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Methyl 3,5-di- O-arylmethyl- o.-D-ribofuranosides have been used extensively as synthons to construct 2 '-C-branched ribonucleosides. Herein,

we describe efficient access to methyl 3,5-di-  O-arylmethyl- a-p-ribofuranosides (aryl: 2-CIC  ¢Hg, 3-CICgHy, 4-CICgHs, 4-BrCgH,, 2,4-Cl,CeHs, Ph)
in 72-82% vyields from methyl b-ribofuranoside. We also demonstrate efficient access to the versatile precursor methyl 3,5-di- O-benzyl- a-p-

ribofuranoside (3f) and the synthesis of 2 '-C-f-methoxymethyl- and 2 '-C-f-ethoxymethyluridine in six steps from 3f with overall yields of 18%
and 32%, respectively.

2'-C-Branched ribonucleosides represent an important anddebenzylation allows access tb and Ic.® Subsequent
diverse class of nucleoside analogues with potential both asoxidation, branch installation, and glycosylation after suitable
therapeutic agents and as probes to define the relationshigprotection has enabled synthesis of a variety'dfranched
between nucleic acid structure and biological functidn. nucleosides?* During our efforts to synthesize'-Z-3-
this work we sought to preparé-2-5-methoxymethyl- and alkoxymethyluridine$,we encountered two apparent limita-
2'-C-p-ethoxymethyluridines as members of a series’ef 2 tions with the selective debenzylation reaction. First, only
C-branched ribonucleosides for investigating the mechanism

of RNA cleavagé. Construction of these nucleosides often || NNNGEGNNEENEGEGEGEGEEEEEEEEEEE
begins with a partially protected ribose derivative such as Scheme 1

la—d (Scheme 1). Perbenzylation of methyl ribofuranoside
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the § anomer of methyl ribofuranoside has served as a zylation of methyl ribofuranoside (Table 1). We found that
substrate, thereby limiting the overall yield fravrribose? inclusion of tetrabutylammonium iodide (3% equiv) im-
Second, SnGlcatalyzes intramolecular C-arylation when the proved yield significantly, possibly via in situ generation of
benzyl group lacks electron-withdrawing gro@gmparently 4-chlorobenzyl iodide, a more reactive benzylating agent than
precluding access to the potentially more versatile, non- 4-chlorobenzyl chloride. Proceeding to the debenzylation

halogenated partially protected ribose derivativeHerein,

step, we first tested whether theanomer could serve as a

we address these limitations to allow efficient access to substrate. We found that in the presence of 31Ct+4 °C

methyl 3,5-diO-benzyle-b-ribofuranoside §f). We then use
3f to access '2C--methoxymethyl- and '2C-S-ethoxy-
methyluridines.

for 36 h), a-2 gives 3c in 76% yield, similar to the yield
from -2 (83%) (Scheme 2). Together with the improved

Beginning with the reaction conditions developed by O. | NG

Martin3@ (Table 1; entry 1) and P. Marfihfor the synthesis

Table 1. Preparation o

molar ratio of time  yield¢
no.® 1:NaH:4-CIBnCl solvent catalyst® (h) (%)
14 1:9.3:9.5 DMSO - 15¢ 81
2 1:6.0:6.0 DMF + 3 98
3 1:4.5:4.5 DMF + 3 93
4 1:3.3:3.3 DMF + 9 92
5 1:4.5:4.5 DMF - 3 85

a All reactions were carried out under argon at room temperature.
BusN*I~ (3% equiv) was used as catalysCombined isolated yield of

Scheme 2
p-CICeH ,CH,CI,
MeOH, O .OMe MBU,N'I (cat.),
. HyS04 Ho/\Q" NaH, DMF, 1t
D-rbose ——> 1
89% HO¢ "OH 92-98%
1
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S % 5 83% from p-2 y S
p-CIBnO OBnCl-p 76% from 6-2 p-CIBnO OH
B-2/0-2 ~ 3.55:1 3c

B-2 plusa-2. 4 Reference 3a; dimysl sodium was used as a base and prepared

in situ from sodium hydride and dry M8O at 60°C for 45 min; methyl
p-ribofuranoside f/o. ~ 10:1) was prepared according to Barker and
Fletcher (Barker, R.; Fletcher, H. G., &. Org. Chem1961, 26, 4605),
and only$-2 was isolated® Overnight reaction.

of methyl 2,3,5-triO-(4-chlorobenzyl)3-p-ribofuranoside 2)
and methyl 2,3,5-tr-(2,4-dichlorobenzyl)3-p-ribofurano-

synthesis o (Table 1, no. 2), the ability to acce8s from
o-2 increases the overall yield 8t from p-ribose compared
to the previous synthesis(70% vs 51%).

