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PALLADIUM-MEDIATED COUPLING REACTIONS OF AN AMINO- 
SUBSTITUTED HETEROCYCLE. DIRECT SYNTHESIS OF C- 

NUCLEOSIDES RELATED TO ADENOSINE 

Han-Cheng Zhang, Mohamed Brakta and G. Doyle Daves, Jr.* 
Department of Chemistry, Rensselaer Polytechnic Institute, Troy, New York 12 180 

Abstract 

C-Nucleosides of the pyrazolo[ 1,5-a]- 1,3,5-triazine aglycon system have been 
prepared by palladium-mediated coupling of 8-iodopyrazolo[ 1,5-a]-l,3,5-triazines. 4- 
(N,N-Diisobutyloxycarbonyl)amino-8-iodopyrazolo[ 1,5-a]- 1,3,5-triazine and the furanoid 
gl ycal 1,4-anhydro-Z-deoxy-3-0-[( 1,1 -dimethylethyl)diphenylsilyl]-~-erythro-pent- 1 -enitol 
coupled in the presence of catalytic palladium(0) to yield, after desilylation of the 
intermediate silyl enol ether, a C-glycoside analog of adenosine. 

In connection with our ongoing interest in efficient methods for preparation of C- 
nucleosides and C-glycosides, 1-4 we have extended the study of palladium-mediated 
coupling reactions of nitrogen heterocycles, initiated in a study of the pyrazolo[4,3- 
dlpyrimidine system5 (aglycon of the important antibiotic, formycins6) to reactions of iodo 
derivatives of pyrazolo[ 1,5-a]- 1,3,5-tria~ine.~ We now report the first successful 
palladium-mediated coupling reaction of an amino substituted aglycon with a glycal (1,2- 
unsaturated carbohydrate) to form directly a C-nucleoside analog of adenosine. This work 
complements and extends pyrazolo[ 1,5-a]- 1,3,5-triazine C-nucleoside chemistry.79* 

using N-iodosuccinimide. Attempted palladium-mediated coupling of iodo aglycon 
derivative 2 with 1,4-anhydro-2-deoxy-3-~-(methoxymethyl)-~-e~fhr~-pent- 1-enit019 (4) 
using catalytic palladium dibenzylideneacetone, Pd(dba)2, and triphenylarsine 59 

equiv. per Pd) in acetonitrile (reaction conditions developed in our previous study of the 
pyrazolo[4,3-d]pyrimidine aglycon system5) was unsuccessful. 

8-Iodopyrazolo[ 1,5-a]-l,3,5-triazin-4-one (2) was prepared from 17 by iodination 

(2 

105 
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106 ZHANG, BRAKTA, AND DAVES 

I I 
1 2 3 

Tetrahydropyranylation of 2 (3,4-dihydropyran, H+, 78%) produced 8-iod0-4- 
[(tetrahydropyran-2-yl)oxy]pyrazolo[ 1,5-a]- 1,3,5-triazine (3) which underwent regio- and 
stereospecific coupling with furanoid glycal49 under the indicated reaction conditions to 
produce C-nucleoside 5 in good yield along with 15 percent of deiodinated aglycon. In 
contrast to the corresponding reaction in the pyrazolo[4,3-d]pyrimidine ~ e r i e s , ~  no 
significant aglycon dimerization occurred. 

3 + 
2‘ 

4 
5 OCH,0CH3 

OSi(Ph,)t-Bu 
6 7 

? J3 F- ? 1-Q 

OH 
9 

0 
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C-NUCLEOSIDES RELATED TO ADENOSINE 107 

?CH3 OCH, 

6 

Pd(dba), 

11 OSi(Ph)$-Bu 12 0 

Coupling of iodoaglycon derivative 3 with 3-0-silylated furanoid glycal612 
followed by desilylation of the intermediate product, silyl enol ether 7, with 
tetrabutylammonium fluoride 12 and stereospecific hydroxy-activated reduction of the 3'- 
keto group of intermediate 8 using sodium triaceto~yborohydride~, 12913 yielded the 
2'-deoxyribofuranosyI C-nucleoside 9 in 65 percent yield for the three ~teps.2~14 
The coupling reaction was accompanied by aglycon deiodination (17%); no aglycon 
dimerization was observed. Similarly, palladium-mediated coupling of 8-iodo-4- 
methoxypyrazolo[ 1,5-a]-1,3,5-triazine (10) and furanoid glycal 6 efficiently produced C- 
nucleoside intermediate 11 which was desilylated to form 3'-keto C-nucleoside 12. 

