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Abstract: The chemical synthesis of appropriately protected partially-deuterated 2'(R/S),3',5'(R/S)-2H3-2'-deoxy-
ribonucleoside blocks [~43 atom % 2H at C5'(R), ~57 atom % 2H at C5'(S); ~15 atom % 2H at C2'(R), ~85 atom % 2H
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enabled the chemical assemblage of the deuterio isotopomeric 12mer [d(C!G2C3G#ASASTTT8CIG10C!1G12)]; DNA

duplex by standard solid-phase synthesis protocol in order to demonstrate the usefulness of the new "NMR-window III"
approach (see the following paper). © 1998 Elsevier Science Ltd. All rights reserved.

Introduction

The precise extraction of 3J coupling constants for estimation of the torsional angles and nOe volumes for

distance estimation are the two key-steps to solve the NMR structure of oligo-DNA and RNA molecules under
quasi-physiological conditions!. With increasing molecular weight the usefulness of NMR spectroscopy
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arising from decreased T relaxations ‘¢, (iii) decreased sensitivity caused by slower tumbling rate!€, and (iv) the
spin diffusion that prevents accurate nOe volume measurementsid. In order to overcome these intrinsic size
limitation problems various isotope labelling techniques?-10 have been developed.

The spectral overlap has been found to be substantially reduced in 3C/I5N labelled oligo-RNA by het-
eronuclear multidimensional spectrum editing techniques2 Enzymatic syntheses have been used to produce uni-
formly 13C/15N labelled oligo-RNA3 and oligo-DNA#4. Additionally, such enzymatically labelled oligo-RNA
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synthesis does not allow labelling of a segment of interest except for using ligation techniquesS. The preparation
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labelled oligonucieotides have disadvantageous reiaxation properties: '3C labels decrease proton T; relaxation

decreasing the sensitivity of homonuclear J correlation techniques2¢, the short 13C T, relaxations for proton
bearing carbons’ in nucleosides result in !3C signal broadening and signal loss2¢ due to long pulse sequences of
many heteronuclear experiments2¢. Uniform heteronuclear labelling opens new relaxation pathways between
neighbouring nuclei, making these relaxation-based problems even more severeZc.

While the use of 13C/15N isotopes increases the number of observable resonances, deuterium labelling of
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oligonucleotides is based on the primary idea of su
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different schemes for the deuteration of the constituent nucieosides have been proposed®-10. Deuteration of
C5/C6 positions of pyrimidines or C5-methyl of thymine and C8 of purine nucleobases8b-¢ removed unessential
crosspeaks in the NOESY spectra of oligonucleotides. Incorporation of isotopomeric 5'(R/S) mixture of 2H-
labelled nucleosides8f-h facilitated the stereoselective assignment of the diastereotopic H5'/5" methylene
resonances in oligo-DNAB8I-. The spectral overcrowding of aromatic to H1' region in the NOESY spectra of an

RNA duplex8k was decreased upon selective incorporation of C1'-deuterated nucleosides. 3',4',5',5"-2Hy
Iabelled nucleosides were uniformly incomorated into RNA and the effect of the gnecific deuteration on the
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the nondeuterated sugar residues and to determine their 3Ty coupling constants. Further studies from our lab-
oratory with 12 and 20mer DNAs9¢-d as well as 21 mer and 3 lmer RNAs%-f showed that the reduced resonance
overlap in NOESY type spectra indeed helps in the assignment of the chemical shifts and extraction of nOe

volumes. It was also found, that a proton vicinal to a deuteron has a ~3-10 fold increase «

The above partial deuteration ("NMR-window II" concept) made the extraction of the 31y 1" H2 and 3JH1',H2"
coupling constants in the partially-deuterated residues feasible from DQF-COSY type experiments with increased
accuracy (this finding has recently been extended to other modified COSY experiments!1). It was also shown in
that work10 that the T relaxation time for the H2'(R) protons of partially-deuterated 2'-deoxynucleoside residues

has increased by ~1.5 to 2 fold compared to the counterpart in the nondeuterated nucleosides. The interresidual
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importantly, we found!© that despite the presence of various deuterium isotopomers at C2' in the sugar residues,
the deuterium-induced chemical shift differences in the deuterio diastereomeric oligo-DNAs were negligible and
nQOe evolution rates at various mixing times in the NOESY experiments were non-differentiable.

The main problem encountered in the "NMR-window II" concept with ~65% deuterium enrichment at C4'
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our assessment of the sugar conformation, which prompted us to design a new s
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which the H4' should be kept at natural abundance. It was also clear that the generation of a ~1:1 ratio of
deuterio isotopomers at C5' would additionally help in providing constraints for B8i-J (through heteronuclear
3Jy.p coupling constants) and y3f (through homonuclear 3Jy54 and 3Jgs+ Ha' coupling constants) phosphate
backbone torsion angles, thereby giving most of the dihedral angle and NOE constraints essential to build a
detailed picture of the local and global conformation of large oligo-DNA molecules.
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Results and Discussion

For the synthesis of the required A + B 5'(R/S), 2'(R/S) isotopomeric mixture of the building blocks, it
was considered to be advantageous to have the 2'-O-acyl protection in the sugar derivative during the
glycosylation of the nucleobases to give preferentially B anomer, which then partially solves the problem of its
tedious separation from the o anomer!? in a large scale synthesis. The stereoselective incorporation of

High level of deuterium incorporation at C2 is a rather difficult task both at the sugar and at the nucleoside
levels. 1sotopic substitution at C2 ot 1,3,5-tr1-U-benzoyl-o-D-ribofuranose in a stereoselective manner has been
reported!4 but the level of deuteration achieved is only 92-94%, and the unsuitability of base-labile protecting
groups in the reduction step make this alternative less attractive. On the other hand, the highly stereoselective
reduction of benzyl arabinopyranoside derivative 9 to the respective ribopyranoside achieved in our laboratory!2

—

paves the way for an effective C2 deuterium labelling technique. For the incorporation of deuterium a
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arabinonucleosides is also well documented!2.15. The need for the different synthetic approaches is obviated by
2

the moderate yield oxidation-reduction reactions of the purine nucleosides!2.15, especially that of guanosine.
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1,2:5,6-Bis-O-isopropylidene-¢t-D-glucofuranose, easily available from D-glucose in large scale was chosen as

starting material for our synthetic studies since the conversion of this compound exclusively to the aliose epimer
is well established16. Oxidation of this compound with pyridinium dichromate/acetic anhydride!7 in boiling dry
dichloromethane followed by stereoselective reduction of the resulting ketone with LiAlDy4 in dry diethyl ether
gave the 3-deuterated allofuranose derivative 113 (85%) (Scheme 1). The incorporation of the deuterium was
evident from the 1H-NMR spectrum showing the H2 signal at 4.63 ppm as a doublet instead of a double
doublet and the 3-OH signal as a singlet at 2.52 ppm instead of a doublet. The 13C chemical shifts for the

deuterated carbons corroborated the inversion of con

oxidative cleavage of the vicinal cis-diol moiety in compound 2 was quantitatively achieved by a slight excess of
NalOy in ethanol-water mixturel9. After careful precipitation of the inorganic saits from ethanol, the resulting
crude aldehyde was directly reduced with NaBDj in ethanol to afford the 1,2-0-isopropylidene-o.-D-

~17’H OH -1}/H OH
NMR-window III p%’ O, B bk O, B
Nondeuterated 2H enriched Nondeuterated H H H H
HO H HO D
A (~85%) + B (~15%)

Figure 1. The "NMR-window III" concept (B = thymin-1-yl, cytosin-1-yl, adenin-9-yl or gnanin-9-yl).
For the "NMR-window I" and "NMR-window II" concepts, see refs 29 and 36.



ribofuranoside-3,5(R/S)-2H; (3) (quantitative). In the proton-decoupled 13C-NMR spectrum of compound 3,
the partially-deuterated diastereomeric methylene-carbon appeared at 59.7 ppm as a triplet due to coupling with
deuterium. Compound 3 was converted to the fully-protected deuterated methyl o,f-ribofuranoside 4 (99%)
upon a treatment with benzyl bromide and sodium hydride in dry acetonitrile. The benzyl alcohol formed during
hydrolysis of the excess benzyl bromide was removed in vacuo upon heating the residual oil at ~100 °C at 0.1

mbar. Treatment of compound 4 with concentrated sulfunc acid in dry methanol20 at reflux temperature gave

comnound 8§ (Q19%,) ag an anaomeric mix
COmpound 2 (717 omeric mix

Y

Compound 5 was convert d to 6 by a three-siep procedure \oxmduon—'reducuon—*aep rotection; overail
yield: 49%): (i) Swern oxidation?! of the 2-OH of 5 [evidenced by the disappearance of the IH-NMR signals at
4.88 (assigned to oo H-1) and 3.32 ppm (assigned to the B OCH3)] gave the crude ketone, which was directly

dissolved in ethanol, and (ii) reduced stereoselectively with NaBH4 to a mixture containing predominantly
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Scheme 1: Abbreviations:  Bn = benzyl, Tol = 4-toluoyl, Ac = acetyl, G = guanin-9-yl, DPC = diphenylcarbamoyl,

PTC = phenoxythiocarbonyl



methyi 3,5-di-O-benzyi-B-D-arabinofuranoside-3,5-2H; (identified by a new doublet at 4.86 ppm with Jy1, 12 =
4.7 Hz instead of the small coupling characteristic for ribo B anomer in the lH-NMR spectra as well as with a
signal at 102.7 ppm in the 13C-NMR spectra assigned to C1) and the o-D-ribo C2-epimer (characterised by the
presence of a doublet at 4.88 ppm with a splitting of 4.7 Hz identical to that found for the o anomer of
compound 4) in the same 78:22 ratio as found for compound 4, thereby suggesting that the approach of the
hydride ion in the reduction of 2-ketone function is actually controlled by the nature of the anomeric

hydrogenation, the removal of

these groups was effected by sodium in liquid ammonia/dry
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toluene?2. After neutralisation with gradually added ammonium chioride followed by removal of the inorganic
salts, the methyl B—Q~arabmofuran051de—3,5—7-H2 6 was conveniently separated at this stage from the ribo epimer

on a Dowex 1x2-400 1X2 strong anion exchange column (OH- form)23 in 49% yield for 3 steps. The IH-NMR
spectrum of this compound revealed the presence of a multiplet at 3.94 ppm corresponding to a back-exchange at
C3 (34%) via enolization during aqueous work-up24 of the oxidation or during the reduction of 2-ketone under
basic protic condition. In the 13C-NMR spectrum, a singlet corresponding to the nondeuterated C3 appeared at
749 ppm, whereas the deuterated C3 appeared as a triplet at 74.6 ppm giving an isotope shif iftof Ad=-0.3 ppm
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Compound 6 was deprotected to arabinose-3,5(R/S)-2H> by a treatment with Dowex 50 WX8 cation
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exchange resin (H* form) in water at 70 °C for 6h. The resin was filtered away and the deuterated arabinose
was carefully dried over P,Os. The resulting powder was suspended in freshly distilled benzyl alcohol and
converted to the benzyl glycoside 7 (59%) upon treatment with dry HCI25. Compound 7 was subsequently
protected as 3,4-O-isopropylidene derivative 825 (99%). This compound was oxidised using
CrOs/pyridine/acetic anhydride!2.15b complex in CH,Cl; to ketone 9 (95%) as evidenced by lack of any H2
signal in the lH-NMR spectrum and the disappearance of C2 signal in the !3C-NMR and the presence of the
carbonyl signal at 198.6 ppm. Ketone 9 was subjected to enolisation in pyridine-2H,O at room temperature until
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removed and after a few coevaporations with toluene, compound 9 was stereoselectively reduced with LiAID4 in
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to the desired p l.) noopyranosme derivative 10 (77 /0) after CI'YS[a isation from petrcueum ether.
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The Ad = 2.5 ppm downfield shift of the C1 carbon signal in 10 proved the inversion of configuration at C2.
Removal of the benzyl protection from 10 via catalytic hydrogenation over Pd/charcoal?’ in dry ethanol

followed by further treatment with 80% aqueous acetic acid and glycosidation in dry methanol in presence of
catalytic amount of concentrated sulfuric acid resulted in the key methyl a,B-Q—ribofuranoside-Z,?),5(_12_/_5)-2H3

(11) in 79 % vyield for three steps. The methyl ribofuranoside 11 was treated with 4-toluoyl chloride in dry
pyridine92 to obtain the protected methyl glycosxde 12 (92%). Acetolysis of this derivative in dry
dichloromethane with a precooled mixture of acetic anhydride, acetic acid and conc. sulfuric acid at 0 °C for 12

min gave deuterated ribufuranose derivative 13 (quantitative). Integration of the residual H3' and H2'
resonances at 500 MHz (Fig. 2, Panel A) of this compound showed >99 and ~99 atom % deuterium
incorporations at these positions, respectively. Trimethylsilyl trifluoromethanesulfonate catalysed
condensation of sugar 13 with silylated N2-acetyl-O%-diphenylcarbamoylguanine in dry toluene26 afforded the
fully protected 2'-deoxyguanosine-2',3',5'(R/S)-2H3 derivative 14 (60%) (Fig. 3, Panel C), which was
converted10 to the nucleobase-protected 2'-deoxyguanosine-2'(R/S),3',5'(R/S)-2H3 analogue 19 in four steps
in 63% overall yield. Integration of the appropriate signals of the IH-NMR spectrum of compound 19 at 500
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Figure 2: The sugar region of the S00 MHz IH-NMR spectra of 1-O-acetyl-2,3,5-tri-O-(4-toluoyl)-B-D-ribofuranose-2,3,5(R/S)-

2H3 (13) (Panel A), its natural-abundance counterpart (Panel B) and 1-O-acetyl-2,3,5-tri-O-(4-toluoy])-B-D-ribofuranose-3,5(R/S)-

2H, (22) (Panel C). The aromatic and sugar regions of the 500 MHz !H-NMR spectra of 2',3‘,5‘—0-tri—(4-t01uoyl)—N6—

benzoyladenosine-3',5'(R. _S_)-2H2 (24) (Panel D) and its natural-abundance counterpart (Panel E).
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Figure 3: Aromatic and sugar regions of the 500 MHz |H-NMR spectra of deuterated-3-D- -D-nucleoside derivatives and their natural-
abundance counterparts: 2',3',5"-O-tri-(4- toluoyl)- -N4. -benzoylcytidine-3',5'(R/S)- 2H2 (25) (Panel A) and its natural-abundance

counterpart (Panel B); 2',3",5tri-O-(4-toluoyl)-N2-acetyl-05- -diphenylcarbamoylguanosine-2',3',5'(R/S)- 2H3 (14) (Panel C) and its
natural-abundance counterpart (Panei D); i- -(2',3,5'-tri-O-(4-toluoyl)-B- D ribofuranosyl)-thymine-3',5'(R/S)- 2H2 (23) (Panel E); its

natural-abundance cor unterpart (D.m.,l r:}



overnight, followed by subsequent treatment of the resulting deuterated ribose with conc. HpSOj4 in dry
methanol. Compound 22 (96%) (Fig. 2, Panel C) was prepared from this deuterated methyl ribofuranoside
upon treatment with a slight excess of 4-toluoyl chloride to give compound 21 (quantitative) followed by
acetolysis?2. Condensation of the sugar derivative 21 with silylated thymine, N®-benzoyladenine and N4-
benzoylcytosine afforded nucleoside derivatives 23-25 (96, 72 and 78%), respectively, from which the
deuterated nucleosides 26-28 (99, 100 and 99%) were obtained via an overnight treatment with saturated

methanolic am ia_ The deuterated cvtidine wag regiaselectivelv N4-acetvlated with acetic anhvdride in boiline
methanoiic ammonia. 1ne deu €4 cyudine was regioseiectively /vr-acetyiated with acetic anhydnde in oouing
mathnnnal27 ta aiva Ammaneiind 20 INV0IY Tha Aarstarntad mitnlancida Aasicrativrac DL VT a1 Y sxrnma manmtad
neuanoi<’ 1o give CoOmpouna &7 (/<70j. 11€ acuteraicad nucieosiae derivatives &V, &4/ ana &> were reaciea

with a small excess of 1,3-dichioro-1,1,3,3-tetraisopropyidisiloxane28.2% (TPDS-Cly) in dry pyridine to afford

compounds 30-32 (84, 77 and 72%). Swern oxidation of thymidine derivative 30 and oxidation of 31-32 with
CrO3-acetic anhydride-pyridine complex!2.!5b yielded the corresponding 2'-ketonucleosides, which were
directly reduced with NaBDy in ethanol to the 2',3',5'-2H3 arabinonucleosides 33-35 in 65, 58 and 82%
yields, respectively. Although the incorporation of deuterium at C2' made the use of Jy; H2 coupling
information impossible (compare Fig. 6 Panel F to Fig. 8 Panel B), the characteristic 0.3 - 0.2 ppm downfield
shift of the H1' proton signal and the H5',5"/H4' pattern with upfield shifted H4' (Fig. 7, Panels E-F and Fig

8 Panels A-D) evidenced the inversion of configuration at C2'. Further evidence regarding the configuration of

inversion.