We used our optimized conditiofi® synthesize a variety
of methyl 3,5-diO-arylmethyle-p-ribofuranosides3) (Table
2). We first prepared methyl 2,3,5-t@-haloarylmethyle/

side, respectively, we optimized conditions for 4-chloroben- || NN

(3) (@) Martin, O. R.; Kurz, K. G.; Rao, S. B. Org. Chem1987, 52,
2922. (b) Martin, PHelv. Chim. Actal995 78, 486.

(4) (a) Eldrup, A. B.; Allerson, C. R.; Bennett, C. F.; Bera, S.; Bhat, B.;
Bhat, N.; Bosserman, M. R.; Brooks, J.; Burlein, C.; Carroll, S. S.; Cook,
P. D.; Getty, K. L.; MacCoss, M.; McMasters, D. R.; Olson, D. B.; Prakash,
T. P.; Prhavc, M.; Song, Q.; Tomassini, J. E.; XiaJJMed. Chem2004
47, 2283. (b) Franchetti, P.; Cappellacci, L.; Marchetti, S.; Trincavelli, L.;
Martin, C.; Mazzoni, M. R.; Lucacchini, A.; Grifantini, Ml. Med. Chem.
1998 41, 1708. (c) Tang, X.-Q.; Liao, X.; Piccirilli, J. AJ. Org. Chem.
1999 64, 747. (d) Li, N.-S.; Piccirilli, 3. AJ. Org. Chem2006 71, 4018.

(e) Ding, Y.; Girardet, J.-L.; Hong, Z.; Lai, V. C. H.; An, H.; Koh, Y.;
Shaw, S. Z.; Zhong, WBioorg. Med. Chem. LetR005 15, 709. (f) Ye,
J.-D.; Liao, X.; Piccirilli, 3. A.J. Org. Chem2005 70, 7902. (g) Li, N.-S;
Tang, X.-Q.; Piccirilli, J. A.Org. Lett. 2001, 3, 1025. (h) Babu, B. R;
Keinicke, L.; Petersen, M.; Nielsen, C.; Wengel,Qrg. Biomol. Chem.
2003 1, 3514. (i) Li, N.-S.; Piccirilli, J. A.J. Org. Chem2003 68, 6799.

() Eldrup, A. B.; Prhavc, M.; Brooks, J.; Bhat, B.; Prakash, T. P.; Song,

Q.; Bera, S.; Bhat, N.; Dande, P.; Cook, P. D.; Bennett, C. F.; Carroll, S.

S.; Ball, R. G.; Bosserman, M.; Burlein, C.; Colwell, L. F.; Fay, J. F.; Flores,
O. A.; Getty, K.; LaFemina, R. L.; Leone, J.; MacCoss, M.; McMasters,
D. R.; Tomassini, J. E.; Langen, D. V.; Wolanski, B.; Olson, DJBMed.
Chem.2004 47, 5284. (k) Martin, PHelv. Chim. Actal996 79, 1930. (I)
Kawasaki, A. M.; Casper, M. D.; Prakash, T. P.; Manalili, S.; Sasmor, H.;
Manoharan, M.; Cook, P. DIetrahedron Lett1999 40, 661. (m) Peng,

C. G.; Damha, M. JNucleic Acids Res2005 33, 7019. (n) Schmit, C.
Synlett1994 238. (0) Schmit, CSynlett1l994 241. (p) Jeannot, F.; Gosselin,
G.; Mathe, C.Org. Biomol. Chem2003 1, 2096. (q) Li, N.-S.; Piccirilli,

J. A.J. Org. Chem2004 69, 4751. (r) Li, N.-S.; Piccirilli, J. A.Synthesis
2005 2865.

(5) We focused orb —d (protected with benzyl ethers) as synthons for
2'-C-f-alkoxymethyluridines because the benzoate estelis akact with
Grignard reagents used to install the alkoxymethyl branch at C-2.

(6) (a) Martin, O. R.Tetrahedron Lett1985 26, 2055. (b) Martin, O.

R. Carbohydr. Res1987, 171, 211. (c) Martin, O. R.; Mahnken, R. B.
Chem. So¢.Chem. Commuril986 497.
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Table 2. Preparation of8a—f
i) ArCH,CI, NaH,

O_.OMe N-BUsN*I (cat.), O .OMe
Ho/\(_T" DMF, 1t,3 h ArCHZO/\Q

HO© oW )SNClaCHLC  AcH,0" O
1 3a-3f
no.  product Ar conditions ii® yield (%)°
1 3a 2-C1CsH4 0°Ctort,22h 82
2 3b 3-ClCsH4 0°Ctort,23h 75
3 3e 4-C1C¢H4 0°Ctort,28h 75
4 3d 4-BrCgHy 0°Ctort,24h 75
5 3e 2,4-CloC¢Hs 0°Ctort,24h 75
6 3f Ph 0°Ctort,18h 61
7 3f Ph 0-4°C,48h 72

aReaction conditions ii are for the Sn@hediated reactior?. Isolated
yield based on methyl ribofuranoside)(

p-b-ribofuranosides from and the corresponding arylmethyl
chlorides. After workup, the crude mixtures were treated with
SnCl, (0 °C to room temperature over 24 h) to gi8a—ein
yields ranging from 75% to 82%.

