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Synthesis of Phosphoramidite Building Blocks of 2’-Amino-2’-deoxyribonucleosides: 
New Compounds for Oligonucleotide Synthesis 
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Fakulti t  fur Chemie, Universitat Konstanz, Postfach 5560, D-78434 Konstanz 

The chemical synthesis of 2‘-amino-2‘-deoxyribonucleosides of uracil, cytosine. adenine, and guanine, and 
their conversion into suitably protected 3’-phosphoramidite building blocks 35-40 for oligonucleotide synthesis 
are described. The aglycone and the 2‘-amino functions were protected using the 2-(4-nitrophenyl)ethoxycarbonyl 
(npeoc) group. The synthesis of the 3’-U-succinyl (3’-U-(3-carboxypropanoyl))-substituted starting nucleoside 41 
is described and its behavior examined in solution and on solid phase with regard to an anticipated migration 
during 1 ,8-diazabicyclo[5.4.0]undec-7-ene (DBU) deprotection. Oligonucleotides were prepared using the new 
building blocks, and their hybridization properties were studied by UV-melting techniques. 

1. Introduction. - In recent years, antisense oligomers have emerged as a promising 
new therapeutic paradigm. The basic requirements for effective antisense oligomers are 
sufficiently strong hybridization with the RNA sense strand, stability against enzymatic 
degradation, and sufficient cellular uptake [2-41. The search for derivatives which fulfill 
these requirements has led to the introduction of a huge variety of modifications in the 
phosphodiester backbone, at the bases, and at  the sugar moieties of oligomers. 

Modification of the 2’-position in oligomers is especially interesting, as increased 
thermal stability of duplex structures with RNA have been observed for 2’-fluoro or 
2’-O-alkyl derivatives [5] [6]. The first poly(2’-amino-2’-deoxyuridylic acid) and poly- 
(2‘-amino-2‘-deoxycytidylic acid) were synthesized enzymatically by Eckstein and co- 
workers [7], showing increased resistance to enzymes. Besides, it was observed that poly- 
(2’-amino-2’-deoxyuridylic acid) did not form a duplex with poly(rA), and the duplex 
of poly(2’-amino-2‘-deoxycytidylic acid)/poly(rI) was less stable than the unmodified 
duplex. The effects of 2’-amino substitution of nucleosides on oligomer-hybridization 
properties have not been sufficiently studied and are more interesting for further inves- 
tigations, also against the background of catalytic ribozymes [8- 101. 

We report here the synthesis of suitably protected 2’-amino-2’-deoxyribonucleotide 
phosphoramidite building blocks and their use in the solid-phase synthesis of 2’-amino- 
modified oligomers using the npe/npeoc strategy [I I] [12]. The aglycones and the 2’- 
amino function were protected using the 2-(4-nitrophenyl)ethyl (npe) and the 2-(4-nitro- 
pheny1)ethoxycarbonyI (npeoc) groups which proved to be very efficient for the 
protection of amino groups in the 3’- [13-15] and 5’-position of nucleosides [16] as well 
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as protection of the exocyclic amino groups of the bases in the synthesis of oligoribonu- 
cleotides [ 171, oligoarabinonucleotides [ 181, and 2’-amino-2’-deoxyarabino oligonucle- 
otides [19]. 

2. Syntheses. - The key building blocks for the synthesis of npe/npeoc-protected 
2‘-amino-2‘-deoxycytidine, -guanosine, and -uridine (Scheme f) were the 5‘-0-(4-metho- 
xytrityl) (Me0Tr)- and 5’-0(4,4-trityl)((MeO),Tr)-protected 2’-azido-2’-deoxyuridine 
derivates 3 and 4, respectively, which were synthesized using a slightly modified literature 
procedure [20]. Thus, 5’-0-(Me0Tr)- and 5’-0-((MeO),Tr)-2,2’-anhydrouridine (1 and 2, 
resp.) were reacted with LiN, in the dark [21-241 to give the corresponding 2‘-azido-2‘- 
deoxy derivates 3 and 4, respectively (Scheme f). 

Conversion of the acetylated uridines 5 and 6 to the corresponding cytidines was 
carried out using the tetrazolide method [28 - 301 resulting in 2’-azido-2‘-deoxy-5‘-0-(4- 
methoxytrity1)- (8) and 2’-azido-2’-deoxy-5’-0-(4,4-dimethoxytrityl)cytidine (9) in high 
yield. Incomplete deprotection of the 3’-acetyl group in the conversion of 5 to 8 led 
to a mixture of 3’-O-acetyl-2‘-azido-2’-deoxy-5’-0-(4-methoxytrityl)cytidine (7) and 8 
(43 Yo). 

The subsequent introduction of the npeoc group into 8 and 9 was achieved by 
reaction of 3-methyl-1 -{ [2-(4-nitrophenyl)ethoxy]carbonyl}-l H-imidazol-3-ium chloride 
[26] in CH,Cl, solution in the presence of 4-(dimethy1amino)pyridine (DMAP) as acti- 
vator to give, with simultaneous protection of the 4-NH2 and 3’-OH groups, compounds 
10 and 11, respectively. Staudinger reduction of the N, group in 10 and 11 led via 
migration of the npeoc group to 2’-deoxy-N4-{ [2-(4-nitrophenyl)ethoxy]carbonyl}-5‘-0- 
(4-methoxytrityl)-2’-({ [2-(4-nitrophenyl)ethoxy]carbonyl}amino)cytidine (12) and 2-de- 
oxy-5’-0-(4,4-dimethoxytrity1)-N4-{ [2-(4-nitrophenyl)ethoxy]carbonyl}-2’-( { [2-(4-nitro- 
phenyl)ethoxy]carbonyl}amino)cytidine (13). Due to the lability of the npeoc group 
under basic conditions PPh, in THF/H,O [31] was used instead of PPh, in NH40H/ 
dioxan/pyridine [25]. 

In the uridine series, the N, function of the key building blocks 3 and 4 was reduced 
by Staudinger reduction to give 2’-amino-2’-deoxy-5‘-0-(4-methoxytrity1)- (15) and 2‘- 
amino-2‘-deoxy-5’-0-(4,4-dimethoxytrityl)undine (16) [20] [25], respectively (Scheme 1). 
Selective protection of the 2’-amino function of 15 and 16 with the npeoc group was 
performed at 0” using 2-(4-nitrophenyl)ethyl chloroformate [26] in pyridine to give the 
2’-deoxy-5’-0-(4,4-dimethoxytrityl)-2’-({ [2-(4-nitrophenyl)ethoxy]carbonyl}amino)- (17) 
and 2’-deoxy-5’-0-(4,4-dimethoxytrityl)-2’-(~[2-(4-nitrophenyl)ethoxy]carbonyl~amino)- 
uridine (18) in 79 and 87% yield, respectively. Another approach in which the 3’-OH- 
function of 3 was protected with the npeoc group to give 2’-azido-2’-deoxy-5’-0-(4- 
methoxytrityl)-3’-O-{[2-(4-nitrophenyl)ethoxy]carbonyl}uridine (14), followed by the 
Staudinger reduction, also led to 17, due to migration of the npeoc group [27] to the 
amino function, to form a thermodynamically more stable carbamate structure than the 
original carbonate function. 

The synthetic problems concerned with the synthesis of the 2’-amino-2’-de- 
oxyguanosine series prompted us to make use of a transglycosidation reaction [32-351. 
The sugar donor 19 was prepared by detritylation of 18 with 6 %  AcOH in CH,Cl,/ 
MeOH 4: 1 in 88 % yield (Scheme 1). The transglycosidation reaction required transient 
protection of @-(npe)-guanine [36][37] and 19, which was achieved by refluxing in 
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hexamethyldisilazane (HMDS)/bis(trimethylsilyl)acetamide (BSA)/MeCN, followed by 
the addition of trimethylsilyl triflate (tms-Tf) as promoter to give, after workup, the 
desired 2’-deoxy-06-[2-(4-nitrophenyl)ethyl]-2’-({[2-(4-(nitrophenyl)ethoxy~carbonyl~- 
amino)guanosine (22) in 85 YO yield. The structure assignment of the glycosidic linkage 
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in 22 was checked by ROESY-NMR indicating the P-D-configuration. When the disily- 
lation step was omitted, the silylated derivatives 20 and 21, respectively, could be isolated. 
To protect the aglycone amino function of 22, the sugar OH groups were first protected 
using Markiewicz’s reagent (1,3-dichloro-I ,I  ,3,3-tetraisopropyldisiloxane ; tipds CI,), 
giving 23 in 73 YO yield, followed by acylation with 2-(4-nitrophenyl)ethyl carbono- 
chloridate in pyridine to give the fully protected nucleoside 24. Desilylation with F- 
ions [38] afforded 2‘-deoxy-06-[2-(4-nitrophenyl)ethyl]-N2-{[2-(4-nitrophenyl)ethoxy]- 
carbony1)-2’-({ [2-(4-nitrophenyl)ethoxy]carbonyl}amino)guanosine (25), which was then 
protected at the 5’-OH position with (MeO),TrCl/DMAP in pyridine to give the desired 
nucleoside 26. 

The 2’-amino-2’-deoxyadenosine series was synthesized starting from 2’-azido-2’-de- 
oxy-3’,5‘-0-(1 ,I ,3,3-tetraisopropyldisiloxane-l,3-diyl)adenosine (28) which was prepared 
by a multistep procedure as described in [32], except that the (trifluoromethy1)- 
sulfonylation step was slightly modified. The (trifluoromethy1)sulfonyl group of 27 was 
then displaced by nucleophilic attack with LiN, in D M F  to yield 28 in 90% yield 
(Scheme 2). Reduction of the N, group in 28 to 29 was performed a)  by radical reduction 
using 2,2’-azobis[isobutyronitrile] (AIBN) and Bu,SnH [32], b) by Staudinger reduction 
with PPh, in THF/H,O, or c) PPh, in NH,OH/dioxan/pyridine. In the latter procedure, 
partial ring opening at the 5’-position was observed resulting in 30 as by-product. The 
simultaneous protection of the aglycone and the 2‘-NH, functions was carried out using 
3-methyl-I-{ [2-(4-nitrophenyl)ethoxy]carbonyl}-l H-imidazol-3-ium chloride in CH,Cl, 
solution and DMAP as activator. When an insufficient amount of DMAP was used, 
monoacylated product 32 was also isolated besides the desired compound 31. Desilyla- 
tion of 31 with F- ions (-33) and further treatment with (MeO),TrCl/DMAP in 
pyridine gave 34 in 86% yield. 
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The partially protected nucleosides 12, 13,17, 18,26, and 34 were converted into their 
corresponding 3'-0-[2-(4-nitrophenyl)ethyl]phosphoramidites 35-40 by reaction with 
2-(4-nitrophenyl)ethyl phosphorodiamidite [39] under 1 H-tetrazole and/or pyridine-hy- 
drochloride activation [40-42] (Scheme 3). However, with pyridine hydrochloride as 
activator, the obtained yields were ca. 10% higher. 
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For solid-phase synthesis, 2'-N-(npeoc)-3'-O-succinyl-derivatized solid supports 
could not be used as starting nucleoside, due to the tendency of the npeoc group to 
migrate (Schemed). As a consequence of this amide-bond formation during the solid- 
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phase synthesis, it was assumed that after the npe/npeoc deprotection step with DBU, 
the synthesized oligomer could not be cleaved from the solid support by treatment with 
concentrated NH, solution. 
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0 

0 
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To confirm the prediction, 5’-O-protected 3’-O-(3-carboxypropanoyl)-2‘-N-(npeoc)- 
adenosine derivative 41 was synthesized by reaction of 34 with succinic anhydride/ 
DMAP in dry CH,Cl,. This was then treated with DBU a) in solution or b) on the solid 
support. a) After treatment of 41 with DBU in pyridine for 2 days, followed by neutral- 
ization with AcOH, compound 42 was isolated. Characterization by ‘H-NMR showed 
two characteristic signals at 5.78 ppm (HO-C(3’)) and 8.23 ppm (CONH-C(2’)). 

