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Abstract- I-O-Acetyl-3,S-di-O-bcnzoyl-2-O-methyl-~-~ribofuranose has been prepared in five 
steps from benzyl 2-0-methyl-B-D-ribopyranoside. Reaction of the furanose derivative with 2,4-bis- 
(trimethylsilyl)uracil in the presence of stannic chloride provides a new synthesis of 2’-O-methyl 
uridine and also yields the hitherto unknown 3-(2’-0-methyl-/3-~ribofuranosyl)uracil. 

2’-0-Methyl-Lxibonucleosides are of particular 
interest since they are minor constituents of RNA 
from a variety of sources. 1 These nucleosides have 
been synthesised by two procedures. The first 
involves partial methylation of a nucleoside with 
diazomethane2-7 followed generally by a chromato- 
graphic separation of the mixture obtained. In this 
way, the 2’-O-methyl ethers of adenosine, guano- 
sine, cytidine (and indirectly uridine)t have been 
prepared. 

The second procedure involves the partial tri- 
tylation of uridine, chromatographic separation of 
the products, and subsequent methylation of the 

tBy the deamination of 2’-0-methylcytidine.’ 

3’,S’di-0-trityl derivative.” In addition to reaction 
at the 2’-OH group, 0- and N-methylation occurs 
in the pyrimidine moiety, and the preparation of the 
2’-O-methyl ethers of uridine and cytidine requires 
removal of the N-alkylated isomer. 

The most usual and generally useful method for 
nucleoside synthesis, that involving coupling of the 
carbohydrate and heterocyclic base components, 
requires the preparation of a suitably substituted 
carbohydrate, which is usually a furanose deriva- 
tive. This paper describes the preparation of such a 
derivative of 2-0-methyl-D-ribose, which is readily 
available as a result of previous work in our labora- 
tory,g and demonstrates its use in a pyrimidine 
nucleoside synthesis. 
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The synthetic sequence previously described in 
the I-series? was used to convert benzyl3,4-O-iso- 
propylidene+Darabinopyranoside (l), through 
compounds 2,3 and 4 into benzyl 2-O-methyl-P-D- 
ribopyranoside (5). It was previously observed that 
hydrogenolysis of the I-isomer of 5 in methanol 
gave, as well as the free sugar, methyl 2-O-methyl- 
I-ribofuranoside; glycoside formation was attri- 
buted to trace acid catalysis. After hydrogenolysis 
of glycoside (5) in methanol, the reaction mixture 
was treated with an acidic ion exchange resin in 
order to promote the formation of the furanoside 
(6), which was obtained in 60% yield sufficiently 
pure* for further transformation. Proof of the 
glycoside’s structure was based on its methylation 
to yield a product (10) identical to that obtained by 
methylation of methyl /3-D-ribofuranoside.10 

Benzoylation of glycoside (6) yielded the diben- 
zoate (7), as a thick liquid which was best purified 
from trace contaminants by PLC. Treatment of the 
compound 7 under acetolysis conditions which 
convert methyl 2,3,5-tri-O-benzoyl-a,pD-ribofur- 
anoside into 1 -O-acetyl-2,3,5-tri-0-benzoyl+D 
ribofuranoside,ll gave several products, and an 
alternative procedure for preparation of the l-O- 
acetyl derivative was sought. Compound 7 was 
hydrolysed with trifluoroacetic acid-water mixture l2 
to yield 3,5-di-O-benzoyl-2-O-methyl-Dribofman- 
ose (8) which on acetylation gave syrupy 1 -O-acetyl- 
3,5-di-O-benzoyl-2-O-methyl-rr-ribofuranose. Its 
NMR spectrum showed a singlet absorption for the 
H-l proton, showing it to be the p-D-anomer (9).r3 
Reaction of this compound with 2,4-bis(trimethyl- 
silyl)-uracil in I ,2-dichloroethane in the presence of 
stannic chloride’4 yielded two major products, 
readily separated by PLC, in the ratio of I.3 : 1. The 
NMR spectra of these materials, which were not 
obtained analytically pure, were consistent with 
their being (3’,5’di-0-benzoyl-2’-O-methyl-r~ibo- 
furanosyl)uracils. The formation of two anomeric 
N-l nucleosides in this reaction might reasonably 
be expected, in view of previous results using this 
procedure” and the poor participating ability of the 
C-2 substituent in 9. Assignment of anomeric con- 
figuration to the two isomers was not possible on 
the basis of J,.,, values, since the latter were similar 
(4 Hz).13 Debenzoylation of the product formed in 
greater amount gave I-(2’-0-methyl-/3-~ribo- 
furanosyl)uracil (12) whose physical constants 
were in good agreement with those reported,4*R and 
which gave a mass spectrum identical to that of an 
authentic sample. Debenzoylation of the second 

