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Abstract: Aminosugar nucleosides are important bioactive molecules of which puromycin, a derivative of 3’-

amino-3’-deoxyadenosine, is one of the most important examples. Some azidosugar nucleosides, the synthetic

ecursors of the corresponding aminosugar com

criptase. We are interested in comparing the bioactivity of D- and L-enantiomers of such nucleosides. Here, the

k3

synthesis of both D- and L-enantiomers of 3’-azido- and 3’-amino-3’-deoxyadeonsine, respectively, is des-
cribed. It begins with the introduction of the nitrogen functionality through a substitution reaction with inversion
at C-3 of a D- or L-xylose derivative, respectively. The azidosugar is converted into an appropriate glycosyl
donor which is the submitted to a glycosidation reaction according to Vorbriiggen. Deprotection affords 3°-
azido-3’-deoxy-D/L-adenosine, our potentially antiviral target compounds, and reduction of the azido substituent

leads to the aminosugar target molecules. © 1998 Elsevier Science Ltd. All rights reserved.

I(pywm{l\ nucleosides: srlw osidation; amino sugars; azides
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Introduction

Aminosugar nucleosides are known to possess strong antibacterial, anticancer and bio-
synthetic inhibitory properties.l-2 One of the most important examples of this class of com-
pounds is puromycin, a molecule which mimics the the charged 3 -terminus of amino-
acylated transfer RNA and is a strong accepior for the peptidyi tRNA site of the ribosome.
In addition, it is known that the nuclem de 101ety 01‘ puxomycm 6-N,N-dimethyl-3’-amino-
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3’-Azido-3’-deoxythymidine (AZT), the first licensed drug for the treatment of AIDS
patients, exhibits the most potent inhibitory activity against human immunodeficiency virus
(H1V) replication. However, AZT suffers from a rather short half-life in the body and ex-
hibits side effects. Other 3’-azido- and 3'-amino-2",3 -dideoxyribonuclieosidcs, among a vari-

0040-4020/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
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ety of nucleoside derivatives, have been synthesised and tested,* but neither 3’-azido- nor 3’-
amino«3’-deoxyribonucleosides. Furthermore it is known that L-nucleotides cannot be incor-
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stereoselectivity of retroviral reverse transcriptases against unndturduy ConIlgureG nucleot-
ides is considerably lower than that of human enzy“nes. Therefore, L-nucleosides should be
evaluated for their potential inhibitory properties

There are two major strategies for the synthesis of sugar-modified nucleosides: /) modifica-
tions on the intact nucleosides,46-10 and 1) Louplin&, of appropriately modified glycosyl
donors with neterocyc,nc bases. 1118 The first strategy is usualiy selected for pomt modifica-
llUllb on lllC bugdl ﬁiOICly oymu lC routes are UbUdlly b[rdl}:ﬂ(IOTWdra dna lnCluaC extenSl\v’e

use of a wide range of protecting groups in combination with oxidation/reduction or substi-
ne The nee nf the carn
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over of the glycosidation reaction, but has three major advantages: a) the number of useful
bases is not limited to those of commercially available nucleosides,!9-24 b) the degree of

complexity being introduced into the glycoside moiety can be considerably hlgher as shown
by the methods chosen for the synthesis of natural products with a nucleosidic basic struc-
ture2’ or of complex nucleoside antibiotics,20 ¢) the synthesis of L-nucleosides becomes pos-
sible.

Results and Discussion

The synthetls of 3’-amino-3’-deoxyadenosine is described for the naturally configured D-iso-
mer since most of the procedures were elaborated in the D series. After the synthetic route
had been found, the synthesis of the L-isomer was optimized and slightly adapted.

Starting from commercially available D-xylose (D-1), the first synthetic step involves the
acetonation of the sugar to form 1,2-O-isopropylidene-a-D-xylofuranose (D-2), thus to con-
vert xylopyranose into a furanose derivative.27 Since acetone is the solvent, diacetonation to
1,2;3,5-di-O-isopropylidene-o.-D-xylofuranose can not be avoided. Treating this compound
with 0.12 M HCl-solution for 40 minutes at room temperature leads to the mono-acetonated
compound, therefore increasing the overall yield of this reaction to 70% (Scheme 1).

Scheme 1

OH 1 N  O-
OH O'>(‘ N3 O \
D-1 , D-2:R=R'=H + D-5 R=TBDPS
i 2
> D-3: R=TBDPS, R=H D-6: R=H
ii
\ D-4: R-TBDPS, R'-Tf

(i) acetone, cat. HpSOy, nt, 3h, D:70%, L:80% (ii) TBDPSCI, imidazole, DMF, 1,3h, D:60%, L:97% ; {iii)
(F3CS0,),0, pyridine, CH,Cly, -10°C, 15min.; (iv) NaN3, pyridine, DMF, rt, 7 days, D:56%, L: 54%; (v)
TBAF, THF; ft, 2h, D:95%, L:87%.
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After fixation of the furanose configuration through selective protection of the primary
hydroxyl group with the tert-butyldiphenylsilyl (TBDPS) (— D-3), the inversion at C-3 was
carried out in two steps: first, the hydroxy group was activated as a triflate using trifluoro-
methanesuifonic anhydride. Intermediate D-4 was used in the next step without punhcatmn
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since analysis by 'H-NMR spectroscopy showed sufficient pumy In the secona step, the
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ed Oy aii azido group usm;: sodium azide lcauiub to D-§5 with inverted
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configuration at C-3. This reaction necded a very long reaction time, because the mixture

could not be heated due to an undesired elimination reaction resulting in a 3,4-unsaturated
compound and triflic acid.15.28 The yleld of the desired reaction product is crucially depen-
dent on the ratios of the reactants, especially the amount of pyridine to be used. Usin_g two

equivalents of pyridine, the dppedl‘dnte of the 3 4- elimination pnoduct was observed in up to
50% of the total yield. In order to suppress this side-reaction, the amounts of pyridine were
reduced down to one or 1.5 equivalents. Under these conditions, however, the deprotection
of the TBDPS-group at C(5) on both D-5 and the elimination product appeared to become
another side reaction due the development of free triflic acid. The deprotection product of
D-§ is D-6, which was the target of our next reaction step, and was therefore not lost. D-5
was desilylated with fluoride to give D-6 in good yields.

Scheme 2

i
VA )L + N~ le1=}

N3 UH O o O l‘d A
8: R=Ac, R'=Ac 7\ OC(O)OCHz  13: R=C(O)OCH3, R'=C(O)OCH3
9: R=C(O)OCH3, R'=C(0)OCH3 - - 14: R=Me, R—COPh
10: R=Me, R'=Ac Noe  OCIOOCHA
11: R=Me, R'=COPh 8 MMMV

16

{H ‘|)Na'r1' THF, 85°C; 2) Bni T THF, it, o/n, 85% overali (i) 1) 75% HCOOH, 80°C, 1h; 2) Aco0,

} 75% HCOQH, 60°C, 1h; 2) CH3OCOCI, NEt3, MeClo, 0°C, 2h, 9: 83%
)MeOH cat. HZSO4 4°C, 2 days; 2) Ac20, pyridine i, o/n, 59% overall; (v)
I)Meun cai H,S0Oy, 4°C, 4day 2) PhCOCI, pyridine, cat. DMAP, it, o/n, 11: 83% overail, 14: 83%
overall; (vi} 1) NaH, THF, 65°C; 2) 4 (Chloromethyl)-biphenyl, TBAI, THF, rt, o/n, 75% overall; (vii}

FMOCCI, pyridine, 1t, 1h, 96%; (viii) 1) 75% HCOOH, 60°C, 5h; 2) CH3OCOCI, pyridine, 0°C, 1.5h, 43%.
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The glycosidation reaction calls for glycosyl donors with stable protecting groups on all
hydroxy functions that are not participating in the reaction, an acyl group at the C(2) oxygen
atom and a leaving group at C(1).#7 In the first approach, the use of a 5-O-protecting group
was considered that is stable under glycosidation conditions and that could be removed after
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were the major products).

