LETTER 168:

Synthesis of Pyrimidine 1,3-Anhydro- -D-psico- and -sorbo-furanosyl
Nucleosides

Tamara |. Kulak Olga V. Tkachenké Svetlana L. SentjurevaJouko Vepsalainehlgor A. Mikhailopulo*:©

@ Institute of Bioorganic Chemistry, National Academy of Sciences, A€agrevicha 5, 220141 Minsk, Belarus
b Department of Chemistry, University of Kuopio, PO Box 1627, 70211 Kuopio, Einlan

¢ Department of Pharmaceutical Chemistry, University of Kuopio, PO Box 1621 & uopio, Finland
Fax +358(17)162456; E-mail: Igor.Mikhailopulo@uku.fi

Received 18 April 2005

: o chromatographic separation gave the desired comp®und
Abstract: A novel approach for the synthesis of pyrimidifg1 ofY i L 0 .
anhydrog-D-psico- and sorbo-furanosyl nucleoside® and 3, (48%), its derivatived (25%), as well as two minor prod-

respectively, has been developed. The approach described H&ES: the epoxid@0 (6%) and fructosidd 1 (10%). The
employs a readily availabl€? 3-anhydrog-p-fructofuranosyl- formation of the epoxiddO likely results from an in-

uracil (1) as a key starting compound. tramolecular nucleophilic attack of &alkoxide at the 3
Key words: pyrimidine nucleosides, hexofuranosides, anhydr§arbon atom |eac_“n9 to tl@%?:_’-gnhydro_ ring-opening.
derivatives The transient existence of similar pyrimidindo-ep-

oxides under alkaline conditions has been previously
postulated! and 2,3-anhydrouridine was recently syn-

Oligonucleotides containing rigid nucleosides display #esized  from 0?2-anhydro-1-g-p-arabinofurano-
number of exciting biological properties, which are of imsyhuracil on treatment with NaH in anhydrous DMS0.
portance for possible biomedical applicatiérighe fura- |t was shown that""-anhydrouridine is readily convert-
nose ring of natural nucleosides is flexible and exists in & ~ back into 02,2’-anhydr.o-l-'(S-D'-arabmofurano-
equilibrium of the N- and S-type conformaticnhe in-  Syl)uracil by heating or by treating it with &-MeOH at
troduction of a bridge between diverse carbon atoms &om temperatur& Note that standard detritylation of the
the pentofuranose moieties results in the fixation of tfPoxide 10 afforded the anhydro nucleosidein high
furanose ring in one of the possible conformationyield pointing to the 34-psico-epoxide structure of com-
Among such rigid nucleosides, the3kanhydro nucleo- poundl10. The formatlon.o_f the fruct'osm'i@&indll may
sides ofb-psicofuranose have been recently independeﬁ&? accounted for an acidic neutralization of the reaction
ly synthesized by Chattopadhyaya and co-wopkergl Mixture before chromatography (Scheme 1).
by us® employing a convergent approdch.In the Cleavage of the anhydro ring ®fwas achieved under al-
present communication, we report on the synthesis of gyaline hydrolysis to afford the/,#,6'-O-protected fructo-
rimidine ¥,3-anhydro-D-psico- and sorbo-furanosyl side9 in 88% yield. Its conventional mesylation followed
nucleoside2—4 (Figure 1) employingd?,3-anhydrof- by detritylation gave the fructoside in 77% combined
D-fructofuranosyluracil )°'° as a key starting com- yield. Treatment of the latter with MeONa—MeOH under
pound. reflux resulted in the ‘I3-anhydro ring-closure 1@,
46%). Catalytic debenzylation of the psicosit®gave

HO o B HO o M the desired 1-(1,3-anhydfpb-psicofuranosyl)uracil Z;
_m o 67%).
wd O o Compound? was alternatively transformed into the anhy-
2.B=U (uracil1 dro psicoside in five steps: (i) cleavage of tl@?,3"-an-
B= -1-yl) 4 ; X : .
3, B = C (cytosin-1-y) hydro ring (0.5 M NaOH in a mixture of EtOH—dioxane—