6) Compound 41 was reacted with 500-A LCAMA-CPG (= (long-chain alky1)- 
methylamine-controlled pore glass) [I I]  [12] [17] using 2-{[(2-(2-~yanoethoxy)-2- 
oxoethylidene]amino}-1,1,3,3-tetramethyluronium tetrafluoroborate (TOTU) and N- 
methylmorpholine as coupling reagents in MeCN to give the solid support 43 with a 
loading of 14 pmol/g. 
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Successive treatment of 43 with DBU, 3 %  Cl,CCOOH, and concentrated ammonia 
solution did not result in the release of nucleoside from the support confirming the 
expected migration (Scheme 4 ) .  Therefore, 3’-0-( 3-carboxypropanoyl)-2’-deoxy-5’-0- 
(4,4’-dimethoxytrity1)-N4-{[2-(4-nitrophenyl)ethoxy]carbonyl}cytidine (44), 3‘-0-(3-car- 
boxypropanoyl)-5’-0-(4,4’-dimethoxytrityl)thymidine (45) [I 71, and 2’-acetamido-3’-0- 
(3-carboxypropanoyl)-5‘-0-(4-methoxytrityl)uridine (46) [43] were used instead as 
starting compounds in the solid-support synthesis. As a consequence, the prepared 
oligomers 47-55 have a deoxynucleoside at their 3’-end. 

The oligomers 47-55 (Table I )  were synthesized using the solid-phase phosphor- 
amidite apporach developed by Caruthers and co-workers [44-471. Four chemical steps 
and intermediate washing steps were necessary for each elongation step. At first, the 
terminal (MeO),Tr group was cleaved with 3 %  C1,CCOOH in CH,Cl,. The average 
coupling efficiency was monitored by absorption measurement of the released (MeO),Tr 
solutions. During the coupling step, 0.1 M nucleoside phosphoramidite (see 35-40) and 
0 . 5 ~  activation reagent in MeCN were delivered to the solid support. After the conden- 
sation, unreacted OH functions were blocked by capping (15 s) with Ac20/2,6- 
dimethylpyridine/l-methyl-l H-imidazole in T H E  The phosphite-triester bridge was ox- 
idized with 0 . 0 5 ~  I, in THF/pyridine/H,O for 25 s. After the last synthesis cycle, the 
support was treated with 3 YO Cl,COOH/CH,Cl, and then with I M  DBU in MeCN for 
12 h to remove all protecting groups. The oligonucleotide was cleaved from the support 
by treatment with concentrated NH, solution for 2.5 h, and the resulting solution was 
lyophilized. Completeness of deprotection and the quality of the synthesized oligonucle- 
otides were confirmed by reversed-phase HPLC. The crude oligomers 48 and 54 were also 
analyzed by polyacrylamide-gel electrophoresis indicating one main product and no 
failure sequences. 

Based on our experience from solid-support synthesis of oligoarabinonucleotides 
[38], cr-arabinooligonucleotides [36], P-oligoarabinoaminonucleotides [ 191, affording 
coupling times of 600 and 1200 s, respectively, we checked coupling times of 900 and 
1800 s. It turned out that a coupling time to 1800 s is not advisable, especially for the 
syntheses of longer oligonucleotides, due to more side reactions. Preliminary experiments 

Table 1. Svnthcsized Oligonucleorides 

Sequence (5‘- 3’)a) “Sl h, 

U,C,A,dC (47)‘) 
C,C,C, C,C,dC (48)‘) 
U,U,U, U,U,U, dt (49)d) 
A,A,A,A,A,UNHAc (50)d) 
C,C,C, C,C,C, C,C,C, C,C,dC (51)’) 
C,A,C, C,GA, GGC, C,GG C,GdC (52)’) 
d(GGT TCC A,TG CA,T GGA, A,CC) (53)‘) 
d(GGU, U,CC A,U,G CA,U, GGA, A,CC) (54)“) 
G,G,U, U,C,C, A,U,G, C,A,U, G,G,A, A,C,dC (55)d) 

900; 1800 
900; 1800 
270 
420 
1800 
dN: 45; N,: 900 
dN:  45; N,: 900 
dN:  45: N,: 1800 
dN:  45, N,: 420 

”) N,=N,,., = 2’-Amino-modified 2’-deoxynucleotides; dN=N,,. = 2’-unsubstituted 2-deoxynucleotides; for 
convenience, the hyphens representing the phosphodiester linkages are omitted. b, I = Coupling time. ’) 1 H-Te- 
trazole activation. d, Pyridine-hydrochloride activation. 
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with pyridine hydrochloride [42] as activator are very promising since they allow a 
substantial shortening of the coupling time. 

1535 

3. Hybridization Experiments. - The stabilities of duplexes formed between oligomers 
51, 52, 57, or 59, and a complementary DNA target 58 or 60 as well as between the 
self-complementary sequences 53-56 were studied by measuring the melting profiles and 
determining the melting temperatures as an informative parameter. The experiments 
were carried out in Na,HPO,/NaH,PO, buffer pH 7.4 with 0.5 O D  oligonucleotide 
(Table 2). 

Table 2. 0Iigonuclmtide.s uiid Their T,, Vulues 

Sequence (5' - 3')a) c [Na '1 T, ["CI 

d(GGT TCC ATG CAT G G A  ACC) (56)b) 
d(GGT TCC A,TG CA,T GGA, A,CC) (53)') 
d(GGU, U,CC A,U,G CA,U, GGA, A,CC) (54) 
d(GGU, U,CC A,U,G CA,U, GGA, A,CC (54)") 
G,G,U, U,C,C, A,U,G, C,A,U, G,G,A, A,C,dC (55) 
G,G,U, U,C,C, A,U,G, C,A,U, G,G,A, A,C,dC (55) 
d(CCC CCC CCC CCC) (57)h) 
d(GGG GGG GGG GGG) (58) b, 

C,C,C, C,C,C, C,C,C, C,C,dC (51) 
d(GGG GGG GGG GGG) (58) b, 

d(CAC CAG CGG CGC) (59)b) 
d(GCG CCG TCG GTG) (60)b) 
C,A,C, C,A,G C,GG C,,GdC (52) 
d(GCG CCG TCG GTC) (60)b) 

0.15 
0.15 
0.15 
0.3 
0.12 
0.024 
0.15 

0.12 

0.15 

0.15 

65.5 
48.6 
22.7 
22.2 
n.o 
n.0. 
61.6 

n.0. 

62.X 

29.7 

') N,=N,,., = 2-Amino-modified 2'-deoxynucleotide, dN=N,,. = 2'-unsubstituted 2'-deoxynucleotides; for con- 
venience, the hyphens representing the phosphodiester linkages are omitted. b, Sequences 56 and 57-60 were 
synthesized by the npe/npeoc strategy [17]. ") Purified by HPLC. d, n.0.:  not observed. 

The results can be summarized as follows: the incorporation of the 2'-amino groups 
has a strong destablization effect on thermal stability. For the duplex 52/60, the T,  was 
decreased from 62.8" for the unmodified duplex to 29.7" by incorporation of five 2'- 
amino-2'-deoxycytidines and two 2'-amino-2'-deoxyadenosines. In case of the duplex 
51/58, where 51 was a completely 2'-amino-modified oligomer, no melting point could 
be observed. In the series of the self-complementary sequences 53-56, the melting point 
decreases from 65.5" for the unmodified duplex to 48.6" by exchange of the four 2'-de- 
oxyadenosine with 2'-amino-2'-deoxyadenosine moieties (see 53) and decreased further 
to 22.7" by incorporation of eight 2'-amino-2'-deoxynucleosides (four Adz," and four 
Ud2,"; see 54). For the completely 2'-amino-modified self-complementary sequence, 55 no 
melting point could be observed. 

Previous studies indicate that 2'-amino-2'-deoxynucleoside [48] and short oligonucle- 
otides thereof [49] exist primarily in the 2'-endo-conformation which should favor DNA/ 
DNA duplex with a B-form geometry, whereas DNA/RNA duplex preferentially adopt 
an A-form geometry derived from 2'-exo-conformations of the basic nucleosides. These 
expectations could not be observed in the presented investigations, since we found in all 
cases of hybridizations decreased T, values due to destabilizing effects resulting probably 
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from electrostatic interactions between the 2'-amino and the negatively charged phos- 
phodiester function, and unknown secondary effects perturbing a normal duplex struc- 
ture as also described by Shaharova and co-workers [24], Miller et al. [49], and Eckstein 
and co-workers [50]. 

4. Physical Data. - All newly synthesized compounds were characterized in the usual 
manner by elemental analysis, UV, 'H-NMR, and in some cases, by IR and 31P-NMR 
spectra (see Exper. Part). 

Experimental Part 

General. Products were dried under high vacuum. TLC: precoated silica gel thin-layer sheets F1500 LS 254 
from Srhleirher & Schiill. Flash chromatography (FC): silica gel (Baker, 30-60 pm), 0.3-0.4 bar. HPLC: M u c k  
Hiiachi L-6200, 0-2000 chromatointegrator, detection at 260 nm (Uvikon 730 SLC,  Fa. Konrron); column RP-18 
Lirhrospher (125 x 4 mm, 5 pm, Merck); flow rate 1 ml/min; mobile phase: A ,  0 . 1 ~  aq. (Et,NH)OAc buffer 
(pH 7); B, A + MeCN 1 :1; gradient: 0 min 95% A :  2 min 95% A ;  32 min 60% A ;  37 min 100% B;  40 min B ;  
45 min 95% A ;  50 min 50% A .  UVjVIS: Perkin-Elmer, Lambda f5; A,,, in nm (log c). Melting curves: Perkin- 
Elmer Lambda 2 ;  temp. control by Peltier element; programmer PTP-6. IR:  Perkin-Elmer model 1600 series 
FTIR; CH,CI, s o h ;  in cm-I .  'H-NMR: Brukrr AC250; 6 in ppm rel. to DMSO. ,'P-NMR: Joel40U M H z ;  
in ppm rel. to H,PO,. 

1.  2'-Azido-2'-deox~-5'-0-j4-merhoxytrii~~I/uri~linc~ (3). A suspension of 1 [20] [21-231 (2.66 g, 5.33 mmol) and 
LiN, [51] (653 mg, 13.3 mmol) was dissolved in dry D M F  (50 ml) at 130", and benzoic acid (651 mg, 5 . 3 3  mmol) 
was added. Further equiv. of LiN, (3 x 13.3 mmol) were added gradually every 30 min. The mixture was poured 
into ice-water (50 ml), washed with H,O (30 ml) and CHCI, (3  x 50 ml). The combined org. layers were dried 
(MgSO,) and evaporated in vacuo. The residue was purified twice by FC (toluene/AcOEt 2: 1 + 1 : 1): 2.06 g (71 %) 
of 2. Colorless foam. UV (MeOH): 260 (3.99), 230 (4.22). 1R (CH,CI,): 2120. 'H-NMR ((D,)DMSO): 11.44 
(s, NH); 7.69 (d, H-C(6)); 7.21 -7.39 (m, 12 H, MeOTr); 6.91 (d, 2 H o to MeO); 6.00 (d, H-C(1')); 5.36 
(d, HO-C(3'));4.36-4.49(m, H-C(3'));4.24-4.29(m, HPC(2'));3.89-3.95(m, H-C(4));3.73 (.s. MeO);3.24- 
3.29 (m, 2 H-C(5')). Anal. calc. for C,,H,,N,O,~ I/, PhMe (587.64): C 66.42, H 5.32, N 11.92; found: C 65.79, 
H 5.31, N 11.74. 