At this stage we considered using other 5-O- protecting groups, since the debenzylation by
catalyuc nyarobcnauon can be slronély affected in the prebence of amines and the reduction
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synthe51ze other 5-O-protected glycosyl donors featuring two mildly cleavable fUIILthHdll-

thenzvy! ethers can bhe cleaved under oxidizine conditions wi
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5,6-dicyano-1.,4-dibenzoquinone (DDQ)33 or ccri: “mmemum mtru{e (CAN)'
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Table 1: Glycosidation of 6-N-benzoyladenine using various glycosvl donors

Entry | Glycoside | Solvent) | Catalyst |Temperature @cy| Time® gy | Yield® ¢, | Ratio (B/oy®
1 8 DCE TMS-OTf reflux (84) 3 38 > 95/5
2 9 DCE TMS-OTf reflux 17 45 3/1
3 9 CH-,CN Tely rt->reflux on.->3 40 371
4 9 CH;CN Tel, reflux (82) 4 38 >95/5
5 10 CH;CN | TMS-OTf reflux 3 days - -

6 10 DCE SnCly reflux ofl. - -

7 il DCE SnCi; reflux 5 22 n.d

8 11 DCE TMS-OTf 30 on. 55 > 95/5
9 14 CH:CN | TMS-OTf 65-70 3 days 10 > 95/5
10 13 CH;CN | TMS-OTf 65 23 47 1/9
11 16 CH-:CN | TMS-OTY 65 10 - -

12 16 DCE TMS-OTYt 65 22 - -

a) Abbrevations: DCE: 1,2-dichloroethane; on.: overnight: rt: room temperature: n.d.: not determined
b) The protocols for entries 4 (—17), 8 (—18) and 10 (—19) are described in the Experimental Part.

| —
N; OR N;s OC(Q)OCH5
PR3 A 3 il Sl 3
17: R=Ac 18



with mild bases like aqueous ammonia, piperidine, morpholine, ethanolamine or fluor-
ide.34.35 Following the same protocols as for the benzyl-protected derivatives, the azido-
sugars 12 to 16 were synthesised, the B-anomers being the major isomers (Scheme 2).

Having the glycosyl donors 8 - 11, 13, 14 and 16 at hand, the synthesis of 3’-azido-3’-
deoxy-f-D-adenosine derivatives was carried out using 6-N-benzoyladenine and glycosida-
tion protocols of Vorbriiggen!? and others.24.36 The results are summarized in Table 1.

Several conclusions could be drawn: 1) the optimal conditions for glycosidation reactions of
different glycosyl donors are idiosyncratic with respect to the protection scheme of the
glycosyl donor esoeudllv concerning the solvent dnd the catalyst (entries 7 and 8); 2) it is
possnble to obtain anomeric mixtures of the nucleoside dlthough, according to theory, the
attack of the base should happen exclusively from the B-side of the sugar (entries 3, 7, 10);
3) the substituent at C-5, although it is far away from the reaction centre, may influence the
yield of the glycosidation, possibly due to steric hindrance (entries 11 and 12); 4) heating the
reaction mixture higher than 80° C destroys the glycosyl donor, but heating to at least 60° C
is necessary to obtain the thermodynamically preterred N(9)-regioisomer of adenosine; 5) 6-
N- benzoyladenme perslstently produces bad yields in these reactions, especxally if the reac-

Asvm o rntiien 1o Viemnitade T4 oo | PPV e

UOH [CIHpCleUI'C 15 llIIlllCU ll WUUIU DC oetter (0 use a more ClCLU'OH I'lLfl drO[ndUC sy8[em

The next steps would have been the selective deprotection of the 5-O-protecting groups. But
neither the deprotection of the benzyl group from 18 by catalytic hydrogenation nor the
deprotection of the p-phenylbenzyl group from 19 with DDQ or CAN gave useful results.
Therefore we were forced to develop a new strategy in consideration of the lessons learned
above. This new strate‘gy inciudes: i) usage of the smalii methoxycarbonyi function to protect

UlC \, _) IlyUFUX.)’ group, L) LIlUlLC Ul I.HC l U IIlClIlyl L U DCIILOyl (.OITlDlndUOﬂ IOl' [ne gly-
cosyl donor; 3) replacement of 6-N-benzoyladenine by 6-chloropurine to obtain better yields

N

Scheme 3

Ci
o o) N
o0 X L4y
Mo, / ( yrome Y
N3 O/\ H
N3 OCOPh N3 OCOPh
~ D-6: R=H D-21 D-22
“ D-20: R=CH3z0CO
NH2 NH2
N AN N
N N
4 v/
v HO—  ~ <kl | ../J Vv < | /)
LA~ P Y N I V Y N
N3 OH HoN
D-23 D—24
(i) methyichioroformate, pyridine, i, o/n, 88%; (ii} 1) MeOH, cat. H,S04, 4°C, 2 days; 2) PhCOCI, pyridine,
cat. DMAP, it, o/n, 69% ; (iii) 1)6chloroounne MSTFA, 1,2-DCE, reflux, 30 min.; ; 2) D-22, TMS-OTH,
1,2-DCE, 80°C, o/n, 56% overall ; (iv) sat. NH3 in THF, 60°C, o/n, 52%: (v } Hy (1 atm), Pd/C, EtOH, rt, 4h,

97%.
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because of the more electron rich aromatic system, but to retain N(7)/N(9) selectivity on the
base. Glycosyl donor D-21 was synthesised from D-6 via the intermediate D-20 followed by
the glycosidation to obtain pure P-nucleoside derivative D-22 (Scheme 3). Treating D-22
with ammonia cleaves the protecting groups and replaces chlorine by an amino group.37.38

This leads to 3’-azido-3’-deoxy-D-adenosine (D-23) which can easily be converted to 3°-
amino-3’-deoxy-D-adenosine (D-24) by catalytic hydrogenation (Scheme 3).

With these results the synthesis of the L-isomer could be started following the same proce-
dures to obtain the glycosyl donor L-22 (Schemes 1, see legend, and 4). Knowing that acetyl
is a better leaving group,2? the glycosyl donor L-25 was synthesised. Because of the bad
anomeric ratio of the product mixture (B/o 1.5/1), the two anomers of L-25 were isolated.
In order to obtain good yieids (no reaction of the oc-anomer is expected due to the lower
reaction temperature of maximal 80"(,)’*9 only the B-anomer of L-25 was submitted to the

glycosidation with 6-chloropurine. Under the same conditions as for the pure 3-anomer of
T 91 (170 T .29\ the nucrlancidae darivative T .77 wae nhiainad in gred uisld 70103
.~k \1/7 /0 L.~&i), UIL IIULICUDIUC UllLIVALIVE L.4a e Wdd UuLallitld L 5 »ruu lelu \01 /0}
Ammonia treatment and Cata]wfir\ hvdraocenatinn furmmichad P’ .aminna. 2’ . Adenvu ] _adanngcina
] ix 1yunv HyWIVaWITAtivil ruliisia o QL= UV UA | Wl «SVIWI DLV AT Y (W)
(L-24) in 26% overall yield from 6 (Scheme 4)
Coablnsnn A
DULIVIIIU <
Cl
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ST e L S o
>§0 N3
PhC(0O)O N3
. L6 R=H i ¢ L-21:R=Me PC(O)O  Na
¢ [-20' R=CH;0CO C (25 RoAc () L-22
NH2 NH»

(i) methylchloroformate, pyridine, i, o/n, 92%; (ii} 1) MeOH, cat. HpSOy4, 4°C, 2 days. 2) PhCOCI,
pyridine, cat. DMAP, it, o/n, 92% ; (iii} Ac20O, AcOH, HpSOy4, o/n, 4°C, 37% o, 57% ; (iv) p-L-25,
6-chlaropurine, MSTFA, TMS-OTf, 1,2-DCE, 75°C, o/n, 81%; (v) sat. NHa in MeOH, 80°C, o/n, 73%; (vi)
H> (1 atm), Pd/C, EtOH, nt, o/n, 67%.