Since the reduction of the 2'-0-phenoxythiocarbonyl derivative of arabinothymidine 33 with tributyltin
hydride failed in our hands, we pursued alternative ways for the reductive incorporation of hydrogen at C2'.
The 2'-OH groups in compounds 33-35 were reacted with trifluoromethansulfonic anhydride!3d:30 in dry
dichloromethane in presence of pyridine and DMAP to give the 2'-O-trifluoromethansulfonyl compounds 36-38
in 74, 80 and 81% yield, respectively. Although the lack of 2' 1H and 13C signals made it difficult to check the
outcome of the reaction, the high-resolution mass spectra unequivocally proved the presence of the triflate group

39 in 96% vyield. The attempted removal of the 2'-O-propionyl protection via treatment with methanolic
ammonia overnight furnished the expected ribothymidine derivative 42 (67%). The close similarity of the !H-
and 13C-NMR spectra of this compound to that of compound 30 proved the ribo configuration of C-2".
Compound 42 was subsequently treated with phenoxythiocarbonyl chloride in dry dichloromethane with 1-N-
methylimidazole as nucleophilic catalyst?2 to give compound 43 (96%), which was readily reduced with
tributyltin hydride in presence of 2,2'-azobis(2-methyl-propionitrile) (AIBN) as free radical initiator to the
isotopomeric mixture of the deuterated 2'-deoxyribonucleoside derivatives 44A B10 (95%) (Fig. 10, Panel A).

The 2' R(ZH\ A Q(zl-]\ ratio was inteerated to be 11:89
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during removal of the 2'-O-propionyl group becatise of the partiz S
and 38 were converted to the 2'-bromo-2'-deoxyribonucleoside derivatives 40 and 41 through displacement of
the triflate group with LiBr in dry DMF31 in 92 and 87% yields, respectively. The constitution of these
derivatives was corroborated by measuring their exact molecular mass (see experimental). The ribo con-
figuration of C2' is supported by the observed carbon chemical shifts of 90.7 and 91.9 ppm for C1'34 of 40 and

41, respectively. Reduction of these 2'-halogenonucleosides with tributyltin hydride under the usual thermal
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counterparts: adenosine-3',5' (R/S)—2H2 (27) (Panel A) and its natural-abundance counterpart (Panel B); N4- acetylcytidine-3', (B/S)
2H2 (29) (Panel C) and its natural-abundance counterpart (Panel D); N2- acetyl- o8- diphenylcarbamoylguanosine-2',3',5'(R/S)- H_

(15) (Panel E) and its natural-abundance counterpart (Panel F),
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40A: D=1 K= K=I1 {(077%) a9, D=1 RN=LJ N=1110770)
48B: B=T R=H R'=D (11%) 44B: B=T R=H R'=D (11%)
49A: B=APB? R=D R'=H (86%) [45A: B=A R=D R'=H (86%)
49B: B=ABZ R-H R=D (14%) | |45B:B=A R=H R'=D (14%)
50A: B=CA¢ R=D R'=H (89%) 46A: B=CA® R=D R'=H (89%)
50B: B=CA® R=D R'=H (89%) 46B: B=C*° R=D R'=H (89%)
L {'47A: B=A" R=D R'=H (86%)
|47B: B=AP? R=D R'=H (14%)
Scheme 2: Abbreviations: Tol = toluoyl, Ac = acetyl, Bz = benzoyi, T = thymin-1-yl, C = cytosin-1-yl, A = adenin-9-yl,

Tf=

trifluoromethanesulfonyl, Pro = propionyl, PTC = phenoxythiocarbonyl

1e inseparable diastereotopic mixtures of 45A,B (quantitative) and
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434 + 431 " NG W

49A + 49B T — ] HN— 1

50A + 50B HO R'

S1A- BT DR_IN R'-H /R00\

PGAMa. D=1, NS N=11 W7 /0y

51B: B=T, R=H R'=D (11%)
52A: B=ABZ R=D R'=H (86%)
52B: B=AB%, R=H R'=D (14%)
53A: B=CA¢, R=D R'=H (89%)
53B: B=C*¢, R=D R'=H (89%)
54A: B=GREC, R=D R'=H (84%)

£AD. D_FDPC D_IT D' 71407\
S0 L= s N=11 R =L (107%0)

55A: B=T, R=D R'=H (89%)
55B: B=T, R=H R'=D (11%)

57B: B—cAc R—D R= H (89%
58A: B=GREC, R=D R'=H (84%)
58B: B=GR:C, R=H R'=D (16%)

Scheme 3. Abbreviations: DMTr = 4,4'-Dimethoxytrityl, Ac = acetyl, Bz = benzoyl, T = thymin-1-yl, C = cytosin-1-yl, A =
adenin-9-yl, DPC = diphenyicarbamoyi

affarded the decired icatnnamaearic miviinre nf the hacea_nraterted V' Aanvurithnanuirlancidec AR_&80 (R QQ anAd
QiiClLLU e GOSITCA 5UWPUINICHIC HIHANGIU O Ui Jast-prUllliClu 4 -UGLUAYIIOUNUCICOSGIGES S&-2v (&5, 57 and
QDI /'Eire 1N Thawmal M T e A LDins 11T Dawal A DN
Z7770) \l‘lé. v, Ca4nct o= aiiu 15- i1, raici n-up)

ey

The deuteraied 2'-deoxynucieoside biocks 19, 48-50 were further converted (Scheme 3) first to the
corresponding 5'-0-DMTr derivatives S1A,B-54A,B (91, 35, 98 and 58%, respectively), followed by phos-
phitylation of the 3'-hydroxyl groups with (2-cyanoethoxy)bis(N,N-diisopropylamino)phosphine35 in presence
of N,N-diisopropylammonium tetrazolide3¢ as catalyst to afford the phosphoramidite derivatives 55A,B-
58A,B in 83, 55, 86 and 87 % yields, respectively.

These selectively deuterated phosphoramidite building blocks have been subsequently used for the
synthesis of the Dickerson-Drew DNA dodecamer3’ [d(C‘G2C3G4A5A6T7T3C9G10C11612)17 (duplex I)

mamanmt an onharatinollsy clhasvre 2o i TY ne nem nssbmsmantia TIMT A ocmébinnlioas saniem At .l e am o .4 .”)C 1
LULIVLPL ad duilvl ldll\adll)’ SHUWIL 111 1'1¥. 1) ULl adall aululilaue /iNn by u.ucmacx uhlllg \/r >OLIU dU P 1t {(2J.1
e w1 I\ . 1Oy 07 13 /MY L Lo ta oAb Tt 1 L L ___ TINMT M P b IR S T L o |
pmouv g 10oading) 1 1y 7o yicid (2377 0.4, Ulllls, LIC dlldiyilCdl 1011 CXCRANge rnric p ro1ie o1 tne pUl'l 1€a
oligomer is shown 1in Fig. 5)
QA O
24.20
/A
! A
-
I ] ] i H .
0 10 20 30 40 R, [min]
1 YIMMT ™ P o) P - P L e W 54 | USRI ) NP, _ITMf\ 1CLY Il\l'\l'\x FA VA TVE ¥V, WNSUUY Sy
rlgure : Analyucal nriu. pruuw (11 UUUCLdlllCl 1 {viliupore rlULClll l‘dl\ Y ion vuun OHHI u.uuum \le\lW jitsity] unucm

R
denaturing condition with a linear gradient of 45% — 60% buffer B (1.0 M NaCl in 0.01 M NaOH) in buffer A (0.01 M NaOH)
over a period of 40 min.)



14498 A. Féldesi et al. / Tetrahedron 54 (1998) 14487-14514

B
Il Il Il M M
J S —JU J _JL J\_
® | I e b s
LL Ha !
I I 1| M ull o
N J”LJ”VL S JUL W
{C) 77  ppm 59 ppm 43 4.2 4.1 4.0 39 ppm

| u ,
R T N VI

T 1T | 1 1 77 T M I
83 ppm 80 ppm 6.0 ppm 5.1 ppm 4.6ppm 4.2 4.1 ppm

(F) Hr’
H6 ﬁ 12’
i H5 H3'HS' |\u4
M m | wwu\ N M
e , | e e S—
8.2 ppm 7.4 ppm 5.9 ppm 4.3 4.2 4.1 ppm

Figure 6: Aromatic and sugar regions of the 500 MHz IH-NMR spectra of dcutcrated-ﬁ-gnuclcosides and their natural-abundance
counterparts: 1-(B-g-ribofuranosyl-3',5'(B/§)-2H2)-thymine (26) (Panel A) and its natural-abundance counterpart (Panel B); 3',5'-0-
TPDS-adenosine-3',5'(R/S)-2H; (31) (Panel C) and its natural-abundance counterpart (Panel D); 3',5-0-TPDS-N4-acetylcytidine-

3 S(RIS)- 2115 722\ (Pane! E) and its natural-abundance counterpart (Pane! F)
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The NMR properties of this specifically deuterium labelied duplex I are published in comparison with its

—~ P = A

natural counterpart [d(C1G2C3G4ASASTTT8CIG10CIIG12)], (II) as well as with an analogous duplex
[d(C1G2C3GAASASTTTBCIG10C11G12)]; (III) deuterium labelled according to the "NMR-window II"
concept!0 (the specific site of incorporations of of 2'(R[~15%])./S[~85%]),3',4'[~65%]1,5',5"-2H5-B-D-2'-

deoxyribonucleoside blocks!0 blocks are shown by bold-underlined letter) in the adjoining paper.

Experimental Section

purchased from Aldrich Dowex 50 X8 strong catlon exchange resin was from C. Roth Gmbh. TPDS- Clg was

prepared using literature procedure28. Pyridine and toluene were distilled after reflux over calcium hydride for 3 -

228
4 h, 1,2-dichloroethane and dichloromethane (DCM) were stirred with PyOs overnight followed by distillation
under nitrogen, N,N-dimethylformamide (DMF) was distilled from P,Os then dried sequentally over molecular
sieves (3 A). Thin layer chromatograp1c (TLC) analyses were carried out on Merck pre-coated silica gel 60 Fas4

glass backed plates developed in the tollowmg solvent systems: (A) methanol-chloroform (5 99, v/v), (B)

methanol-DCM (10:90, v/v), (C) ethyl ace*ate (D) ethyl acetate-cyclohexane (30:70, v/v), (E) ethyl acetate-
propanol-water (30:18:6, v/v/v). Short column chromatography was done using Merck G60 silica gel. IH-NMR

spectra were recorded with Jeol FX 90 Q Jeol GX 270 (if nothing else is indicated) and Bruker AMX 500
spectrometers at 90, 270 and 500 MHz, _respectively, using TMS (0.0 ppm) or acetonitrile (2H,0 solutions, set
at 8 = 2.0 ppm) as internal standards. 13C-NMR spectra were taken with a Jeol FX 90 Q spectrometer at 27.7

MHz, a Jeol GX 270 MHz spectrometer at 67.9 MHz (if nothing is specified) or Bruker AMX 500 spectromer at

125.8 MHz with the central neak of the solvents (76.9 ppm for CDCla. 39.6 npm for DMSO- dg) as internal

140 AVAILlZ: LALIAl prak 02 L3 1D AVL A ARAyy SULY ppial AUR AAIVAORS QS 1Vl

reference for solutions other than 2HZO in case of Wthh CH;CN (set at & = 1.3 ppm) was used as internal
reference. Chemical shifts are reported in ppm (J scale). Two-dnnensmnal NMR experiments (!H-1H COSY and

1__ 1’1_ [

'H-1°C HETCOR) were performed on a Jeol GX 270 or a Bruker AMX 500 MHz spectrometer using standard

2 e e Dirntnm aniinlad 13070 TRIDDT fvaaaalo oo

HicIropro '¢u 1S. rroion u.)uplt;u SC INEPT experimi cr‘lis were done on a Jeol GX 270 MHz specrometer. Nano-
isati  taken on an AutoSnec 0aTQF-FPD) snectrometer (Micromass T td

VIV P VA WS T L A SPVLV UM VILIVIVE \LVAIVI VILIASO 2.,

Mancheste UK).‘ Fast—atom b mbardment (FAB) mass spectra were obtained on a VG-7070 MS mass
spectrometer (VG. Analytical Ltd., Manchester, UK). R
1,2:5,6-Di-O-isopropylidene-o-D-allofuranose-3 H1 ). Pyridinium dichromate (27.18 g, 72.2

~e

W en in dry dichloromethane (210.0 ml) and acetic anhydride was added (21.45 ml, 227.3 mmol) to
pepsign 1,2:5,6-Di-0O-isonronvlidene-g-D-glucose (18.6 ¢, 71.5 mmol) was added in a minimal amount

ety TRAL ASpa haene-gt ASTHIBVUSY (10U 5, Po/ ILIAXAULJ VVAS AUULAG 111 G LLIIIIIGL QIIIVULRIL

f he same solvent and the mixture was boiled at ~75 °C for 3 h. The mixture was diluted with ethyl acetate and
the precipitate was filtered. The solvent was evaporated and coevaporated with toluene. Diethyl ether was added,
and the solution was filtered agam After evaporatron of the solvent, this procedure was repeated once more to
grv: an uuy pruuuu (15 g, 58.1 mmol, 81%). 'H-NMR {CDCl3): 6.14 (d, Jg-1 H-2= 4.4 Hz, 1H) H-1;4.4-3.9
(m, SH) H-2,4,5,6,6', 1.46, 1.44, 1.34 (3xs, 12H) 4xCHj3. I3C-NMR (CDCl3): 208.8 (C-3); 114.3 (1,2-0O-

2y QI IR L 00,00 141l A ] NiVAIN \Serrer3 LGS 11T \dyeT

C[CH3]2), 110.4 (5,6 O—C[CH3]2); 103.1 Jeu = 187.9 Hz, C-1); 79.0 JcH = 151.2 Hz, C- 4/5); 773 (JcH =
160.4 Hz, C-2); 76.4 (C-4/5); 65.8 (Jcy = 148.7 Hz, C-6); 27.6, 27.2, 26.0, 25.3 (4xCH3). The residue was
dissolved in dry dlethyl ether (130 ml) and reduced with LiAID4 (1.22 g, 29.1 mmol) added at O °C followed by

stirring at RT overnight. Water was added and the mixture was extracted with DCM. The organic phase was
dried aover MgSQy, filtered and ev apo.ated to give compodnd 1(12.5 g, 47.8 mmol, 82%). Ry: 0.72 (System
B). IH-NMR (CDCl3): 5.82 (d, Ju.1 42 = 3.8 Hz, 1H) H-1; 4.62 (d, 1H) H-2; 431 (m, 1H) H-5; 4.1 - 4.0
(m, 2H) H-6,6"; 3.82 (d, JH-3,4-4 = 4. Hz, 1H) H-4; 2.52 (s, 1H) OH; 1.58, 1.47, 1.39, 1.37 (4xs, 12H)
4xCHj3. 13C-NM 7R1n (CDC13) 112.8 (1,2-O-C[CH3}y); 109.8 (5,6-O-C[CH3]); 103.8 (Jcy = 182.4 Hz, C-1);
79.6 (Jcy = 146.6 Hz, C-4); 78.8 (Joy = 161.3 Hz, C-2); 75.5 (Jcy = 148.5 Hz, C-5); 65.8 (Jcy = 150.3 Hz,

T .
J 1
C-6); 26.5, 26.2, 25.2 (4xCH3y).