These successful results led us to undertake the more challenging task of coupling a 
furanoid glycal with an amino-substituted aglycon derivative to form C-nucleoside anologs 
of adenosine directly. 4-Armnopyrazolo[ 1 ,5-a]-1,3,5-triazine7 was iodinated (N- 
iodosuccinimide) to form 13 which was acetylated using acetic anhydride-pyridine (13 -> 
14). Palladium-mediated coupling of iodoaglycon 14 with excess 2,3-dihydrofuran 
occurred at elevated temperature (80-100 "C). It is interesting that the product, 15, lacked 
the amino-protecting acetyl group of aglycon precursor 14. 

13 14 15 

Attempts to achieve coupling of 14 with furanoid glycaI612 under the same 
conditions were unsuccessful. Reasoning that the acetyl group was too labile and too small 
to effectively prevent the aglycon amino group of 14 (together with ring nitrogens) from 
binding and thereby inactivating the palladium catalyst, the bulky pivalylamide 16 was 
prepared. Unfortunately, aglycon derivative 16 also failed to undergo palladium-mediated 
coupling with glycal6. As a result, the aglycon bis-carbamate derivative 17 was prepared 
by reaction of 13 with isobutyloxycarbonyl chlorid; in the presence of pyridine. 
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108 ZHANG, BRAKTA, AND DAVES 

I 
16 

I 
17 

\ 

17 + 6 
2. F '  

0 18 

Aglycon derivative 17, which possesses bulky groups to shield potential palladium- 
binding nitrogens, was successfully coupled with glycal612 in the presence of catalytic 
palladium dibenzylideneacetone and triphenylarsine to give, after desilylation of the initially 
formed silyl enol ether with flucride ion, the 3'-keto C-nucleoside 18 (2 steps, 50%). 
Again, as in the palladium-mediated reaction of 14, an acyl group was lost from the amino 
substituent of the aglycon. 

1 9  2 0  

7-Aminopyrazofo[4,3-d]pyrimidine,15 prepared in two steps from 3-cyano-4- 
nitropyrazolel6 by reduction and cyclization with formamidine acetate,17 was iodinated 
(N-iodosuccinirnide) to produce 7-amino-3-iodopyrazolo[4,3-d]pyrirnidine (19) which 
was converted into the tri-N-protected derivative 20 with isobutyloxycarbonyl chloride- 
pyridine. Attempted'palladium-mediated coupling of iodoaglycon derivative 20 with glycal 
6 was unsuccessful under a variety of conditions tried. In all cases the protective group on 
the pyrazole ring nitrogen was lost. Presumably, this lability accounts for the failure to 
achieve coupling with aglycon derivative 20 since the successful coupling of aglycon 
derivative 17 attests to the effectiveness of bis-isobutyloxycarbonyl protection of the amino 
substituent and, in an earlier study? successful coupling reactions of a pyrazolo[4,3- 
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C-NUCLEOSIDES RELATED TO ADENOSINE 109 

dlpyrimidine aglycon with a tetrahydropyranyl substituent on the pyrazole ring nitrogen 
were realized. 

Experimental 
General Comments. Thin-layer chromatography (TLC) was performed on 

prescored silica gel GF plates (Analtech). Preparative TLC was carried out on 1 mm thick 
20 X 20 cm2 silica gel GF plates (Analtech). For column chromatography, silica gel 60 
(230-400 mesh ASTM, E. Merck) was used. Nuclear magnetic resonance (NMR) spectra 
were obtained on either a Varian Unity 500 or a Varian Associates XL-200 spectrometer 
and are referenced to tetramethylsilane. Mass spectra were obtained with a Hewlett 
Packard 5987A G C N S  system. High resolution mass spectrometry was performed by Dr. 
Richard Kondrat and Dr. Ron New at the University of California at Riverside. Melting 
points were determined with a Thomas Hoover capillary melting point apparatus and are 
uncorrected. Elemental analyses were carried out by Quantitative Technologies, 
Whitehouse, NJ. 