Conclusion

A new efficient synthesis of both L- and D-enantiomers of 3’- mino 3 deoxyadenosine was
deveioped inciuding a giycogidarion reaction. The optima conditions for this glycosidation
~ = A PRPRUERE N o SO DS PR B S Y

it
are crucially dependent on the substitution pattern of the gly‘cosyl aonor and have to be
determined for every individual derivative.

The nucleoside analogues D-23, D-24, L.-23 and L-24 will be tested for biological activity.
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TH-NMR spectra were obtained at 300 MHz on a VARIAN Gemini 300 spectrometer using
tetramethylsilane as an internal standard. 13C-NMR spectra were obtained at 75 MHz using
the same internal standard. Mass spectra were obtained on a MAT 312 mass spectrometer

JUA YN

using Fast Atomic Bombardment (FAB) ionization method (in p-nitrobenzyi aicohol, if not
stated otherwise) and positive ion detection. Infrared spectra were recorded on a Perkin-

~ rTnD O i

Elmer 1600 Series FTIR DpCLerIHClCl [(XiD values were obtained on a Perkin- Elmer 141
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Polarimeter. Melting points were deteri mcd by visual observation on a Kofier block and
)
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dimethylaminopyridine; MSTFA: N-methyl-N-tri methylsllylt rifluorc

trimethvlcilvl trifluoromethanesnlfonate
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mmol) |m1d,\7nle in 40 ml DMF lm_de_r argon at 0°C were added 11.8 m I
TBDPSCI and the mixture was allowed to react at room tem perature for 3 hnnrs. 100 m
TBME and 15 ml H«() were added and the phases separated. The organic phase v
twice with water, dried over Na,S0, and evapomted After chromatographic purification
(PE/TBME 6:4) and crystallization from PE 10.0 g (60%) of D-3 were obtained as colorless
crystals. Ry: 0.43 (PE/TBME 5:5); mp: 92-94°C; rH NMR (CDCly): 1.05 (s, 9H, C(CH,),):
1.33 (s, 3H, CHy); 1.47 (s, 3H, CHjs); 4.03 (d, 1H, J=2.8. HO-C(3)); 4.10-4.14 (m, 3H,
H,C(5), HC(4)); 4.37 (br ¢, 1H, IIC(3)) 4,55 (d, 1H, 1=3.6, HC(2)); 6.01 (d, 1H, *J=3.8,
HC(1)); 7.37-7.73 (m, 10H, Ph); BC.NMR (CDCly): 19.10 (C(Cl;3)3); 26.18 (C(CHa),);
26.69 (C(CH3)s); 26.79 (C(CHj3),); 26.80 (C(5)); 76.87 (C(4)); 78.37 (C(3)); 85.44 (CQ2);
104.99 (C(1)); 111.50 (C(CH3),); 127.92, 130.05, 131.90, 135.49, 135.69 (C Ph); FAB-
MS: 371 (IM-C4Hg]*, 20%), 135 (100%).

5-O-tert-Butyldiphenylsilyl-3-O-trifluoromethanesulfonyl-1,2-O-isopropylid-
ene-o-D-xylofuranose (D-4). 4.40 ml (26.7 mmol) Trifluoromethanesulfonic anhydride
were added slowly at -10°C to a solution of 10.5 g (24.5 mmol) D-3 and 2.9 ml (23.8 mmol)
pyridine in 250 ml CH,Cl,. After 15 minutes at -10°C the solution was warmed to room
temperature and diluted in 250 ml TBME. This phase was washed with water and 1 M HCI-
solution, dried over Na,SO, and evaporated to furnish 12.8 g of an orange oil. H NMR
(CDCly): 1.06 (s, 9H, C(CH3)3): 1.33 (s, 3H, CHs): 1.47 (s, 3H. CHz); 3.88 (s, 2H, *J=6.6,
')C(S)) (td, 1H, *1=6.6, *1=2.7, HC(4)): (d. 1H, *J=3.6, HC(2)): (d. 1H, *1=2.8, HC(3)); (d,
IH, *J=3.6, HIC(1)); 7.39-7.69 (m, 10H, Ph); "*C- NMR (CDCl3): 19.07 (C(CHj3)y): 26.34
(C(CH3)»); 26.55, 26.70 (C(CH3)3); 26.98 (C(CH3)3): 60.01 (C(5)): 78.83 (C(2)); 82.84
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1H, . 5.83 (d, IH
CDCly): 19.32 (C(CHs)3): 26.49 (C(CH:
8.44 (C(4)): 80.28 (C(2)): 104.18 (C(1)): 11

( 1
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-Azido-3-deoxy-1,2-O-isopropylidene-a-D-ribofuranose (D-6). To a s
2.26 g (4.97 mmol) D S in 50 ml THF were added 5.47 ml IM TR_A_F soh t.gn in THF
After two hours at room temperature the solution was evaporated to half of the original
volume and extracted with HyO/CH,Cl,. The organic fraction was dried over Na,SO, and
evaporated. After chromatographic purification (PE/TBME 6:4. then l()OC/r TBME) 1.02g
(95%) D-6 wecre obtaind as a colorless oil. Ry 0.10 (PE/TBME 6: 4) 'H-NMR ((‘DCL)
1.38 (s, 3H, C(CHy)o): 1.59 (s, 3H, C(CHy),): 3.61 (dd, TH, *1=4.7, ’1=9.6, HC(3)): 3.69 -
3.73 (bz d, 1H, J<.<h—12 7, H, C(D)) 3.98 -4.03 (d"d”, 1H, “Jm‘; =12.7. H,C(5)); 4.14 (d"t",
IH, *1=9.7, HC(4)); 4.76 (r. 1H, *J=4.2, HC(2)); 5.82 (d. 1H, "J=3.6. 1IC(1)): *C-NMR
(CDCly): 26.10, 26.13 (C(CH3),)); 59.14 (C(3)); 59.82 (C(5)); 78.06 (C(4)); 79.93 (C(2));
103.92 (C(1)); 112.94 (C(CH3),); FAB-MS: 216 ((M+H]*, 12.3%), 158 ([M-C3H¢O]+,
73.1%), 43 (100%)

3-Azido-5-O-benzyl-3-deoxy-1,2-O-isoproylidene-o-D-ribofuranose (D-7). 170
mg (3.8 mmol) 55-65% Nall were washed three times with pentane and suspended in 8 ml
THF under nitrogen. After addition of a solution of D-6 in 2 ml THF, the mixture was
heated to 65°C until the H, production has finished. After cooling down to room temper-
ature, 260 mg (0.7 mmol) TBAI and 415 ml (3.5 mmol) freshly distilled benzyl bromide
were added and the resulting solution was stirred at room temperature overnight. Evapora-
tion was followed by extraction with 1I,O/EtOAc. The organic fraction was dried over
Na,SO, and evaporated. After chromatographic purification (PE/TBME 8:2) 800 mg (70%)
of D-7 were obtained as a colorless oil. Ry: 0.33 (PE/TBME 8 2); 'TH-NMR (CDCl,): 1.35
(s, 3H, C(CH3)); 1.60 (s, 3H, C(CH3),): 3.63 (dd, 1H, J—47 *1=9.6, HC(3)); 3.68 (dd. 1H,
-Jinb"“ 4, J;HJ 8, H,C (5)): 3.84 (dd. IH, ‘I;b,,—ll 4, Jﬂ,rTS H, C(5)): 4.21 (ddd
1H, "J450=2.7, J4m-36 J4 3=9.6, HC(4)): 4.62 (d, 1H, "J=12.2, HAC): 4.68 (d,