(7) Perbenzylation reactions were carried out witNaH:arylmethyl
chloriden-BusN*1~ (1:4.5:3.0:0.03) in DMF at room temperature for 3 h.
Our procedure eliminates the need to separate the anomers of 2,3;5-tri-
halobenzyle/-p-ribofuranosides.
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Among the methyl 3,5-dB-arylmethyl-a-bp-ribofurano- nesium at low temperature-@5 to —30 °C).1° We obtained
sides, methyl 3,5-dB-benzyla-p-ribofuranoside §f) may di-O-benzyl-2C-$-methoxymethyl-1a-O-methylo-ribofura-
provide the most versatile intermediate for the synthesis of nose ba) in 50% yield by treatingd with in situ prepared
2'-C-branched nucleosides, as benzyl ethers tolerate a greatemethoxymethylmagnesium chloridet —78 °C for 1 h, then
variety of conditions than do halobenzyl ethers. Nevertheless,at room temperature for 48 h. Reactions of vinylmagnesium
only one report has appeared in the literature describing thechloride and allymagnesium chloride with ketohat —78
use of3f for the synthesis of nucleosidéppssibly because  °C to room temperature for 16 h gaébd and 5c in 57%
access to this compound has required a multistep synthesisand 71% vyield, respectively.

(eight steps fronp-xylose with 14% overall yiel#f). We To prepare the sugar for stereoselective glycosylation, we
know of no reported attempts to accesvia the perben- treatedbawith BzCl in the presence of DMAP and obtained
zylation/selective debenzylation reaction sequence, possiblythe corresponding benzoate es@a in 64% yield (32%
due to anticipated problems with selective debenzylation. In overall yield from4). Using crudeba, we obtained6a in

the presence of Snglbenzylated glycofuranosyl acetates 37% overall yield from4 (Scheme 4). Analogously, using
undergo efficient intramolecular FriedeCrafts alkylation

rather than 29-debenzylatiorf. These observations led to _

the expectation that chemoselectivddzdebenzylation re-

quires deactivated benzyl substituehksowever, along with Scheme 4 o
the C-arylation product (30% yield) methyl 2,3,5-@-(3-
methylbenzyl)s-p-ribofuranoside gives some debenzylation . _ kaH
product (49% yieldf suggesting that the methyl glycoside ~ ROCHMeEt . or  SnCl Gheon Bno N"70
may favor debenzylation. We examined Splediated 4 DVAP ;O\L rt 2496h 0
debenzylation of methyl 2,3,5-t@®-benzyla/p-p-ribofura- 37-57% Sy OMe 870% S ax R
noside, reasoning that the less activated phenyl ring might 6a: R= Me, X =Bz 7a:R = Me, X = Bz
resist C-arylation of the methyl glycoside. We prepared e R I as, SRR X
methyl 2,3,5-triO-benzylo-ribofuranoside as a mixture of Q
anomers. Exposure to Sn@lt 0—25 °C for 18 h converted ﬁNH [\
the anomeric mixture t8f in 61% yield with no evidence N/J%o /J%o
of the C-arylation product (Table 2, no. 6). Longer exposure N2t B"O\ﬁ\ Fo B HO@\O
at low temperature (84 °C for 48 h) increased the yield of  7292% OR 90-92% R
3f to 72% (Table 2, no. 7). This synthesis allows more . Fé‘:; OH on
efficient access t8f (64% in three steps from-ribose) than 8b:R - Et il
the previous synthesis (14% in eight steps fmxylose®).

We used3f to construct alkoxymethyluridines for inves-
tigating the mechanism of RNA cleavag®ess-Martin the crude addition product from reaction of ethoxymethyl-
periodinane oxidation 03f gave 3,5-di©-benzyl-2-keto-1- magnesium chloride and ketodewe obtainedsb in 49%

o-O-methylo-ribofuranose 4) in 97% yield (Scheme 3).  overall yield (Scheme 4).
Glycosylation of persilylated uracil witBain the presence
of SnCl, (at room temperature for 48 h) gave uridine

Scheme 3 derivative7ain 70% yield. With6b as the glycosyl donor,
BnO BnO reactions required 96 h and gave uridine derivaffein