A mixture of pyrazolo[ 13 -  
a]-l,3,5-triazin-4-one7 (1) (2.04 g, 15 mmol) and N-iodosuccinimide (4.39 g, 19.5 mmol) 
in dimethylformamide (DMF) (20 mL) was stirred under nitrogen at 40 "C for 5 h. The 
solvent was then removed in vucuo and CH2C12 (10 mL) was added. The resulting light 
yellow solid was collected and suspended in hot water (20 mL) and ammonium hydroxide 
was added to effect solution. The solution was treated with decolorizing carbon and the 
resulting hot filtrate was acidified with acetic acid and cooled to give 3.38 g (86 %) of 2 as 
a light gray solid which was recrystallized from water to give colorless needles: mp 245 "C 
(dec.); 1H NMR (DMSO-d6) 6 8.08 and 8.12 (2s, H-2 and H-7); 13C NMR (DMSO-d6) 
6 54.5 (C-8), 143.5, 146.0, 149.3, 149.5 (C-2, C-4, C-7, C-8a); MS m/z 263 (MH+). 

8-Iodopyrazolo[ 1,5-a]-1,3,5-triazin-4-one (2). 

Anal. Calcd for C5H3IN40: C, 22.9; H, 1.15, N, 21.4. Found: C, 23.2; H, 0.96; 

N, 21.1. 
8-1 odo-4 - [ (te t r ah y d ropy ran -2-y1)oxy I p y razolo[ 1,s -a] - 1,3,5- t r iaz ine 

(3). 3,4-Dihydro-2H-pyran (2.3 mL, 25 mmol) was added dropwise to a mixture of 8- 
iodopyrazolo[ 1 $-a]- 1,3,5-triazin-4-one (2) (1.3 1 g, 5.0 mmol) and p-toluenesulfonic acid 
monohydrate (48 mg, 0.25 mmol) in dry DMF (5  mL) and dry ethyl acetate (15 mL). The 
reaction mixture was stirred under nitrogen at 65 "C for 30 h. The volatiles were then 
removed and hexane (20 mL) was added. The resulting light yellow solid was collected and 
recrystallized from methanol-ethyl acetate to give 1.37 g (79 %) of 3 as a colorless solid: 
mp 144-144.5 "C; IH NMR (CDC13) 6 1.52-2.06 (m, 6H, tetrahydropyranyl), 3.68 (dt, 

lH, J = 2.5, 12.0 Hz, tetrahydropyranyl), 4.16 (m, IH, tetrahydropyranyl), 5.74 (dd, 
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110 ZHANG, BRAKTA, AND DAVES 

IH, J = 2.0 and 10.8 Hz, tetrahydropyranyl), 7.95 and 8.09 (2s, 2H, H-2 and H-7); 13C 
NMR (CDC13) 6 54.1 (C-8), 142.5, 143.1, 147.7, 150.4 (C-2, C-4, C-7, C-8a); 
tetrahydropyranyl residue 22.4, 24.5, 32.0, 69.3, 82.8; MS m/z 347 (MH+). 

Anal. Calcd for ClOH11IN402: C, 34.7; H, 3.20; N, 16.2. Found: C, 34.8; H, 
3.01; N, 16.1. 

(methoxymethoxy)-2'-furanyl]-4-[ (tetrahydropyran-2-yl)oxy]pyrazolo[ 1 3 -  
a]-1,3,5-triazine (5). A mixture of bis(dibenzy1ideneacetone) 
palladium(0) (14 mg, 0.024 mmol) and triphenylarsine (15 mg, 0.049 mmol) in acetonitrile 
(3 mL) was stirred under nitrogen at room temperature for 15 min. This complex was then 
transferred by syringe to a solution of 8-iodo-4-[(tetrahydropyran-2-yl)oxy]pyrazolo[ 13-  
a]- 1,3,5-triazine (3) (83 mg, 0.24 mmol), 1,4-anhydro-2-deoxy-3-0-(methoxyrnethyl)-~- 
eryrhro-pent-l-enitol(4)9 (50 mg, 0.31 mmol) and tri-n-butylamine (86 pL, 0.36 mmol) in 
acetonitrile (7 mL). The reaction mixture was stirred under nitrogen at 60 "C for 18 h, at 
which time TLC indicated that the aglyon derivative 3 had been consumed. The dark 
reaction mixture was then filtered through Celite. The volatiles were removed and the 
resulting residue was separated by flash column chromatography (ethyl acetate : CH2C12,3 
:1) to give 63 mg (70 '3%) of 5 as a colorless solid and 8 mg (15 %) of 4-[(tetrahydropyran- 
2-yl)oxy]pyrazolo[ 1 &a]- 1,3,5-triazine as a colorless solid. 