‘J= 122 HgC); 4.72 (1, 1H, *J=4.4, HC(2)); 5.83 (d. IH, "J=3.6. HC(1)): 7.29 - 7.36 (m. 5H
Ph); ?C-NMR (CDCly): 26.42 (C(CH3),)): 60.53 (C(3)); 67.60 (C(5)); 73.70 (CH,Ph);
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anomer); 5.32 (d, 0. 8H J 5 6, HC(Z) B dnomel) 6 1() (v 0.8H, HC(1) B- cnomer)
0.2H, *J=4.6, HC(1) or-anomer): 7.29-7.36 (m. SH., Ph): "C-NMR (CDCly): 20.55, 20.90,
21.09 (OCO(CH3)); 58.94 (C(3) a-anomer); 59.98 (C(3) B-anomer); 68.93 (C(5) ,B-
anomer); 69.25 (C(S) a-anomer); 73.50 (OCH,Ph B-anomer); 73.70 (OCH,Ph a-anomer);
75.87 (C(2) B-anomer); 81.20 (C(4) B-anomer); 82.75 (C(4) a-anomer); 94.02 (C(1) a-
anomer); 98.10 (C(1) B-anomer); 127.56-128.53, 137.72 (Ph); 169.08. 169.62 (OCOCH>»);

FAB-MS: 290 (| M- OCOCH?I*’ 27.8%); 91 ([C7H7]+ 100%)

3-Azido-5-O-benzyl-1,2-O-bis-(methoxycarbonyl)-3-deoxy-D-ribofuranose

(D-9). 305 mg (1.00 mmol) D-7 were deprotected as described for D-8. The yellow oil was
dissolved in 4 ml dry CH,Cl,, mixed with 770 ul (10.00 mmol) methylchloroformate and
cooled to 0°C. 1.12 ml (8.00 mmol) NEt; were added dropwise and the mixture was stirred
at 0°C for two hours. After addition ot 10 ml sat. NaHCO;-solution and extraction with
CH,Cl,, the org. fractions were washed with brine, dried over Na,SO, and evaporated.
Chromatographic purification (PE/EtOAc 4:6) furnished 316 mg (83%) of the anomeric
mixture of D-9 as a colorless oil. The anomers were isolated by additional chromatography
(PE/TBME 6:4; impregnated onto silica gel from a solution in CH,Cl,) and obtained in a
ratio of B/a 6.5:1. Ry a-anomer: 0.26; B-anomer: 0.33 (PE/TBME 6:4); o-anomer: 'H-
NMR (CDCly): 3.62 (d, 2H,’J=2.9, HC(5)): 3.81 (s. 3H, OCOOCHj;); 3.85 (s, 3H,
O(,OOCH;,) 4.27-4.31 (m, 2H, HC(4) HC (3)); 4.53 (d. 1H. *J=12.1, OCH Ph) 4.60 (d, 1H,
’J=12.1, OCH,Ph); 5.17 (dd, 1H, }1=4.5, °1=6.7, HC(2)); 6.32 (d. IH, J=4.4, HC(1)); 7.29-
7.36 (m, SH, Ph); *C-NMR (CDCl3): 55.01, 55.60 (OCOOCHj5); 59.09 (C(3)); 69.08
(C(5)); 73.70 (OCH,Ph); 74.85 (C(2)); 83.26 (C(4)) 96.82 (C(1)): 127.56-128.53, 137.72
(Ph); 154.35, 154. 58 (OCOOCH;); B-anomer: '"H-NMR (CDCl5): 3.68 (d. 2H, J=4.1.
HC(5)); 3.78 (s, 3H, OCOOCHj3); 3.86 (s, 3H, OCOOLH;) 4.23-4.35 (m, 2H, HC(4),
HC(3)) 4.57 (d, 1H, )= 12.1, OCH,Ph); 4.62 (d, 1H, J= 121 OCH,Ph); 5.23 (d, 1H,
J=4.7, HC(2)): 6.08 (s, 1H, HC(1)); 7.31-7.36 (m, SH, Ph); “C-NMR (CDCly): 55.14,
55.60 (OCOOCHS3); 60.14 (C(3)); 68.91 (C(5)); 73.50 (OCH7Ph): 78.88 (C(2)); 81.46
(C(4)); 100.90 (C(1)); 127.56-128.39, 137.63 (Ph); 153.68, 154.54 (OCOOCH3); FAB-MS:

~ e ey PRy

306 ([M- ULUULH’;I"’ 27.2%), 91 (jC7H7]+, 100%)
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2-O-Acetyi-3-azido-5-O-benzyi-1-O-methyl-3-deoxy-D-ribofuranose (D-10).
305 mg (1.00 mmol) D-7 were deprotected as described for D-8. 133 mg (0.50 mmol) of
the obtained diol were dissolved in 3 ml MeOH. Two drops of conc. H,SO, were added and
the solution was stirred at 4°C for 24 hours. The solution was neutralised with appropriate
amounts of Amberlite© IRA-68 resin (Fiuka), stirred for 20 min. and fiitrated. The filtrate
was evaporated and purified by chromatography (PE/EtOAc 2:8) (yield 77%). 95 mg (342
umol) of this 1-O-methylated glycosides were dissolved 4 ml distilled pyridine, mixed with
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d, =121, , ]
J=4.8, HC(2)); 7.28-7.36 (m. 5H. Ph):

). 5.2 L s 12e-1.50 (m , Ph
(COCH3); 55.04 (OCH;); 61.17 (C(3)); 70.70 (C(5

e

)

3-Azido-2-O-benzoyl-5-0O-benzyl-1-O-methyl-3-deoxy-D-ribofuranose (D-11).
305 mg (1.00 mmol) D-7 were deprotected as dexcribed for D-8. 200 mg (0.75 mmol) of
the obtained diol were dissolved in 10 ml MeOH. Two drops of conc. H,SO, were added and
the solution was stirred at 4°C for 24 hours. The solution was neutralised with appropriate
amounts of Amberlite® IRA-68 resin (Fluka), stirred for 20 min. and filtrated. The filtrate
was evaporated and purified by chromatography (PE/EtOAc 2:8). The residue was dissolved
in 10 ml distilled pyridine, mixed with 105 pl (0.90 mmol) benzoyl chloride und 19 mg
(0.16 mmol) DMAP and stirred at room temperature for 2.5 days. After addition of 40 g
ice, the mixture was extracted with CH,Cl,.The organic fractions were washed with sat.
NaHCOj3-solution and water, dried over Na,SO, and evaporated. Chromatographic
purification (PE/EtOAc 7:3) afforded 260 mg (90%) of the anomeric mixture of D-11 as a
colorless oil. Ry a-anomer: 0.47; B-anomer: 0.56 (PE/EtOAc 8:2); 'H-NMR (CDCly): 3.38
(s, 0.8H, OCH; B-anomer); 3.44 (s, 0.2H, OCH; a-anomer); 3.68 (d, 2H. 1=5.0, H,C(5));
4.17-4.22 (m, 1.2H, HC(4) a-anomer, HC(3) a- and B-anomer); 4.30-4.35 (m, 0.8H, HC(4)
B-anomer); 4.60-4.65 (m, 2H, OCH,Ph): 5.01 (s, 0.8H, HC(1) B-anomer): 5.21 (dd. 0.2H,
'1=4.4, "J=7.7, HC(2) a-anomer); ). 5.27 (d. 0.2H, "J=4.4, HC(1) a-anomer): 5.44 (d, 0.8H,
3J=4.7, HC(2) B-anomer); 7.29-8.12 (m. 10H, Ph); ""C-NMR (CDCly): 55.15 (OCHy);
58.94 (C(3) a-anomer); 59.67 (C(3) o-anomer); 61.57 (C(3) B-anomer); 70.84 (C(5));
73.40, 73.52 (OCH,Ph); 76.74 (C(2)); 80.17 (C(4) B-anomer); 82.51 (C(4) o-anomer);
101.63 (C(1) a-anomer); 106.12 (C(1) B-anomer); 127.64-130.04, 132.86, 133.37, 133.53,
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eoxy-1,2-O-isopropyiidene-a-D-ribofuran-