1,2-0-Iso,prop,yhdene a-Q—allofuranose-3-2H1 (2). Sugar derivative 1 (25.6 g, 98.0 mmol) was
dissolved in 80% aqueous acetic acid and stirred for 20 h at RT. The solvent was evaporated and the residual acid
was removed upon coevaporation with toluene. Crystallisation from methanol gave compound 2 (18.1 g, 82

..... 10T RIRAD /T 1LY TT 1 A L /J 1TIT\ IT N
mmol, 83%). Rf: 0.28 (System B). "H-NMR (D»0): 5.80 (d, Jg--1 H2= 3.5 Hz, 1H) H-1; 4.66 (d, 1H) H-2;
4.0-3.9 (m, 2H) H-4,5; 3.7-3.5 (m, 2H) H-6,6'; 1.51, 1.33 (2xs, ﬁi—n 2xCHs. 13F NMR (D,O): 11’%9(1,2-(_)-
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Figure 7: Aromatic and sugar regions of the 500 MHz !H-NMR spectra of deuterated-B-D-nucleosides and their natural-abundance
counterparts: 3',5'—O-TPDS N2 acetyl -065- dlphenylcarbamoylguanosme -2'3.8 (&/S_) 2H3 (16) (Panel A) and its natural-abundance
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C[CHj3]p); 104.1 (Jcu = 186.0 Hz, C-1); 79.9 (Jcy = 148.5 Hz, C-4); 79.8 (Jcq = 163.1 Hz, C-2); 71.2 (JcH
= 143.9 Hz, C-5); 62.5 (Jcu = 142.5 Hz, C-6); 26.0, 25.8 (2xCH3s).
1,2-0- Isopropylidene-a-D ribofuranose-3 S(R/S_) 2H2 (3). NalO4 (214 g 100.1 mmol) was

....... PP T, srAsa FMAN 13 .

dissolved in ethanol (210 mi) and water (210 mi) and the solution was added to sugar 2 (21.1 g, 95.4 mmol).
The mixture was stirred for 35 mln then ﬁ]tnrpd 200 ||| pthv]nnpalvnnl was nﬁdpd, and the filtrate was
evaporated. Ethanol was added to the residue, the prccipitate was filtcrcd again and this was repeated until
precipitate was not obtained. The residue was redissolved in ethanol (200 ml), NaBD4 (1.46 g, 34.9 mmol) was
added and stirring was maintained ovemight Then mixture was filtered, evapomted then redissolved in water

and passed through an Amberlyst A-21 ion excnange column {OH- form). The solution was neutralised with
sulfuric acid, then evaporated. The inorganic salt was precipitated from methanol to afford compound 3 in
quantitative v1eld Rf: 0.47 (System B). 'H-NMR (D,0): 5.80 (d, Jy4.1 H-2 = 3.7 Hz, 1H) H-1; 4.65 (d, 1H) H-
2; 3.91 (m, 1H) H-4; 3.8 (br. s) H-5; 3.60 (d, Jy.4H.5 =45 H )HS 1.50, 1.32 (2xs, 6H) 2xCHj. 13C.-
NMRS8f (D20): 113.8 (1,2-0O- C[CH3]y); 104.0 Uy = 185.1 Hz, C-1); 79.9 (Jc = 144.8 Hz, C-4); 79.5 UcH
= 164.0 Hz, C-2); 59.7 (1, Jcp = 21.5 Hz, C-5); 26.0, 25.8 (2xCH3).
1 ‘ ni n l\.nmvl 1 9. I')Jcnnrnnv"rl a.rv-Dorihn 1 ronncn,'l SR /G2~ (AY Ta nd 2
llﬁ.’l Mygdni—Ns lh'lulll Ul-l llu\all\.a AT U Rl UR CILVINV " g KRS W Al \“'] AN \,\u,.u.yvuuu -

(20 9 g, 108.6 mmol) in dry acetonitrile (360 ml), benzyl bromide (31 ml, 260.6 mmol) was added followed by
addition of NaH (7.84 g, 261.3 mmol) and the mixture was stirred overnight. Methanol was added and stirring
was maintained for additional 1 h. The reaction mixture was pdrtitioned between water and DCM. The organic

AL v

pnase was dried over MIgOU4 and evapordtea The residue was transferred into a distillation unit togetncr with a

second cron from a separate experiment (95 mmol QPQ‘P\ and heated at ~100 °C and 0.1 mbar to give comnound
AAN/LLIL A tl y A LARAN ARG \IJ ALRRXANSL ANE BINAN +Ad 212U 6 A s vvlllyvull\&

4 (78.4 g, 210.5 mmol, 99%). R¢: 0.51 (System D). 1H NMR (CDCl3): 7.3-7.2 (m, 10H) Ph-CH3; 5.76 (d,
Jy-1H2=3.8 Hz, 1H) H-1; 4.8-4.5 (m, 4H)Ph CH3; 4.55 (d, 1H) H-2; 4.17 (m, 1H) H-4; 3.75 (4, JH4H5—

1.7 Hz) H-5; 3.55 (d, (d, Ju.41.5 = 3.7 Hz, 1H) H-5 1.59, 1.36 (2xs, 6H) 2xCH3. 13C-NMR (CDCl3):
112.8 (1,2-0-C[CHz3]p); 104.0 (Jcyg = 181.5 Hz, C-1); 77.7 (Jcu = 146.3 Hz, C-4); 77.2 (Jcy = 159.5 Hz, C-
2); 73.3, 72.1 (2xCHay); 67.5 (C-3); 26. ',7, 26.4 (2xCH3).

Methyl 3,5-di-O-benzyl-a,B-D-ribofuranoside-3,5(R/8)-2H3 (5). Sugar derivative 4 (41.5 g, 111.4

mmol) was dissolved in dry methanol (250 ml), conc. sulfuric acid (30 drops) was added and the solution was
heated at reflux for 3 h. After coohng down to room temperature the mixture was neutralised with solid

TY N

N aﬂbO:;, filtered and CV&pOI’d[CG The Olly residue was dissolved in ether and washed with sat. NaﬂLU3

Qr\luhnn The nrganin r\hqcn was r‘mnr‘l and evanorated to oive rihnfiiranncidea 8§ fQA '7 g 10N D mmanl 019 ag an
uilon. 1 nc Organic pinas GLHCG aliG CVapUiaCl 1O ZiVe 1HOUIUTalU6IGT 3 (O%.7 g, 1Vv.4 Imoi, Y170} as an

anomeric mixture. R¢: 0.63 (System C). !H-NMR (CDCl3): 7.4-7.2 (m, 10H) Ph-CH»; 4.88 (d, Ju.1 1 4.7

1H2=
Hz, 0.22H) H-10:; 4.86 (d, Jq.1. 1.2 = 0.7 Hz, 0.78H) H-1B; 4.7-4.4 (m, 4H) Ph-CH; 4.22 (m) H-4p; 4.15
(m) H-40;; 4.02 (s) H-2; 3.6-3.4 (m, 1H) H-5,5'; 3.47 (s) OCH30; 3.32 (5) OCH3p.

I T8+ NIk "'r T s o~ -~

Arnﬁx‘noa a eanlntinn nf o

’
added Ty l-.ln--fla TOWS ml 1107 m i dAry ‘I’\f"hﬂ 190 ~70 °C 13nda
aqaaea urupwist {0 a sciution of UAcu_yx Cuorac (7,00 mu, 11v.74 uuu\.u; Il Uiy e \xz.u iy at ~-/U ~C unacer

nitrogen. To this mixture, a solution of compound 5§ (27.7 g, 80.0 mmol) in some dry DCM was added
dropwxse and the reaction mixture was stirred for 7 h. Tnethylamme (68 ml, 487.9 mmol) was added in one
batch and stirring was maintained for additional 1h, then the mixture was allowed to warm up to r. t. It was

v A

transferred into water and extracted with DCM. The Organlc pnase was dried and evaporated lne resulted oil
was dlccr\l\rnﬁl in athanal (SO0 mI and NNaRH . {’) n 87 0 mmal) wag added with canling _watar

IOOVI VLA ILL uujauu,\ YUY L allu iNauviiig 6, S he 7 111111\}1 YWao auuvua vviiia \vUU.lll.ls 111 Abb yYwdaiwl bﬂ{h
After stirring overnight, water was added and the mixture was extracted with DCM, dried and evaporated to an
oil. The crude mixture (15.0 g, 43.6 mmol) was dissolved in dry toluene (40 ml) and the solution was cooled to
~-40 °C, then liquid ammonia was added (~100 ml). Sodium metal was added in small pieces to the solution until
getting a persistent deep biue coiour then stirring was maintained for additionai 40 min. NH4Cl was added

ortionwica nntil tha hliie ~nalanr dicanneared the tha m:vh\rn wae allawed ta reach toamnoarafy tn
PUI LIVJIIVY IOW UlLiLLl lllb Uluuv LUlUUL Ut l.lk} arvie, Lll‘-'ll tliw LA LuL wWads ailivvweoeu wy l\/ﬂ\rll I.U\)l.ll u.luyuxau.uu v

evaporate the ammonia followed by evaporation of all volatile matters. The residue was dissolved in water,
neutralised and extracted with diethyl ether. The water phase was evaporated to dryness and the inorganic
materials were precipitated from methanol to leave a crude mixture of sugar derivatives. This mixture from
several experiments (29.17 g, 175.6 mmol) was dissolved in water and applied on a Dowex 1x2-400 column
(4.5 205 cm. OH- form). Comnound 6(141 ¢ QK ] mmnl AQ‘%\ was eluted with water. Dp N (_4_ vactnm

willy NJIL  LUSLIL]. \.auu.ly ung 6 [ ) By OV.U LV, 55 Ve

E). lH-NMR?23 (D70): 4.83 (d, Ju.1 4.2 = 4.6 Hz, 1H) H-1; 4.10 - 4.05 (m, 1H) H-2; 3.94 (m, 0.34H) H-3;
3.82 (m, 1H) H-4; 3.68 (d, ] H ,H 4 Hz, 0.5H) H-5; 3.54 (d, Jy-4,4-5 = 7.0 Hz, 0.5H) H-5'; 3.36 (s,
3H) Ch, 13c NMR33 ( 20): 102.6 (Icn = 174.1 Hz, C-1); 82.3 (Jcn = 146.6 Hz, C-4); 767 (Jcr = 144.8
H ; ;632(r Jep = 22.0 Hz, C-5); 55.5 (OCH»3).

"952(‘-%’3 S(M/C\. 2H. ['7\ Comnound 6 (IA 1 o 6.5 mmoD) was dissolved in

[AV LY vl oy Upiouag U &y OV. Lxu.xxuxl WAaS uisouvLyv i1

water and Dowex 50 WX8 ion n exchange resin ( H’r form ~20 ml) was added The mixture was stirred at 70 ©
for 6 h, then the resin was filtered, washed with water. The combined filtrate and washings were evaporated and

H-
Ucn

-

Ranry —ar v
u‘rll‘d.’ u “an ‘l"lllul’]
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Figure 8: Aromatic and sugar regions of the 500 MHz "H-NMR spectra of deuterated-B-D-nucleosides and their natural-a

counterparts: 1-(3',5'- O-TPDS-ﬁ-g-arabmofuranosy]-:’» ,5'(R/S)- 2H3) N4 acetylcytosine (35) (Panel A) and its natural-abundance
counterpart (Panel B); l-(3',5'-O-TPDS-ﬁ-_Q—arabinofuranosyl-S',S’(E§)-2H3)-thymins (33) (Panel C) and its natural-abundance
counterpart (Panel D); l—(3',5'-0-TPDS-B-—ﬁl")ﬁ-ribofuranosyl-B',5'(B_IS_)~2H3)—thymine (42) (Panel E) and its natural-abundance
counterpart (Panel F). o



the solid residue was dried over POs. D-Arabinose-3,5(R/S)-2Hj (16.4 g, 107.5 mmol) was suspended in
freshly distilled benzyl alkohol (100 ml) and the mixture was cooled in an ice-water bath. This cold mixture was
saturated with HCI, then it was stirred overnight. Ether was added and compound 7 was separated as small

N1 o 1YY mYR a2 /T™ £Y¥\ DL MY A Nna r 1

crystalis (15.5 g, 63.8 mmol, 59%). R¢: 0.61 (System E). ‘H-NMR (D,0): 7.4 - 7.3 (m, 5H) Ph-CHj; 4.98 (4,
I".HA_—_’& H~ IH\I—-II 47 - AQ(m ’)I—I\Dh f‘l—lq 20’)(r'n IH\H-A 385 (g) H-5: 3.79 (m) H-2.3: 3.58

Sl KAdiy 11 A7 2aAT, FO\ii1) ARTL,2, 2.J0

(s) H-5'. 13C-NMR (D?O 125.8 MHL) 137 5, 129. 2 129.0, 128. 8 (Ph-CH»); 98.6 (C-1); 70.2 (C-4); 694
(C-3); 69.3 (C-2); 68.6 (Ph-CH>»); 63.0 (C-5).
Benzyl 3,4-0- lsopropylldene-B D- arabinopyranoside -3,5(R/S)-2H (8). Compound 7 (5.78 g,

AT PS TR mnn L1

23. 6 mm01) was dissolved in ﬂry DlVlI" (45’ ml) L 2- UImemoxypropdnc (7.2 Hll) was added foliowed by
toluenesulfonic acid (70 mn\ and the mixture was stirred for 3.5 h. nrv nvridine was added and the reaction

ANS \ I\ lll iAns LAAV LER e A tl iAW VALY AWAAw LA
mixture was evaporated then coevaporated with toluene several times. The residue was dissolved in DCM and
extracted with sat. NaHCO3. The organic phase was dried over MgSOy4, evaporated and coevaporated again with
toluene to give 8 (6.73 g, 99%). R¢: 0.65 (System C). IH-NMR 2 (CDCI3): 7.36 (s, SH) Ph- CHQ, 493 (d, J4.