H,0, 2:1:1; 95%); (ii) selective’ID-benzoylation (BzCl/
anhyd pyridine; 0 °C, 16 h) followed by (iii) conventional
. _ mesylation (59%, combined); (iv) th&3-anhydro ring-
Treatment of the anhydro nucleoside with (4- closure on treatment with 0.5 M MeONa/MeOH under
monomethoxy)trityl (MMTT) chloride in pyridine afford- reflux (46%), and (v) detritylation (75%).

ed, after silica gel column chromatography, mairijg’1 Uraci .

) ) ’ : acil nucleosidel3 was transformed to 1-(1,3-anhydro-
?I_((e)s_Mal\l/loEr (5'.tf'12:ﬁ2 asnodm?e?;:’MSMc}r (gsl,\/lﬁ/lzi/ro)ndilrtlev:- B-D-psicofuranosyl)cytosine3( 68%)-32° through inter-
IVES, og wi IS Ic,9-a1-L- ucleo- mediary formation of cytosine derivatiig!'4 by consec-
side 7 (7%). Benzylation of the former followed by utive treatments with (i) A©/DMAP/pyridine, (ii)

tris(triazolyl)-phosphate in MeCN, (iii) aqueous ammo-

Figure 1

SYNLETT 2005, No. 11, pp 1683-1636 nia, (iv) NH;/MeOH, and (v) H/Pd/C in MeOH.
Advanced online publication: 14.06.2005 Treatment of compounsiwith 0.5 M NaOH in dioxane—
DOI: 10.1055/s-2005-871547; Art ID: G14005ST H,O (1:1, v/v) gave the 1,6-d-MMTT fructo-nucleoside
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Scheme 1 Reagentsand conditions: (a) (1) MMTrCl/anhyd pyridine, r.t., 20 h; (2) SiCelution with a MeOH gradient (0—10%, v/v) in CHC

5 (42%),6 (22%),7 (7%); (b) (1) NaH/THF, 0—4 °C, 5 min; + BzIBr, 4 °C to 20 °C, 20 h; (2),Sélution with a MeOH gradient (0—1%/w

in CHCL: 8 (48%),9 (25%),10(6%),11 (10%); (c) 1 M NaOH/dioxane—®, 1:1 (v/v), r.t., 1 h (88%); (d) MsCl/anhyd pyridine, 0 °C to 20 °
20 h (87%); (e) 2%p-TsOH/CHCL-MeOH (7:3, v/v), r.t. 10 min (89%); (f) 1 M MeONa/MeOH, reflux, 5 h (46%); (gb% Pd/C/Me®

r.t., 24 h:2 (67%);3 (62%); (h) AGO/DMAP/pyridine, r.t., 30 min (96%); (i) (1) tris(triazolyl)phosphate/MeCN; (2) 25% aq ammonialdioxa
1:5 (v/v), r.t.,, 16 h; (3) NEfMeOH, r.t., 6 h (70%).

(11) in 97% yield. Its careful mesylation in anhydrousH and *C resonances was made by 2i,}H] and
pyridine gave the mesylafes (89%), treatment of which [*H,'3C] correlation spectra and in some cases by homo-
with MeONa/MeOH led to the’ 3¥-anhydro derivativd6  decoupling experiments. The values of the¢/H& and
(80%). Detritylation of the latter gave 1-(3,4-anhy@ro-
D-tagatofuranosyl)uracill{7; 84%). Finally, the tagato- Q
side 17 was isomerized into 1-(1,3-anhydBen-sorbo- NH
furanosyl)uracil 4) upon treatment either with NaH in | /&

anhydrous DMF at 75-80 °C for seven minutes [48% , R° o N ©o [, RO o M c
uracil (20%) and the startirig (28%) have been also iso- ™~ WOR " WOR —
lated] or with MeONa/MeOH at reflux for 40 minutes Vs