2. 2'-Azido-2'-deox~-5'-O-j4,4-dimetho.uyiriiyl/uridrne (4) [24]. A mixture of 3 (1 g, 1.89 mmol) and LiN, [51] 
(463 mg, 9.46 mmol) in dry DMF (10 ml) was heated in the dark at 120' for 16 h and evaporated. The residue was 
dissolved in AcOEt (50 ml), washed with sat. NaHCO, soln. (2 x 50 ml) and brine (2 x 50 ml), dried (MgSO,), and 
evaporated. The residue was purified by FC (CHCI,/MeOH 49: 1, 19: 1 ,  and 9: 1): 712 mg (66%) of 4. Colorless 
foam. UV (MeOH): 262 (4.05), 233 (4.37). IR (CH,CI,): 2119. 'H-NMR ((D,)DMSO): 11.44 (.y,NH); 7.69 
(d, H-C(6)); 7.12-7.29 (m, 9 H, (MeO),Tr); 6.83 (m, 4 H 0 to MeO); 6.00 (d, H-C(1')); 5.73 (d, HO-C(3')); 5.34 
(d,H-C(5)); 4.43 (d, H-C(2')); 4.26 (m,H-C(3')); 3.96 (m,H-C(4')): 3.72 (s ,2  MeO): 3.21 (m,2 H-C(5')). 
Anal. ealc. for C,,H,,N,O, (571.59): C 63.04, H 5.11. N 12.25; found: C 63.06, H 5.17, N 11.83. 

3. 3'-0-Acei~l-Z'-azido-Z'-droxy-5'-0-~4-meiho.u)rrir~~l~uridinr (5 ) .  To a soln. of 3 (1.7 g, 3.14 mmol) in dry 
pyridine (15 ml), Ac,O (1.6 g, 1.5 ml, 15.7 mmol) was added and stirred at r.t. for 8 h. After addition of MeOH 
(2 ml), the soh .  was evaporated in vacuu, the residue dissolved in AcOEt (30 ml) and washed with sat. NaHCO, 
soh. (2 x 30 ml). The org. layer was dried (MgSO,), evaporated in vacuo, and co-evaporated with toluene to 
remove remaining pyridine. The residue was purified by FC (CH,CI, + 1 + 2 %  MeOH): 1.3 g (71 YO) of 5 .  
Colorless foam. UV (MeOH) 260 (4.05), 231 (4.26). IR (CH,CI,): 21 15. 'H-NMR ((D,)DMSO): 11.50 (s, NH); 
7.66 (d, H-C(6)); 7.20-7.38 (m, 12 H, MeOTr); 6.90 (d, 2 Ho to MeO); 5.80 (d, H-C(1')); 5.55 (d, H-C(5)); 
5.30-5.32 (m. H-C(3')); 4.70-4.72 (m, H-C(2')); 4.09-4.14 (m, H-C(4)); 3.74 (s, MeO); 3.27-3.37 
(m, 2 H-C(5')); 2.09 ( 3 ,  Ac). Anal. calc. for C,,H,,N,O,~ I/, H,O (592.61): C 62.83, H 4.93, N 11.82; found: 
C 63.00, H 5.14, N 11.28. 

4. 3 ' - O - A c e i y l - Z ' - a z i d o - 2 - ~ ~ e o x ~ - ~ - O - ~ 4 , 4 ' - d i m e i / ~ ~ . ~ ~ ~ r i r ~ l ~  uridine (6).  As described in Exper. 3, with 4 (8 g, 
13.97 mmol) and Ac,O (7.14 g, 6.6 ml, 69.98 mmol) in dry pyridine (60 ml, r.t.  15 h;  7 ml MeOH). Purification 
by FC (toluene/AcOEt 1: 1): 7:3 g (91 YO) of5. Colorless foam. UV (MeOH): 262 (4.04). 234 (4.38). IR (CH,CI,): 
21 19. 'H-NMR ((D,)DMSO): 11.50 (s. NH); 7.69 (d. H-C(6)); 7.20-7.38 (m, 9 H, (MeO),Tr); 6.90 (d ,  4 H o to 
MeO): 5.80 (d. H-C(1')); 5.55 (d, H-C(5)); 5.30-5.32 (m,  H-C(3')): 4.70 4.72 (m, H-C(2')): 4.09-4.14 
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(ni ,  H-C(4)); 3.72 ( s .  2 MeO); 3.27-3.37 (m. 2 H-C(5')); 2.09 (s, Ac). Anal. calc. for C,,H,,N,O, (613.63): 
C62.64, H 5.09, N 11.41; found: C62.46. H 5.23, N 11.14. 

5.3'-O-Acefl;/-2'-uzi~/o-2-deo~ul;-5'-O-l4-muthos~rrity/~~l;1idin~ (7). To a soh .  of 5 (500 mg, 0.86 mmol) in dry 
pyridine (1 5 ml), 2-chlorophenyl phosphorodichloridate (526 mg, 0.346 ml, 2.14 mmol) and 1 H-l,2,4-triarole 
(326 m g ,  4.71 mmol) were added and stirred at r.t. for 16 h. The soh .  was evaporated in vuruo, dissolved in CHCI,, 
washed with sat. NaHCO, s o h ,  dried (MgSO,), and evaporated. The residue was dissolved in dioxan (10 ml) and 
25% aq. NH, soh. (5 ml), and stirred at r.1. for 2 h. The mixture was submitted to FC (CH,CI,/MeOH 19:l and 
9 : l ) :  180 mg (36%) of 7, followed by 200 mg (43%) of 8. 

Dulu of7: Colorless foam. UV (MeOH): 269 (3.97), 230 (4.31). IR (CH,CI,): 2119. 'H-NMR ((D,)DMSO): 
7.63 (d H-C(6)); 7.17-7.32 (m, 12 H, MeOTr); 6.87 (d, 2 H o to MeO); 5.85 (d, H-C(1')); 5.69 (d ,  H-C(5)); 
5.24- 5.29 (n7, H-C(3')); 4.40G4.47 (m, H-C(2')); 4.06-4.07 (m, H-C(4)); 3.80 (s, MeO); 3.28-3.38 
(in. 2 H-C(5')); 2.04 (s, Ac). Anal. calc. for C,,H,,N,O,~ I/, H,O (591.63): C 62.99, H 5.11, N 14.20; found: 
C 63.05, H 5.24, N 13.52. 

6. 2'-Azido-2'-duo.~l;-5'-O-~I-metho.ry1ri1l;/~~~1idinr (8). As described in Exper. 5,  with 6 (500 mg, 0.86 mmol), 
o-chlorophenyl phosphorodichloridate (526 mg, 0.346 ml, 2.14 mmol) and lH-1,2,4-triazole (326 mg, 4.71 mmol) 
in dry pyridine ( I S  ml;  r.t., 16 h). The soh. was evaporated in vuruo, dissolved in CHCI,, washed with sat. 
NaHCO,, dried (MgSO,), and evaporated. The residue was dissolved in dioxane (10 ml) and 25% aq. NH, s o h .  
(10 ml), and stirred at r.t. for 15 h. The soh. was evaporated in vucuo and the residue purified by F C  (CH,CI,/ 
MeOH 95:s. 19:1, and 9: l ) :  446mg (96%) of 8. UV (MeOH): 272 (3.95), 230 (4.31). IR (CH,CI,): 
2119. 'H-NMR ((DJDMSO): 8.03-8.65 (2 br. s, NH,); 7.69 (d, H-C(6)); 7.22-7.40 (m. 12 H,  MeOTr); 6.89 
(d, 2 H o to MeO); 5.93 (d, H-C(l')); 5.74-5.78 (d, HO-C(3')); 5.54 (d ,  H-C(5)); 4.35-4.44 (m, H-C(2')); 
4.06--4.10 (m, H-C(3')); 3.94-3.97 (m, H-C(4)); 3.73 (s, MeO); 3.26-3.34 (m, 2 H-C(5')). Anal. calc. for 
C,,H,,N,O,~ 1/2 H,O (549.59): C 62.36. H 5.41, N 17.19; found: C 62.09, H 5.21. N 16.92. 

7. 2'-Azido-2'-deo,~~~-5'-O-i4,4'-dimr/ho.uyrrit~yl/c~.~i~line (9). As described in Exper. 6, with 6 (1 g, 1.63 mmol), 
2.5-dichlorophenyl phosphorodichloridate (1.14 g, 4.07 mmol) and 1 H-1,2,4-triazole (281 mg, 4.07 mmol) in dry 
pyridine (20 ml; stirring 16 h). Purification was achieved by FC (toluene/AcOEt 1 : 1, toluene/AcOEt 1 : I + 2 %  
MeOH, toluenc/AcOEt/MeOH 5:4: 1 ) :  870 mg (93%) of 9. Colorless foam. UV (MeOH): 271 (3.85), 236 (3.96). 
I R  (CH,CI,): 2128. 'H-NMR ((D,)DMSO): 8.00-8.61 (2 br. s NH,); 7.71 (d,  H-C(6)); 7.12-7.43 (m, 9 H, 
(MeO),Tr); 6.89 (d, 4 o to MeO); 5.93 (d, H-C(1')); 5.74-5.78 (d, HO-C(3')); 5.54 (d, H-C(5)); 4.35-4.44 
(m. FILC(2')); 3.99-4.06 (m. H-C(3')); 3.94-3-97 (m. H-C(4)); 3.71 (3, 2 MeO); 3.26-3.34 (m, 2 H-C(5')). 
Anal. calc. for C,,H,,N,O, . l/2 H,O (579.62): C 62.17, H 5.39, N 13.62; found: C 62.19, H 5.42, N 13.84. 

8. 2 ' -Az i~ /o -2 ' -deo . r~~-5 ' -~ - i4 -meIho . r l ; l r i l~ . /~~~ , j l -O-h i .~~(2 - /4 -n i r r i~ph~ny /~e tho . r~]~urhon~~~~~l ; l id ine  (10). To 
a soln. of 8 (266 mg, 0.418 mmol) in dry CH,C1, (10 ml) was added a cat. amount of DMAP, molecular sieve, 
and 3-niethyl-l-{[2-(4-nitrophenyl)ethoxy]carbonyl}-lIf-imidazol-3-ium chloride (390 mg, 1.25 mmol). The sus- 
pension was vigorously stirred at  r.t. for 3 d, afterwards filtered, and evaporated in vuc'uo. The residue was purified 
by FC (tolueneiAcOEt 1 :1, toluene/AcOEt/MeOH 5:4:  I ) :  309 mg (quant.) of 10. Colorless foam. UV (MeOH): 
269 (4.37), 236 (4.46). IR (CH,CI,): 2119. 'H-NMR ((D,)DMSO): 10.92 (s, NHnpeoc); 8.08-8.17 (m, H-C(6). 
4 H o to NO,); 7.52-7.61 ( 2 4  4 H m to NO,). 7.12-7.36 (m, 12 H, MeOTr); 6.86-6.92 (m, H-C(5), 2 H o to 
MeO); 5.83 (d ,  H-C(l')); 5.24 ( I ,  H-C(3')); 4.72 (m, H-C(2')); 4.33-4.48 (ni, 2 OCH,CH,); 4.16 (m. H-C(4)); 

11 4.57, N 12.09; found: C 61.18, H 4.73, N 11.60. 
9 . 2 -  Arirlo-2'-~/eo.ul;-5'-O-i4.4'-r/init~tl1o,u~~fri1l;l)-N~ . 3 ' - 0 - h i . s { ( 2 - ~ 4 - n i 1 r o ~ ~ ~ ~ e n ~ ~ / ) e 1 h o . ~ ~ ] ~ u r b o n ~ ~ / ~ r ~ ~ t i d i n c ~  ( 11). 

As described in Erpcv. 8, with 9 (1 g, 2.83 mmol), 3-methyl-1-[[2-(4-nitrophenyl)ethoxy]carbonyl}-l If-imidazol- 
3-ium chloride (2.65 g. 8.51 mmol) and DMAP, molecular sieve in dry CH,CI, (10 ml; r.t.. 3 d). Purification by 
FC (CHCI,, CHCI,/MeOH 49: l ) :  2.23 g (86%) of 11. Colorless foam. UV (MeOH): 270 (4.27). 236 (3.86). IR 
(CH,CI,). 2119. 'H-NMR ((D,)DMSO): 10.80 (s. NHnpeoc); 8.03-8.21 (m, H-C(6), 4 H (I to NO,); 7.19-7.72 
(?in. 1 5  H3 4 H rt7 to NO,, (MeO),Tr. NHnpeoc, H-C(5)); 6.72--6.93 (m,  4 H o to MeO); 5.86 (tl ,  H-C(1')); 5.23 
(ni. llLC(3')); 4.71 (m. H-C(2')): 4.23-4.49 (m, 2 OCH,CH,); 4.17 (n7. H-C(4)); 3.72 (s. 2 MeO); 3.30 
On. 2 H-C(5')); 3.07 (m. 2 OCH,CH,). Anal. calc. for C,8H44N,0,, . 3/2 H,O (983.95): C 58.89, H 4.81. 
N l l38 ; found :C58 .60 .H4 .74 .N11 .79 .  