*r Ty 1 40 A= 7 ATYN T '1"\ A NN o YT £, A O ¥Y £, 2 0

1,H-2 = 3.5 Hz, 1H) H-1; 4.8-4.5 (m Lu)r'n(,nz,auutm) -3,4; 3.99 (br. s) H-5; 3.91 (br. s) H-5'; 3.80
(m) H-2; 2.28 (d Jg.2.0H = 6.4 Hz, 1H) OH; 1.53 & 1.36 (2xs, 6H) 2xCHj3. 13C-NMR12 (CDCl3): 137.0

\IRR) KRSy Lok JH-2,0 A1dsy 11 ) Nriiy 1. NSy VALJ n il AT Uy

H
128.4, 128.0, 127 9 (Ph-CH3); 109.1 (3,4-O-CI[CH3]3); 96.8 (C-1); 75.8 (C-3); 72.7 (C-4); 69 8 (C 2); 69.6
(Ph-CHy); 59.5 (C-5); 27.8, 25.8 (2xCH3).
1-0- Benzyl 3,4-0- isopropylidene -B-D- erythro pentopyran -2-ulose-3,5(R/S)-2H> (9). Sugar 8

s OA

(3 14 g 18.2 mmot) was aaaea foa SUITCG mixture of pyrlcunlum dichromate (0.34 8, 18.2 mrnox) and acetic
anhvdrida (IS S ml §878 m in riru T\(“T\ﬁ (R3 rn]\ The rpcnlhnn cn]nhnn was hpnfnr‘l nnr“pr rnﬂuv fnr T7h th

“llllJullu\l J ot llll [ AL llllll\]l} 111 AWwoulL 5 AUELAN/LL VY €L ANAWR 1INl L e ll, I.Llen
diluted with ethyl acetate and the slurry obtained was filtered through a silica gel column packed with ethyl
acetate. Appropriate fractions were collected, evaporated and coevaporated with toluene then with dry pyridine.
The ketone was subsequently dissolved in a mixture of dry pyridine (30 ml) and deuterium oxide (30 ml) and

stirred for five days. All volatile materials were removed and compund 9 (4.82 g, 17.2 mmol, 95%) was

ahtainad aftar a faw rnavannratinne with talhana R~ N 785 (Sygtam p\ IU_Y\T\.HD /FT\(‘] e '7 A7 1 (3 S DL
UU\.alllUu al.l\/l a AR .4 bU\.rVﬂlJU.lau.Uu.D vy itil lUlu\Jll\l l\[ Vel \UJOL jass ARTINIVELIN \\17 j} AT \ITLy JALG T T

CH»; 4.90 (s, 1H) H-1; 4.8-4.6 (m, 2H) Ph-CH>; 4.52 (m, 1H) H-4; 4 28 (s) H-5; 4.09 (s) H-5'; 1.46 & 1.39
(2xs, 6H) 2xCHs. 13C-.NMR 2 (CDCl3): 198.6 (C-2); 135.8, 128.5, 128.1 (aromatic carbons); 110.3 (3,4-O-
C[CH3]2) 98.9 (JCH = 173.2 Hz, C- 1) 69.9 (Jcy = 144.3 Hz, CH»y); 58 3 (C—5) 27.0,26.0 (2XCH3)

L -T2 s YIskY

uenzyl 3,4 0- 1sopropyllaene p-u-rmopyranosme =Lyd D(__IQ)-‘H3 (IU) Lompouna 9 (6 0 g, 28.7

al) was rln.c'r\]‘rnr‘l in I'Il"l ’T‘Lﬂ: (60 mh ,\nr‘ I‘l\[\]ﬂl' {'nuln tn 0O°C in an ice- \u)fer I’\dﬂ'}_ T :‘A‘IT\ {(ADN m 142

™mm
I1EERIN/L YV QU SULYVAL 111 ULy 11 \VUV 1111) Qi VN 111 Qi ST vy G 1074 \VUY 1115, 1.0

mmol) was added and stirring was maintained for 23 h. Water was added to the suspension, then the mixture
was transferred into a separation funnel containig water and extracted with DCM. The organic phase was dried
and evaporated Crystalhsatton from petroleum ether afforded compound 10 (6.29 g, 22.2 mmol, 77%). Ry

 r ATR ATy 4 oA~

0.61 (System C). |H-NMR 2 (CDCl3): 7.4-7.3 (m, 5H) Ph- CHy; 4.85 (s, 1H) H-1; 4.9-4.5 (m, 2H) Ph-CH>;
AT ([ 1THY H_A- ’ZQA{JT",.,.- ’Z’IH\T—TQ 2T2A(A Tex ...,-.-—")‘(T-Iv\ﬂ('1<A.9r1’2’7(’)vn AHN

L \ru, 1r1) =7, 5.07 &4, JH-4H-5= 5.5 114} 1 J.03 \u, JH-4 H-53' = 4.9 11Z) 11=J \&AS, Uiy

2xCH3. 13C-NMR 12 (CDCl3, 125.8 MHz): 137.3, 128 4, 127.82, 127.77 (Ph-CH»); 109.7 (3,4-O-C[CH3]2);
99.3 (C-1); 72.4 (C-4); 69.8 (Ph-CH>); 61.3 (C-5); 26.4, 25.2 (2xCH3). HR-MS (FAB*): (M+H)* calc. for
C15H;18D305: 284.1577, found 284.1579.

Methyl o/B-D-ribofuranoside-2,3,5(R/S)-“H3 (11). Compound 10 (6.’
in dry ethanol (100 ml) and palladium/charcoal (10% Pd) (2.5 o) was added to the sol

LI ULy Luanvl (iuvy 1111} AU pauaudiunyuidivvarl (1w /o l u] \&d B was agaea 1o e s¢

mmol) was dissolved

tinn The flaclk wag fitted
Livsi. lll\d 410N YW ao Liliviag

with a balloon filled with hydrogen and the reaction was strirred overnight. The mixture was filtered through a
layer of Celite, the filter was washed with ethanol and the filtrate and washings were eveporated to give an oil.
An additional crop (1.75 g, 6.2 mmol) was deptotected in the same way. The 3,4-O- 1sopropyhdene -D-ribose-
2,3,5(R/8)-2H3 (5.35 g, 27.7 mmol) obtained was dissolved and stirred in 80% aqueous acetic acid for 4 days
The solution was evaporated then coevaporated with toluene and methanol and dried on oil pump to give D-
ribose-2,3,5(R/S)-2H3 in quantitative yield. This was dissolved in dry methanol (60 ml) and conc. HpSO4 (0.2
ml) was added at O °C. The solution was kept in refrigerator at ~4 °C overnight, then neutralised by passing
through an Amberlyst A-21 column (OH- form) with methanol as eluant. The resulted oil was separated on a
Dowex 1x2-400 (2.8 x 135 cm, OH" form) coiumn to give compound 11 (3.74 g, 22.4 mmol, 79% for 3 steps).
Rf: 0.62 & 0.48 (B & o, System E). IH-NMR92 (D,0) for B-anomer: 4.84 (s, 1H) H-1; 3.95 (m, 1H) H-4;
3.72 (d, Jua,us = 3.3 Hz) H-5; 3.54 (d, Jya s = 6.6 Hz) H-5', for a-anomer: 4.93 (s, lH) H-1; 4.03 (m, 1H)
H-4; 3.67 (d JH4Hs = 3.2 Hz) H-5; 3.59 (d JH4 HS = 4.6 HZ) H-5'. 13C-NMRY2 (D,0) B anomer: (22.7
MHz) 108.3 (C-1); 83.1 (C 4) 61.7 (¢, Jcp = 22.0 Hz, C-5); 55.5 (OCH3), o anomer: 103.6 (C-1); 84.8 (C-
4); 61.7 (t, Jcp = 21.8 Hz, C-5); 55.8 (OCH3).

1-0-Methyl-2,3,5-tri-0-(4-toluoyl)-a/p- Q-ribofuranose-2,3,5(_&/&)-2H3 (12). Sugar 11 (3.74 g,

22.4 mmol) was coevaporated with dry pyridine 4 times, and it was redissolved in the same solvent (200 ml).
The solution was cooled to 0 °C in an ice-water bath, then toluoyl chloride (9.6 ml, 72.7 mmol) was added in
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O
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Figure 9: Aromatic and sugar regions of the 500 MHz 'H-NMR spectra of deuterated-B-D-nucleosides and their natural-abundance
counterparts: 3',5'-O-TPDS-Z'-deoxyadenosine-2‘(§/§),3',5’(_11/§)—2H3 (45) (Panel A) and its natural-abundance counterpart (Panel B);
3',5'-O-TPDS-M—acelyl-Z'odeoxycytidine—2‘(§/§),3‘,5'(5/5)—2H3 (46) (Panel C) and its natural-abundance counterpart (Panel D); 3',5'-
G-TPDS- 1v--acety1 UV-dipheny‘lcarbamoyl-2’-deoxyguanosine-Z’(Ei'g‘),3’,5’(3/’3)-2}13 (i8) (Panei E) and its naturai-abundance
counterpart (Panel F),

Parird



one portion with stirring. Stirring was maintained for 20 min at bath temperature, then at RT overnight, when Tlc

showed complete consumptlon of starting sugar. The reaction mixture was poured into cooled saturated solution
of NaHCOj3 and stirred for 2h. After extraction with DCM and evaporation of volatile materials followed by
coevagoranons with toluene, compound 12 (10.73 g, 20.6 mmol, 92%) was obtained. Rs: 0.55 (System D). 1H-

e R P fra AN, & 277 74 n’lU\L‘l1{ Yo &£ 12 fo 1TH 1/RY A
PV'}ViR"“ (CDCi ) 0 U - I 1l (m 11.1'1) ‘tmuuyx (TP ), V.27 B, V.OorL) 1t~ 1\&; J.LI Y, 11y 11-1\P), "7'71 -4.

(m) H-4(B), ﬁm.s.m 4.62 (m) H-4(a0); 4.57 (d, Jg.4g.5 = 3.2 Hz) H-5'(av); 4.46 (d, Ju.au.5 = 5.2 Hz) H-

4,n-5 [V ¥ | , L3, JIi-4,1 ALL) 2

5'(B); 3 47 (s, 3H) OCHq(OL) 3 40 (s 3H) OCHq(oc) 242,240 & 2.37 (3xs 9H) CHj3 (0.+B ).
1-0-Acetyl-2,3,5-tri- 0- (4 toluoyl)-a/B-D-ribofurancse-2,3,5(R/S)-2H 3 (13). Compound 12
(10 73 g, 20.6 mmol) was dissolved in dry DCM (52 ml) and the mixture was cooled to 0 °C in ice-water bath.

PRPe 1NN PR A3 71 N I i o wrara mivad tn oa camarata 1n

Acetic acid \1U u Iln), acetic dmlyunut: (12.0 ml) and conc. sulfuric acid \4:. 0 uu} were mixed in a Separaic ice-
water bath, then added to the cold solution of sugar. The reqn]nnu mixture was stirred at 0 °C for 12 min, then

poured carefully into ice cold saturated sodium blcarbonate solutron for neutralisation of the acids. Extractxon
drying on MgSQ4 and evaporation gave compound 13 (11.3 g, 20.6 mmol, quantitative). From the oil, the pure
B-anomer was crystalhsed from methanol. Rf 0.47 (System D). IH- NMR9a (CDCls): 8.0-7.1 (m, 12H) toluoyl

6.41 (s, 1H) H-1"; 4.8-4.7 (m) H-4'5"; 4.46 (d, Jy.a n-5" = 4.5 Hz) H-5"; 2.41, 2.40 & 2.37 (3xs, SH)
(Y a

3xCHj; 2.00 (s, 3Pi ..cetvl HR-MS (FAR‘*’\ (M+H)* calc. for C33HpgD30g: 550.2156, found 550.2161.
2',3',5'-Tri-0- (4~toluoyl)-N2-acetyl 06. dlphenylcarbamo_ylguanosme-z',3',5'(L/&)-ZH;;

(14). N2-acetyl-09-diphenylcarbamoylguanine (9.5 g, 24.5 mmol) was suspended dry 1,2-dichloroethane (150
ml) followed by addition of bls(tnmethyls1ly1)dcetdrn1de (8 0 ml) and the mixture was heated at ~83 °C under
nitrogen for 6 h. The volatile matters were evaporaied, the oil was coevaporated with dry toluene then kept on oil

va
pump f for ~20 min. anpnnnd 13 (10.34 g, 18.8 mmol) was dissolved in drv toluene (200 ml) and some 1,2-

J REASE AT
dichloroethane and added to the persﬂylated nucleobase followed by addition of trimethylsilyl tnfluoro-
methanesulfonate (5.0 ml). The mixture was stirred at ~70 °C in nitrogen atmosphere for 6 h then at RT
overnight. Work-up with sat. NaHCO3 solution and short column chromatography yielded compound 14 (9.84
~ 11 ‘! PSS | LN e~ T ATAAD 70Ty . AN .. o 1TLIN NT 1T . O N 7o 1L\ LY O. T O
g, 11.5 Hinoi, o). Kf U IL \DybLCIIl L) *I1-INIVIIN k\_,U\,l3} O U \LL. Y, 1I1) IN-I1 4, O.UOU O, 1I1) 1170, /.7
7.1 (m, 22H) fn]nnv] nthv]Q 6.33 ((‘ IH\ H- 1' 4.86 {r] Tumu:! = 3.5 Hz) H- ﬁ' 4.82 (I] ]H\ H-A' 4.68

NPTy &Ldiy VULV Y pravaiyas 4L 2270 LEL O P

(d, Jug s =35.0 Hz) H 5", 2 46 (s, 3H) Nz«acetyl 242 & 2. 38 (2xs 9H) 3x toluoyl CH3. HR- MS (FAB+):
(M+H)* calc. for C49H40D3NgO10: 878.3229, found 878.3233.

[
¥=}

1

SEE

N2. Acetyl 06- d1phenylcarbamoylguanosme -2',3',5' (RI& 2H3 (15). Compound 14 (9.84 g, 11.3
mmol) was dissolved in a mixture of pyridine (46 mi) and ethanol (54 ml) and the solution was cooled in an ice-
water bath, Precogoled 2N NaOH solution fﬁq m]\ was added. After Stlﬂ'lﬂg for ~12 min at 0 °C, the solution was

neutralised by addition acetic acid. The nnxture was poured into sat. NaHCOj3 solution and extracted with DCM.
The organic phase was dried and evaporated. After repeated coevaporation with toluene, short column
chromatography gave compound 15 (4 64 g, 8.9 mmol, 79%). IH-NMR (CDCl3): 8.93 (br.s, 1H) N-H; 8.13

(s, 1H) H-8; 7.4 - 7.2 (m, 10H) phenyls; 5.84 (s, 1H) H-1"; 4.15 (s, 1H) H-4", 3.73 (d, Ju4 us = 2.2 Hz) H-
5% 3.61 (d, Jua 5" = 3.6 Hz) H-5"; 1.98 (s, 3H) Nz—acetyl. HR-MS (FAB+): (M+H)* calc. for

Ca5Hp2D3NgO7: 524.1973, found 524.1978.
3',5'-0-TPDS- Nz-acetyl 0%-diphenylcarbamoylguanosine-2',3',5'(R/S)-2H3 (16). Compound
15(4.62 g, 89 mmol) was coevaporated with dry pyridine three times then dissolved in the same solvent (89

ITll) After addition of l 3-dichloro- l,l,j 3- te[ralsopropymlsuoxane (j 1 Inl 5.8 IIlIIlOl), the mixture was stirred

under dry condition for 2h, followed by normal work-up. The resulting syrup was purified on a short column of

silica gel to afford compound 16 (5.41 g, 7.1 mmol, 80%) as a foam. Rf: 0.57 (System C). 'H-NMR (CDCls):
8.14 (s, 1H) H-8; 8.08 (br. s., 1H) N-H; 7.4 - 7.2 (m, 10H) phenyls; 5.99 (s, 1H) H-1"; 4.13 (m) H-4',5";
4.04 (d, JH4' H5" = 3.2 Hz) H- 5" 2.50 (s, 3H) NZ. acetyl 1.1- 1 0 (m, 24H) methyls of TPDS

‘ll = AT

I D -U- lrUD'L ‘U pnenoxy(nlocaroonyl-lv‘-acelyl U" 'ph
:'(D/Q\ 3 7' 2“-. (1'7\ To the mixture compound 16 (541 ¢, 7.1

1e mixture compound 16 (541 g, 7. an V idaz

ml 15 O mrnol) in drv DCM (40 ml), phenyl chlorothionoformate ( l , 11.8 mmol) was added and the
solution was stirred overnight. The reaction mixture was poured into sat. NaHCO3 solution and extracted with
DCM. Pooled organic phases were washed with sat. citric acid solution, dried with MgS 04, evaporated and the

residue was purluea on a short column of silica gCl to afford (.Ol’IlpOUl'l(J i7 \D 17 g, 6.87 H_].T_I_l()l 9 I‘/O} Kf 0.71
(chfpm (‘\ IH_-NMR {(‘ﬁ(‘] ): 8.18 (s, 1H) H-8: 7.92 (hr s, I-HYN-H; 75-7.1 (,r,n lﬁl—ﬂ aromatics: 6.20

ANAVIIN 3 L S Y C.1 0 112) 1 Adalnay, V.4V
jl Aadd 7 >

(s, 1H) H- 1' 4.19 d, JH4'H_5'—27HZ)H5' 417 (m, 1H)H4' 406(d JH4'__5"-—30HZ)H5" 2.58 (s,

3H) N2-acetyl; 1.1 - 1.0 (m, 24H) methyls of TPDS. HR-MS (FAB*+): (M+H)* calc. for C44H357D3Ng0Si2S:
902.3478, found 902.3482.