*Several recrystallisations were generally necessary 
to obtain sharply melting material. However for further 
transformation, material of lower purity was suitable 
since purification by PLC was performed after the next 
(benzoylation) step, following which the material ob- 
tained (7) was identical to that obtained by benzoylation 
of glycoside (6) with m.p. 73-75”. 

product yielded a crystalline compound melting at 
l26-l27”, whose elemental analysis was identical 
to that of 12. Its mass spectrum was similar to that 
of 12 and contained a significant peak at mle 146, 
which is characteristic of 2’0methylribonucleo- 
sides.i5 It did not react with sodium metaperiodate, 
and although its UV spectrum at pH 7 was similar 
to that of 12, a bathochromic shift, accompanied by 
a substantial increase in intensity, was observed in 
basic solution. Such spectral changes with increas- 
ing pH are characteristic of an N-3 substituted 
uracil; an N-l substituted uracil shows an absorp- 
tion near 265 nm, and the position of the band is 
virtually invariant with increase of pH.r6-ig Its 
NMR spectrum showed chemical shifts and coup- 
ling constants for H-5 and H-6 of the uracil residue 
and for H-l of the furanose ring very similar to 
those reported for the analogous protons in ~-P-D- 
ribofuranosyluracil.‘g Methylation of the compound 
followed by acidic hydrolysis yielded material 
chromatographically indistinguishable from l- 
methyluracil. On the foregoing evidence coupled 
with the fact that its CD spectrum showed a nega- 
tive Cotton effect centred on 273 nm (cfreported 
ORD spectrum of 3-/3-~ribofuranosyluraci1*0) it 
was concluded that the new nucleoside was 3-(2’-0- 
methyl-/3-D-ribofuranosyl)uracil (14) and not the 
expected I-(2’-0-methyl-a-D-ribofuranosyl)uracil. 

In view of the utility of I-O-acetyl-2,3,5-b-i-O- 
benzoyl-Err-ribofuranose in nucleoside syntheses, 
intermediate (9) should also find general application 
in the preparation of 2’-0-methylribonucleosides. 

EXPERIMEWAL 
TLC was performed on Kieselgel GFZH and PLC on 

Kieselgel PF,,,. Descending paper chromatography was 
performed on Whatman No. I paper with solvent sys- 
tems (A) butan- I-ol-acetic acid-water (5 : 2 : 3 v/v), (B) 
propan-2-ol-ammonia-water (7 : 1: 2 v/v), (C) butan- I-ol- 
water (86 : I4 v/v), and (D) ethyl acetate-water-formic 
acid (I2 : 7 : I v/v). Optical rotations were determined on 
chloroform solns except where stated otherwise, with a 
Perkin-Elmer 141 polarimeter. NMR spectra were 
measured on solns in CDCI, at 100 MHz on a Varian 
HA-100 spectrometer with TMS as internal reference 
except where stated otherwise. CD measurements were 
made with a Gary 61 Spectropolarimeter and GLC was 
performed on a Perkin-Elmer F-l I instrument. Routine 
identifications were based on TLC, GLC, and IR and 
NM R spectra. 

Benzyl 3,4-0-isopropylidene-/3-D-ribopyrunoside (3). 
The procedure followed was identical to that described 
previously for the preparation of the t-derivative.!’ Benzyl 
3,4-O-isopropylidene-P-D-arabino-pyranoside” (5 19) 
gave the product (24.6g. 48%). m.p. 95-96”, 1~112’ - 129” 

(c 0.3), [IY]~,’ - 148” (c 63 in EtOH) (Found: C, h.7; H. 
7.2. Calc. for C,,H,,O,: C, 64.3; H, 7.2%). Lit,** m.p. 
94-96”. [cr]~-lO5~5”(c3~1 in EtOH). 

Benzyl3,4-O-isopropylidene-2-O-methyl-~-ribopyrono- 
side (4). Methvlation of benzvl 3,4-0-isopropylidene-P 
bribopyranoside (I 1.2 g) as dkscrhed for-the t_-isomer,* 
gave the methyl ether 4 (10.4g. 88%). b.p. l60-162”/0.5 
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mm Hg, [a]? -121” (c 1.4) (Found: C, 64.9; H, 7.7. 
CISHZ20J requires: C, 65.3: H, 75%). 