[61%; uracil: 14%17: 20%; Scheme 2]. 15

No formation of isomeric 1-(1,4-anhydfep-fructofura-
nosyl)uracil was detected. In the case of a rather rig

furanose ring of the epoxid&, such a regioselectivity of __, H° o M HO o M
an intramolecular attack of the Gdxygen at C3carbon WOH 4, M
(¢]
4

16

atom maybe explained by a greater spatial proximity ¢

these atoms vs. the GC4. Indeed, a geometry optimi- 17

zation of compound7 using the HyperChefnprogram U - uracik-1-y!

(Hypercube, Inc., 2002; release 7.1; AMBER force field R = MMTr

furnished the 2.9 A and 3.3 A d.IStance.S between tre OJScheme 2 Reagents and conditions: (a) MsCl/anhyd pyridine, -©
C3 and O1-C4 atoms, respectively (Figure 2). 20 °C, 16 h (89%); (b) 0.5 M MeONa/MeOH, r.t., 3 h (80%); ()60

The structure of the synthesized compounds was prov8dCRCOOH, 45-50 °C, 4 h (84%); (d) (1) NaH/anhyd DMB-7
by 'H NMR and®3C NMR data. The assignment of all the®® " 7 Min (48%); (2) MeONa/MeOH, reflux, 40 min (61%).

Synlett 2005, No. 11, 1683-1686 © Thieme Stuttgart - New York

Downloaded by: Karolinska Institutet. Copyrighted material.



LETTER Synthesis of Pyrimidine’ B'-Anhydro$-D-psico- and sorbo-furanosyl Nucleosides 1685

[©]
10000 i 17
5000
0
5000 4 2 . Alnm]
Figure 2 Computer-generated (molecular mechanics; AMBER) r -1®® "
presentation of 1-(3,4-anhydfsb-tagatofuranosyl)uracill(). N
15000 4

H4'/H5" proton—proton coupling constants for the psicoFigure 3 The CD spectra of 1-(1,3-anhydpep-psicofuranosl-
sides2 and3 are similar to those for the relevant thymingracil @ --), itssorbo-isomer4 (-—-), and 1-(3,4-anhydrg-b-tagao-
and cytosine nucleosidess well as adenideounterpart. |Uranosyhuracil {7, —jin MeOH.

Moreover, the aforementioned couplings are in a fair cor-

respondence with the respective torsion angles of 45° aad giycosyl bond. These data gave further support to the
168° deduced fro_m the energy minimized structures @fy_oH...0=¢ hydrogen bond. It is noteworthy that the
1,3-anhydroB-D-psico nucleosides. CD curve of the tagatosidg exhibits, like that of uridine,

By going from the psicosid#® to the sorbosidé,'®rather a positive B, CD band, whereas is anomalous in thg B
remarkable changes in the coupling constants and chemiid E,, Spectral regions.

cal shifts have been observed. Thus, the vidpal< 0.5 | conclusion, a novel approach for the synthesis of pyri-
Hz andJ, 5 = 1_3.35 Hz couplmgs are again in a fair correridine 1,3-anhydrog-p-psico- and sorbo-furanosyl
spondence with the respective torsion angles of 85° agflcleosides has been developed. The approach described
38°, which are found in the energy-minimized structure @fsre employs a readily availablé?,3-anhydrog-p-

the sorbosidd. As might be expected, an inversion of g ctofuranosyluracil ) as a key starting compound that

hydroxyl group configuration at Cdesulted in displace- yay pe transformed into a number of pyrimidine anhydro
ments of the H5resonance to a lower field§ = —-0.35 hexofuranosyl nucleosides.

ppm). The most striking observation consists in the con-

siderable displacement to a lower field of the @&3o-

nance AS = —4.56 ppm) on passing from the psicosade Acknowledgment
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