3',5'-0-TPDS-N2-acetyl-0%-diphenylcarbamoyl-2'-deoxyguanosine-2'(R/S),3',5'(R/S)-2H3
(18A+18B). Compound 17 (6.17 g, 6.87 mmol) was coevaporated with dry toluene and dissolved in the same
solvent (45 ml) then AIBN (220 mg, 1.34 mmol) and tri-n-butyltin hydride (2.8 ml, 10.4 mmol) were added

152
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Figure 10: Aromatic and sugar regions of the 500 MHz IH-NMR spectra of deuterated-B-E-nuclcosides and their natural-abundance
counterparts: 3',5'-0-TPDS—thymidine-Z'(&/ﬁ),T,S’(B,/Q)-ZH:; (44) (Panel A) and its natural-abundance counterpart (Panel B);
thymidine-Z'(R/S_),3',5‘(&/5)-2H3 (48) (Panel C) and its natural-abundance counterpart (Panel D); N6vbenzole'-deoxyadcnosine-
2(R/S),3',5'(R/S)-2H3 (49) (Panel E) and its natural-abundance counterpart (Panel F).
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The solution was degassed by nitrogen bubbling (~20 min), followed by heating at ~75 °C in nitrogen
atmosphere for 3.1 h. Volatile materials were evaporated, and the oily residue was subjected to column
chromatography to obtain compound 18 (4.22 8 5.66 mmol, 82%). Rf: 0.63 (System C) IH-NMR (CDCl):

z 7 4¥¥ YT O, 1YY AT T Ty <. £ N [R5 a0 & SR EN An b HS"_
- 4

')'

r4

8.16 (s, 1H) H-8; 7.97 (br. s., IH) N-H; 7.4 - 7.2 (m, IGn)pnenym 6.27 , Ju.
2.2 Hz) H-5'; 4.00 (d I",,":.-/.an\n';"zsacum H) H-4'; 2.61 7.2 Hz) (R);

AaT L v n-4,01-9 v.o il iiTo .07 1 iy 2a™5 PN 7 oede &

2.54 (s, 3H) N2-acetvl 1.1-1.0 (m, 24H) methvls of TPDS
N2-Acetyl-O6-diphenylcarbamoyl-2'-deoxyguanosine-2'(R/S),3',5'(R/S)-2H3 (19A+19B).
Compound 18 (4.22 g 5.66 mmol) was dissolved in dry THF (56 ml) and 1.0 M TBAF solution in dry THF

~ N O A it

(5 ! m.l) was aCl(lCC'l AIICI‘ SIllTlIlg IOr 3 mln VOld(lle md[crlalb were evapord[ca ﬂnu lne I'CSIOUC was purlrle(l on
silica egel to give comopound 19 (2 82 g, 56 mmn] 0007,,\ TH.NMR (ODC(1,-mathanal-d: SO0 MH2)- R 34 (¢

SLWGE HWE WV SIVV VWVILBPUMLN AS \(&.U4L g5y .U i AXTINAVALIN \ R ar A TaaVIHARVITUYG, JUV IVIILL ). U.OU (0,

1H) H-8; 7.5 - 7.3 (m, 10H) phenyls; 642 (m, lH) H-1'; 4.05 (d, 1H) H-4'; 3.83 (d, Ju-4' 5.5 = 3.5 Hz) H-5;
3.75 d, Jg-4H 5"=346HZ)H5" 2.77 @, Jyu.1 Hz'—64Hz,014H)H2(S) 2.45 (d, J4-1',H-2 = 6.4 Hz,
0.86H) H-2'(R); 2.37 (s, 3H) N2-acetyl. HR-MS (FAB+) (M+H)* calc. for Cp5H22D3NgOg: 508.2024, found

ENno ANAN

JUB.LUDU,
Methvl oa/B-Derihafuranancide 1 S(R/S).2HA (2 Comnound k3 (28 7 g, 147 .7 mmol) was dissolved in

IVALGIRY 2 WA (ISR ARSULML &1 nosige Sy AN AT ALY , VLLpUBLG O ioAnavLy was GISSCIvea

80% aq. acenc acid (400 ml) and stirred at 80 °C for 19 h. After evaporatlon of the volatile matters and
coevaporations with water and toluene the residue was dissolved in dry methanol (340 ml) and treated at 0 °C
with concentrated sulfuric acid (1.47 ml), dissolved in 3-4 ml ice-cold dry methanol, then stored in refrigerator

rANTYS -~

for 19.5 h. The solution was neuiralised Dy passmg mrougn an AmDerlyst A-21 resin (v IOI’IH 33UV g) pre-

washed with methanol After elutine the column with methanol. eluant was evaporated and the residue was dried
VY CLIJRANVAE VY ALAL L1AWLLARARAV/L 4 DA VWA V‘u“ll& LAIAG WASLLRLLALL VY ALLIR LALIWVLAACUILIN Ly WALIAREL VY G ul—'Ul CALMRAL LIV LW LW OIUUIWL VY LD Ml AW

on an oil pump to give the anomeric mixture of compound 20 (22.2 g, 133.4 mmol, 90%). R¢: 0.62 & 0.48 (B &
o, System E). lH-NMR (D,0) B-anomer: 4.84 (d, Ju1 a2 = 1.3 Hz, 1H) H-1; 3.97 (d, 1H) H-2; 3.94 (m, 1H)
H-4; 3.72 (d JH4H-5*"33 Hz) H-5; 3.53 (d, JH-4H-5 = 65HZ)H5' 3.34 (s, 3H) CHa, a-anomer: 4.94 (d,

PR 2 LU 1 ~ ~ ¥y TY

JH-1,4-2 = 4.4 Hz, 1H) H-1; 4.05 (4, 1H) H-2; 4.03 (m, 1H) H-4; 3.66 (d, Ju-4,1-5 = 3.2 Hz, 0.44H) H-5;
3.59 (d, Jg.an.5 = 4.4 Hz, 0.56H) H-5". 13C-NMR (D,0) B anomer: 108.3 (C-1); 83.1 (C-4); 74.5 (C-2);

Jed 7\ dH-4, H1-) = T AlL, VWOVLL) KaTY TANAVAEN \UZ‘V} o auviuca 1VU.J ("1, OJ 1 AT,

55.5 (OCHz), & anomer: 103.4 (C-1); 84.9 (C-4); 71.4 (C-2): 55.6 (OCHz).

=

4
H-

a

1-0-Methyl-2,3,5-tri-0-(4-toluoyl)-a/ﬂ-Q-ribofuranose-3,5(B:/_S_)-2Hz (21). Sugar 20 (22.2
133.4 mmol) treated with toluoyl chloride (62.5 ml, 473 mmol) in dry pyridine (440 ml) as described for 12
obtain compound 21 (69.3 g, 133.1 mmol, quantitative). Rg: 0.55 (System D). 'H-NMR (CDCl5): 8.0 - 7.1 (m,
12H) toluov] (atBY: 564 (s 07HY Ho2RY: 537 (d Trx11n = 45 Hy 03 Ho1(o): 520 (d Tor s 15 5 = 4 4
Lisny t\llu\l l\\}ulp} AT \Dy Vel Xdl) RAT h\H} et I \u Jn-]nz—-‘r.lxxl. UJJI./ ll \u} Tl X \u < 1HL—"I’—I‘
Hz, 0.3H) H-2 (); 5.13 (s, 0.7H) H-1(B); 4.70 -4.67 (m) H-4(B), 5(o+B); 4.61 (m) H-4(ar); 4.57 (d, Jg-4,1-5'
= 3.7 Hz) H-5'(at); 4.47 (d, Jg-4 1.5 = 5.1 Hz) H-5'(B); 3.47 (q) OCH3(0c 0.9H); 3.40 (s, 2. lH) ocC (B)

242,241, 240, 2.39 & 2.36 (s, 9H)CH3(0L+B)

o~ A » sy lﬂ Pww PV, SN
i-0-Acetyi-2,3,5-iri-0-(4 -tomoyl) o/B-D-ribofuranose-3, :(K S)-<Hj (22).C
a 1221 mmal) wae reantad with a mivture af acatic arnid (64 D M acatic anhvudri
Hy 1JJ. 1 LULUVL) Wad 1wdvunea vvn.u A LHLALULLY Ul abLull aviu \US.W L), acelic annyari

(7
(W}
sulfuric acid (13.0 ml) at 0 °C in dry DCM (350 ml) as described for compound 13
(70.3 g, 128.2 mmol, 96%). Pure B-anomer (37 g) was cristallysed from methanol. R¢: 0.47 (System D) 1H—
NMR (CDC13) 8.0 -7.1 (m, 12H) toluoyl; 6.41 (s, 1H) H-1'; 5.75 (s, 1H) H-2; 4.8-4.7 (m) H-4,5; 4.47 (d, Jy.

4 H-5 = 4.5 Hz) H-5'; 2.41, 2.40 & 2.37 (3xs, 9H) 3xCHs; 2.00 (s, 3H) acetyl. HR-MS (FAB*): (M+H)*t
ralr far f‘,uuanﬁ.\f\n S5A4Q ’7!‘\0/1 faiind §40 700QA

calc. for C31H9D204: 549.2094, found 549.2096.
1-(2',3',5'-Tri-0-(4-toluoyl)-B- D-ribofuranosyl)-thymine-3',5'(R/S)-2H3 (23), A suspension of
thymine (2.65 g, 21.0 mmol) in HMDS (25.0 ml) and TMS-CI (4.0 ml) was heated at reflux at ~120 °C under
nitrogen until clearness. The solution was evaporated, coevaporated with dry toluene, then the oily residue was
kept on an oil-pump for ~20 min. Sugar 22 (8.77 g, 16.0 mmol) was dissoived in dry i,2-dichioroethane

(12N N MmN and addead ta the narcilulated thymina fallawed hy additian af trimathuleilyl triflnaramathanacnlfanate
LLIV.U L) afla aUGea o uiC pPpoeisiyiaca iy Hiie 10110weQ Uy aUUiiiUll U1 UliCuly sty 1 iUl vliculaiiCsuniUlianc

(4.2 ml). The mixture was heated at ~70 °C under nitrogen for 4 h. Work-up and short column chromatography
yielded compound 23 (9.42 g, 15.3 mmol, 96%). R¢: 0.64 (System C). 'H-NMR (CDCl;, 500 MHz): 8.48
(br.s, 1H) N-H; 8.0 - 7.2 (m, 12H)Ar 7.16 (m) H-6; 6.45 (d, Jg.11H-2 = 6.7 Hz, 1H) H-1% 572(d lH)H—
2'; 4.85 (d, JH-44-5 = 2.7 Hz) H-5'; 4.66 (m, 1H) H-4'; 4.5 a',J'H4- H.5" = aan)n

7 2R (Ixe THN Qv tohiovl-CHa: 1.57 (d. I =

£ MYYn
L. JO \JAS, Jil) JA WIHUUYIT X134, L.2J7 W, vH-5,0UH)

C34H31D2N20g: 615. 2312 found 615.2317.
2',3',5'-Tri-0-(4-toluoyl)-N6-benzoyladenosine-3',5'(R/S)-2H; (24). N6-Benzoyladenine (2.72
g 11 35 mmol) and deuterated sugar 22 (4.79 g, 8.73 mmol) were con d nsed as described for compound 23 to

e LY A N o Vel nt N AT ™ AT YT

give compound 24 (4.6 g, 6.32 mmol, 72%). Rs: 0.58 (System C). 'H-NMR (CDCl53): 9.07 (br. s, 1H) N-H ;
R71 (¢ THYH.D-212 (¢ THYH_R- QN7 1 (s 17THN tr\]nnv] henzaovl: & SO (A Jix w11 4= 5§55 Hz, |HD H- |'

Ou/ L \Oe JEL) AAT4, U010 0y 11X) LAATU0, UUT71 00y Lidi) ViRV YL, ULLIOU Y1, V.U (e, vy 2= 0.0 fiL, 1xi) 1171

6.37 (d, 1H) H-2'; 4.89 (d, JH-4'H-5 = 3.1 Hz) H-5"; 4.82 (m, 1H) H-4'; 4.66 (d JH_4' H-5" = 4.0 Hz) H- 5"

241, 2.40 & 2.37 (3xs, 9H) 3x toluoyl CHj3. HR-MS (FAB*): (M+H)* calc. for C41H34D2N5Og. 728.2689,

o~
}AJ
N
o .p.
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Figure 11: Aromatic and sugar regions of the 500 MHz 'H-NMR spectra of deuterated p—U—nucieosules and their naturai-abundance
counterparts: N4 -acetyl-2'-deoxycytidine-2'(R/S),3,5'(R/S)- 2H3 {50) (Panel A) and its natural-abundance counierpart (Panel B) N2-
acetyl-06-diphenylcarbamoyl-2'-deoxyguanosine- Z'f_&/§),3',5'(Ru/S)-2H3 (19) (Panel C) and its natural-abundance counterpart (Panel
D).
found 728.2694.
2',3",5'-Tri-0-(4-toluoyl)-N4-benzoylcytidine-3',5'(R/S)-2H; (25). N4-Benzoylcytosine (5.59 g,
26.0 mmol) was co densed with sugar 22 (11.3 mg, 20.6 mmol) as described for compound 23 to afford

compound 25 (10. 8 g, 16.0 mmol, 78%). lH—NMR (CDCl3): 8.70 (br. s, 1H) N-H ; 8.0 -7.2 (m, 19H)
toluoyl, benzoyl H-5& H 6; 6.51 (d JH 1'H-2' = 5.0 Hz, 1H) H-1"; 5.80 (4, 1H) H-2'; 4.84 (4,

4 J
2.7 Hz) H-5'; 4.76 (m, 1H) H-4'; 4.67 (d, Jy.4'u.5» = 3.8 Hz) H-5"; 2.43, 2.39 & 2.38 (3xs, 9H) 3x toluoyi-
I, UDR I\HQ (EAD+\ (M=+E* cale. for CanH24D5N2Qg: 704.2577, found 704 2581.

\_‘l.lj LL1IN=IVLD \_]. ] \LVITL‘] WwAiw . 1V ‘Jqu“ ’4“41‘3\/‘) IS Todwnd {1y AVH A\l ITNT T ydwal T &

1-(B-D-Ribofuranosyl-3',5' (R/8)-2H 3)-thymine (26). Compound 23 (9. 42 g, 15.3 mmol) was
stirred in methanolic ammonia (<150 ml) at room temperature overnight. After evaporating the solvent, the
residue was dissolved in water and DCM and the water phase was extracted with DCM twice then with ether.
Evaporation of the water phase gave compound 26 (3.99 g, 99%). 'H-NMR (D20): 7.62 (m, 1H) H-6; 5.83
{d, Ju.iH2 = 4.8 Hz, 1H) H-1; 427 (4, IH) H-2'; 4.04 (m, 1H) H4', 383 (d, Jg.4 5.5 = 2.8 Hz) H-5(S);

OJ \&, v-4 = 4.0 04) 1372\,

3.73 (d, JH-4 H-5" = 4.3 Hz) H-5"(R); 1.83 (4, Iy.5 cy3 = 1.2 Hz, 3H) 5-CHa. 13¢C- NMR (D20): 152.3 (C-2);
166.9 (C-4); 137.8 (C-6); 111.9 (C-5); 89.4 (Jcu = 169.5 Hz, C-1'); 84.4 (Jcy = 149.4 Hz, C-4); 73.7 (JcH
= 152.1 Hz, C-2"; 60.8 (C-5"; 12.0 (CH3). HR-MS (FAB*): (M+H)¥ calc. for C1gH3D2N2O¢: 261.1055,
found 261.1058.