5% NaH was washed three times with pentane and
then suspended in 5 mi 'THF under nitrogen. A solution of 500 mg (2.32 mmoi) D-6 in 5 mi
THF was added dropwise, then the mi

mg (2.56 mmol) 55-6

jon T

PP IS RPN T R | 177D snnn (N AL nnonn TDRDAY aad AN v YA oI A 7 L1
l)l PAUCLIOIL T1d> THHIDIICU, 174 HIY (U.«40 1O I DAL dliid 4/0 lllb \.L.:,Ll_ lllﬂlUl} ‘+-\LIIIU[U‘
manath ol Vhimb Aol Ara nAdAdAAaAd cnilonanitantly amAd tha matviirea 115700 ofierera A o mrvmert Foer svs s $r sy
lllClllyl}Ul )llCllyl WCi1C duucu DUUDCL{UCHU)’ AU LIC HITALUIT wdd MIHITU dal TOUWLHT LCHll. ratuic
Auariaht Tha Alsrant “IArA Avannr atad tha racidnag «irae tal-an no1mn LT ) amAd thha maivtizea
UVCI(XISIH. T1IIC DUIVYLIILD WEILIU bvayutau,u, IO 10ODIUUC wWwAad Ltahll]l UlJ 111 112\_1 diiu uic HiTALuIc
wass extracted with EtOAc. The organic fraction was dried over Na,SO4 and evaporated
p"\rr\mutnqr)n 10 nurificatinn fnnnA;f;nn;nq in PE/EtOA~ ) slnant DR/ TRAME £:.4) e
\—JllUlllalUblak}lllL lJul mrivatitivii \\.«UllUlLlUlllllb I 1 L /LA iW O.4, VIUuVIIL 14[ 1 k21vViL. U.‘T} Lur-
nichad AA1 ma (7503 N_1Y ac a vallawich nil and 10OR ma (D0 cturfing matarial R+ N AQ
11D\ UU L lllb \IJ 7/ } L7771 & AAD QA J\/llllVVlOll vl aliug 1uvo lllb \L“ /(./] Dt(llllllE Hiatviiai. l\f- .0
({DEJ/TRME A-4) 1 NMR /OCDCLY 1T A (¢ 2 (v Yy 1L RT7 (¢ R CHOH N\ AT (AA
(1§ 1 L;[;unul.; \:;.—r/, ERTINIVARNY \\dsvi3 g, 1.0 \Jv, Ly AT R o), LT S, JEE, WALELY D), DU (Ui,
1H, "J=4.7, "]J=9.6, HC(3)); 3.68 (dd, 1H, Js,50=11.4, J5,4=3.8, HyC (5)); 3.84 (dd, 1H,
2y =114 1. =285 HCS)Y 421 (ddd 1TH 21, ..=27 31, . =236 °1..=20 6 HC(A))
v5bSaT 44 1,7 V3D 4Ty RADY Sy el \;4uw., ik, V4 SpTe7y w4 5y ’;.;.\1, 43 Ze\Fy BANN\TT [,
462 (d, 1H, "1=122 HLC); 4.68 (d, 1H, J1=122 HzC); 4.72 (¢, I1H, "J=4.4, HC(2)); 5.83 (4,
3 L 13 . , )
1H, “J=3.6, HC(1)); 7.33 - 7.60 (m, 9H, Ph); -NMR (CDCly): 26.42 (C(CH3),)); 60.53
(C(3Y): 67.775 (C(53)): 73.44 (CHHPh): 77.90 (C(4Y): 7990 (C(2W: 10418 (C(1M: 11306
\=\~779 \ AN S I N L 7% AN N s 7 AN AN Al ~ A N A A A SN
(C(CH3),); 127.09-128.75(Ph); 136.7, 140.82 (Ph); FAB-MS: 381 (IM]*+, 2.0%); 167
(1C,.H.:. 1+ 1009%)
A gl 0} | 3
3-Azido-1,2-0-bis-(methoxycarbonyl)-5-0-(4-phenylbenzyl)-3-deoxy-D-ribo-
furanose (D-13). 300 mg (786 umol) D-12 were deprotected in 9.3 ml 75% formic acid

ul (7.86 mmol) methylchloroformate and cooled to 0°C. After adding 877 ul (6.29 mmol)
NEt; dropwise, the mixture was stirred at room temperature for two hours. After extraction
with sat. NaHCO;-solution and CH,Cl,, the organic fractions were washed with brine, dried
over Na,SO, and evaporated. After chromatographic purification (PE/EtOAc 5:5) 356 mg
(99%) of the anomeric mixture of D-13 were obtained as a yellowish oil. Rf: 0.55 for a-
and B-anomer (PE/EtOAc 6:4); "H-NMR (CDCl3): 3.71 (d, 2H.’1=4.0, HC(5)); 3.78 (s. 3H,
OCOOCH,;); 3.87 (s, 3H, OCOOCH;): 4.23-4.32 (m, 0.8H. HC(4) B-anomer); 4.33-4.37 (m,
1.2H, HC(3) B-anomer, HC(4), HC(3) a-anomer); 4.61 (d. 1H, "J=12.1, OCH,Ph); 4.66 (d,
1H, J=12.1, OCHyPh); 5.13 (s, 0.2H, *J=4.8, HC(2) o-anomer); 5.24 (d. 0.8H, *1=4.7,
HC(2) B-anomer); 6.09 (s, 0.8H, HC(1) B-anomer); 6.34 (d, 0.2H, J=4.6, HC(1)); 7.34-7.61
(m, 9H, Ph); C-NMR (CDCl;): 55.17, 55.62 (OCOOCH-); 59.80 (C(3) ct-anomer); 60.11
(C(3) B-anomer); 68.93 (C(5)); 72.24 (OCH,Ph B-anomer); 73.54 (OCH,Ph a-anomer);
78.88 (C(2)); 81.48 (C(4)); 100.90 (C(1) B-anomer); 102.00 (C(1) a-anomer); 127.07-
128.75, 136.66, 140.72, 140.82, 137.72 (Ph); 153.68, 154.54 (OCOOCH;); FAB-MS: 382
(IM-OCOOCH; |+, 4.1%): 167 (IC3Hy, 1+, 100%).

