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1-B-PArsbinofuranosyl nucleosides of 5-fluorourscil, -5-fluorocytosine 

and cytosine have exhibited interesting anti-tumor and/or antiviral properties 

(2). During our investigation into the synthesis of some of these compounds, 

we have found a varying instability of these nucleosides to squeous alkali. 

We report our studies on novel transformations which several of these 

nucleosides undergo (Pig. 1). 

When l-B-E-srsbinofursnosyl-5-fluorourscil @WA, Is) is treated with 

0.11 NaOH at 60-70°, a rapid loss of selective absorption in the ultraviolet 

occurs which is complete within 0.5 hours. The colorless reaction mixture is 

placed on a column of Dowex 50 (H+> and eluted with water. The eluate Is 

concentrated to dryness and the crystalline residue recrystallized from 959. 

ethanol from which is obtained s near quantitative yield of 11s. m.p. 192-194' 

(eff. dec.), [ali3' - 124O (H20). Anal., found for C9H13FN207: C, 38.81; 

H, 4.78; N, 9.85; P, 6.96. CO2 is evolved when IIa is placed in dilute 

NaHC03. Compound 11s does not consume metsperiodate over s 3-day period 

whereas FDA shows the expected consumption of one mole of oxidant per mole 

within 24 hrs. (3). 11s gives s positive E-dimethylsminobenzaldehyde-HCl 

W7 
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test (4) for a ureide structure, gives negative aldehyde tests, and shows 

no selective absorption maxirum in alkali above 220 IQ.I. These data support 

an open-chain urefde atrocture for IIa rather than the cyclic urefde 

structure (IIIa). 
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The failure of IIa to consume metaperiodate and the fact that the 

5'-O-trityl derivative of FCA (Ia) is converted by alkali to the 5'-o- 

trityl derivative of IIa indicate that the "up" 2'-OH group is involved in 

the saturation of the double bond of Ia (the 3'-"down"-OH is unfavorably 

disposed). Moreover, when l-g-eribofuranosyl-5-fluorouracil (FDR) (Z), 

its 2'-deoxy analog (FUDR) (Sa), or 1-(2'-deoxy-h-&lyxofuranosyl)-5- 

fluorouracil (FDDL) (5b) are treated with O.l_N alkali at 60-70° for 5 hrs., 

no reaction occurs as evidenced by the constancy of their ultraviolet spectra. 

These latter three nucleosides lack a 2'-hydroxyl in the "up" position. On 

the other hand, l-g-&-lyxofuranosyl-5-fluorouracil (FDL) does undergo loss of 

its ultraviolet spectrum when similarly treated with alkali. 

N.m.r. spectral studies (Table I) confined structure IIa as an open 

chain ureide with a "6 to 2"' anhydro linkage. In addition to signals listed, 

a peak at 6.40 6 equivalent to 2-3 protons was observed as well as a very 

broad peak at 6.80-5.00 6 equivalent to l-2 protons. Since these peaks were 

absent when D20 was used as solvent, they must be due to the C3' and C5' 

hydroxyl protons and the ureide RR2 protons. The couplings involved in the 

protons on C5 and C6 in IIa confirm the saturation of the 5,6-double bond. The 

geminal H5-F coupling constant of 48 c.p.s. and the vicinal H6-F coupling 

constant of 23.5 c.p.s. are in line with those previously noted for such 

systems (6-9). In the sugar ring the JHl,_H2, of 4.0 c.p.8. (in lt4%d6) 

suggests that fusion of the two S-membered rings results in some "skewing" 

of the furanose moiety to the C2 conformation in accord with the findings of 

Abraham et al, (10) with 1,2-g-isopropylidine derivatives of hexofuranoses. 

To decide between structures IIa and IIIa, FUA was methylsted with 

diazomethane according to the procedure of Miles (11). An amorphous solid 

was obtained which contained starting material, 3-methyl-FDA and probably 

the 4-methyl ether of FDA. The mixture was placed on a silica-gel column 
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TABLE I 

NUCLEAR NAGNETIC RESONANCE DATA FOR CCMPOLIND IIa 

Solvent 

MO-d6 

D2O 

Approximate Coupling Constants (c.p.8.) 