Adenosine-3',5'(R/8)-2H; (27). Compound 24 (10.0 g, 13.7 mmol) was depr mcctcd by the procedure
used for compound 26 to afford adenosme 27 (3.68 g, quantitative). 1H-NMR (D,0): 8.31 (s, 1H) H-8; 8. 17

(s, 1H) H-2; 6.06 (d, Jy.1"H-2' = 6.1 Hz, 1H) H-1'; 4.80 (d, 1H) H-2'; 4.33 (m, 1H) H-4’ 3.95 d, Jy-4H-5
2.6 Hz) H-5'(S); 3.86 (d, Ju.4' 1.5 = 3.7 Hz) H-5"(R). 13C-NMRI5b (D,0): 156.1 (C-6); 153.0 (C-2); 148 9
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(C-4); 141.0 (C-8); 119.6 (C-5); 88.8 (Jcu = 165.9 Hz, C-1'); 86.1 (Jcy = 149.4 Hz, C-4'); 74.1 JcH =

149.4 Hz, C-2) 61.6 (C-5"). HR-MS (FAB*): (M+H)* calc. for C1oH12D2N504: 270.1171, found 270.1170.
Cytldme -3',5'(R/S)-2H, (28). Protecting groups from compound 25 (10 8 g, 16.0 mmol) were removed

,,,,,, 20 210 o 150 mmal 0oy lnx

Dy the proceaure used for compouna 26 to afford the deuicraied nucieoside 28 (2.7 g, 1.7 ININOI, ¥77%). ‘11~

NMR (D,0): 7.77 (4, Jiis.5.6 = 7.6Hz, 1H) H-6; 5.98 (4, 1H) H-5; 5.83 (d, Jyy.1 1.2 = 4.0 Hz, 1H) H-1}
4.23 (d, 1H) H-2'; 4.05 (m, 1H) H-4; 3.84 (d, Jua pi.5 = 2.7 Hz) H-5(S); 3.72 (d, Jnaqs = 4.5 Hz) H-
5"(R). 13C-NMR!5b (D,0): 158.1 (C-2); 166.7 (C-4); 142.1 (C-6); 96.5 (C-5); 90.8 (Jcu = 169.5 Hz, C-1);
84.1 (Icy = 149.4 Hz, C-4); 74.3 (Jcu = 153.1 Hz, C-2); 60.8 (C-5). HR-MS (FAB¥): (M+H)* calc. for

o A 1N

CoH12D2N305: 246.1059, found 246.1061.
N4 Acatvlevtidina_ ' SR /QY. 2“& (29 Comnound 28 (39 o 159 mmnl\ in dry methanol Iilnn mh

SALTLY AV Y LIAIRIVS o g/ \AWIAZ T AZ \&7 . VILPUULG &0 \J.7 5y 1.7 1 ULy iuvLiaGuuvr \Juwv i ixJ

was heated at reflux. Acetic anhydride was added in portions (3.0 ml) in each hour (5 times). After cooling
down, half of the solvent was evaporated to get crystalls then the suspension was kept in a refrigerator. The
crystalls were filtered to obtain compound 29 (3.3 g 11.5 mmol, 72%). 'H-NMR (DMSO -dg): 8.47 (d JH 5,H-
6= 7.5 Hz, 1H) H-6; 7.28 (d, 1H) H-5; 5.90 (d, Jy-1"1-2 = 3.4 Hz, 1H) H-1'; 4.11 (4, 1H) H-2'; 4.02 (m,
1H) H-4"; 3.82 (d, Ji.q'1 2.9 Hz) H-5" 3.69 (4 Ju 3.3 Hz) H-5": 2.22 (s) C(O)CH; ]3F NMR

Lik) kA7 , J.0&L (U, "I'lq-le_‘/““",’ 1i7J 5 JWUT \&, Jﬂ‘4n3 '—JJLLLdjl Ll \SF A NS dd Y. viiN

(DMSO- dé) 171.1 (C=0); 162.3 (C-4); 154.8 (C-2); 145.5 (C-6); 95.3 (C-5); 90.3 (Jcg = 171.4 Hz, C-17;
84.2 (Jcg = 146.3 Hz, C-4'); 74.5 (Jcy = 151.2 Hz, C-2"; 59.6 (C-5"); 24.4 (C(O)CH3).
1-(3',5'-0-TPDS-3-D- rlbofuranosyl -3.5 (RI_)-2H2) thymme (30). Compound 26 (1.27 g, 4.88

P B B P s

mmo.U was reaCteCl Wltn 1 .'5 GlcnlOrO‘l 1,3,5- te[ralsopropylalsuoxane (<. U ml 0 34 mm()l), as er[[en IOI
comnannd 18 ta oive camnannd 30 (9 n7 o 411 mmnl RAZN R )46 (Qv am AY TH.NMR (OCDC1,) R 27

LULLIPUULIG AV LWV BIVE VULLIPUULIG OV \ &V 7 &5y T 1 MULUEy O /0 ). AN VT (O .yo ARL 3 ). THRTUNLIVAIN (ka3 ). Ui

(br. s, 1H) N-H; 7.35 (m, 1H) H-6; 5.70 (d, Jy.1r5-2 = 1.1 Hz, 1H) H-1'; 4.18 {4, 1H) H-2'; 4.16 (d, Ju-
4 H-5 = 2.6 Hz) H-5"; 4.05 (m, 1H) H-4'; 4.00 (4, JH4HS' = 2.9 Hz) H-5"; 1.91 (d, Jy_5 cy3 = 1.2 Hz, 3H)
5-CHj; 1.1 - 1.0 (m, 24H) methyls of TPDS. 13C-NMR (CDCl3): 150.0 (C-2); 163.8 (C-4); 135.8 (C-6);

110.6 (C-5); 91.2 (Jcyg = 174.1 Hz, C-1"); 81.8 (Jcyg = 147.5 Hz, C-4"); 74.9 (Jcy = 156.7 Hz, C-2"); 60.2
(C.8Y 174 172 171 170 (CH((CHALAA) 124 120 I’) ‘7 128 (CHA f‘l-l((*un\,‘\ HR_MS (FARHT
\\4 Jl 14 _I' Lf. L l.l-l, L 7.\ \\JLL\\./LLJ}A} Ad Ty LIV, Rl y Lo \\_, 5 AR & \\.-113}‘}. ALANTLVIWD \.l LALT }

(M+H)* cale. for CppH39D;N207Sis: 503.2578, found 503.2588.

3',5'-0-TPDS-adenosine-3",5'(R/S)-2H, (31). After repeated coevaporation with dry pyridine,
compound 27 (3.12 g, 11.5 mmol) was dissolved in dry pyridine (110 ml) and 1,3-dichloro-1,1,3,3-
tetraisopropyldisiioxane (3.94 ml, 12.5 mmol) was added dropwise. The solution was stirred for 4 h, followed

hy nracacqging ac daceorithad foar comnonn d 18 to affard roamnaiind 21 ac o faam (4 81 o 2 Q mmanl 770 R~
UJ PlU\J\JDDllls A0 ULOLLRUVU 1L \.«Ulupuuuu AU LU aliviu \'Vlllyuullu <1 ad 4 ludalil \"r.J1 5 0.0 1MV, 77 /UJ. IN.

0.30 (System A). IH-NMR (CDCly): 8.29 (s, 1H) H-8; 7.95 (s, 1H) H-2; 5.97 (d, Jy.1' .2 = 1.2 Hz, 1H) H-
1'; 4.60 (d, 1H) H-2'; 4.11 (m) H-4',5"; 4.03 (d, Jg.4 u.5* = 3.3 Hz) H-5"; 1.1 - 1.0 (m, 24H) methyls of
TPDS. 13C-NMR!5d (CDCl3): 155.6 (C-6); 153.1 (C-2); 149.4 (C-4); 139.6 (C-8); 120.5 (C-5); 89.8 (JcH =

a Ty ~ Ty

166.8 Hz, C-1); 82.2 (icy = 148.5 Hz, C-4%);° 52(C = 159.5 Hz, C-2"); 61.8 (C-5Y); 17.44, 17.36, 17.2,

170 (CHMIN\AY 12 4 1’21 12720 19 Q (M TT.\LN
17Uy WX\ U137, 1057, 101, L&.7, 140 \LII\TI13)7 ).

3',5'-0-TPDS-N4-acetylcytldlne 3',5'(R/S)-2H (32). Compound 29 (3.3 g, 11.5 mmol) was
silylated in dry prydine (100 ml) upon addition of 1.0 ml portions of the silylating reagent (4.0 ml, 12.7 mmol)
in 15 min intervals to get compound 32 (4.36 g, 72%). Ry: 0.35 (System A). lH-NMR (CDCl3): 8.19 (d, Iy.
5H-6 = 7.6 Hz, 1H) H-6; 7.44 (d, 1H) 5H; 5.82 (s, 1H) H-1'; 4.25 (s) H-5"; 4.20 (s, 2H) H-2'4"; 3.99 (4, Ju-
4 H-5" = 2.8 Hz) H-5"; 2.30 (s, 3H) C(O)CH3; 1.1 - 1.0 (m, 24H) methyls of TPDS. 13C-NMR (CDCl3): 170.8

(C=0); 163.0 (C-4); 154.9 (C-2); 144.2 (C-6); 96.4 (C-5); 91.4 (JcH = 176.9 Hz, C-1"); 81.8 (Jcg = 147.6
Hz, C-4'); 75.1 (Jcu = 158.5 Hz, C-2'); 59.4 (C-5'); 24.8 (C(O)CH3); 17.33, 17.26, 17.2, 16.9, 16.8, 16.7
(CH(CHs)»); 13.4, 13.2, 12.8 (CH(CH3)»).
1-(3',5'-0-TPDS-B-D-arabinofuranosyi-2',3',5'(R/S)-2H 3)-thymine (33). Oxalyl chloride (0.66
ml, 7.57 mmol) was dissolved in dry DCM (7.0 ml) and this mixture was cooled down to ~-70 °C. Dry DMSO
(1.18 ml, 16.63 mml) was added dropwise over a period of ~15 min and the solution was stirred for 5 min.
Nucleoside 30 (2.07 g, 4.11 mmol) was dissolved in dry DCM (8.0 ml) and it was added dropwise to the
solution of the reagent. Stirring was maintained for 2.8 h, then triethylamine (3.5 ml, 25.1 mmol) was added
with additionai stirring for 1 h when the cooling bath was removed and after reaching RT, the reaction mixture
was poured into saturated NaHCO3 solution and extracted with DCM. After evaporation, the oily residue was
dissolved in ethanol, cooled in ice-water bath and reduced with NaBD4 (80 mg, 1.91 mmol) for 1 h. Work-up
with sat. aqueous NaHCOj3 followed by short column chromatography prov1ded compound 33 (1.35 g, 2. 68
mmol, 65%). Rg: 0.39 (System A). TH-NMR (CDC13): 8.79 (br. s, IH) N-H; 7.46 (m, 1H) H-6; 6.03 (s, 1H)
H-1'; 4.10 (d, Jga'us = 2.1 Hz) H-5% 4.01 (d, Jya us- = 3.1 Hz) H-5"; 3.74 (m, 1H) H-4"; 1.90 (d, Jy.5.cH3
= 1. 2 Hz, 3H) 5-CH3 1.1 - 1.0 (m, 24H) methyls of TPDS. 13C-NMR (CDCl3): 151.4 (C-2); 164.1 (C-4),
136.3 (C-6); 110.2 (C-5); 84.1 (Jcy = 169.5 Hz, C-1'); 80.5 (Jcu = 149.4 Hz, C-4'); 17.5, 17.3, 17.1, 17.0,
16.9 (CH(CHa3)2), 13.6, 13.0, 12.8, 12.6, 12.4 (CH3, CH(CH3)3). HR-MS (ES*): (M+Na)t calc. for
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9-(3', 5'-0 TPDS-[3-D-arabinofuranosyl-2’, 3' ,5'(R/S)-2H 3)-adenine (34). Nucleoside 31 (6.57
g, 12.8 mmol) was added to a premixed solution of CrO3 (3.84 g), pyridine (6.4 ml) and acetic anhyride (3.84
ml) in dry DCM (60 ml) and the reaction mixture was stirred at RT for 1.5 h when Tlc showed complete
rcaction Ethyl acetate was added and the resulting slurry was fiitered through a s'nort silica gel column, packed
in cu1y1 acetate. LVd.pUlduUu of appluyual.c fractions g gave the crude keto ¢ cumyuuuu \u 6.0 g, 11.7 rumu}; which
was reduced with NaBDy4 (244 mg, 5.8 mmol) as outlined for compound 33 to obtain compound 34 (3.84 g,
7.49 mmol, 58%). R¢: 0.23 (System A). 'H-NMR!2 (CDCl,): 8.15 (s, 1H) H-8; 8.12 (s, 1H) H-2; 6.30 (br. s,
2H) NHpy; 6.20 (s, 1H) H-1"; 4.04 (d, Jug4, HS = 3.8 Hz) H- 5 4.02 (d, Jaa Hs" = 3.2 Hz) H-5"; 3.85 (m, 1H)

H-4; 1.1-1.0 (m 241—1) methyls of TPDS. 13C- NMR“ i5d (u)u3) 155.7 (C-6); 152.5 (C-2); 149.3 (C-4);

1AN N ,1((0” ~ Qll — 1AA A T AN &1 1 (8N 178 17 4
19V.4 \\.,-0), 117 U \\., J}, O‘I'U \J(_,H 10UV.0 114, U~ 1 }, Ol. \JLH = 1U.U 114, o~ J, Ui.1 \\ T ), 1 7.J, L1.57,

17.0, (CH(CH3)3); 13.6, 13.1, 12.9, 12.5 (CH(CH3)3).
1-(3',5'-0-TPDS-B- D-arabmofuranosyl 2',3',5'(R/S)-2H 3)-N4.acetylcytosine (35).
Compound 32 (4.36 g, 8.23 mmol) was subjected to the oxidation-reduction reactions according to the
procedure described for compound 34 to get the ara-C derivative 38 (3 57 g 6.73 mmol, 82%) Rf 0.31
\a'y'Stt':m A). IH-NMR (LULI3) 9.72 \m 5, 1H) N-H; 8.19 \u, Ju 5H-6 = 7.4 Hz, xn} H-6; 7.46 \u, Ln) H-5;
6.13 (s, 1H) H-1"; 4.12 (d, Jy4' g5 = 2.3 Hz) H-5"; 4.02 (d, Ju4 u5 = 2.9 Hz) H-5"; 3.83 (m, 1H) H-4,
2.25 (s, 3H) C(O)CH3; 1.1 - 1.0 (m, 24H) methyls of TPDS. 13C-NMR (CDCl3): 170.8 (C=0); 162.3 (C-4);
156.4 (C-2); 145.3 (C-6); 96.6 (C-5); 85.6 (Jcy = 175.0 Hz, C-1"); 81.2 (Jcn = 146.6 Hz, C4"; 60.0 (C-5");
24.8 (C(O)CHa); 174, 17.3, 17.24, 17.2, 16.9, 16.8, 16.7 (CH(CH3)2); 13.4, 12.9, 12.3 (CH(CH3)y).
1-[3',5'-0-TPDS-2'-0O-trifluoromethanesulfonyl-f-D-arabinofuranosyl-2',3',5'(R/§)-2H3)-

thymine (36). After repeated coevaporation with dry pvndmr—\ compound 33 (1 ?ﬁ g; 2.68 mmol) was

dissolved in dry DCM (68.0 ml) then DMAP (1.07 g, 8. 8 mmol) and dry pyrldlne (1. 82 ml) were added and the
solution was kept at 0 °C. Trifluoromethanesulfonic anhydride (0.74 ml, 4.5 mmol) was added dropwise
followed by stirring of the reaction mixture with cooling for 2.5h. The mixture was poured into cold saturated
aqueous sodium bicarbonate and extracted with DCM. The combined organic phases were dried over MgSOy,
evaporated and the residue was purified by short column chromatography to provide compound 36 (1.22 g; 1.92
mmol; 74%). |H-NMR (CDCls, 90 MHz): 8.88 (br. s, 1H) N-H; 7.18 (m, 1H) H-6; 6.30 (s, 1H) H-1'; 4.1 -
4.0 (m, 1H) H-5',5"; 3.83 (m, 1H) H-4'; 1.94 (d, Ju.s,6cu3 = 1.5 Hz, 1H); 1.1-1.0 (m, 24H) methyls of
TPDS. HR-MS (FAB*): (M+H)™ calc. for Cp3H33D3F3N206Si3S: 632.1820, found 632.1834.