3-Azido-2-0O-benzoyl-1-O-methyl-5-O-(4-phenylbenzyl)-3-deoxy-D-ribo-furan-
ose (D-14). 300 mg (786 umol) D-12 were dissolved in It ml MeOH, mixed with 0.2 ml
conc. H,SO,4 and stirred at 4°C for five days. The solution was neutralised with appropriate
amounts of Amberlite® IRA-68 resin (Fluka), stirred for 20 min. and filtrated. The filtrate
was evaporated, and the colorless solid was dissolved in 11 ml distilled pyridine. After
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addition of 110 pul (943 umol) benzoyl chloride und 19 mg (156 pmol) DMAP, the mixture
was stirred at room temperature overnight. After extraction with HyO/CH,Cl,, the organic
fractions were washed with sat. NaHCO;-selution (3x) and water (1x), dried over Na,SO,
and evaporated. Chromatographic purification (PE/EtOAc 8:2) afforded 303 mg (84%) of
the anomeric mlxture of D-14 as a coloriess oil. R;: a-anomer: 0.37. B-anomer: Rg=0.45
(PE/EtOAC 8: z) ri-‘m'?viR (CDCly): 3.40 (s, 0.75H, OCHj; B-anomer); 3.45 (s, 0.25H, OCH;
a-anomer); 3.71 (d, 2H J 5 () HGF(S)) 4.18- 4 24 (m, 1.25H, HC(4) a-anomer, HC(3) a-
B- anomer), 4.60-4.73 {m, 2H,
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(3)); 4.24-4.3:

5 ) §

): 4.51-4.57 (m, 1H, 1 a(‘ (5)): 4.77 (1. 1H,

2 I . 7.29-778 (m, 8H, HC Fmoc): *C-NMR (CDC
26.39 (C(CHa)»); 46.69 (HC(9 ) rmoc) 60.66 (C(3)): 65.44 (HhC Fmoc): 70.16 (C(5)):
75.56 (C(4)); 79.86 (C(2)); 104.21 (C(1)); 113.35 (C(CHy)y); 120.05, 125.11, 127.16,
127.89, 141.28, 143.19 (Fmoc); 154.88 (OCO0); FAB-MS: 437 (IM+H|*. 6.5%): 179

([dibenzofulvene|*, 100%).
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3-Azido-5-0-(9-fluorenylmethoxycarbonyl)-1,2-O-bis-(methoxycarbonyl)-3-
deoxy-D-ribofuranose (D-16). 65 mg (149 pmol) D-15 were stirred as a suspension in
1.7 ml 75% formic acid at 60°C for two hours. The solution was evaporated to dryness and
then coevaporated twice with 10 ml dioxane and toluene, respectively, and dried at high
vacuum. The yellow oil was dissolved in 1.5 ml distilled pyridine. and 114 ul (1.49 mmol)
methylchloroformate were added dropwise at 0°C. After stirring at 0°C for one hour. 8 ml
H,O were added and the mixture was extracted thlee times with CH-Cl>. The organic frac-
tions were washed with sat. NaHCO;-solution (2x) and water (2x), dried over Na,SO, and
evaporated. Chromatographic purification (PE/EtOAc 8:2, then 6:4) afforded 32.6 mg
(43%) of the anomeric mixture of D-16 as a colorless oil. With an additional chromato-

graphy, it was possible to isolate the - anomer, but not pure o-anomer. R;: oi-anomer: 0.39;
B-anomer: 0.55 (PE/EtOAc 6:4); -anomer: 'H-NMR (CDCly): 3.77 (s, 311, OCOOCH;);



3.88 (s, 3H, OCOO(.,II‘;) 4.24-4.47 (m, TH, H,C(5), HC(4), HC(3), HC(9’’) Fmoc, H,C

Fmoc); 5.26 (d. 1H, *J=4.4, HC(2)); 6.11 (s, 1H, HC(1)); 7.30-7.79 (m. 8H, HC Fmoc); *C-
NMR (CDCly): 46.73 (C(9’") Fmoc); 55.27, 55.71 (OCHj3); 60.19 (C(3)); 66.31 (CH,

Fmoc); 70.35 (C(5)); 78.62 (C(2)); 79.82 (C(4)); 100.84 (C(1)); 120.08, 125.20, 127.21,

127.95, 141.32, 143.23, 143.26 (Fmoc); 153.51, 154.51 (OCOOCH;); 154.85 (OCOO

Fmoc); FAB-MS: 513 (IM]t, 4.3%); 438 ([M-OCOOCH,]*+, 16.3%); 179 ([dibenzoful-
vene|t, 100%)

nzoyi-5’-0- benzyi 2°-0- meihoxycar‘nonyi 3’-deoxy-B-D-aden-
FfNY AN TYR SO

e
{D-17). ii7 mg (0.49 mmol) 6-N-Benzoyladenine were suspended in 1.8 mi HMDS
flux. After addition of some grains of (NH4),SO, a clear solution was
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3’-Azido-6-N,2’-O-dibenzoyl-5’-O-benzyl-3’-deoxy-3-D-adenosine (D-18). 300
mg (0.78 mmol) D-11 and 493 mg (2.06 mmol) 6-N-benzoyladenine were coevaporated
twice with 10ml DCE and then suspended in 15ml DCE under argon. After addition of 770
ul (4.12 mmol) MSTFA, the mixture was heated to 60°C until a clear solution was obtained.
Then, two portions of 170 pl (0.26 mmol) TMS-OTf each were added via syringe and the
mixture was stirred at 60°C overnight. TLC control showed incomplete turnover. Thus, the
reaction was allowed to proceed for 24 hours at 80°C. After addition of 35 ml sat. NaHCO;-
solution and 70 ml CH,Cl,, the phases are separated and the aquous phase was extracted
twice again. The organic fractions were washed with water, dried over Na,SO, and
evaporated. Chromatographic purification (PE/EtOAc 2:8) afforded 236.9 mg 51%) D-18
as a yellowish powder. RI 0.51 (PE/EtOAL 2:8); mp: 54-61°C (substance softens) 'H-NMR
(CDCl;) 3.74 (dd, 1H, J; 2.5h=10.8, J,,4—3 3, H,C(5’)): 3.90 (dd. IH, J.-, b5a=10.8,
JSM—Z 8, H,C(57)): 4.36-4.40 (m 1H, HC(4")), 4.62 (d, 1H, ”J 12.0, H ,CPh); 4.69 (d, 1H,
“J= 12.0, H,CPh); 4.81 (1, 1H, °1=5.5, HC(3*)); 6.11 (dd, 1H, '1=5.4, "J1=4.5, HC(2")); 6.45
(d, 1H, *J=4.4, HC(1")); 7.30-7.64 (m, 10H, Ph); 8.01-8.09 (m, SH, Ph): 8.38 (s, 1H, HC(8));
8.77 (s, 1H, HC(2)); 9.17 (br s, 111, N6IICO): *C-NMR ( (CDCly): 61.06 (C(37)); 68.86
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(C(57)); 73.79 (OCH,Ph); 76.40 (C(27)); 82.30 (C(47)): 86.82 (C(1°)); 123.31 (C(5));

127.87-136.98 (Ph); 141.53 (C(8)); 149.65 ((.(6)) 151.66 (C(4)); 152.81 (C(2)); 165.42
(N6SHCOPh); FAB-MS: 591 (IM+H]|*, 12. 3%) 352 (|M-(6-N-benzoyladenine)]t, 16.4%);

e

i05 (JC;HOj*, 100%); IR (KBr): 211iem™ (N3).

3’-Azido-6-N-benzoyi-2’-O-methoxycarbonyi-5’-O-(4-phenyibenzyi)-3’-deoxy-
adenosine (D-19). 144 mg (0.60 mmol) 6-N- Benzoyladenine and 92 mg (0.20 mmol) D-
13
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). BC-NMR (CDCLy): 55.25 (C(2’ YOCOOCH; B-anomer);

 (LDCIR) D020 (L2 HUCOUCH p-anomer J2J.4

)
\ C .
ﬂ(‘ﬂﬂ(“Hq a-anomer); 58.22 (HC(3’) a-anomer); 58.38 (H(‘('%’\ B- ,mnmpr\ 66.0

AR RIS 22 LATAIIVIINE 7y JOLL L RIS O RATQAIVIINIL Q I CUE A SR (LN LV

nnmeﬂ 66.59 (C(5’) B-anomer); 73.40 (OCH,Ph); 79.88 (C(2’) a-anomer); 80.23
nomer); 81.71, 81.85 (C(4 )); 89.74 (C(1") B anomer) 90.83 (C(1") o.-anomer);
5)); 127.06-141.91 (Ph); 142.93 (HC(®)); 154.14, 154.28 (HC(2), OCOOCH3);