10. 2 ' - / ko  r)-5'-O-/4-mrtlio.u~,rrit)~/)-N4- {(2- ( 4 - n i 1 r o p l i c ~ n ~ l ) e 1 h o . u ~ ~ ~ r r r h o n ~ ~ / ~ - 2 -  ( {[Z- ( 4 - i ~ i 1 r o p l ~ e ~ n ~ / ~ ~ 1 ~ i o . u ~ ~ ] -  
~ . r r i . / ~ i ~ f i ~ ~ l ~ r r w i i r i o i c 7 ~ t i ~ l i n c ~  (12). A soln. of 10 (2.1 g. 2.4 mmol) was stirred with Ph,P (758 mg, 2.89 mmol) in dry 
T H F  (25 ml) at r.t. overnight. H,O wiis added and stirring continued for 3 d. After evaporation. the residue was 
dissolved in AcOEt. dried (MgSO,), and once again evaporated m I Y I C ~ O .  The residue was purified by FC 
(CHCI, MeOH 99: I .  98:2, CHC1,;MeOH 95:5): 1.96 g (91 Yo) of 12. Colorless foam. UV (MeOH): 272 (4.06). 
235 (4.28). 'H-NMR ((D,)DMSO): 10.83 (.s3 NHnpeoc); 8.03-8.19 (m,  H-C(6), 4 H (I to NO,); 7.22-7.65 

3.72 (s ,  McO); 3.30 (m, 2 H-C(5')); 3.07--3.08 (m, 2 OCH,CH,). Anal. C d k  for C,,H,,N,O,, (926.89): C 60.90, 
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(m. 16 H, MeOTr, 4 H m to NO,); 6.80-6.91 (m, H-C(5), 2 H o to MeO); 5.95 (4 H-C(1‘)); 5.60((1, HO-C(3‘)); 
4.33-4.37 (2m, 2 OCH,CH,. H-C(3’). H-C(2)); 4.02-4.04 (m, H-C(4)); 3.73 (s, MeO); 3.11-3.34 
(m, 2 H-C(5’)); 3.07-3.08 (m,  2 OCH,CII,). Anal. calc. for C,,H,,N,Ol3 . PhMe (993.04): C 65.31, H 5.28, 
N 8.48; found: C 64.83. H 5.23, N 7.98. 

1 1. 2’-Deo.~~-5’-0-/4,4‘-dimefhi~.u~tri1~1) -N4-([i’- i4-nirrophen~~l)etho.uy]carhon~l) -2-  (j[2-(4-nitroplirn~l)- 
efho.u.~/c.urhonyl~cm~ino~c.ylidine (13). As described in Exper. 10, with I 1  (1.6 g, 1.87 mmol). Ph,P (586 mg. 
2.2 mmol). and dry dioxane (20 ml; r.t., 15 h). FC (petroleum ether/acetone 4:1, 2.1, and 1 : l ) :  1.28 g (47%) 
of 13. Colorless foam. UV (MeOH): 270 (4.36). 236 (4.04). ‘H-NMR ((D,)DMSO): 10.80 (s, NHnpeoc); 8.03- 
8.21 ( n ~ ,  H-C(6), 4 H o to NO,); 7.19-7.69 (m. 14 H,  (MeO),Tr, 4 H m to NO,, NHnpeoc); 6.72-6.93 
(m, H-C(5), 4 H 0 to MeO); 5.94 (d, H-(21’)): 5.56 ((1, HO-C(3’)); 4.18-4.37 (m, 2 OCH,CH,, H-C(3’j, 
H-C(2’)); 4.02 (nz, H-C(4)); 3.73 (s, 2 MeO); 3.15-3.34 (m, 2 H-C(5‘)); 2.92-3.12 (2m, 2 OCH,CH,). Anal. 
calc. for C,,H,,N,O,, (930.93): C 61.93, H 4.98, N 9.03; found: C 62.36. H 5.19, N 8.90. 

12. 2-A~irio-2-deo.u~-S‘-0-/4-me1ho.~~1rit~l)-3’-0-~(2-/4-nitropher~~l)etho.u~]carbon~~uridinc~ (14). As de- 
scribed in Earper. 8, with 3 (337 mg, 0.622 mmol), 3-methyl-1-{[2-(4-nitrophenyl)ethoxy]carbonyl)-l H-imidazol-3- 
ium chloride (337 mg, 1.081 mmol), a cat. amount of DMAP, and molecular sieve in dry CH,CI, (15 ml). 
Purification by FC (CH,CI, + 1 + 5 %  MeOH): 324 mg (71 YO) of 14. Colorless foam. UV (MeOH): 263 (4.03). 
234 (4.35). IR (CH,CI,): 2119. ’H-NMR ((DJDMSO): 11.51 (s, NHnpeoc); 8.14 ((1, 2 H o to NO,); 7.63 
(d, H-C(6j); 7.54 (d, 2 H nz to NO,); 7.19-7.37 ( m .  12 H, MeOTr); 6.88 (m, 2 H o to MeO); 5.76 ( ( I ,  H-C(1‘)); 

3.72 (s, MeO); 3.26-3.30 (m. 2 H-C(5’)); 3.06-3.11 (m, OCH,CII,). Anal. calc. for C38H34Nh0, ,~ (734.73): 
C62.12, H4.66, N 11.44; found: C61.44, H4.76, N 11.17. 

13. 2’-Aniino-~-deo.u~-5’-0-(4-mc~tho.r~~trifyl)uriciine (15). As described in Esper.  10. with 3 (322 mg, 
0.564 mmol) and Ph,P (464 mg, 1.77 mmol) in pyridine (50 ml), dioxane (50 ml), and 25% aq. NH, soh .  (50 ml), 
at r.t., 15 h. Purification by FC (CHCI,. CHCI, + 10% MeOH): 290 mg (95%) of 15. Colorless foam. UV 
(MeOH): 262 (3.99). 230 (4.10). ‘H-NMR ((D,)DMSO): 7.69 (d, H-C(6)); 7.16-7.41 (m. 12 H, MeOTr); 6.90 
(d ,  2 H o to MeO); 5.64 (d, H-C(1’)); 5.39 (m,  HO-C(3‘), H-C(5)); 4.39 (m, H-C(2‘)); 3.96 (m,  H-C(3’), 
H-C(4)); 3.75 (s, MeO); 3.09-3.46 (2m, 2 H-C(S’)). Anal. calc. for C2,H,,NS0, . H,O (524.58): C 66.40, 
H5.76,N7.88;found:C66.04.H5.85.N8.33.  

14. 2’-Amino-2’-deo.u~-5’-0-(4,4‘-riimetho.~~frit~l~uridine (16). As described in Exper, IO, with 4 (6.0 g, 
10.5 mmol) and Ph,P (8.26 g, 31.49 mmol) in pyridine (100 ml), dioxane (100 ml), and 25% aq. NH, soh. 
(100ml), at r.t., 15 h. Purification by FC (CHCIJMeOH 49:1, 19:l. 4 : l j :  5.89g (94%) of 16. Colorless foam. 
UV (MeOH): 263 (4.03), 234 (4.35). ‘H-NMR ((D,)DMSO): 7.60 (d .  H-C(6)); 7.12-7.39 (m.  9 H, (MeO),Tr); 
6.83 (m, 4 H o to MeO); 5.64 (d ,  H-C(1’)); 5.39 (m,  H-C(5). HO-C(3’)); 4.45 (d ,  H-C(2’)); 3.95 (m,  H-C(4). 
H-C(3’)); 3.72 (a 2 MeO); 3.09-3.46 (m. 2 H-C(S)). Anal. calc. for C,,H,,N,O,~ I/, H,O (5.54.61): C 64.97. 
H 5.82, N 7.58; found: C 64.87, H 5.79, N 7.51. 

15. 2-Amino-2-deoxy-S’-O-(4-me1h~1.uytrifyl-2- ({[2- (4-niIri~phen~l)efho.uy/c.arhon~l~amino) uridine (17). To 
a cooled soh .  (ice-water) of 15 (1 g, 1.94 mmol) in dry pyridine (SO ml), 2-(4-nitrophenyl)ethyl carbonochloridate 
(669 mg, 2.91 mmol) was added. After 15 min stirring at low temp.. the ice-bath was removed, and stirring was 
continued for 1 h at r.t. The mixture was evaporated in vucuo and co-evaporated three times with toluene. The 
residue was pre-adsorbed on silica gel (2 g) and purified by FC (toluene, toluene/AcOEt 1 : 1 + + 2 %  MeOH): 
790 mg (79%) of 17. Amorphous solid. UV (MeOH): 265 (4.26), 230 (4.30). ‘H-NMR ((D,)DMSO): 11.39 
(s, NH); 8.14 (d ,  2 H o to NO,); 7.63 (d ,  H-C(6)); 7.54 (d .  2 H m to NO,); 7.12-7.41 (m.  13 H, MeOTr, NHn- 
peoc); 6.90 (d, 2 H o to MeO); 5.85 ((1, H-C(l’)); 5.61 (d ,  HO-C(3’)); 5.41 (d. H-C(5)); 3.98-4.2 (m,  H-C(3’). 
H-C(2’), H-C(4), OCH,CH,); 3.73 (s, MeO); 3.16-3.24 (m,  2 H-C(S’)); 2.97-3.09 (I. OCH 2 C H  2 ’  ) Anal. calc. 
forC,,H,,N,O,,(708.73):C64.40,H5.12,N7.91;found:C64.23, H5.31,N7.38. 

16. 2’-Deoxy-5’-0- (4,I‘-dimethoxytrityl)-2-({[2-(4-nitrophenyl)erhoxy]carbon~l~amino)uridine (18). As de- 
scribed in E.uper. IS, with 16 (3.79 g. 6.93 mmol), 2-(4-nitrophenyl)ethyl carbonochloridate (1.76 g, 7.64 mmol) in 
dry pyridine (60 ml). Purification by FC (toluene/AcOEt 1 : 1, CHCIJMeOH 19: 1): 4.43 g (87%) of 18. Amor- 
phous solid. UV (MeOH): 266 (4.29), 235 (4.37). ‘H-NMR ((D,)DMSO): 11.40 (s, NH); 8.19 (d, 2 H o to NO,); 
7.63 (d, H-C(6)); 7.54 (d, 2 H m to NO,); 7.12-7.39 (m, 10 H, (MeO),Tr, NHnpeoc): 6.89 (m, 4 H o to MeOj; 
5.89 (d ,  H-C(l’)); 5.63 (d ,  HO-C(3’)); 5.41 (m, H-C(5)); 4.12-4.39 (m. H-C(2’), H-C(3’). OCH,CH,); 4.01 
(m, H-C(4)); 3.72 (a 2 MeO); 3.12-3.31 (m,  2 H-C(5’)); 3.09 (I. OCH,CH,). Anal. calc. for C,,H,,N,O,, 
(738.76):C63.58, H5.20,N7.60;found:C63.16.  H5.43,N7.77. 

TFA in 
CH,CI,/MeOH 4: 1 (50 ml) was stirred at r.t. for 3 h and then evaporated. The residue was washed several times 
with Et,O and dried: 2.21 g (88%) of 19. Amorphous solid. UV (MeOH): 264 (4.21). ‘H-NMR ((D,)DMSO): 

5.55 (d, H-C(S)); 5.22 (m,  HPC(3’)); 4.75 (m, H-C(2’)); 4.37-4.48 (mi,  OCH,CH,); 4.09--4.12 (m,  H-C(4)); 

17. 2’-Deo.u.v-2-/{(2-i4-nifrophe1i~~l)rfko.r~/curhon~l)umino)uridin~ (19). A s o h .  of I8 in 6 
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11.33 (s, NH); 8.14 (d, 2 H o to NO,); 7.88 (d, H-C(6)): 7.53 (d, 2 H m to NO,): 6.98 (d, NHnpeoc); 6.65 
(hr. s, HO-C(5')); 5.87 (d, H-C(l')); 5.67 (d, H-C(5)); 5.35 (br. s, HO-C(3')); 4.18-4.20 (m. H-C(2'), 
OCH,CH,); 4.05 (m, H-C(3')); 3.88 (m, H-C(4)); 3.56 (m. 2 H-C(5')); 2.97 (t,OCH,CH,). Anal. calc. for 
C,,H,,N,O, H,O (455.39): C 47.58, H 4.88, N 12.32; found: C 47.24, H 4.47, N 11.62. 