9-(3',5'-0-TPDS-2'-0O-trifluoromethanesulfonyl-B-D-arabinofuranosyl-2',3',5'(R/S)-2H3)-
adonlna (1'7\ ("nrnpnnnr‘ 34 ('4 84 g 7.49 mmn]\ was r-nnvprhad to r‘nmnnnnd 37 ('1 Qq g; 599 mmn] Rn%\

S AKRAEL

using the procedure written for compound 36. Ry: O 40 (System A). 1H-NMR (CDC13) 8. 33 (s, 1H) H- 8, 7. 93
(s, 1H) H-2; 6.38 (s, 1H) H-1'; 5.72 (br. 5, 2H) NHj; 4.21 (d, Jua' Hs' = 6.22 Hz) H-5"; 4.07 (d, Ja4 H5" =
3.2 Hz) H-5"; 3.95 (m, 1H) H-4"; 1.2-1.1 (m, 24H) methyls of TPDS. HR-MS (FAB%): (M+H)* calc. for
C23H36D3F3N507Si2S: 645.2249, found 645.2255.

1- {’l' K' - ’I"DI'\Q =2'. == =triflu otha I1fanvl_Ro D

trifluoromethanesulfonyl-f3- an

N4-acetvlcvtosme (38). Compound 35 (3.57 g, 6.73 mmol) was subjected to the procedure described for
compound 36 to get nucleoside derivative 38 (3 59 g, 5.42 mmol, 81%) Ry: 0.49 (System A). TH-NMR
(CDCl3): 991 (br. s, 1H) N-H; 7.85 (d, Ju-5,4-6 = 7.7 Hz, 1H) H-6; 7.52 (d, 1H) 5-H; 6.29 (s, 1H) H-1";
4.15 (d, Ju-4 H-5 = 3.7 Hz) H-5'; 3.98 (m) H 4', 5" 2 29 (s, 3H) C(O)CH3; 1.1 - 1.0 (m, 24H) methyls of

TPDS. HR.MS ('DA'D+\ (ML cale for O 068515S: 663.2242 found 663 2248
LIS, YUR=IVIS \FAD wuvirry) ' Cail. 107 \,4411_551/_51 _jr‘juy 1250 003.2244, 10UNG 003.2240

1-(3',5'-0-TPDS-2'- 0 -propionyl-B-D-ribofuranosyl-2',3',5'(R/S)-2H 3)- thymine (39).
Compound 36 (1.22 g, 1.92 mmol) was dissolved in dry DMF (3.0 ml) and cesium propionate (523 mg, 2.54
mmol) was added. The reaction mixture was stirred for 4.5 h, then volatile matters were evaporated and the

T~ E ey

residue was partmoned between water and DCM. The orgamc pnase was dried over MgbU4, evaporated and the

reacidnal nil wag nurified on a chart cilica ool coliimn to rida comnannd 20 11 ﬂQ o 1 R4 mmanl QALY R,
résiauas 01 was puf ified on a short siica g1 COIUTTE L0 lll\lvlu\/ h\llllll\lullu by \l AT g, 1,07 mmoi, 7070). i\f.

0.55 (System A). IH-NMR (CDCls, 90 MHz): 9.04 (br. s, 1H) N-H; 7.37 (m, 1H) H-6; 5.86 (s, 1H) H-1";
4.20 (m, 1H) H-4"; 4.19 (d, Jus us = 1.5 Hz) H-5'; 3.97 (m) H-4',5"; 2.43 (q, J = 7.1 Hz, 2H)
CH3CH2C(O) 192 d, Jy. 5,CH3 = 1.2 Hz, 3H) 5- -CHs; 1.17 (¢, 3H) CH3CH2C(O) 1.1 - 1.0 (m, 24H) methyls
of TPDS. HR-MS (FAB™): (M+H)™ calc. for C25H42D3N208Si7: 560.2903, found 560.2912.

0 (‘l' :'=(I)=TDHQ_‘) hraman ' ﬂnnwy-ﬂ “-ril\nfilranncv] ‘7' ‘2' :'{D QYo 2“-\_-;;1.."‘ ina (A

AxalS=4&4 =0T0MO=-4 =GE0X Sy i X4 VAN LY J = J/)Tauciiiiuv \TUj.

Product 37 (3.83 g, 5.99 mmol) was dissolved in dry DMF (60 ml). LiBr (0 78 g; 8.98 mmol) was added and
the mixture was stirred for 24 h. Volatile materials were evaporated and the residue was partitioned between
water and DCM. Orgamc phase was dried, filtered and evaporated Short column chromatography afforded

AN 1A

compound 40 (3.27 g; 5.5 mmol, 92%). Ry: 0.39 (System A). 'H-N
1H) H-2; 6.39 (s, 1H) H-1'; 5.73 (br. 5, 2H) N-H; 4.20 (d, Ji1.4' 115"

T
LER] ARy Veud ) wdL) LNTRLy T\ \L 4 ,H-
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(d, Jg-4 H-5" = 2.7 Hz) H-5"; 1.1 -1.0 (m, 24H) TPDS. 13C-NMR (CDCl3): 155.4 (C-6); 153.2 (C-2); 149.0

(C-4); 139.0 (C-8); 120.3 (C-5); 90.7 (C-1'); 82.6 (C-4'); 59.9 (C-5"; 17.4, 17.3, 17.1, 17.0, 16.9

(CH(CH3)2) 13.3, 13.0, 12.8, 12.6 (CH(CH3)3). HR-MS (FAB*): (M+H)* calc. for Co2H3gD3BrNsQ4Siy:

575.1912, found 575.1918.

1-(3',5'-0-TPDS-2'-bromo-2'-deoxy-3-D-ribofuranosyl-2',3' 5'(R/S)-2H 3)-N4-acetylcyto-

sine (41) Compound 38 (3.59 g, 5.42 mmo]) was converted to nuc le051de denvatlve 41 (2.81g,4.73

87%) using the procedure described for compound 40. R 0.49 (System A). lH-NMR (CDCl ) 10.15 (br. s,
-5

IH) N-H; 831 (d, J5 16 = 7.4 Hz, 1H) H-6; 744 (d, 1H) 5-H; 6.13 (s, 1H) H-1% 4.27 (d, T.am

Hz) H-5"; 4.26 (m) H-4'; 3.98 {d, Jy-4 H-5" = 2.5 Hz) H—5'; 2.29 (s, 3H) C(O)CH3; 1.1 - 1.0 (m, 24H)
methyls of TPDS. 1:’C—I\H\/ﬂl" (CDCl3, 125.8 MHz): 170.7 (C=0); 163.1 (C-4); 1549 (C-2); 143.6 (C-6); 964
(C-5); 91.9 (C-1"; 82.9 (C-4'); 58.8 (C-5"); 24.9 (C(O)Ct ), 17.35, 1728 17.2, 17.1, 16.9, 16.8, 16.7
(CH(CH3)y); 13.2, 13.0, 12.7, 12.4 (CH(CH3)7). HR-MS (FAB*): (M+H)* calc. for C23H3gD3BrN30gSiz:
593.1906, found 593. 1913.

3',5'-0-TP furano yi-Z',3',5'(R_/§)-2" ithymin e

i

ﬁ)
D..

s : 1
Volatlle matters ere e porate t ified by short column chromatography to provide
compound 42 (0.62 g, 1.23 mmol, 67%) Ry: 0.46 (System A). TH-NMR (CDCl , 90 MHz): 8.91 (br. 5, 1H)
N-H; 7.42 (m, 1H)H6 571 (s lH)Hl 418(d JH4' 5'—17H z) H-5'; ]9(m 1H) H-4'; 4.00 (d, d,
.1~ 1.0

"lI’Y\YYE 1 TN Ll at il k¥l
1-1.U

JH-4 y-5 = 1.7 Hz) H-5"; 1.92 {d, Jx. scH3 = L. 0 Hz, 3H) 5-CHj; m, 24H) methyls of TPDS. *>C-
NMR (CDCla): 149.9 (C-2); 163.7 ((" A.\ I’JHQ((" 6\ 1106 (C-5):012 (Jru=1714Hz. C- l'\ 819 Jerp =

ANIVAIN A1y ). VIS ATy AN ANy, 20007 LAV ARTY ), JL.L vl T TV LRiiy o 7 A\VUIT —

148.5 Hz, C-4"); 60.2 (C-5Y; 17 40, 17.35, 173 17.0 (CH(CH3)3), 13.4, 13.0, 12. 7, 126 (CHj3,
CH(CH3)2). HR-MS (FAB1): (M+H)* calc. for CopH3gD3N2O7Sis: 504.2641, found 504.2648.
1-(3',5'-0-TPDS-2'-0- phenoxythiocarbonyl -p-D- ribofuranosyl) 2'.,3,5'(R/S)- 2H3 thymine
{43). To the mixture of compound 42 (1.15 g, 2.28 mmol) and 1-N-methylimidazoie (0.73 mi, .16 mmol) in
drv DOM (20 mIY nhenyl chlarathinnafarmate () Q8 ml 4 87 mmnl) was added and the miyhire wac cetirred at

ULy L/N VA \&V 1EME ), PRIVIEY E CIMUIUVURVIIVIVLIIGIC (V.70 11il, U017 LIHUUL) WAaS GUULU QU UIC JHIUMALUIL VY QS SLIitu Go

RT overnight. The reaction mixture was poured into sat. NaHCO3 solution and extracted with DCM. Pooled
organic phases were washed with sat. citric acid solution, dried with MgSQy, evaporated and the residue was
purified by short column chromatograpy to provide compound 43 (1.41 g, 2.19 mmol, 96%). Rf 0.58 (System

AN 1xx ATR AT s 1TTY F3 5000 & V4

A). *H-NMR (CDCl;, 90 MHz): 8.49 (br. s., 1H) N-H; 7.6 - 7.0 (m, 6H) H-0, phenoxy; 5.91 (s, 1H) H-
422 (d, Jg.4 1.5 = 1.5 Hz) H-5"; 4.1-4.0 (s) 9-4'14 5. 103 (Jd I = 1.0 Hz. 3H) 5-CHx: 1.1 - 1 nrm

Tk \y v11-4 11-3 1. 124y Pr e s 1.7 \&ey Ldduy JAk) JTRAAT, L2 1. U1y

h j
24H) methyls of TPDS. HR—MS ( [*AB‘*‘): ( M+H)+ calc. for C29H42I‘3 N,058SisS: 640.2624, found 640.2631.
3',5'-0-TPDS-thymidine-2'(R/S),3',5'(R/S)-2H; (44A + 44B). Compound 43 (0.74 g, 1.16
mmol) was deoxygenated as described for guanosme derivative 18. Short column chromatography afforded
compound 44 (0.54 g, 1.1 mmol, 95%). R¢: 0.53 (System A). 'H-NMR (CDCl,): 8.57 (br. s., 1H) N-H; 7.42
1 Hz) H-3"; 3.75

(m, 1H) H-6; 6.07 (m, 1H) H-1:4.10 (d, Jg 4 .5 = 2.3 Hz) H-5" 4.0 . =29

\fTéby LEKAJ] RRATVU, U7 \IT LK) X1 y TeaU by, vH-4 11-5 L 2iLy XA T s YH~4 -5 v 7 ARdu)y LATJ Tei
(m, 1H) H-4'; 248(d H-1'"H-2" —75Hz 0.89H) H-2"; 2.23 (4, JI -1'H-2 = 2.0 Hz, 0.1 1H)H2 1.9 2(d
JH-5.cH3,6 = 1.2 Hz, 3H) 5-CH3; 1.1-1.0 (m, 24H) methyls of TPDS. 13C. NMR (CDCI ): 150.0 (C- 2), 163.4
(C-4); 135.2 (C-6); 110.5 (C-5); 84.8 (Jcu = 146.6 Hz, C-4'); 83.8 (Jcg = 172.3 Hz, C-1'); 59.9 (C-5Y; 39.5
(C-29; 17.5, 17.3, 17.1, 17.0, 169( H(CH3z),), 13.6, 13.0, 12.8, 12.6, 12.4 (CH3, CH(CH3)7)

3' 5'.0). TPDS.?'-deoxvadenasine-2'(R/S) 3" 5'(R/S)-2H. (45A + 45B). Compound 40 (3.27
-7 ’ AR AFVY r-) ubUAJ au\—lluolll\f dnd \l.‘.l_} -~ J \l\lu} \‘I’Jfl -I’J"}Q \_/\JJ.‘.]F diiwa b A4 \J - | 5

5.5 mmol) was reduced with tributyltin hydride (2. 2 ml, 8.18 mmol) and AIBN (176 mg, 1.07 mmol) as free
radical initiator in dry toluene (50 ml) at ~80 °C for 2 h. Processing as written for compound 18 gave compound
45 (2.72 g; 5.5 mmol, quantitative) Rf: 0.33 (System A). 'H-NMR (CDCl3): 8.32 (s, 1H) H-8; 8.03 (s 1H)

H-2; 6.29 (m, 1H) H-1"; 5.92 (br. 5, 2H) N-H; 4.04 (d, Ju.4 H-5 = 5.0 Hz) H-5'; 4.03 (d, Jg-4.u-5 = 3.7 Hz)
H5" 2RQ (= T1TH) ”_A' VTV (A Tex s1v7 A = Qn'7 N 14AH) 2633 (Ad Tax vy A= S A + N REHY H.Q"
y J.07 A\, 101) =%, Lo/ \G, vH-1"H-2 DL, Viall) ft4, £.80 4G, vH-1',H-2 2.0 11, V.O0L) L,

1.1 - 1.0 (m, 24H) methyls of TPDS.
3',5'-0-TPDS-N4-acetyl-2'-deoxycytidine-2'(R/S),3',5'(R/S)-2H3 (46A + 46B). Compound 41
(2.77 g, 4.66 mmol) was dcoxygenated as described for compound 45 to furnish compound 46 (1 59 g,3.1

nrm '“ n N7 TI\ AT TY A R & 4

mmol, 67%). Rg: 0.43 (System A). 1H-NMR (CDCl3): 9.97 (br. s, 1H) N-H; 8.25 (d, Jy-5,4-6 = 7.4 Hz, 1H)
H-6: 741 (d 1H) H-5: 6.03 (m. 1H) H-1"4.17 (d. Jus s = 1.4 Hz) H-5" 4.00 (d. Jiya 1.en = 2.7 Hz) H-
1TV, 1.7T1 \W4,) .I.ll} LiTJ, V.U 7Ly L1x) 212 I,T.LI o4y Jn_‘},n_) LT RAL) ATV THAVV Wy V-4 nD = el KALiy XX
5"; 3.80 (m) H-4"; 2.55 (d, Jg-1',5-2" = 6.9 Hz, 0.82H) H-2"; 2.27 (s, 3H) C(O)CH3; {.1- 1.0 (m, 24H)
methyls of TPDS.