5g§ga'}gg?e‘” 0 RMgCl oR only 58% yield. As a possible strategy to improve the

7% 5 OMe 5371% —. Me reaction, we prepareﬁc (57% y'leld), ex.pectlng t.h'at the

4 5a: R =MeOCH, electron-dongtlnggrt—bl_JtyI subsfutuent might st_ab|llze the
5b: R = CH,=CH 1,2-acyloxonium ion intermediate that putatively forms

BnO OMe Sc: R =CHz=CHCH, during the glycosylation reactiofc reacted with persilated

BzCl, EtsN, O- uracil within 24 h and gav&c in 68% yield. Although we
% OMe could protecba by reaction with acetic anhydride (6 equiv)
’ ©OBn OBz (triethylamine (10 equiv) and DMAP (0.2 equiv) in the

6 . :
2 absence of solvent29% yield), the resulting'20-acetate

derivative reacted very slowly with persilylated uracil.

Unstable alkoxymethylmagnesium chlorides such as meth- Continuing with the synthesis of the target nucleosides,
oxymethyl- and ethoxymethylmagnesium chlorides require sodium hydroxide treatment convertéalto 8ain 79% yield,

in situ preparation from alkoxymethyl chlorides and mag- @nd7b and7cto 8b in 74% and 92% yield, respectively.
Palladium(ll) hydroxide-catalyzed hydrogenation removed

(8) Ritzmann, G.; Klein, R. S.; Hollenberg, D. H.; Fox, JCarbohydr.

Res.1975 39, 227. (10) (a) Castro, BBull. Soc. Chim. Fr.1967 1533. (b) Kim, M.;

(9) (@) Su, T.-L.; Klein, R. S.; Fox, J. J. Org. Chem1982 47, 1506. Grzeszczyk, B.; Zamojski, ATetrahedron200Q 56, 9319.
(b) Anderson, C. D.; Goodman, L.; Baker, B. R.Am. Chem. S0d.958 (11) Ketone addition reactions usually give yields ranging from 35% to
80, 5427. (c) Baker, B. R.; Schaub, R. E. Am. Chem. Sod955 77, 82% depending upon the steric environment of the carbonyl group. See:
5900. De Botton, M.Bull. Soc. Chim. Fr1973 2472.
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the benzyl groups efficiently to give the target nucleosides, methoxymethyluridineqa) and 2-C-$-ethoxymethyluridine

2'-C--methoxymethyluridineqa) and 2-C-S-ethoxymethyl- (9b). In constructing these uridine analogues, we generated

uridine @b) in 92% and 90% vyield, respectively. a series of glycosyl donors esterified at the C-2 hydroxyl
In summary, we have established an efficient strategy for group as the acetate, benzoatefest-butylbenzoate ester.

acquisition of methyl 3,5-d®-arylmethyla-p-ribofurano- Glycosylation efficiency followed the ordert4BuBz > Bz

sides, which serve as valuable precursors for the synthesis> Ac, presumably reflecting the relative stability of the
of 2'-C-branched nucleosides. We improved the procedure corresponding 1,2-acyloxonium ion intermediates. This
for benzylation of methyl ribofuranoside and extended the reactivity trend, which has not been reported previously,
scope of the subsequent O-2 selective debenzylation reactiorsuggests a possible general strategy to improve glycosylation

to include a-anomers. Using this three-step strategy, we reactions involving sterically hindered or electron-poor
demonstrated efficient access to methyl 3,%dbenzylo- glycosyl donors.

ribofuranoside, a potentially more valuable intermediate for

nucleoside synthesis. Benzyl ethers tolerate a wider range acknowledgment. N.-S.L. is a Research Specialist, J.L.
of reagents and conditions than do the correspondingjs 5 Research Associate, and J.A.P. is an Investigator of the
chorobenzyl ethers, including organometallic reagents (RLI/ Howard Hughes Medical Institute. We thank the following
E*,"* ArB(OH)./Pd(Il) complex,* and ArSnBY/CL,O, etc). members of the Piccirilli laboratory for helpful discussions
We used3f to develop efficient syntheses of-C-f3- and critical comments on the manuscript: Q. Dai, J.

Frederiksen, S. Koo, R. Sengupta, K. Sundaram, and J. Ye.

(12) The 2-f-configurations of9a and9b were confirmed by NOSEY
experiment. We obsevered strong NOEs between H-6 a@H20R (R=

I\/_Ig, E?{hsuggesting that the nucleobase ah€i;OR are on the same Supporting Information Available: Experimental pro-
side of the ribose ring. .
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Marion, N.; Oonishi, Y. Kelly. R. A., III- Nolan, S. Rl. Org. Chem2006 compounds. This material is available free of charge via the
71, 685. (c) Zeng, F.; Yu, ZJ. Org. Chem20086 71, 5274. Internet at http://pubs.acs.org.
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