18. 2'-Deoxy-2'-( ~~2-~4-nitrophen~~l)~1hoxy]carbonyl}umino~-3'.S-his-0- (Irirneth~lsi1vl)uridine (20). Dry 19 
(136 mg, 0.312 mmol) and Oh-[2-(4-nitrophenyl)ethyl]guanine (190 mg, 0.561 mmol) [36][37] were dissolved in 
MeCN (20 ml), and a cat. amount of (NH,),SO, and HMDS (0.4 ml) were added. After refluxing for 1 h, a clear 
soh .  was obtained, the soln. was evaporated in vucuo. The residue was dissolved again in dry MeCN (20 ml) and 
Me,Si-Tf (90 mg, 74 pl, 0.406 mmol) was added. After refluxing for 3.5 h, the soln. was evaporated in vucuo, the 
residue dissolved in CHCI, and washed with sat. NaHCO, soln. (2 x 30 ml), dried (MgSO,), and evaporated. The 
resulting residue was purified by FC (CHCI,/MeOH 49:1, l9 : l ,  9 : l ) :  68 mg (38%) of 20. Colorless foam. UV 
(MeOH): 264 (4.28). 'H-NMR ((D,)DMSO): 11.34 (s, NH); 8.12 (d, 2 H o to NO,); 7.79 (d, H-C(6)); 7.52 
(d, 2 H m to NO,); 7.35 (d, NHnpeoc); 5.85 (d, H-C(l')); 5.68 (d, H-C(5)): 4.21 -4.32 (m. H-C(2'), OCH,CH,); 
4.16-4.18 (m. H-C(3')); 3.85 (m, H-C(4)); 3.63-3.72 (m, 2 H-C(5')); 2.95-3.00 (m, OCH,CH,); 0.20-0.10 
(s, 2 Me,Si). Anal. calc. for C,,H,,N,O,Si, (580.75): C49.64, H 6.25, N 9.65, C 50.27, H 6.25, N 10.16. 

19. 2'- Deoxy-2'- (112- (4-nilrophenyl)ethoxy]curhony~umino) -06 - [2 -  (l-nilrophenylje1hylj-N~,3',5'-0-1ris- 
itrimethylsilyllguanosine (21). As described in Exper. 18, with 19 (100 mg, 0.229 mmol) and Oh-[2-(4-nitro- 
phenyl)ethyl]guanine (139 mg, 0.412 mmol) in dry MeCN (5 ml), HMDS (74 mg, 96 pl, 0.458 mmol), and BSA 
(93 mg, 112 pl, 0.458 mmol), refluxing for 1 h. After evaporation, the residue was dissolved in MeCN (15 ml) and 
Me$-Tf (90 mg, 74 pl, 0.312 mmol) was added and the mixture refluxed for 15 h. Purification by FC (CHCI,/ 
MeOH 49.1 and 19:l. CHCI,/MeOH 9.1, CHCI,/MeOH 4: l l ) :  68mg (35%) of 21. Colorless foam. UV 
(MeOH): 275 (4.54), 253 (4.42). 'H-NMR ((D,)DMSO): 8.16 (d, 2 H o to NO,); 8.05 (d, 2 H o to NO,); 7.96 
(s ,  H-C(X)); 7.61 (d, 2 H rn to NO,); 7.56 (d, NHnpeoc); 7.46 (d, 2 H m to NO,); 6.51 (br. s, NH,); 5.84 
(d, H-C(1')); 4.81 -4.83 (m, H-C(2')); 4.63-4.68 (m. OCH,CH,); 4.13-4.18 (m. H-C(3'), OCH,CH,); 3.85 
(m, H-C(4)); 3.67 (m, 2 H-C(5')); 3.15-3.26 (m, OCH,CH,); 2.85-2.93 (m, OCH,CH,); 0.03-0.07 
(m,  3 Me,Si). Anal. calc. for C,,H,,N,O,,Si, (841.11): C 51.41, H 6.23, N 13.32; found: C 51.31, H 5.85, 
N 13.33. 

20. Z'-Deoxy-Y-( {[2- ~4-nilrophenyl)e/hox~]carbonyl}uminu)-O6-[2-(4-ni~rophen~~l)erh~l]guanosine (22). A 
s o h .  of 19 (512 mg, 1.17 mmol), U6-[2-(4-nitrophenyl)ethyl]guanine (562 mg, 1.28 mmol) [36], HMDS (755 mg, 
976 pl, 4.68 mmol), and (NH,),SO, in dry MeCN (25 ml) was heated under reflux, until a clear soh .  was obtained 
( I  h). Then Me,Si-Tf (318 mg, 260 pl, 1.4 mmol) was added, and heating under reflux was continued for 4 h. To 
remove the Me,Si groups, after evaporation in vucuo, the residue was dissolved in MeOH, and NH,F (217 mg, 
5.85mmol) was added. The mixture was stirred for 2min. then silica gel (3g) was added and evaporated. 
Purification by FC (toluene/AcOEt 1:1, toluene/AcOEt 1 : I  + 1 --* 5 %  MeOH): 634 mg (85%) of 22. Colorless 
foam. UV (MeOH): 276 (4.43), 253 (4.33). 'H-NMR ((D,)DMSO): 8.16 (d, 2 H o to NO,); 8.08 (d, 2 H o to NO,); 
7.98 (s, H-C(8)); 7.61 (d,2 H m to NO,): 7.45 (d, 2 H rn to NO,); 7.17 (d, NHnpeoc); 6.46 (br. s, NH,); 5.80 
((1, H-C(1')); 5.60 (d, HO-C(3')); 5.19 (1. HO-C(5')); 4.57-4.75 (m, H-C(2'), OCH,CH,); 4.09-4.14 
(m, H-C(3'), OCH,CH,); 3.92 (m,  H-C(4)); 3.55 (m. 2 H-C(5')); 3.25 ( I ,  OCH,CH,); 2.92 ( I ,  OCH,CH,). 
Anal. calc. for C,,H,,N,O,,Si,~ H,O (654.59): C 51.38, H 4.62, N 17.12; found: C 51.11, H 4.68, N 16.46. 

21. 2'-Deoxy-2-(~[2-(4-n~1rophenyl)e1hox~~]curhonyl}amino)-0~-[2-(4-ni/rophenyl)e1hyl]-3',S-0-(~,1,3,3- 
/etraisopropyldi.siloxune-l,2-diyl)guano.sine (23). To soh .  of 22 (81 1 mg, 1.27 mmol) in dry pyridine (10 ml), 
1,3-dichloro-l,1,3,3-tetraisopropyldisiloxane was added and stirred overnight. After evaporation, the residue was 
purified by FC (toluene/AcOEt 1 : 1, toluene/AcOEt 1 : 1 + 1 % MeOH): 790 mg (73 %) of 23. Colorles foam. UV 
(MeOH): 275 (4.42), 255 (4.32). 'H-NMR ((D,)DMSO): 8.03-8.21 (Is, 2 4  H-C(8). 4 H o to NO,); 7.59 (d, 2 H 
m to NO,); 7.51 (d, NHnpeoc); 7.45 (d, 2 H m to NO,); 6.46 (br. s, NH,); 5.78 (d, H-C(1')); 4.61 -4.79 
(m,  H-C(2'), OCH,CH,); 4.50 (m, H-C(3')); 4.12 (t,OCH,CH,); 3.89 (m. 2 H-C(5'). H-C(4)); 3.25 
(l,OCH,CH,); 2.92 ( I ,  OCH,CH,); 0.78-1.13 (m, 2 (Me,CH),Si). Anal. calc. for C,,H,,N,O,,Si, I/, H,O 
(8.76.09): C 53.47, H 6.33, N 12.79; found: C 53.92, H 6.52, N 12.04. 

22. 2'-Deoxy-NZ-{[2-(4-nitrophen.~l)ethoxy]curbony~-2-({[2-(4-ni~rophenyl)e/hoxy]carhony~umino)-O6- 
[2-l4-ni1rophenylje1liyl]-3',5'-0-(1,1,3,3-/etraisoprupyldi.siloxune-1.3-diyljguanosine (24). As described in Es- 
per. 15, with 23 (800 mg, 0.914 mmol), 2-(4-nitrophenyl)ethyl carbonodichloridate (1.05 g, 4.57 mmol), and molec- 
ular sieve in dry pyridine (25 ml, vigorously stirred at 0" for 30 min; r.t., 3 d). Purification by FC (toluene/AcOEt 
1 :  I ) :  685 mg (70 %) of 24. Colorless foam. UV (MeOH): 268 (4.57). 213 (4.62). 'H-NMR ((D,)DMSO): 10.33 
(s, NHnpeoc); 8.36 (s, H-C(8)); 8.02-8.19 (d, 4 H m to NO,); 7.41 -7.65 (d, 4 H m to NO,, NHnpeoc); 5.86 

4.11 (m, 2 H-C(5'), H-C(4)); 3.29 ( I ,  OCH,CH,); 3.12 ( I .  OCH,CH,); 2.92 ( I ,  OCH,CH,); 0.81-1.12 
(d H-C(I')); 4.71 -4.89 (n2, H-C(2'), H-C(3'), OCH,CH,); 4.32 (1, OCH,CH,); 4.16 (t,OCH,CH,); 3.83- 



1540 HELVETICA CHIMICA ACTA - Vol. 81 (1998) 

(m, 2 (Me,CH),Si). Anal. calc. for C,,H,,N,O,,Si, (1060.24): C 54.38, H 5.80, N 11.89; found: C 54.82, H 5.89, 
N 11.66. 

23. 2’-Deo.~y-N’-~/2-i4-nitrophen~~l)e1ho.~~]curhonyl}-2’-(~(2-(4-ni1rophenyl)erho.~~]c.urhonyl~umino)-O~- 
(2-(4-ni1rophenyl)e1hyl]gucmosin~~(25). To a soh .  of 24 (200 mg. 0.187 mmol) in dry T H F  (5 ml), Bu,NF. 3H,O 
(129 mg. 0.412 mmol) and AcOH (239 mg, 227 pl, 4.12 mmol) were added. After stirring for 3 d, the soln. was 
diluted with AcOEt and washed twice with sat. NaHCO, s o h ,  dried, and evaporated in vucuo. The residue was 
purified by FC (CHCIJMeOH 49:1, CHCI,/MeOH 19:1, toluene/AcOEt 1 : l  + 1 % MeOH): 119 mg (78%) of 
25. Colorless foam. U V  (MeOH): 268 (4.64), 213 (4.67). ‘H-NMR ((D,)DMSO): 10.33 (s, NHnpeoc); 8.34 
(s, H-C(8)); 7.98-8.19 (d, 4 H m to NO,); 7.35-7.61 (d ,  4 H m to NO,); 7.15 (d, NHnpeoc); 5.91 (d, H-C(1‘)); 
5.59 (d ,  HO-C(3’)); 5.01 ( I ,  HO-C(S)); 4.68-4.83 (m. H-C(2’), OCH,CH,); 4.32 ( I .  OCH,CH,); 4.28 
(m, H-C(3‘)); 4.16 (t. OCH,CH,); 3.98 (m, H-C(4)); 3.49-3.71 (m. 2 H-C(5‘)); 3.26 ( I ,  OCH,CH,); 3.12 
(I, OCH,CH,); 2.92 (I, OCH,CH,). Anal. calc. for C,,H,,N,O,, H,O (847.75): C 52.32, H 4.40, N 14.87; 
found: C 52.45, H 4.42, N 14.89. 