3',5'-0-TPDS-N6- benzoyl -2'- deoxyadenosme 2'(R/S),3',5'(R/

repeated coevaporauon with dry pyridine, compound 45 (2.78 g, 5.5 mmol) we
{19 ml 165 mmol) in drv nvrulmp (40 ml) for 2h. Agueous ammonia soluti

\4+«/ iiily AV.o IRUIIVR) 221 N Y ) LAl 171 YU dal SRS

mmnlamed for 20 min. After extractxon from aqueous NaHCO; with DCM, the organic phase was scparated
dried with MgSOy, filtered and evaporated. Pyridine was removed by coevaporation ‘with toluene. Short column

@

(47A + 47B). After

_______ PRI, P

5 tfeated with benzoyl ‘i‘uorluc
R 4



[y

s
=
)

A. Foldesi et al. / Tetrahedron 54 (1998) 1448714514

chromatography afforded product 47 (2.51 g, 4.18 mmol, 76%). R¢: 0.61 (System A). 'H-NMR (CDCl3): 9.06
(br. s, 1H) N-H; 8.78 (s, 1H) H-2; 8.22 (s, 1H) H-8; 8.0 - 7.5 (m, SH) benzoyl; 6.36 (m, 1H) H-1'; 4.05 (4,
JH-4' H-5' = 3.3 Hz) H-5'; 4.04 (d, Ju- 4 H-5" = 4.9 Hz) H-5"; 3.92 (m, 1H) H-4'; 2.76 (d, J4-1"H-2 = 2.1 Hz)

IX M. Y £O 77 I\ 1Y A 1 1 AALIN TODINMNCOC
H-2'; 2.68 (d, JH1H2"“IInL)n4,11—1U\m 24n) 1rUS.
Thvmid!gg 2'(R/Q1 3'.5'(R/S)- ZH,. (48A + 48R). anngund 44 (0.54 g, 1.1 mmol) was dissolved

in dry THF (11 ml) and 1. O M TBAF solutlon in dry THF (1. } ml) was addcd After stxmn for 5 min, volatile
materials were evaporated and the residue was purified on silica gel column to give compound 48 (0.22 g,
83%). 'H-NMR (D20) 7.56 (m 1H) H-6; 6.20 (m, 1H) H-1'; 3.94 (m, 1H) H-4'; 3.74 (d, Jy.4 5.5 = 3.4

IT_\ IY &Y., 2 £77 7.0 00 YY._.\ YT &1, ™ ’\O 1 Y L £ I"I',.. N ONTIN TT AN, 1 O 71 T
Hz) H-5% 3.67 (d, Jy.4 1.5 = 4.88 Hz) H-5"; 2.28 {4, JH1',H2 = 6.6 Hz, 0.89H) H-2"; 1.82 (d, Ju-5,cH3.6
= 1.2 Hz, 3H) 5-CHj3. HR-MS ( (FAB1): (M+H)* calc. for CigH12D3N205: 246.1169, found 246.1173.

N6.Benzoyl-2'- deoxyadenosme 2 (R/S) 3,5 (R/S) H (49A + 49B). Compound 47 (2.51g,
4.18 mmol) was subjected to the treatment described for compound 48 to provide compound 49 (1.48 g, 4.13
mmol, 99%). 'H-NMR (CDCl3): 9.05 (br. s, 1H) N-H; 8.79 (s, 1H) H 2 8.10 (s, 1H) H-8; 8.0 -7.5 (m, 5H)
benzoyl; 6.41 (d, 1H) H-1'; 4.24 (m, 1H) H-4'; 3.98 (d, Ju-4 H-5 = 1.6 Hz) H-5'; 3.81 (br. s) H-5"; 2.37 (4,
= 1z) H-2". HR-MS (FAB*): (M+H)* calc. for C;-,rH 15D N 04: 359.1547, found 359.1550.

N4 Acetyl 2' deoxycytldme-z (R/S),3',5'(R/S)-2H3 (50A + 50B). Compound 46 (3.16 g, 5.14
mmol) was deprotected as written for derivative 48 to get compound 50 (1.39 g, 5.10 mmol, 99%). 1H-NMR
(CDCl3/methano] d4): 8.45 (d, Ju-5,H-6 = 7.4 Hz, 1H) H-6; 7.40 (d, 1H) H-5; 6.16 (m, 1H) H-1; 3.99 (m) H-
4'; 3.85 (d, Jg-4 H-5' —3GHZ)H5' 3.82 (d, Jg.4'1-5" = 3.0 Hz) H-5"; 2.50 (4, Jg.1",H-2" = 6.4 Hz) H-2";
2.20 (s, 3H) C(O)CH3. HR-MS (FAB+): (M+H)*t cale. for C11Hi2Da 3N30s: 273.1278 found 273.1280

Pay 4 vg CRRA] NN JLE e RRANTIVILS (& xS \4va™v JL0) B8 O | 1;1.1_-,” 3 (T Cerdd Oy AVUIIG Li Jad T,

5'- O DMTr thymidine-2'(R/S), 3' 5 (Q/S_) 2H; (51A + 51B). Compound 48 (0.65 g, 2.63 mmol)
were repeatedly coevaporated with dry pyridine (3x), then it was treated with DMTr-Cl (1.07 g, 3.16 mmol) in
the same solvent (13 ml) at RT for 2 h. The reaction mixture was poured into sat. NaHCO3 solution and

extracted with DCM. After drying over MgSQy, the organic phase was evaporated, coevaporated with toluene
and the residnal foam was chromatooranhed on silica eel to obtain comnound 51 ll 31 e, 2.39 mmol, 91%)

QLU UL AVSiUUGL AVGIL WOD VILAVILMGIU LI GPrulu Uil SaubvG gus W vuass IIPAJULIN o & H9 &7 LRARMIVLy S 17U,

IH-NMR (CDCl; + DABCO): 7.59 (m, 1H) H-6;7.4 - 6 8 (m, 13H) DMTr; 6.42 (m 1H) H-1'; 4.05 (m, 1H)
H-4'; 3.78 (s, 6H) 2xOCH3; 3.45 (d, JH-4,H-5 = 3.2 Hz) H-5"; 3.34 (d, J4-4 H-5» = 3.0 Hz) H—S"; 2.39 (4,
JHI'H2 =59 HZ) H-2"; 1.46 (d Ju-s,cH3,6 = 1.1 Hz, 3H) 5-CHj.

5'-0- DNiTr-m"-ueﬁZGYI 2'-deoxyadenosine-2'(R/8),3',5'(R/8)-2H; (52A + 52B). Compound
49 (1.48 g, 4.13 mmol) was treated according to the procedure described for 51 to afford compound 52 (0.95
g, 1 44 mmol 35%). ’H—NMR (CDCl3 + DABCO) 9 20 (br. s., lH) -H; 8.72 (s, 1H) H-2; 8.15 (s, 1H) H-
8; 8.0 - 6.8 (m, 18H) DMTr + benzoyl; 6.47 (d, 1H) H-1"; 4.15 (d, 1H) H-4"; 3.76 (s, 6H) 2xOCH3; 3.38 (d,

lH)H 575" 253 (d, Jg-1H-2" —64HZ)H 2"

" h _ ¥ PYY2 s At pe
3 'U DDiviirT~- l‘*'d(,e[yl =-Qae Xycy[lﬂlne - (KIQ} I ,D
comnound 80 (1 30 ¢ 5 10 mmol) to a treatment d for

compound 50 (1.39 g, 5.10 mmol) to a treatment pound 53 (2.88 g,

5.0 mmol, 98%) was obtained. 'H-NMR (CDCl; + DABCOY. 9 4 “H; 8.24 (d, Tusus = 7.4
Hz, 1H) H-6; 7.4 - 6.8 (m, 14H) DMTr + H-5; 6.30 (m, 1H) H-1"; 4.14 (m, 1H) H-4'"; 3.80 (s, 6H) 2XOCH3,
3.46 (4, JH-4',H~S’ = 3.2 Hz) H-5'; 3.39 (d, 4.4 H-5" = 4.0 Hz) H-S"; 2.78 (d, Jur g2 = 6.2 Hz) H2"; 2.18
(s, 3H) C(O)CH3.

:' 0.DMTr-N2.acetvl.006.din henvicarh

XN/ CATIVR B R TIN T TAUT Ly ASNS T CEAPAITIARY X oam y

' 5} ™% A N fde 3 3 2 Y T : 4
(R/D)-“H3 (DA + >3b). Upon SuD}eCUng
1 f mpound 82 (2 RR o

nanosine-2'(R/S).3' 5'(R/S).2H .
\AWSary

yguansgsine- 2'(R/S),3',5

(54A + 54B). Compound 19 (2.44 g, 5.66 mmol) was converted to compound 54 (4.14 g, 3.28 mmol, 58
%) by procedure described for 51. lH-NMR (CDC13 + DABCO): 8.15 (br. s., 1H) N-H; 8.08 (s, 1H) H-8; 7.5
- 6.8 (m, 23H) DMTr + DPC; 6.41 (m, 1H) H-1'; 4.13 (m, lH) H-4%; 3.73 (s, 6H) 2xOCH;, 3.36 (d, JH 4 H-
5 =4.7 Hz) H-5"; 3.30 (d, Jg-4 H-5" —4un7)h3 2.45 (d, Jar H2 = 6.4 Hz) H-2";, 2.35 (s, 3H) N2-Ac.
5'-0-DMTr-thymidine-2'(R/S),3',5'(R/S)- 2H3 3'.(2- (cyanoethyl) N, N-dusopropylammo)
phosphoramidite (55A + 55B). To compound 51 (0.76 g, 1.39 mmol) in dry DCM (12 ml), (2-
cyanoethoxy)bis(N,N-diisipropylamino)phosphine (0.62 ml, 1.96 mmol) was added followed by N,N-diiso-
propylammonium tetrazolide (119 mg, 0.69 mmol) and btirring was maintained overnight The reaction mixture
was diluted with ethyl acetate, poured into sat. NaHCO3 and extracted. After two additional washings with
brine, the organic phase was dried over MgSOy, filtered and evaporated. The residue was subjected to short
column chromatography to give phosphoramidite 55 (0.86 g, 1.15 mmol, 83%) as a foam. !H-NMR (CDCl; +
DABCO): 8.55 (m, 1H) N-H; 7.63 & 7.58 (2xbr. s., 1H) H-6; 7.6 - 6.8 (m, 13H) DMTr; 6.40 (m, 1H) H-1";
4.17, 4.13 (2xd, 1H) H-4'; 3.79 (2xs, 6H) 2XOCH3, 37-33 (m 3H) -CH2CH CN and H-5'/5"; 2.5 - 2.4
{m, 3H)CH,CH,>CN and H-2'/2"; 1.43 (s, 3H) 5-CHaj; 1.2 -1.1 (m, 14H) 2x isopropyl. le-va‘iR 148.87,
148.42. HR-MS (ES*): (M+Na)?t calc. for C4oH46D3N4OgPNa: 770.3374, found 770.3355.
5§'-0-DMTr-N6-benzoyl-2'-deoxyadenosine-2'(R/S),3',5'(R/S)-2H; 3'-(2-(cyanoethyl)-N,N-
diisopropylamino) phosphoramidite (56A + 56B). Compound 52 (0.92 g, 1.4 mmol) was phosphity-
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: 861.3932, fcund
O DMTr-N“-acetyl 2'-deoxycytidine-2'(R/S),3',5'(R/S)-2H; 3'-(2-(cyanoethyl)-N ,N-di-
isopropylamino) phosphoramidite (57A + 57B). Compound 53 (1.44 g, 2.5 mmol) were converted to
compound 57 (1.66 g, 2.14 mmol, 86%) according to the procedure used for preparation of phosphoramidite
EE I _NMD ONDOY, o hl\'ﬂf‘f\\ Q70 and 20 Ivd T.._ .. = 77 H>, 1HY H_& 7 < 68 (y»m 10H)

aled. TRHATINIVIIN \\_‘U\_‘13 T OAAWINAT Y, Qo477 Al U.ALU \AAdr, JHD of Lldiy LARJ] RAATN,y VU \7iky 17ax)

benzoyl, H-5 and DMTr; 6.25 (m, 1H) H-1'; 4.20 (m, 1H) H- 4 3.80 (2xs, 6H) 2xOCHzs; 3.8 - 3.3 (m, 3H)
CHzCHz CN, H-5'/5"; 2.8 - 2.4 (m, 3H) CHQCHZCN and H-2'/2"; 2.25 (s) C(O)CH3; 1.2 - 1.1 (m, 14H) 2x
isopropyl 31P NMR: 149.17, 148.56. HR-MS (ES*): (M+Na)* calc. for C41H47D3N50gPNa: 797.3483,

found 797.3503.

5'-0-DMTr-N2-acetyl-O%-diphenylcarbamoyl-2'-deoxyguanosine-2'(R/S),3',5'(R/S)-2H;
3'-(2-(cyanoethyl)-N ,N-diisopropylamino) phosphoramidite (58A + 58B). Compounds 54 (2.01

g 2.5 mmol) were treated as described for compound 55 to obtain co mpound 58 (2.18 g, 2.17 mmol, 87%).
1H NMR (CDCl; + DABCO): 8.12 & 8.10 (2xs, 1H) H-8; 7.96 & 7.89 (2xbr. s, lH) N-H; 7.5 - 6.7 (m,

TIN YT ATV

H) DMTr + phenyls; 6.37 (d, Ju1 12" = 5.9 Hz, 1H) H-1"; 4.30 & 4.27 (2xd, 1H) H-4'; 3.9 - 3.3 (m, 3H)
IIs (AN anAd LI_KSVJ8M. 1778 f’)vn A O9vOYCHA- ’) ’7 2 /1 (v ARHN CH-THL ('N HL ")'l'?’ NZ2_Ap-

AL 1IN allu 1T J 1, J. T \&AD, ULl) LAV 114, I L \f1ky VIL] N Al N dh 7 Mol Ny KAl 9y AN Tidwy 1 2 -

1.1 (m, 14H) 2x isopropyl. 3!P-NMR: 148.91, 148.73. HR-MS (ES*): (M+Na)* calc. for
Cs5Hs56D3NgOgPNa: 1032.4229, found 1032.4237.
DNA Synthesis and Purification. The deuterium labelled 12-mer (I) was prepared by the solid phase

phosphoramidite method on a Pharmacia LKB Gene Assembler bpecml synthesiser. The standard programs for

12 1 1 +h £ DPharm
1.3 pmol scale synthesis from Pharmacia were modified to have 2 min. coupling time. After deprotection in

3m

32% aqueous ammonia solution for 7 days at RT, the solvent was evaporated. The residue was partitioned
between water and DCM and finally d1ethy1 ether. Purification was carried out by preparative ion exchange
HPLC (Gilson system: Model 305 & 306 Pumps, 811C Dynamic Mixer and 118 UV Detector) on a Millipore

= in Pak™ O 15HR 10004 p PPN N e TT i tir 1 i e acor s £nor
Protemn Pak'™ Q 15 1000A 8um column (10x100 mm) at pH = 12 with a linear gradient of 45% — 60%
buffel— B (1 0 }V{ }JaC} in I\} A NaNYHDY in hnffar A /0 N1 M NaOYHY Aver 2 nerind of 40 min annlving S0 o A

ivi 1‘(1\.111) Al ULl My \_U AL AVE L‘a\lll} VvVwl a llhl IUAL UL TV 1Ak ﬂlltll]llls [UAV AR VLS 9
units of crude DNA per injection. Appropriate peaks were collected, concentrated and desalted on a Sephadex G
25 gel filtration column. Fin ally, the punﬁed sample [379 o.d. units, 19 %] was lyophilised together with the

appropriate buffer used for NMR spectroscopy from D70 (99.9 % D atom).
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ata for 9-(3',5'-0-TPDS-2'-bromo-2'-deoxy-[-D-arabinofuranosyl)-adenine. IH-NMR (CDCI3):
1H) H-2; 8.11 (s, 1H) H-8; 6.43 (d, Jy.1",4-2 = 6.4 Hz, 1H) H-1'; 5.91 (br. 5, 2H) N-H; 4.89 (m,
" 467 (dd, Jg-2' H-3 = 8.4 Hz, 1H) H-2'; 4.16 (dq, Jy.5'H.5" = 12.7 Hz, JH4'H5'—39HZ Ju-
"}

z, 2H) H-5'/5"; 3.91 (dt, Jg.3 5.4 = 7.7 Hz, 1H) H-4'; 1.2 -1.0 (m, 24H) TPDS. 13C-NMR
155.5 (C-6); 153.0 {C-2); 149.7 (C-4); 138.7 (C-8); 110 5 (C-5); 83.2 (C-4'); 82.8

g 40 Q
) i~ T./. \ () \
.2 (C-5"; 53.5 (C-2Y; 17.35, 17.28, 17.2, 16.9, 16.8 (CH(CH3)3); 13.6, 12.9,

<