Benzyl 2-O-melhyl-/3-D-ribopyranoside (5). The fore- 
going ether (2 g) was hydrolysed as described for the L- 
isomer,* and gave the product (1.3 g. ?6%), m.p. 92-944 
[al: -135” (c O-4) (Found: C, 61-2; H, 7.2. C,~H,SO, 
requires: C, 61.4; H, 7.1%). 

Methyl 2-0-methyl-/3-n-ribofuranoside (6). A soln of 
5 (3 g) in MeOH (60 ml) was stirred under a slight over 
pressure of H2 in the presence of 10% Pd-C (05g). Up- 
take of H, (330 ml, 1.16 mole) was comulete in 5 hr. After 
removal bf the catalyst, Amberlite Ik-120 resin (H’) 
(10 ml), which had previously been thoroughly washed 
with MeOH, was added; the mixture was then shaken 
overnight. The filtered soln was concentrated, and the 
residue crystallised from EtOAc-light petroleum to yield 
material (1.25 g), m.p. 69-749 Two further crystallisations 
from the same solvent yielded the product, m.p. 73-759 
[al: -24.5” (c 0.55) (Found: C, 47.5; H, 7.9. CIHllOJ 
requires: C, 47.2; H, 7.9%). T (D,O - int. ref. 3-(trimethyl- 
silyl)-propanesulphonic acid) 5.0 (d, H-l), 57-6-4 (m, 
H-2 3 4 5 5’),6*52 (s) and 6.6 (s) (2 x OMe). , F 9 t 

Concentration of the mother liquors yielded a syrup 
which on retreatment in MeOH with Amberlite IR-120 
resin yielded a second crop (0.36 g) of impure furanoside. 
Crude crystalline material was suitable for further tram- 

formation since purification was readily achieved after 
benzoylation (see below). 

Methyl 2,3,5-iriO-methyl-P-D-ribofuranoside (10). 
Methyl ~-n-ribofuranoside*” (066g) in dimethoxyethane 
(15 ml) was treated, with stirring, with NaH (1’4g) foi- 
lowed by Me1 (4.1 ml) in dimethoxyethane. After 12 hr, 
MeOH (1 ml) was added and the soln was concentrated. 
Water (20ml) was added and the aqueous suspension 
extracted with chloroform (4 X 25mI). The combined 
extracts were dried and concentrated to an oil which was 
distilled to yield the ether (0+6g, 71%), b.p. 126-130%2 
mm Hg, 1~1: -1.9” (c O-4) (Found: C, 52.2; H, 88. 
CsH lROI requires: C, 52.4; H, 8.8%); r 59 10 (s, H-l), 5*76- 
6+OO and 6G3-6.70 (m, 5H, H-2,3,4,5,5’), 6.53 (s), 6.61 
(s), 6.62 (s) and 6.65 (s) (4 x OMe). 

Methylation of 6 with MeI-Ag10 yielded material hav- 
ing an NMR spectrum indistinguishable from authentic 
methyl 2,3,5-t~-O-methyl-~-D-~~~~nose prepared as 
described. On GLC the two samples showed identical 
retention times on two columns (15% Apiezon-L on 
Chromosorb P at 210’ and 15% Carbowax-2OM on 
Chromosorb W at 1809. 

Methyl 3,5-di-O-benzoyl-2-O-methyl-p-o-n‘bofurano- 
side (7). The fiuauoside 6, on treatment with benzoyl 
chloride in pyridine in the usual manner yielded a SyNp 

which consisted (TLC in chlo~fo~} of a major compon- 
ent (R, 0.5) and a contaminant (RF 066) shown to be 
benzoic acid. Isolation of the major component by PLC in 
chloroform yielded as a thick liquid the dibenfoote 0, 
lalY +21.9” (c 0.3) (Found: C, 65.2: H, 5.4. C,H,,O, 
re$ires: C, 65.3; H, 5.7%); 7 1.94, 2.56 (both mi 1oH; 
Ph). 4.50 (a. 1 H. J, , = 5 Hz. J,., = 6 Hz, H-3), 5-02 
(d,‘lH, J,,p= 1 Hz,?&]), 5.3&<80 (m, 3H, H-4,5,5’), 
5-95 (q, 1 H, H-2), 6.58 (s) and 6.64 (s) (2 X OMe). 