24. 2’-Deoxy-5-0- (4,4-dimetho.~ytrityl)-N2- {[2- (4-ni1rc~phenyl)etho.~y]curhonyl} -2’- ((12-f 4-nitropheny1)- 
e1hoxy]curhonyl)umino)-O~-(2-l4-nitrophenyl)e1hyl]guunosine (26). To a soh. of 25 (940 mg, 1.149 mmol) in dry 
pyridine (10 ml), 4,4‘-dimethoxytrityl chloride (492 mg, 1.26 mmol) and molecular sieve (4 A) were added. After 
stirring overnight, filtration and evaporation gave a residue which was dissolved in CHCI,, washed twice with sat. 
NaHCO, soh. and brine, and dried (MgSO,). After evaporation, the residue was purified by F C  (toluene/AcOEt 
1 : l ) :  686mg (53%) of 26. Colorless foam. U V  (MeOH): 269 (4.19), 236 (4.11), 216 (4.40). ‘H-NMR 
((D,)DMSO): 10.28 (d, NHnpeoc); 8.22 (s, H-C(8)); 8.08-8.18 (m, 6 H o to NO,); 7.13-7.68 (m, 16 H,  
(MeO),Tr, NHnpeoc, 6 H m to NO,); 6.73 (m, 4 H o to NO,); 5.81 (d, H-C(1‘)); 5.61 ([I ,  HO-C(3‘)); 4.91 
(m. H-C(2’)); 4.74 (I, OCH,CH,); 4.28-4.39 (m, H-C(4), OCH,CH,); 4.18 (m. OCM,CH,); 3.69 (s, 6 H o to 
2 MeO); 3.31 (m, 2 H-C(5‘), OCh,CH,); 3.16 (I. OCH,CH,); 2.93 (I, OCH,Cff,). Anal. calc. for C,,H,,N,O,, 
(867.08):C61.18,H4.68,N11.26;found: C60.98, H4.82,N10.98.  

25. 3 5 0 -  /1,1,3,3-Telraisupropyldisilo~~une-f,3-diyl-9-(2-0-((1r~fluorome1h~l)sulfonyl]-/3-~-uruhinofirruno- 
sylludenine (27) [32][38]. A soh. of 9-[3,5-0-(1,1,3,3-tetraisopropyldisiloxane-l,3-d~yl-~-o-arab~nofuranosyl]- 
adenine [32][38] (10 g, 19.6 mmol) and DMAP (7.2 g, 58.5 mmol) in dry CH,CI, (140 ml) was cooled under N, 
to - 30” to - 50‘. After stirring for 30 min, diluted trifluoromethanesulfonyl anhydride (Tf,O; 6.96 g, 4 ml, 
24.5 mmol in CH,CI, (5 ml)) was dropped slowly to the soh. Stirring was continued for 15 min, and the mixture 
was allowed to reach r.t. and stirred further for 30 to 45 min. The mixture was poured into ice-water (250 ml), 
washed with sat. NaHCO, soh.  (200 ml), brine (200 ml), and CH,CI, (90 ml). The combined org. layers were 
dried (MgSO,), filtered, and evaporated in vucuo. Purification by FC (CHCIJMeOH 49: 1): 11.7 g (93 %) of 27. 
Colorless foam. U V  (MeOH): 258 (4.15). ‘H-NMR ((D,)DMSO): 8.29-8.07 (2s, H-C(8), H-C(2)); 7.46 (br. s .  
NH,); 6.47 (d, H-C(l‘)); 6.05 ( I .  H-C(2’)); 5.65 (I, H-C(3’)); 4.1 1-4.21 (m, H-C(4)); 3.82 -4.01 
(m, 2 H-C(5’)); 0.83-1.18 (m. 2 (Me,CH),). Anal. calc. for C,,H,,F,N,O,SSi, (641.80): C 43.04, H 5.97, 
N 10.91; found: C 43.06, H 5.92, N 10.40. 

26. 2’-Azido-2’-deoxy-3’,S-0-~i,/,3,3-lelraisopropyldisiloxun~-t,3-di.vl)udeno.~ine (28) [32]. To a soln. of 27 
(1.7 g, 2.69 mmol) in dry D M F  (80 ml), LiN, [51] (656 mg, 13.4 mmol) was added. After stirring at r.t. for 2 h, 
the mixture was poured into ice-water (150 ml), diluted with AcOEt (100 ml), and washed several times with brine 
(100 ml). The combined org. layers were dried (MgSO,) and evaported in vucuo: 1.28 g (90%) of 28. Colorless 
foam. U V  (MeOH): 258 (4.19). IR (CH,CI,). 2121. ‘H-NMR ((DJDMSO): 8.05, 8.22 (2s. H-C(8), H-C(2)); 
7.39 (s, NH,); 5.81 (d, H-C(1’)); 5.44 (dd, H-C(3‘)); 5.00 (d, H-C(2‘)); 3.85-4.12 (m, 2 H-C(S), H-C(4)); 
0.89-1.21 (m, 2 (Me,CH),Si). Anal. calc. for C,,H,,N,O,Si,~ 1/2 AcOEt (566.81): C 48.81, H 7.47, N 19.77; 
found: C48.21, H 7.04, N 19.73. 

27. 2’-Amino-2’-deo,~yry-3”-0-( 1,1,3,3-te1ruisopropyldisilo.~une-t,3-diyl)udeno.~ine (29) [32]. 27.1. Rudicul Re- 
duction. To a soln. of 28 (200 mg, 0.374 mmol) in dry toluene (5 ml), Bu,SnH (248 pl, 272 mg, 0.935 mmol) was 
added dropwise via a syringe. The mixture was stirred for 15 min under N,. Then, a cat. amount of AIBN was 
added and the mixture heated under reflux for 90 min. For the workup, the mixture was evaporated in vucuo, 
dissolved in H,O/AcOEt and washed with AcOEt (20 ml), sat. NaHCO, soh. (20 ml), and AcOEt (20 ml). The 
combined org. layers were dried (MgSO,), evaporated, and the resulting residue was purified by F C  (CHCI,/ 
MeOH 19 : l ) :  157mg(82%)of29 .  

27.2. Staudinger Reduction [30][31]. To a soh.  of 28 (1.63 g, 3 mmol) in dry T H F  (80 ml), PPh, (1 g, 
3.96 mmol) was added. The mixture was stirred for 7 h at r.t.. finally H,O w dded and stirring continued 
overnight. For workup, the s o h  was evaporated, dissolved in AcOEt, dried (MgSO,). and evaporated. The crude 
product was purified by FC (CH,CI,/MeOH 19:1, 9 : l ) :  1.44g (94%) of 29. 
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27.3. Staudinger Rc.dzrcrion with PPH, in Dioxane/Pyridine [25]. A mixture of 28 (1 1.6 g, 21.7 mmol) and PPh, 
( 1  7 g. 65 ininol) i n  pyridine (250 ml), aq. ammonia (250 ml), and dioxane (70 ml) was stirred at r.t. for 24 h and 
oaporated ri? iwm. The resulting residue was dissolved in AcOEt, dried (MgSO,), and purified by FC (CHCIJ 
MeOH 19: l .  9 :1 ,4 :1 ) :  4 .3g (39%)  o f 2 9 a n d 4 . 4 g ( 4 0 % )  of30. 

ntrrrr of 29. Colorless foam. UV (MeOH): 259 (4.16). ’H-NMR ((D,)DMSO): 8.23, 8.07 (2s, H-C(8), 
H ( ‘ ( 2 ) ) ;  7.29 (br. .v, NH,); 5 72 (d, H-C(1‘)); 4.81 (d, H-C(3’)); 3.88 -4.01 (m. H-C(4), 2 H-C(5’), H-C(2’)); 
2.11) (br.  .Y, NH,); 0.89 1.13 (m, 2 (Me,CH),). Anal. calc. for C,,H,,N,O,Si, (508.77): C 51.94, H 7.92, N 16.52; 
found :  C 48.50, H 7.99, N 16.53. 

/ ) r r t i r  0/30.  Amorphous solid. UV (MeOH): 258 (4.18). ‘H-NMR ((D,)DMSO): 8.21, 8.10 (s, H-C(8). 
H C ( 2 ) ) ;  7.26 (hr. s ,  NH,); 6.09 ( 3 ,  HO-C(5)); 5.71 (d, H-C(1’)); 5.49 (br. s, S O H ) ;  3.78-4.1 1 (m, H-C(4), 
2 H--C(S’). lF-C(2), H-C(3’)); 1.98 (br. s, NH,); 0.89-1.13 (m, 2 (Me,CH),). Anal. calc. for 
C‘z,H,2Nl,0,Si2. l i2  H,O (528.79): C 49.97, H 8.39, N 15.89; found: C 50.11, H 7.81, N 15.66. 

2X. 2’-Dco.~j.-N b-~[2-(4-nirropl ienyl /Pth~~xy]~urb~~ny~-2’-  (([2-(4-ni/rophenyI)rtho.~y]carhonyl}amino~-3’,5’- 
()- 1 , I ,3,3- f c t  ~rrivopropy1rlisilounnc.- I ,3-diyI) udenosine (3 1) and 2’- Deoxy-2’- ( {[ 2- (4-nitrophenvl) etho.xy]curho- 
i r i ~ / ~ ~ r i i i i 1 ~ 1 ) ~ - . ~ , 5 ’ - 0 - (  I,I,3,3-te/ruisopropyldisilo.~~in~~-l,3-d~~lju~~~no.~ine (32). As described in E.uper. I S ,  with 29 
( 2  g, 3.9 mmol), 2-(4-nitropheiiyl)ethyl carbonochloridate (3.6 g, 11.7 mmol), molecular sieve (4 A), and a cat. 
;iiiiount of  DMAP in dry CH,CI, (60 ml; carefully stirred at r.1. for 3 d). Purification by FC (toluene/AcOEt 1 :1, 
toluene~AcOEt 1 : l  + 1 O/O MeOH): 31 was eluted first: 3 g (86%); then 32: 219 mg (8%). 

D u f u  of 31: Colorless foam. UV (MeOH): 266 (4.56), 277 (sh,4.51). ‘H-NMR ((D,)DMSO): 10.64 
(hr.  .s. NIT,); 8.63, 8.54 (2s ,  H-C(8), H-C(2)); 8.10 -8.16 (ni, 2d, 4 H o to NO,); 7.66 (d, NHnpeoc); 7.59 (d, 2 H 
i n  to  NO,); 7.49 (d ,  2 H m to NO,); 5.98 (d, H-C(1’)); 4.81 -4.98 (m, H-C(2), H-C(3’)); 4.38 ( I ,  OCH,CH,); 
4.12 4.82 (171, OCII,CH,); 3.82-4.01 (m, H-C(4), 2 H-C(5’)); 3.10 ( I ,  OCH,CH,); 2.79 ( 1 .  OCH,CH,); 0.78- 
1.13 (m.  (Me,CH),). Anal. calc. for C,,H,,N,O,,Si, (895.09): C 53.68, H 6.08, N 12.52; found: C 53.16, H 6.16, 
N 12.21. 

Dtrtir of 32: Colorless foam. UV (MeOH): 261 (4.36). ‘H-NMR ((D,)DMSO): 8.07-8.31 (d, 2s, H-C(2), 
II--C(X), 2 H o to NO,); 7.63 (d ,  NHnpeoc); 7.50 (d, 2 H rn to NO,); 7.35 (br. s, NH,); 5.87 (d, H-C(1’)); 
4.73 5.94 (,\, fJbC(2’)); 4.12-4.28 (m. 2 H-C(5’)); 3.84-3.98 (m. H-C(3’), H-C(4), OCH,CH,); 2.7Y 
( 1 .  O ~ ~ H , C I ~ , ) ;  0.75--1.35 (m. (Me,CH),Si). Anal. calc. for C3,H,,N,0sSi, (701.93): C 53.05, H 6.75, N 13.97; 
l o u n d :  C 52.45. H 6.74, N 13.38. 

