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Recent studies from this laboratory have shown that 6,5’-cyclopyrlmidine nucleosides2, for example 

the isopropylideneuridine analogue 1, are very susceptible to oxidation at C-5’. Thus, autoxidation3 of 1. 

with 02-NaOH, or treatment with Mn02 in methanol readily affords the 5’-ketonucleoside 4. These 5’- 

keto compounds are attractive starting materials for elaboration into a new class of pyrimidlne cyclo- 

nucleosides , nameJy the 6’-deoxy-6, 6t-anhydro-hexofuranosyluracils 4 represented by structures 1 and lo. 

The unsubstituted versions of @ can be regarded as conformationally restricted models of ordinary 

pyrimidine nucleosides because they retain a full complement of hydrogen bonding sites, are restricted to 

the anti range by a carbon ratherthan an electronegative heteroatom bridge, and feature asymmetric 5’- 

hydroxy groups that simulate various degrees of rotation about the C4,-C5, bond. Besides serving as models 

in physico-chemical studies of nucleoside conformation, such compounds are potentially useful for probing 

the conformational factors that affect the specificities of the enzymes involved in pyrimidine nucleotide 

metabolism. 

‘We envisioned that 6,5’-cycle-5’-keto-nucleosides such as 4 might undergo ring expansion to the 

desired ring system when treated with diazomethane5. Alternatively, the 5’-keto nucleosides would serve 

as sources of amino alcohols related to 6, which might undergo the Demjanov-Tiffeneau reaction6 to give 

the same expanded ring system. 

Preliminary studies using the 5’-keto nucleoside 2 as a model, without regard for N-methylation, 

show that dlazomethane induced ring-expansion does indeed take place. Treatment of methanolic solutions 

of 2 with an excess of diazomethane affords the crystalline enol ether 8 (20% yield, prep. tic)’ together 

with the spiro-epoxide 2 (60% yield, prep. tl@ and a host of unidentified, minor compounds. In principle 

the ring-expansion of 2 can lead to both the 5’ and 6’ homologous ketones. That enol ether S is substituted 

at C-5’, and hence is derived by 0-methylation of the initially formed 5’ketone 4, follows from the appear- 

ance of H-4’ as a singlet (J3’,4’ = 0, allylic J41,6’ < 0.5Hz) in the nmr spectrum of $. Had the methoxyl 

group of 4 been located at C-6’ - as would occur if the ring expansion afforded the isomeric 6’-keto- 

nucleos ideg -H-4’ would appear as a doublet because of coupling to H-5’. Migration of the 5’, 6 bond of 

2, leading to & in preference to migration of the 4’, 5’ bond leading to the br-keto isomer, is consistent 

with the migratory aptitudes observed in previous studies 5b of diazoalkane promoted ring-enlargements 
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of cyclic a, p unsaturated ketones. However, unlike previous examples, the ring - expansion 2+4 -- 

does not require Lewis acid catalysis. In the absence of such catalysis, a,p unsaturated ketones 
5 are usually unreactive or form pyrazolines . Preliminary attempts to conduct the ring expansion 

reaction in the presence of BFQ, AlC13 or LiCl have not resulted in improved yields of a. 
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Catalytic reduction of _8 affords the saturated methyl ether 7_ in 75% yield, with hydrogen addition 

occuring from the less-hindered side to give the 5’s configuration. The various coupling constants 

observed in the nmr spectrum” of 2 are fully consistent with this assignment: moreover, the large 

value of Jgl, 6,b (11.7 Hz, trans) and the presence of four-bond couplings between H-4’/H-b’a (1.5 Hz, 

W configuration) and H-5/H-6% ( _ 1 Hz, allylic) indicate that the methylene bridge projects over the 

furanose ring toward C-2’ and C-3’. In this conformation, H-5 and H-1’ are essentially coplanar, and 

the existence of a small Jl, 5 can be demonstrated by decoupling experiments”. This, in turn, indicates 

a glycosyl torsion angle (O~lt, C-l’, N-l, C-6) of about 65’. 

Compound 4 being an enol ether, is susceptible to acid hydrolysis and although the methoxyl group 

survives extended refluxhrg in 8@% acetic acid, smooth conversion into ketone 5 (61% yield) occurs in 

boiling water containing a suspension of Dowex 50 (H +). Compound 2 crystallizes in the keto form 

(5’-0x0 at 1725 cm-‘, KBr), and a comparison of the uv spectrum (H20, X max 262 nm) with that of enol 

ether 8_ (H20, broad X max 306-315 nm) indicates that the keto form (presumably hydrated) of 5 also 

predominates in neutral, aqueous solution. Compound 5 adopts the enol form in dimethyl sulfoxide 

solution as shown by the similarity of the uv spectrum (DMSO, broad X max 310-320 run) to that of enol 

ether 8 (see above), and by the nmr spectrum in DMSC-d6 which shows singlets at 65.42 (H-6’) and 

10.86 (5’-hydroxyl). Addition of D20 to the DMSO-d6 solution results in the almost instantaneous ex- 

change of these signals, and is accompanied by the exchange of H-5 at a slower rate (- 5@% in five 

minutes). Exchange of H-5 is consistent with extensive delocalization in the anion derived from 5. 

Delocalization is also reflected in the uv spectrum of the anion (pH 9, X max 355 nm). The 2’, 3’-0- 

isopropylidene ketone 4_ can be regenerated from 8_ by the photochemical addition of water to the 5’, 6’- 

double bond (low-pressure lamp, Pyrex filter). This reaction presumably leads initially to a 5’-hemi- 

a&al that decomposes spontaneously to give 4. However, ketone 4_ is itself somewhat unstable during 

prolonged irradiation, making large scale photolysis unattractive. Irradiation of 8 in methanol affords 

the crystalline 5’-dimethyl acetal 2 in 3% yield. Similar photoadditions of alcohols to conjugated enol 

ethers have been observed in the steroid series. 12 

Reduction of aqueous solutions of2 with H2/Pd-C affords the crystalline 5% alcohol10 in 5% 

yield.13 The same product was obtained in a similar yield by hydrolysis of acetal 2 with 8fi acetic acid 

followed by in-situ reduction of the resulting 5 with sodium cyanoborohydride at pH - 4. The pattern of 

coupling constants observed for 10 and its syrupy tri-G-acetate are similar to those found for the methyl - 

ether 1, although the appearance of coupling between H-1*/H-2’ (1.5 Hz) points to small changes in the 

conformation of the furanose ring. Studies on the solution conformation of& are in progress, as are 

modifications in the ring-enlargement procedure designed to avoid N-methylation. 

The alternative approach to ring-expansion, namely the Demjanov-Tiffeneau reaction, proved to be 

unsuccessful. Ammonoiysis of epoxide 3 readily affords the crystalline amino alcohol& but diazotiza- 

tion of 6 results in the re-formation of 3 with no uv spectral evidence for the formation of _4 or its 6’- 

keto isomer. 
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