In later preparations of 7, impure furanoside, mp. 65- 
74”, was benzoylated. Purification of the di-ester by PLC 
yielded material in 88% yield identical to material ob- 
tained by benzoylation of pure 6. 

De-esterification of 7 regenerated 6 (58%). m.p. 73- 
755”, IR spectrum identical to that ofmaterial obtained 
from 5. 

3,5-Di-O-benzoyl-2-0-methyl-D-ribofuranose (8). The 
dibenzoate 7 (2.6 g) was dissolved in trifluoroacetic acid- 
water (9 : 1 v/v) (30 ml) and the sohr stored at room temp 
for 2 hr. Evaporation of the solvent yielded a syrup which 
contained {TLC in EtOAc-benzene (I : 9 v/v)) starting 
furanoside (Rr 0.4) and a new component (RF 0.15). PLC 
in the same solvent system gave unchanged 7 (044 g) and 
the title compound (I.72 g, 82% on utilized furanoside), 
[a]? +60.1” (0*3h), -1-61.6” (48h) (c 0.3) (Found: C, 64.1; 
H, 5.5. CZoH,,,O, requires: C, 64.5: H, 5.4%); vmaI 3430 
cm-’ (OH). 

l-O-Aceryl-3,5-di-O-benzoyi-2-O-merhyl_8 
anose (9). A soln of 8 ( 1.7 g) in pyridine ( 12 ml) containing 
Ac,O (2 ml) was stored at room temp for 24 hr. The mix- 
ture was poured onto ice and the product isolated by 
chloroform extraction to give the product 9 (I +4 g, 96%), 
[a]? +40.9” (c 0.5) (Found: C, 64.0; H, 5.3. CZPHZ20n 
requires: C, 63.8: H,5.35%); 7 1.95,2~5 (both m, 1OI-L Ph), 
3.70 (s, lH, H-l), 4.50 (q, IH, J,,, = 5 Hz, 33.1= 7 Hz, 
H-31. 5.2-5-7 (m. 3H. H. 4.5.5’). 5.81 (d. 1H. H-2). 6.54 
(s, 3’H, OM~)~~~.O~(S,.~~,-A~~. . 

~-(~-O-Methyl-~-5ribofur~nosyl)uruc~~ (2’-O-methyl- 
uridine) (12) and 3-(2’-0-methyl-B_wribofuranosyZ)uracil 
(14). A mixture of 9 (184 g), 2,4-O-bis(trimethylsilyl)- 
uracilas (2.2 g) and stannic chloride (2.3 g) in 1,2dichl& 
ethane (40 ml) was stirred at room temp for 23 hr. TLC 
{ CHC&MedH (19 : 1 v/v)} indicated the disappearance 
of 9 and the presence of two new components with RP0+23 
and 0.1 1. Sat NaHCO$ aq was added with vigorous stir- 
ring and the mixture was then filtered through a kiesel- 
guhrpad. The organic layer was separated, dried (Na$O& 
and concentrated to a foam (1.94g). PLC in the CHCIS- 
MeOH system yielded the fast and slow running compon- 
ents as foams ((l.77 g and 0.6 g respectively). Component 
with Rr 023: r 1.92.2-50 (both m. 11 H, Ph and H-6 of 
UraciI moiety), 3.96 (d, IH;J,_$ = 4 Hz, H-I) 446 (d, lH, 
Js.6 = 8 HZ, H-5 of uracil moiety), 4.6 (t, I H, H-3), 5.21)- 
5.50 (m, 3H, H4,5,5’), 5.78 (q, IH, H-2) and 6.54 (s, 3H, 
OMe). Component with RF 0.11: 7 1.94, 2.56 (both m, 
1 lH, Ph and H-6 of uracil moiety), 346 (d, lH, JIJ = 
4Hz. H-1). 4.1-4.3 (m. 2H. H-3. and H-5 of uracil 
moiety), 5:24-5.50 (m, 4H, H-2,4,5,5’) and 6.67 (s, 
3H, OMe). 