29. 2’- &o q - N O  - “2- ( 4 -  nitrop/ien)~l)eIhox)./carboflj~l~ - 2 - (1‘12- ( 4  - ni~rophenyl)etho.x)./c.arhonJ.l~l~umino)- 
d i w o v i i w  (33). As described in Exper. 23, with 31 (3 g, 3.35 mmol), AcOH (2.01 g, 1.9 ml, 33.5 mmol), and 
I3u,NI’. 3H,O (2.6 g. 8.38 mmol) in dry T H F  (75 ml); stirring at  r.t. for 16 h ;  dilution with AcOEt (100 ml), 
extraction with H,O (100 ml), sat. NaHCO,, brine (75 ml), and AcOEt (75 ml), dried. Purification by FC 
(tolucnc,AcOEt 1 : I ,  toluenejAcOEt/MeOH 5:4:1): 2.25 g (quant.) of 33. UV (MeOH): 266 (4.62). ‘H-NMR 
((Df,)IIMSO): 10.61 (.r, Nlfnpeoc); 8.60 (2s, H-C(2), H-C(8)); 8.06 -8.19 ( 2 4  4 H o to NO,); 7.59, 7.44 (2d, 4 H 
i i i  to  NO,):  7.25 (11, Nlfnpeoc); 6.04 (d, H-C(1’)); 5.70 (d, HO-C(3’)); 5.21 (1. HO-C(5’)); 4.82-4.98 
( I I ~ .  H-C(2’)): 4.38 ( I ,  OClf,CH,); 4.23 (tn, H-C(3’)); 4.08 ( I .  OCH,CH,); 4.01 (m. H-C(4)); 3.50-3.72 
( 1 1 1 .  2 lJ-C(5’)); 3.06-3.17 ( I ,  OCH,CH,): 2.75-2.98 ( I ,  OCH,CH,). Anal. calc. for C,,H,,N,O,, . 112 H,O 
(661 6 9 ) :  C 50.84, H 4.42, N 16.96; found: C 50.79, H 4.59, N 16.80 

30 2 ’ - l ~ c ~ o ~ ~ ~ - S ’ - O - ( 4 , 4 ‘ - d i m c ~ 1 h o . ~ ~ f r i ~ j ~ l ) - N ~ - ~ [ 2 - ( 4 - n i ! r o p h e t ~ ~ l ) e t l ~ o . x y ] ~ u r ~ 1 ~ n y l ~ - 2 ’ - ( ~ [ 2 - ( 4 - n i 1 r o p h m ~ ~ l ) -  
c t / i o \  i~/~irrh~iriI~/~rri~~itlo)rrrk.nosine (34). As described in E-xper. 24, with 33 (1.64 g, 2.5 mmol) and (MeO),TrCI 
(‘132 ing. 2.75 inmol) in dry pyridine (70 ml); stirring at r.t. for 15 h. Purification by FC (toluene/AcOEt 1 : 1,  
1oIucnc AcOEt, MeOH 5:4: 1): 2.05 g (86%) of 34. UV (MeOH): 266 (4.59), 235 (4.49). ‘H-NMR ((D,)DMSO): 
I0 62 (.\, NMnpeoc); X.48, 8.49 (2.7, H-C(8), H-C(2)); 8.01 -8.18 (2d, 4 H o to NO,); 7.58 (d ,  NHnpeoc); 7.47 
id. 2 I 1  iir to NO,); 7.36 (d ,  2 H m to NO,); 7.09-7.28 (m. 9 H, (MeO),OTr); 6.78-6.83 (m,  4 H o to OMe); 6.07 

( i i i .  OCf/,CH,. HbC(4’)); 3.25 (d ,  2 H-C(5‘)); 3.09 ( t ,  OCH2CH,); 2.93 ( I .  OCH,CH,). Anal. calc. for 
( ‘ , ~ , l l ~ ~ ~ N 8 0 1 . ~  (954.959): C 61.63, H 4.68, N 11.03; found: C 62.38, H 4.88. N 11.47. 

31. ~ - D r o u ~ ~ - N 4 - ( / 2 - ( 4 - n i t r o p l ~ c ~ n ~ l j e t h o . ~ ~ ~ ] ~ a r b o n ~ l - S ‘ - O - ~ 4 - m r r h o . ~ ~ ~ t r i / j ~ l ) ~ - 2 ’ - ~ ~ [ 2 - ( 4 - n i t r ~ ~ ~ ~ l ~ c ~ n ~ ~ l ) e t h o -  
! 1 ~ r i ~ ~ ~ i ~ ~ i ~ ~ / ~ ~ r i i i i ~ i ~ i ) ~ ~ ~ ~ t i ~ I i i ? e  S’-[2-(4-Nitrophen)~l)rth~l Diisoprop~lphosphc~r~ii~iitlite] (35). To a soh.  of 12 
( 5 0 0  in@. 0.555 ininol) in dry MeCN (5 ml), 2-(4-nitrophenyl)ethyl tetraisopropylphosphorodiamidite (441 mg, 
I 1 1  iniiiol) [39] and ;I cat. amount of 1H-tetrazole (19 mg, 0 28 mmol) werc added under N,. After stirring at r.t. 
l o r  15 h. the mixlure was diluted with CHCI, (25 ml), washed with sat. NaHCO, s o h .  (2 x 25 ml) and brine 
( 7 5  1111) The org. layct- was dt-ied (MgSO,), evaporated in vcrcuo, and purified by FC (petroleum ether,’acetone 4: I .  
3 :  I. 2 :  1 .  1 : 1 ) :  440 mg ((16%~) of 35. Colorless foam. UV (MeOH): 269 (4.1). 236 (4.9). ‘H-NMR ((D,)DMSO). 
10 87 ( \ .  K/Ilnpeoc); 8.04 8.16 (171, H-C(6). 6 H o to NO,); 7.12 7.84 (m. 19 H. MeOT,, H-C(5). 6 H 177 to 

( (1 .  IH C(1’)): 5 76 ( d ,  HOpC(3’)); 5.04-5.15 (M,  H-C(2‘)); 4.32-4.77 (PZ, OCH,CH,. HpC(3’)); 4.08-4.18 
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NO,); 6.86 (tl, 2 H o to MeO); 5.96 ((1, H-C(1')); 4.14-4.37 (2m. 3 OCH,CH,, H-C(2'), H-C(3')); 3.83 
(m,  H-C(4)); 3.70 (s. MeO); 3.07-3.23 (m,  2 H-C(5')); 2.85~-3.04 (2tn. 2 OCH,Clf,); 2.80-2.83 
(m, OCH,CH,): 0.89-1.12 (m,2 Me,CH). , 'P-NMR ((D,)DMSO): 150.96; 150.19. Anal. calc. for 
C61Hh5NHOlhP + 

32. 2 ' - D ~ ~ 0 . ~ ~ - N ~ - ~ ~ 2 - i 4 - n ~ / r o p h ~ ~ n ~ ~ l ) e t l i ~ ~ . ~ ~ ~ ~ ~ u r h ~ ~ n ~ ~ l - 5 ~ - O - / 4 , 4 - d i m ~ ~ 1 l i o . ~ - ~ ~ t r i t ~ ~ l ) ~ - ~ - ~ ~ ~ 2 - ( 4 - t 1 i 1 r i ~ p l i ~ ~ n ~ l ~ -  
erho.rylcurhonyl}trmino)e~~titlinr 3'-12- (4-NiIropheny/)elhj~~ Dii.so~propy~~~iiOsphor.an,iditr] (36). To a soh .  of 13 
(500 mg. 0.555 mmol), 2-(4-nitrophenyl)ethyl tetraisopropylphosphorodiamidite (427 mg, 1.07 mmol) in dry 
MeCN (5 nil), a 0 . 5 ~  pyridine hydrochloride soln. (0.54 ml) was added under N,, and the mixture was stirred at 
r.t. for 15 h. The mixture was evaporated in iww, dissolved in CHCI,, washed with sat NaHCO, s o h ,  and brine, 
and dried (MgSO,). After evaporation, the crude product was purified by FC (toluene/AcOEt 2: 1, 1 : 1): 467 mg 
(75%) of 36. Colorless foam. UV (MeOH): 268 (4.46), 238 (4.22). 'H-NMR ((D,)DMSO): 10.87 (s, NHnpeoc); 
8.04--8.16 (m. H-C(6). 6 H o to NO,); 7.12-7.84 (m, 17 H, (MeO),Tr, H-C(5), 6 H m to NO,, NHnpeoc); 6.86 
(d, 4 H o to MeO); 5.96 (d, H-C(I')); 4.14-4.37 (2m, 3 OCll,CH,. H-C(2'), H-C(3')); 3.83 (m, H-C(4)); 3.70 
(s, 2 MeO); 3.07-3.23 (m, 2 H-C(5')); 3.85-3.04 ( 2 4  2 OCll,CH,); 2.80-2.83 (m, OCH,CH,); 0.89-1.12 
(m, 2 Me,CH). "P-NMR ((D,)DMSO 161.7 MHz): 151.79; 151.39. Anal. calc. for Ch lHb7NRO1,P~  I/, AcOEt 
(1287.29): C 59.72, H 5.56, N 8.70; found: C 59.66, H 5.62, N 9.20. 

33. 2'-Deo.rj,-5'-0-i4-metho.r~lrilyl)-2'-( ~(2- i4 -n i I roph~~~i~ l ) t~ I / i~1 . r~~curhon~~l}umino~ur i t / i n t~  3'-(2-(4-Nitro- 
pheny1)ethyl Diisopropylpho.sphorcrmidire/ (37). As described in Esper. 31, with 17 (810 mg, 1.14 mmol), 2-(4-n1tro- 
pheny1)ethyl tetraisopropylphosphorodiamidite (910 mg, 2.29 mmol) (391 and 1H-tetra7ole (40 mg, 0.57 mmol) in 
dry MeCN (7.5 mi), stirring at r.t. for 15 h. Purification by FC (toluene/AcOEt 2: I ,  tolueneiAcOEt 1 : l ) :  909 mg 
(79%) of 37. Colorless foam. UV (MeOH): 265 (4.49, 232 (4.35). 'H-NMR ((D,)DMSO): 11.45 (s ,  NH);  7.29 
(m, 4 H o to NO,); 7.66 (4 H-C(6)); 7.12-7.49 (m, 17 H, MeOTr, 4 H m to NO,, NHnpeoc); 6.87 (d, 2 H o to 
MeO); 5.87 (m H-C(l')); 5.47 (in, H-C(5)); 3.99--4.95 (m, H-C(2'), H-C(3'). H-C(4), 2 OCH,CH,); 3.71 
(s ,  MeO); 2.85-3.21 (m, 2 OCH,Cfl,, 2 H-C(5')); 0.91 -0.94 (m. 2 Mc,CH). , 'P-NMR (CDCI,): 148.65; 
148.18. Anal. calc. for C52H,7N,0,,P (1005.04): C 62.14. H 5.72, N 8.36; found: C 62.23, H 5.80, N 8.38. 

34. 2'-Deo.~~~~-5'-0-14.4-~timetli~~.r~1rit~l)-2'- ("2- / 4 - n i / r o p l i ~ ~ n y l ) ~ ~ 1 l t o . ~ ~ ~ ~ c . u r ~ ~ 1 n j l / u ~ ~  3 - [ 2 - (  4-Ni- 
1ropl7c~nyl)eIhyl Dii.copropj,lpho.sphor~~midir~,~ (38). As described in €.rper. 32, with 18 (1 g. 1.35 mmol), 2-(4-nitro- 
pheny1)ethyl tetraisopropylphosphorodiamidite (1.07 g, 2.70 mmol) in dry MeCN (10 ml). 0 . 5 ~  pyridine hy- 
drochloride soln. (1.35 ml) [40]; stirring at r.t. for 15 h .  Purification by FC (toluene/AcOEt 2.1. toluene/AcOEt 
1 : l ) :  1.26g (90%) of 36. Colorless foam. UV (MeOH): 261 (4.03), 234 (4.36). 'H-NMR ((DJDMSO): 11.41 
( s ,  NH); 8.02-8.20 (m, 4 H (I to NO,); 7.63 (d, H-C(6)); 7.54 (4 4 H m to NO,); 7.09-7.39 (ni. 10 H, (MeO),Tr. 
NHnpeoc); 6.86 (m, 4 H o t o  OMe): 5.X9 ((1, H-C(1')); 5.43 ( m ,  H-C(5)); 4.12- 4.39 (m. H-C(2'), H-C(3'), 
H-C(4), 2 OCH,CH,); 3.72 (s. 2 MeO); 2.75-3.45 (4m, 2 OCH,CH,, 2 H-C(5')); 0.91 -0.94 (m. 2 Me,CH). 
"P-NMR ((D,)DMSO): 148.74, 148.34. Anal. calc. for C,,H,,N,O,,P (1035.67): C 61.47, H 5.74, N 8.11; 
found: C 61.74. H 5.88, N 8.18. 