= NT TN

Ph); FAB-MS: 621 ((M+1]*, 7.0%); 240 (|6-N- hen70vladen|ne+H]+
1Hy 1+, 100%).

p—

AN,
o0;

nm s:,

3-Azido-5-O-(methoxycarbonyl)-3-dcoxy-1,2-O-isoproylidenc-o-D-ribofuran-
ose (D-20). To a solution of 681 mg (3.16 mmol) D-6 in 50 ml pyridine at 0°C were
added slowly 1.95 ml (25.28 mmol) methylchloroformate, and the mixture was stirred at
room temperature for five hours. After the addition of 100 ml H,O the mixture was
extracted CH,Cl,. The organic fractions were washed with sat. NaHCO;-solution and water,
dried over Na,SO, and evaporated. The residue was coevaporated with mluene 559 mg
(88%) of D-20 were obtained as a colorless precipitate. Ry: 0. ”’7 (PE/TBME 6:4); '"H-NMR
(CDClLR): 1.37 (s, 3H, CHy); 1.58 (s, 3H. CH»): 3.47 (dd. IH. 1=9.6. '1=4.6. HC(3)): 3.81 (.
3H, OCH,)); 4.23 - 431 (m. 2H, TIC@A). 11,C(5)): 4.48 - 4.54 (d"d". 1H. “Jsp5a=11.8,

H,C(5)): 4.75 (1. 1H, *J=4.2. HC(2)); 5.82 (d, IH, 1=3.6, HC(1)): BC.NMR (CDCly):
26.40 (C(CH3)); 55.09 (OCHj); 60.54 (C(3)); 65.26 (C(5)); 75.56 (C(4)): 79.87 (C(2));
104.20 (C(1)); 113.34 (C(CH3),); 155.39 (CH;0C0); FAB-MS: 274 ([M+H]*, 21.6%); 216
([(M-CH;0CO)+H]|*, 74.1%); 43 (100%)

3-Azido-2-O-benzoyl-5-O-(methoxycarbonyl)-1-O-methyl-3-deoxy--D-ribo-
furanose (D-21). 852 mg (3.12 mmol) D-20 in 42 ml MeOH were mixed with 0.7 ml
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conc. H,SO, and stirred at 4°C for 6 days. The solution was neutralised with appropriate
amounts of Amberlite© IRA-68 resin (Fluka), stirred for 20 min. and filtrated. The filtrate
was evaporated and the residue dissolved in 42 ml pyridine. After addition of 1.3 ml (11.22
mmol) benzoyl chioride and 114 mg (0.94 mmol) DMAP, the solution was stirred at room
temperature overnight. 100 ml H,O were added and the mixture was extracted with CH,Cls.
The organic fractions were washed with sat. NaHCO;-solution and water, dried over
NaqSO4 and evaporated After chromqtographlc purification (PE/EtOAc 8:2) 752 mg (69%)
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(427 wer ) wice in DCE. dissolved
ia syringe dropwise in two portions of 1 1 l cach to the solutl on of the
ul 1 (1.28 mmol) TMS-OTf were added via yr inge and the mixture

mi oh The solution was diluted with 100 ml (“quln washed with ic

3—501_1 no dried over Na,SO, and evaporated. Aftc;“chmmamgranh_lc pur fj
tOAc 1:1) 117 mg (58%) of D-22 were obtained as a colorless foam. Ry: 0.47
1) 'H-NMR (CDCM 3.80 (s, 3H, OCH,): 441 -4-47 (m, 2H, HC(@4"),

tOAc |
5")); 4.57-4.64 (d"d", 1H, *Jsy <,=13.2, H, C(s )): 4.89 (1, 1H, '1=6.0, HC(% ): 6.16 (dd,
7. %)=

«
=
o
2
z
7
o
—_
it
]
o]
Pri—
n
>
3 »
et

~g

U
1C

Jdd

=5.6, HC(2")): 6.36 (d, 1H, "J=3.7, HC(1")); 7.46-8.09 (m. SH, Ph); 8.37 (s,
IH. HC(8)); 8.78 (s, 2H. HC(2)); “C-NMR (CDCly): 55.33 (OCH,); 60.49 (C(3")): 65.84
(C(5°)); 75.80 (C(2°)); 80.50 (C(4°)); 87.82 (C(1")); 127.98 (C(5)); 128.70 (m-C Ph); 130.04
(i-C Ph); 132.31 (p-C Ph); 134.16 (p-C Ph): 143. 86 (C(8)): 151.08 (C(6)); 151.62 (C(4)):;
152. 26 (C(2)); 155.16 (OCOO0); 165.36 (PhCO); FAB-MS: 474 ([M+H]*, 24.0%); 320
([M-basel*, 62.3%): 210 (34.4%); 105 (100%).

3’-Azido-3’-deoxy-D-adenosine (D-23). 200 mg (422 pumol) D-22 in 2 ml THF were
transfered into an autoclave and cooled in liquid nitrogen. NH; was condensed into the

solution until the mixture was saturated. The autoclave was closed and the mixture was
stirred at 60°C overnight. After cooling to room temperature, NHz; was blown out with
nitrogen and the solution evaporated. The residue was submitted to chromatography (EtOAc/
MeOH 9:1) which gave 64.1 mg (52%) of D-23 as a colorless powder. Ry 0.32 (EtOAc/
MeOH/H,0 8:1:0.1); mp: 208-212°C; [o],) = +17.7 (¢=0.18, calculated from OD=89, €,40=
14900 M-! cm-!; McOH); "H-NMR (CD;0D): 3.74 (dd, 1H, *J 5, 5p=12.6, *Js, 4=2.7, H,C(5"))
; 3.88 (dd, 1H, 2J5;‘ 5.=12.6, 3J5h‘4=2.5, Hy(57)); 4.13 (d"d", 1H, *J=3.0, HC(4")): 4.31 (dd,

Uaa

1H, %1=3.2, *J=5.6. HC(3")); 5.07 (1, 1H, *J=5.9, HC(2")); 5.95 (d, 1H, 'J=6.3, HC(1")); 8.18,
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(s, 1H, HC(2)); 8.31 (s, 1H, HC(8)); ' C-NMR (CD;OD): 63.47 (C(57)); 64.07 (C(3"));
76.09 (C(2°)), 85.44 (C(47)); 91.02 (C(17)); 121.06 (C(5)); 141.96 (C(8)); 150.03 (C(4));
153.62 (C(2)); 157.63 (C(6)); FAB-MS: 293 (|[M+H]*, 19.4%); 71 (100%); IR (KBr): 2114

cm™ (Nj).

3’-Amino-3’-deoxy-D-adenosine (D-24). A suspension of 54 mg (185 pumol) D-23 and
a catalytic amount of Pd/C in 8 ml ethanol was hydrated under normal pressure for 6 hours.
The catalyst was filtered through Celite and washed with 100 mi H,O/MeOH (1:1). The
filtrate was evaporated, lyophilised and dried over P,O5 at hig'n vacuum, resuiting in 70.4
mg (Y7%) D-24 as a coloriess powder. Rz 0.07 (EtOA¢/MeOH/H»0 4:1:0.3): mp >230°C;
[aly = —15.9 (c=0.19, calculated from OD=106, €;5,=14900 M- cm-!; H,0) 'H-NMR
(DMSO-dg): 1.78 (br s, 2H, N3 H,); 3.54 (1, IH, 'J=6.0, HC(3")): 3.67 (dd, 1H, "J=12.5,
= 36 H, C(S )): 3.80 (dd, 1H, "J=12.5, *J=1.9, H,C(5")); 3.90 (m, 1H, HC(4")); 4.28 (dd.
1H, *J1=2.8, ’1=5.3, HC(2")); 5.90 (d, 1H, *J=2.8, HC(1")); 7.26 (br s, 2H, N6H,); 8.13, 8.37
(2s, 2H, HC(2), HC(8)); "C-NMR (DMSO-d): 52.61 (C(3")); 61.09 (C(5°)); 74.8 (C(2"));
85.60 (C(47)); 89.18 (C(1°)); 119.17 (C(5)); 139.37 (C(R)); 148.87 (C(4)); 152.50 (C(2)):