A soln of the fast running component in MeOH (50 mf) 
to which a small quantity of Na had been added was 
heated under reflux for 24 hr. The soln was passed through 
a small column of IR 120 (H -) ion exchange resin 
in MeOH and the eluent was concentrated to dryness. 
The syrup so obtained crystal&d on trituration with 
light petroleum. CrystaIlisation of the residue from pro- 
pan-2-01: EtOAc gave 12 (0.28 g, 24%), m.p. 158-160°, 
la]F+41.8” (c 0.18 in H,O), UV (H,O) Agt: 262nm 
(a 10,900). “;TX 262 nm (10,700), h;yi2 261 nm (6 8,100) 
(Found: C, 46.7; H, 5.45; N, fO.75. Calc. for C,,H,,N,O& 
C, 46.5; H, 5.5; N. 10.85%); r (D,O-int. ref. t-BuOH) 
2.10 (d. IH, J5.s = 8.0 Hz, H-6 of uracil moiety). 4.00 (d, 
1 H, J1.* = 4 Hz, H-l), 4.07 (d, 1-H. H-5 of uracil moiety), 
54-6.3 (complex, SH, H-2,3,4,5,5’) and 646 (s, 3H, 
OMe). Lit,s m.p. 159’, [a],” + 41” (c I.6 in H20); Lit,* m.p. 
157-158-53 UV (95% EtOH) h,,, 263 nm (c 10,100). The 
mass spectrum of 12 and that of an authentic sample were 
identical. CD spectrum (H,O), h,, (Ae): 292(O), 265 
(+3.83),248(0),233(-1.21),217(-I-ilj. 

Debenzoylation of the slower running component gave, 
from propan-t-01: EtOAc, 3-(2’-0-merhyl-P-D-ribofur- 
anosy&racii 14 (O-18 g, 16%, [a]$*+ 37.3” (t. O-2 in H,O), 
UV (H,O) A’,“,: 263 nm (c 7,000). hkTx 263 nm (e 7.000). 
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A:!:* 292 nm (E 9,500)* (Found: C, 46.2; H, 5.4; N, 10.8. 
C,,H,,N,O, requires: C, 465; H, 5.5; N, 1085%); T 
(D,O-int. ref. t-BuOH) 246 (d. IH. Jsd = 7.5 Hz, H-6 
of uracif moiety), 366 (d. IH, J,., = 3 HZ, H-l), 4.13 (d, 
1 H, H-5 of u&l moiety), 5.30-5764 and 590-636 (com- 
plex, SH, H-2,3,4,5,5’) and 6.52 (s, OMe).* Its mass spec- 
trum had a base peak at m/e 113 and showed a signifi- 
cant peak at m/e 146 (50% relative abundance), diagnostic 
of 2’-O-methyl nucleosides.ls The compound did not 
consume sodium metaperiodate. CD spectrum (H,O), 
A., (he): 280(O), 273(-1.1). 260(O), 250(+1.98), 239- 
(+ 1.76), 223(O). 

Paper chromofography. Nucleosides 12 and 14 were 
subject to chromatography in system (A), (B) and (C) 
with uridine as a stat&rd~ Mea&ted RF values are given 
in the order uridine. (12). (14): (A) O-39. 0.57. O-58: (B) 
0~3i,o~44,0.58;(c)O.i2,b;.~3,O.j5.~ _ 

Methylation and hydrolysis of 14. A mixture of 14 
(9 mg), Mel (2 ml) and Ag,O (O-12 g) was stirred vigor- 
ously at room temp for 12 hr. The mixture was filtered 
through kieselguhr and the filtrate concentrated to yield a 
residue which was dissolved in 4N HSO, (0.2 ml). The 
soln was maintained at 100” for 3 hr. and then neutral- 
ised by the addition of Amberlite IRA-400 resin (OH). 
The soln was investigated by paper chromatography in 
systems (A) and (D), and on viewing the chromatograms 
under UV radiation (254nm) spots were observed at 
R,. 0.32 (solvent A) and RF 0.35 (solvent D). I-Methyl- 
uracil had RP 0.32 and 0.35, and 3-metbyluracil (prepared 
by methylation and hydrolysis of uridine) had RF 0.72 and 
086 in solvents (A) and (D) respectively. 

Acknowledgements- 1 thank Dr. A. R. Trim of the John 
lnnes Institute for the provision of a sample of compound 
12. Dr. J. Buckingham of Westfield College for the CD 
measurements, and Dr. 0. S. Tee for a sample of l- 
methyluracil. 

*Cf reported data for 3-@-~ribofuranosyluracacil:‘0 UV 
(H,O) ALHA 262nm (E 7,700), A$&’ 292nm (E 10,600); r 
(D,O) 2.40 (d, IH, J5.s = 8.0 Hz, H-6 of uracil moiety), 
3.63 (d. lH, 51.2 = 3.5 Hz, H-l) and 4.10 (d, lH, H-5 of 
uracil moiety). 
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