35. 2'-Deo.ry-S-0-(4,4-dim~1ho.ry1ri1~l)-N~-~~2-I4-ni1,opl tcn~l)~~rl to .r~~]c.r irhot i~l~-2-/~/2-(4-ni1ro~pl t i~n~~l~-  
e1hoxy~curhon~l)arnini~)-0~-[2-(4-ni/roplic~n~l)e1h~l]gtrrinosini~ 3 ' - /2 - (4 -Ni t rc1p / i t~ t?~~)eI / i j~1  Dii.soprop~.lpko.spliijr- 
umidite] (39). As described in Erper. 32,  with 26 (184 mg. 0.164 mmol), 2-(4-nitrophenyl)ethyl tetraisopropyl- 
phosphorodiamidite (130 mg, 0.329 mmol) stirring at r.t. for 15 h. Purification by F C  (toluene/AcOEt 2: I .  1: I ) :  
157mg (67%) of 39. Colorless foam. U V  (MeOH): 269 (4.64), 236 (4.35). 'H-NMR ((D,)DMSO): 10.23 
(d, NHnpeoc); 8.01 --8.28 (m. 8 H o t o  NO,, H-C(S)); 7.09-7.72 (m, 18 H,  (MeO),Tr, NHnpeoc. 8 H ni to  NO,); 
6.63 (m, 4 H (I to MeO); 6.02 (m. H-C(1')); 5.12 (m, H-C(2')); 4.78 (tn, OCH,CH,): 4.55 (m, H-C(3')); 4.39 
(m, OCH,CH,); 4.12 (WI, ZOCH,CH,); 3.82 (m, H-C(4)); 3.65 (m,  2 H-C(5'), 2 MeO); 3.31 (m. OCH,CH,); 
3.08 (m, OCH,CH,); 2.81 ( I ,  OCH,CH,); 0.82-0.99 (m, 2 Me,CH). , 'P-NMR (CDCI,): 152.15; 151.57. Anal. 
calc. for C,,H,,N,,O,,P (1415.41): C 60.25, H 5.20, N 10.89; found: C60.16, H 5.48, N 10.30. 

36. 2-Deo.~~~-S-O-~4.4-din~e~li0.ry1ri1~l)-N~-~(2-(4-ni1rophen~l)e~ho.ry]curbonyl}-2'-(/2-(4-nitr~ph~nyl)- 
etho.ryjcurhonyl~umino)utleno.sine 3'-/2-(4-Nitrophenyl)eth~l Dii.sopropj~lphosphorum~diIe] (40). 36.2. IH-fi>tru- 
:ole Acrivution. As described in Exper. 31, with 30 (500 mg, 0.523 mmol), 2-(4-nitrophenyl)ethyl tetraisopropyl- 
phosphorodiamidite (416 mg, 1 .OO mmol) and 1H-tetrazole (18 mg, 0.262 mmol) in dry MeCN (20 ml), stirring at  
r.t. for 15 h. Purification by FC (petroleum/acetone 4: 1 to 1 : l ) :  503 mg (77%) of 40. 

36.2. Pyrrdinc,-Hy[lrochlor;de Activurion. As described in Esper. 32, with 30 (714 mg, 0.748 mmol), 2-(4-nitro- 
pheny1)ethyl tetraisopropylphosphorodiamidite (568 mg, 1.428 mmol) and 748 pl of a 0 . 5 ~  pyridine hydrochloride 
s o h  in MeCN (7 ml); stirring at r.t .  for 15 h. Purification by FC (toluene/AcOEt 1 : l ) :  777mg (83%) of 40. 
Colorless foam. UV (MeOH): 273 (4.63), 267 (4.66), 237 (4.48). 'H-NMR ((D,)DMSO): 10.61 ( s ,  Nflnpeoc); X.49 
(n7, H-C(8), H-C(2)); 8.08 -8.28 (3d. 6 H o to NO,); 7.58 (d, Nllnpeoc); 7.16-7.46 (m, 15 H. (MeO),Tr, 6 H ni 
to NO,); 6.79 ( 4 4  H o to MeO); 6.08--6.12 (m, H-C(1')); 5.12 -5.29 (m, H-C(2')); 4.42 -4.61 (m. H-C(3')); 

CHCI, (1236.57): C 59.54, H 5.32, N 9.06; found: C 60.1 I ,  H 5.41, N 8.61. 
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4.32-4.40 (m.  OCH,CH,); 4.04-4.26 (m, 2 OCH,CH,, H-C(4')); 3.68 (s, 2 MeO); 3.39-3.49 (m,  2 H-C(5')); 
3.14 ( I ,  OCH,CH,); 2.76-2.98 (m.  2 OCH,CH,); 0.88-1.12 (m,  2 Me,CH). , 'P-NMR (CDCI,): 150.53; 150.99. 
Anal. calc. for C,,H,,N,,O,,P (1251.54): C60.47, H 5.40, N 11.19; found: C60.37, H 5.44, N 11.11. 

37. 3'-0-(3-Curho.w~proppc1nc,r.IJ-2-~leo.u~-S-0-i4,4-din1etho.w~~1rit~~I)-N"-~~2-I4-nirrophi~n~~l)e1ho.~~]curho- 
n.v~~-2'-~~[~-(4-nilropheny~)elhox~~curhony~~umino)adeno.sinr (41) .  To a soln. of 34 (470 mg, 0.492 mmol) in dry 
CH,CI, (10 mi), succinic anhydride (63 mg, 0.652 mmol) and DMAP (86 mg, 0.707 mmol) were added. After 
stirring for 3 d. the s o h .  was diluted with CH,CI,, extracted with phosphate buffer (pH 7; 2 x 65 ml), 10% citric 
acid (2 x 50 ml), and H,O (2 x 50 ml). The combined org. layer was dried (MgSO,) and evaporated: 493 mg 
(95%) of 41. Amorphous solid. UV (MeOH): 274 (4.49), 266 (4.55). 236 (4.44). 'H-NMR ((D,)DMSO): 12.31 
(s ,  COOH); 10.63 (s, NHnpeoc); 8.49 (s, H-C(8), H-C(2)); 8.08-8.17 (2d, 4 H o to NO,); 7.83 (d, NHnpeoc); 
7.18-7.58(m,9 H,(MeO),Tr,4HmtoNO,);6.XO(d,4HotoMeO);6.13(d, H-C(l'));5.32-5.49 (m. H-C(2'), 
H-C(3')); 4.35-4.42 (m. OCH,CH,); 4.03-4.22 ( m ,  OCH,CH,, H-C(4')); 3.71 (s, 2 OMe); 3.08-3.26 
(m.  OCH,CH,); 2.93-2.97 (m,  OCH,CH,); 2.51 -2.67 (m,  OCCH,CH,CO, H-C(5')). Anal. calc. for 
C,,H,,N,O,, + H,O (1073.05): C 59.33, H 4.88, N 10.00; found: C 59.33, H 4.88, N 10.00. 

38. 2'-[~3-~arbo.wyprr~pano~/)cimino/-2-dei~xy-S'-0-(4,4-dim~~lho~y1rit~l)udeno.sinr (42) .  To a soln. of 41 
(100 mg. 0.101 mmol) in dry pyridine (8 ml), DBU (616 mg, 4 mmol) was added, and the mixture was stirred at 
r.t. for 2 d. After neutralization with AcOH (240 mg, 4 mmol), the s o h .  was diluted with CHCI, and dropped 
slowly into Et,O. The precipitate was filtered and dried: 36 mg (53 %) of 42. Amorphous solid. UV (MeOH): 260 

(MeO),Tr); 6.31 (d. 4 H o to MeO); 5.98 ( d ,  H-C(l')); 5.78 (br. s, HO-C(3')); 5.15-5.28 ( m ,  H-C(2')); 4.39 
(m,  H-C(3')); 4.12 (m,  H - C ( 4 ) ) ;  3.73 (s, 2 MeO); 3.21- 3.38 (m, 2 H-C(5')); 2.26-2.42 (m.  OCCH,CH,CO). 
Anal. calc. for C,,H,,N,O,. 2 H,O (704.74): C 59.65, H 5.72. N 11.92; found: C 59.40, H 5.73, N 11.46. 

39. Solid-Supporr Marrriul43from 500-A LCAMA-CPG.  A mixture of41 (16 mg, 16 p o l ) ,  500-A LCAMA- 
CPG (100 mg), [ I  I] [12][17], TOTU (6 mg, 18 pmol) and N-methylmorpholine ( 5  pl, 45 pmol), in dry MeCN ( 3  ml) 
was gently shaken for 3 h. The CPG material was collected in a glass funnel and washed with MeOH, DMF. 
pyridine, MeOH, acetone, and Et,O, and then dried. Determination of loading: A defined amount of 43 (6 mg) 
was treated in a 10-ml calibrated flask with 0.2M TsOH in MeCN (10 ml). After 1 min, the absorbance at 498 nm 
was measured against 0 . 2 M  TsOH in MeCN. The loading L [pmolig] can be calculated by the formula 
L = A x 10 x 14.4/m ( A  = absorbance at 498 nm; m weight of CPG material 43 in mg) and gave for 43:  
L = 14 pmol/g. 

40. Assemhlv of  Oligonucleotides. Syntheses were carried out using an Applicd Bii)sj~.srcm.s 392 DNAIRNA 
synthesizer. Nucleoside-functionalized CPG [17][43] material was packed into a small A BIcolumn, and cycles of 
nucleotide addition were carried out by programmed series of reagent and solvent washes based on recommended 
procedures with the following main steps. 1)  5'-0-(MeO),Tr-deprotection in 135 s; the eluate from this step was 
collected and the absorbance at 498 nm measured to determined the condensation yields. 2) Coupling: 0 . 1 ~  
phosphoramidite and 0 . 5 ~  activation reagent in dry MeCN, delivered in alternating reagent pushes with a 
subsequent waiting time (see Table f). 3)  Capping: Ac20/2,6-dimethylpyridine/THF 1 : 1 : 8 and 1-methyl-1 If-im- 
idazole/THF 16:84, delivered in one 10-s push with a subsequent wait time of 5 s. 4) Oxidation: 0 . 0 5 ~  I ,  in 
THF/pyridine/H,O 7:2:1. delivered in one 10-s push with a subsequent waiting time of 15 s. Then, a cleavage 
programme was carried out: I )  Cleavage of the base-protecting groups: I M  DBU in MeCN delivered in several 
pushes and following waiting steps (total wait time: 12 h). 2) Cleavage from the support: conc. NH, s o h .  delivered 
in one push with a consecutive wait time of 4 x 2400 s (total waiting time 2.5 h). The reaction s o h .  containing 
only the oligonucleotide and NH,, was collected and, after determination of the isolated amount of oligonucle- 
otide by measurement of the absorbance at 260 nm, lyophilized in a Speeci-vac concentrator under high vacuum. 

41. M e / @  Curve.\. Absorbance vs. temp. curves were measured at 260 nm in Na,HPO,/NaH,PO, buffer at 
pH 7.0; N a +  conc. 0 . 1 5 ~ ~  0 . 3 ~ .  0 . 1 2 ~ ,  and 0 . 0 2 4 ~ .  

(4.02), 228 (4.24). 'H-NMR ((D,)DMSO): 8.21 (d, NH); 8.01, 8.18 (2.7. H-C(8), H-C(2)); 7.17-7.49 (m,  9 H. 
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