156.09 (C(6)); FAB- MQ( cerol): 267 (IM+H]*+, 85.1%); 136 ([base+H |+, 100%)
1-O-Acetyl-3-azido-2-O-benzoyl-5-O-methoxycarbonyvl-L-ribofuranose (L-25).
6.43 g (18.30 mmol) L-21 were dissolved in 10.34 ml ALQO and 4.59 ml AcOH. The
mixture was cooled to 0°C and 1.47 ml H,S80, were added dropwise. After stirring 10 min at
0°C, the mixture was left overnight at 4°C in the fridge. After adding 250 g of ice, the
mixture was stirred for 2 hours, then extracted with CH,Cl, (3 x 500 ml). The organic phase
was washed with sat. NaHCOs-solution (4 x 250 ml), dried over Na,SO,4 and evaporated.
Purification by chromatography (PL/EE 9:1) afforded 2.42 g (37%) of the a-anomer and
3.73 g (57%) of the B-anomer of L-25 as yellow oils. Ry ai-anomer: 0.25: B-anomer: (.32
(PE/EtOAc 8:2); '"H-NMR (CDCl,): B-anomer: 2.12 (s, 3H. CH ,COO0); 3.83 (s, 3H,
CH;0CO0O); 4.28-4.51 (m, 4H, HC(3), HC(4), H, L(S)) 5.58 (d, 1H, }1=3.9, HC(2)); 6.28 (s,
IH, HC(1)); 7.45-8.08 (m SH, Ph). o-anomer: 2.16 (s, 3H, CH C()O) 3.76 (s, 3H,
CH,0CO); 427 (dd, 1H, J 8.0, 4.8, HC(3)); 4.30 (dd 1H, °Js, ;b—12'§ J;d4m28 HfC(S))
4.55 (dd, 1H, Jghq‘——lz 3, J5b4 4.7, H,C(5)); 5. 18 (ddd, 1H, ") 5,=2.8, J4 sp=4.7, "J=17.7,
HC(4)); 5.64 (¢, 1H, *]=4.9, HC(2)); 7.22 (d, IH, “J=5.1, HC(1)); 7.48-8.07 (m, SH, Ph);
BC-NMR (CDCl,): B-anomer: 20.89 (CH;CO); 55.14 (CH;0CO); 60.33 (C(3)); 66.04
(C(5)): 76.01 (C(2)); 79.61 (C(4)); 98.04 (C(1)); 128.62, 129.95, 130.02, 133.84 (Ph);
155.46 (COOCH3); 165.19 (PhCO); 168.85 (CH3CO): a-anomer: 20.42 (CH3CO); 54.97
(CH;0CO0); 60.64 (C(3)); 69.99 (C(5)); 70.70 (C(2)); 79.54 (C(4)): 86.34 (C(1)); 128.60,
129.56, 129.92, 133.75 (Ph); 155.22 (COOCH;); 164.75 (PhCO); 169.54 (CH;CO). FAB-
MS: 418 ([M+K |+, 23.7%; 320 ([M-COCH;|*, 41.4%); 105 (100%)

9.[3’-Azido-2’-0-benzoyl-5’-O-(methoxycarbonyl)-3’-deoxy-B-L-ribofuranos-

yl]-6-chlor-9H -purine (L-22). 188 mg (0.50 mmol) L-25 (pure 3-anomer) and 153 mg
(0.99 mmol) 6-chloropurine were coevaporated three times with DCE under argon. 5 ml
DCE and 0.46 ml (2.48 mmol) MSTFA were added. The mixture was stirred at 60°C until
the base was completely solubilised. 135 ul (0.74 mmol) TMS-OTf were added, the tempera-
ture was allowed to reach 75°C and the mixture was stirred overnight. 40 ml CH,Cl, were
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added and the organic phase was washed with sat. NalHCO;-solution. After drying over
Na,SO, and evaporation, purification by chromatography (PE/EtOAc 8:2, then 35:5)
furnished 190 mg (81%) L-22 as a white foam. R;:0.54 (PE/EtOAc 5:5); 'H-NMR (CDCly):

ES A et 2 B aVarlat EY R R P TY AN

3.80 (s, 3H, CH;0CO); 4.42-4.47 (m, 2ZH, H@L‘([V), H.CGD) 4.58-4.64 (m, 1H, H,C(57));
3

s . I 3T o TR AN £ o 1e s 3 117 3% e om 37T o wzesassn oA s s sxx s oA
490 (r, 1H, "J=6.0, HC(3)); 6.16 (dd, 1H, "J=5.7, "J=3.6, HC(2")); 6.37 (d, IH, '1=3.6,
TY LU NN ~ A0 O N0 7 ~T Y ™ ol Xo V4 * T Y T YO o o~ s + vy L B P aaVis _;‘f-_ -y m oa e
HC(1)); 7.48-8.08 (m, SH, Ph); 8.38 (s, 1H, HC(8)), 8.78 (s, iH, HC(2)); "C-NMR
(CDCl,): 55.33 (CH,0CO); 60.52 (C(37)); 65.86 (C(57)); 75.80 (C(27)): 80.51 (C(4)); 87.84
(C(17)); 128.01 (C(5)); 128.71, 130.04, 132.32, 134.16 (Ph); 143.90 (C(8)); 151.09 (C(6));
151.61 (C(4)); 152.26 (C(2)); 155.17 (COOCH3); 165.36 (PhCO); FAB-MS: 474
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3.54-3.72 (m, 2H, H,C(57)); 3.99 (¢, lH, J=3.5, HC4’)); 4.32 (dd, 1H, "J=5.5, "J=3.5,
HC(3'VY SO1 (.1 ‘3];§ IC(2°V) 5.64 (dd. | 3];7 4 3];AA HO_C(S YW SO0 (4 1H
3;\/\.} JJs ~eva Y, 188, =000, ;’;v\‘:- J7s 09 \Gle, 213, v P, 0 TSy HANSTRNY S SO G, T,
1=6.2, HC(1")); 6.26 (d, 1H, *J=5.5, HO-C(2")); 8.15 (s, IH, HC(2)); 8.36 (s, LH, HC(8)):
BC-NMR (DMSO-d;, 100 MHz): 61.63 (C(5°)); 62.15 (C(3°)); 73.91 (C(2")): 82.93 (C(4"));
~ O J \ AN 17 AN AN~ JIs T wTer AN o JJy Vel o/ \N 7Y J )y
87.98 (C(17)); 119.38 (C(5)); 139.98 (C(8)); 148.98 (C(4)); 152.51 (C(2)); 156.24 (C(6));
FAB-MS: 293 ((M+H]*, 100%); 136 ([base+H]*. 93.3%); IR (KBr): 2108 cm’ (N3).

3’-Amino-3’-deoxy-L-adenosine (L-24). A suspension of 60 mg (205 umol ) L
a catalytic amount of Pd/C in 4 ml ethanol was hydrated under normal pressure overnight.
The catalyst was filtered through Celite and washed with 100 ml H,O/MeOI1 (1:1). The
filtrate was evaporated, lyophilised and dried over P,Os at high vacuum, resulting in 36 mg
(67%) L-24 as a colorless powder. Ry: 0.07 (EtOAc/MeOH/H»0 4:1:0.3); mp: decomposition
at 230°C; [a]” = +16.8 (¢=0.06, calculated from OD=35, €,,,=14900 M-! cm-!; H,0); 'H-,
PC-NMR and MS data as for D-24.
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