 h at room temperature. T.1.c. (chloroform- 
methanol, 101) indicated the formation of two major products. After neutralisation with 
anhydrous sodium carbonate, the clear filtrate was evaporated to give a white foam. 
Chromatography on silica gel eluting with chloroform-methanol (97:3) afforded the 
faster moving adduct, Rf 0.47, as a white solid. A solution of this material in boiling 
acetone was cooled to room temperature. Dropwise addition of hexane resulted in 
precipitation of 2',3'-O-isopropyli&ne-5'-0-(2-methoxy-2-propyl)-5-hy&oxy~i~ne (21) 
(1.29 g, 30 %) as a white crystalline solid, mp 165-167'C, [a]D -29.3 (c 1.03 in DMSO), 
which gave a blue colour when treated with ferric chloride solution; SH [(CD3hSO], 
1.28 (9H, s, 3xMe), 1.48 (3H. s, Me), 3.09 (3H. s, OMe), 3.51 (2H, m, H-5'), 4.14 (lH, 
q, 5-3.0, H-4'), 4.74 (lH, dd, J3',4* 3.6, H-3'),4.86 (lH, dd, J z , ~  6.3, H-2'), 5.87 (lH, d, 
J1',2* 2.5, H-l'), 7.30 (lH, S, H-6), 8.73 (lH, bs, 5-0H), 11.58 (lH, bs, NH); S, 
[ ( 0 3 h S O ] ,  23.8, 23.9, 25.1 and 26.9 (4 x Me), 47.8 (OMe), 60.7 (C-57, 80.4 (C-37, 
83.4 (C-2'), 84.3 (C-4'), 90.3 (C-l'), 99.8 (CMe2), 113.0 (CMe2), 120.5 (C-5), 138.5 (C- 
6), 148.8 (C-2), 160.4 (C-4). C, 51.6%; H, 6.5%; N, 7.5%; calc. for 
Ci&H24N208: C, 51.8%; H, 6.6%; N, 7.2%). 

Further elution of the column with chloroform-methanol(95:5) yielded 2',3'-0- 
isopropylidene-5-hydroxyuridine (22) (1.27 g, 37%) as a white amorphous solid, mp 
215-218'C 215-217'C, Rf 0.20 (chloroform-methanol, Kkl), [a]D -37.7 (c 1.05 
in DMSO), giving a blue colour when treated with ferric chloride solution; 6~ 
[(03)2SO], 1.28 and 1.47 (each 3H, s, Me) 3.57 (2H, m, H-5'),4.01 (lH, m, H-4'), 4.74 

(Found: 

(lH, dd, Jy.2 6.3, J31.4' 3.5, H-3'),4.85 (lH, dd, J z , ~  6.3,J2,1'2.9, H-27, 5.13 (lH, bs, 
5'-OH), 5.86 (lH, d, J 2.9, H-l'), 7.30 (lH, S, H-6), 8.75 (lH, bs, 5-0H), 11.58 (lH, bs, 
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NH); 6, [(CD3)2SO] 25.7 and 27.0 (CMe2), 61.3 (C-S), 80.3 (C-37, 83.2 (C-2'), 85.7 (C- 

4'), 90.2 (C-l'), 113.1 (CMe2), 120.3 (C-5), 133.1 (C-6). 148.9 (C-2), 160.8 (C-4). 

2',3'-O-Isopropylidene-5-(p-Nirropheno~carbonylo~)uridine (23). - To a solution of 
2',3'-O-isopropylidene-5'-0-(2-methoxy-2-propyl)-5-hydroxyuridine (21) (400 mg, 1.09 
mmol) and methylamine (0.23 ml, 1.63 mmol) in dry dichlomethane (10 ml), under a 

nitrogen atmosphere, was added p-nitmphenyl chlorofonnate (220 mg, 1.09 mmol), and 
the mixture was stirred at room temperature for 1 h. The yellow solution was diluted 
with dichloromethane (10 ml) and shaken with aqueous HC1 (lo%, 10 ml). The organic 
layer was separated and washed with aqueous NaHCO3 (10% 10 ml), water (2 x 20 ml), 
dried, and evaporated to give an off-white foam. Trituration of this material in 
chloroform (5 ml) afforded the p-nirrophenyl carbonate 23 (379 mg, 75%) as a white 
crystalline solid, mp 172-174"C, [ a ] ~  -22.9 (c 1.05 in DMSO); 8~ [CDC13+(CD3&30], 
1.36 (3H, s, CH3), 1.57 (3H, s, CH3), 3.04 (lH, bs, 5-OH), 3.83 (2H, m, H-5'), 4.33 (lH, 
m, H-47, 4.80 (H, dd, J7.31 6.2, J2*,1# 2.8, H-27, 4.88 (H, dd, J31.21 6.2,53*,4* 2.6, H-37, 

PNP), 11.58 (lH, bs, NH); 6, [CDCl3+ (CD3)2SO], 24.9 and 26.8 (CH3), 61.5 (C-57, 

80.1 (C-3'), 84.5 (C-27, 86.5 (C-47, 90.1 (C-l'), 113.5 (CMe2), 121.4 and 124.9 (CH, 
PNP), 127.1 (C-5), 132.5 (C-6), 145.3 (quaternary, PNP), 149.7 (C-2), 154.8 (OCOO), 
157.9 (C-4); m/z (FAB) 466 (Found: MH+ 466.1100; C19H20N3011 requires 466.1098. 
Found: C, 48.8%; H, 4.1%; N, 9.0%; calc. for C19H19N3011 : C, 49.0%; H, 4.1%; N, 

5.97 (lH, d, J 2.8, H-l'), 7.50 (2H, d, J 8.0, PNP), 8.20 (lH, S, H-6), 8.3 (2H, d, J 8.0, 

9.0%). 
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