%',2 '2',3' '3',4' J4',5' '5,6 J5-p J6-F 

4.0 2.0 2.0 6.0 1.0 48 23.5 

4.5 3.0 2.0 6.5 1.0 47.5 23 

Approximate Chemical Shifts (6) 

"1' H 2' "3, H4' "5' "5 "6 

DMSO-d6 5.90 4.70 4.10 3.98 3.47 5.57 5.69 

D20 6.03 4.97 4.24 4.21 3.63 5.44 5.89 

(100-200 mesh) and eluted with benzene-methanol (3:l). After elution of the 

@ethyl derivative, the 3-&methyl-FDA, Ib, followed and was obtained (70%) 

crystalline (from EtOAc-ether), m.p. 151-152'. Anal., found for ClCH13FN206: 

C, 43.61; H, 4.92; N, 10.14; F, 6.77. Compound Ib was very sensitive to 

alkali and was converted in 0.11 alkali at room to within 3 minutes (loss of 

selective absorption) to IIb which, after neutralization with Dowex 50 ("3, 

was obtained as a sirup. The n.m.r. spectrum of this sirup was identical 

with that for IIa in DMSO-d6 except for a doublet (3") at 2.64 6 with a 

splitting of 4.2 c.p.s. This doublet (which becomes a singlet in dilute 
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acid) proves the presence of an -NHCH3 grouping which csn be rationalized only 

with the open chain ureide for IIb and IIa. The absence of a carboxyl proton 

in the 7-16 6 region in the n.m.r. spectrum of IIa may be due to H-bonding 

which would freeze the conformation into that shown (Table I) and account 

for a vicinal .JH F coupling higher than usually observed in acylic compounds 

(8a,9) and more like that found for rigid cyclic molecules (6,8b). 

When FCA (2) is treated with 0.11 NaOH at 60-70° for 0.5 hrs., a complete 

loss of selective absorption is observed and sn~50% yield of IIa is obtained. 

! 1 This reaction may be explained by the fonnstion of H2N -y-$HCHF- NH2 which 

undergoes hydrolysis of the amide to IIa. On the other hand some FCA may be 

converted directly to F'UA which would then be converted to IIa. We have noted 

by chromatographic and ultraviolet examination that FCR (12), when similarly 

treated with alkali, is slowly converted to FUR as well ss to some fluorescent 

material. 

With CA and UA, which lack the fluorine atom on C5, alkaline treatment in 

the same manner produces a much slower loss of selective absorption which does 

not go to completion. The product(s) of these reactions were not investigated. 

Treatment of FCA, FUA and FUL with 0.g alkali at room t" for 72 hrs., produced 

a 90, 75 and 50% loss in extinction respectively. 

A plausible mechanism for the formation of IIa from FUA by a 1,4-addition 

is shown in Fig. 1. The FUA ion (13)(A) undergoes intramolecular nucleophilic 

attack by the 2'-hydroxyl anion to form the 6,2 '-anhydronucleoside (B) which 

tautomerizes to (C), the latter of which undergoes ring cleavage to produce 

IIa. Cleavage of 5,6-dihydro pyrimidine nucleosides in alkali at the 3,4 

positions are well documented (14). The presence of a 5-fluoro atom should 

enhance the susceptibility of C6 to nucleophilic attack. In support of this 

mechanism, l-p-z-arabinofuranosyl-4-thio-5-fluorouracil (IV) (prepared fron 
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its tri-g-acetate (2) by de-blocking with 50% alkali in ethanol m.p. 177-179', 

found for CgH11PW205S: C, 38.75; Ii, 4.09; F, 6.95; N, 9.95; S, 11.65) was 

treated with O.l_N NaOH for 60-70' for 5 hrs. Unlike PUA, no reaction for IV 

was detected as determined by the constancy of its U.V. spectrum under these 

reaction conditions. In the anion of IV, the negative charge would localize 

mainly on the sulfur atom which would mitigate against nucleophilic attack 

by the 2'-OH anion on C6. The fact that 3-methyl-PLIA (Ib) reacts rapidly with 

alkali under mild conditions to produce IIb is to be expected since formal 

negative charge in the aglycon is absent, and polarization of the or,@- 

unsaturated ketone would be enhanced, as described by Wang (15) for 1,3- 

dimethyluracil. 

*Compound II is the first example of a "6.2'-anhydro" structure in the 

nucleoside area. The formation of 6,5'-episulfide (cyclic) structures from 

certain 5'-thiol nucleoside derivatives have been reported (16a,b,c) however 

their formation was reversible leading to 5'mercaptide anions or to disulfides 

with regeneration of the 5,6-double bond. Similarly, Chang (16d) prepared a 

6,5'-anhydro-5,5-diiodo-5,bdihydro uridine by iodination of cytidine. This 

dihydro derivative splits out HI with alkali to regenerate the 5,6-double 

bond. Previously, Lipkin et al, (16e) synthesized a 6,5'-anhydrouridine 

(unsaturated at the 5,6 position) by treatment of 5-iodouridine with base in 

DMSO. Pi&ala and Sons (16f) showed that 5-azauridine in the crystalline state 

also exists as a 6,5'-anhydro nucleoside. In all these cases (16) the 

6,5'-anhydro or -episulfide structures contained a 7-membered ring fused to 

the 1,4 positions of the sugar moieties. In our case (II) double bond 

regeneration did not occur under our reaction conditions and 3,4-bond cleavage 

predominated, possibly as a result of strain introduced by the 1',2'-fused 

5-membered rings on the L-membered pyrimidine ring. 

Regeneration of the double bond (IIJI) was, however, achieved by 
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esterification of IIa. Treatment of 11s (500 mg.) with diazomethane in 

methanol-ether yielded a sirup which, unlike IIa, gave a neutral reaction in 

water and showed two ultraviolet absorbing spots by thin layer chromatography 

(t.1.c.) on silica gel G (benzene-methanol, 3:l). Separation of the mixture 

by column chromatography on silica gel (vide swra) yielded two fractions. The 

first of these was probably the 5,6-dihydro derivative (IIIa and/or IIIb) since 

it showed an ultraviolet absorption maximum at-220 IQ.I which was lost rapidly 
c 

by addition of alkali (14). After elutipn& the second (and major) fraction, 

350 mg. of a crystalline product-was obtained, m.p. 151-152'. This product was 

identical with Ib obtained above by methylation of FUA. 

Conversion of IIa to an ester enhances cyclization to the cyclic amide 

IIIa or b. It is not clear whether the methylation of N3 with diasomethane 

occurred before or after cyclization. In any case, the dihydronucleoside III, 

under the anhydrous conditions employed in the esterification and N-methylation 

reaction, eliminates the alcohol from C5-C6 to form Ib. 

The ease with which the 2'-OH in the arabino ("up") configuration 

participates in the reaction of FUA and PCA with alkali is of great interest. 

The fact that UA and CA also lose ultraviolet extinction in alkali indicates 

that 6,2'-anhydro formation is probably a general characteristic of pyrimidine 

nucleosides bearing the aglycon and 2'-hydroxyl in a "cis" relationship. The 

biological importance of 6,2'-anhydro structures for this class of 

chemotherapeutically active nucleosides is yet to be determined. 

References 

(1) Supported in part by funds from the National Cancer Institute, National 
Institutes of Health, U.S. Public Health Service (Grant No. CA 08748). 
The authors thank Dr. Floie Vane (Hoffmann-La Roche, Inc.) for 
preliminary n.m.r. data. 

(2) J. J. Fox, N. Miller and I. W-en, J. M&. m., 2, 101 (1966) and 
leading references therein. 

(3) N. C. Yung, J. H. Burchenal, R. Fecher, R. Duschinsky and J. J. Fox, 
J. & Chem. SOC., 83, 4060 (1961). 



(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

R. M. Fink, R. E. Cline, C. McGaughey and K. Fink, @. e., 28, 
4 (1956). 

a) M. Hoffer, R. Duschinsky, J. .J. Fox and N. Yung, J_ &. m. a., 
81, 4112 (1959); b) J. 3. Fox and N. C. Miller, -J. a0 %, 28, 
E6 (1963). 

J. Jona:, A. Allerhand and H. S. Gutowsky, Jo m. w., 42, 3396 (1965). 

H. A. Lozeron, M. P. Gordon, T. Gabriel, N, Tautz and R. Duschinsky, 
Biochemistry, 2, 1844 (1964). 

a) H. F. White, u. w, 37, 403 (1965); b) L. D. Hall and J. F. 
Manville, m. and Ind., 99171965). 

R. J. Abraham and L. Cavalli, Mol. Phys., 2, 67 (1965). 

R. J. Abraham, L. D. Hall, L. Hough and K. A. McLauchlin, J* m. &., 
3699 (1962). 

H. Miles, Biochim. Biophys. e, 22, 247 (1956). 

I. Wempen, R. Duschinsky, L. Kaplan and J. J. Fox, 2; &. @. &., 
83, 4755 (1961). 

the aglycon of (A) depicts one of several resonance structures which 
can be written for the FDA anion IpK, = 7.63 (3)1. 

R. D. Batt, J. K. Martin, J. M. Ploeser and J. Murray, J* &I+ C@. 
%., 76, 3663 (1954). 

s. Y. Wang, 2. Am. a. a., _, 80 6196 (1958). 

a) B. Bannister and F. Kagan, Jo Am. a. so, &, 3363 (1960); 
b) R. W. Chambers and V. Kurkov, m, 85, 2160 (1963); C) Es J. 
Reist, A. Benitez and L. Goodman, 2. a?-., 29, 554 (1964); 
d) P. K. chang, J* a0 3., 2, 3913 (1965); 3 D. Lipkin, 
F. B. Howard, D. Nowotny and M. =no, Abstracts 6th Int'l Congr. 
Biochem., N. Y. paper No. l-L17, (1964); f) A. Piskala and F. &xn, ._ . 
Collection Czechoslov. e. Commun., 29, 2060 (1964). 

4934 NO.40 