For 5 (recrystallized from ethyl acetate-hexane) (a pair of diastereoisomers): mp 142- 
144.5 "C; 1H NMR18 (CDC13) 6 1.52-2.1 1 (m, 6H, tetrahydropyranyl), 3.46 (s, 3H, 
OCH3), 3.68-3.91 (m, 3H, H-Sa, H-5'b, tetrahydropyranyl), 4.18 (m, lH, 
tetrahydropyranyl), 4.77 (m, IH, H-4'), 4.97-5.04 (m, 3H, H-2', OCH20), 5.80 (dd, 
lH, J = 1.8 and 10.8 Hz, tetrahydropyranyl), 5.99 (m, lH, H-l'), 7.94, 8.10 (2s, 2H, H- 
2 and H-7); I3C NMR (CDC13) 6 22.4, 24.6, 32.1, 56.3, 62.0, 69.3, 82.6, 83.0, 95.5, 

(2'R)-Cis-8-[2',5'-dihydro-5'-(hydroxymethyl)-4'- 

98.4, 115.4, 142.2, 143.0, 144.0, 145.4, 152.1;19720 MS m/z 379 (MH+). 
Anal. Calcd for C17H22N406: C, 54.0; H, 5.86; N, 14.8. Found: C, 53.5; H, 

5.22; N, 14.6. 
For 4-[(tetrahydropyran-2-yl)oxy]pyrazolo[ 1,5-a]- 1,3,5-triazine: 1H NMR (CDC13) 

6 1.55-2.07 (m, 6H, tetrahydropyranyl), 3.69 (dt, lH,  J = 3.0, 11.5 Hz, 
tetrahydropyranyl), 4.17 (m, IH, tetrahydropyranyl), 5.79 (dd, lH, J = 2.0 and 11.0 Hz, 
tetrahydropyranyl), 6.43 (d, lH, J = 2.0 Hz, H-8), 7.95 (d, lH, H-7), 8.01 (s, H, H-2); 
l3C NMR (CDC13) 6 100.2 (C-8), 141.8, 143.3, 146.5, 147.4 (C-2, C-4, C-7, C-8a); 

tetrahydropyranyl residue 22.5, 24.6, 32.0, 69.3, 82.5; MS m/z 220 (M+'); HMRS calcd 
for CloH 12N402: 220.0960, found: 220.0967. 

8-(2'-Deoxy-~-~-ribofuranosyl)-4-~(tetrahydropyran-2-yl)oxy] 
pyrazolo[l,5-a]-1,3,5-triazine (9). To a solution of 8-iodo-4-[(tetrahydropyran-2- 
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C-NUCLEOSIDES RELATED TO ADENOSINE 1 1 1  

yl)oxy]pyrazolo[ 1,5-a]-1,3,5-triazine (3) (242 mg, 0.70 mmol), 1,4-anhydr0-2-deoxy-3- 
0-[( 1 ,l-dimethylethyl)diphenylsilyl]-~-erythro-pent- l-enitol (6) (323 mg, 0.9 1 mmol) 
and tri-n-butylamine (250 pL, 1.05 mmol) in acetonitrile (10 mL) was added a complex of 

bis(dibenzylideneacetone)palladium(O) (40 mg, 0.070 mmol) and triphenylarsine (43 mg, 
0.14 mmol) in acetonitrile (5 mL). The reaction mixture was stirred under nitrogen at 60 "C 
for 15 h, at which time TLC indicated that the aglyon derivative 3 had been consumed. The 
mixture was then cooled to room temperature and a 1M solution of tetrabutylammonium 
fluoride in tetrahydrofuran (0.70 mL, 0.70 mmol) was added. The desilylation reaction 
was complete in 10 min based on TLC. To this reaction mixture sodium 
triacetoxyborohydride (593 mg, 2.8 mmol) was added and the mixture was stirred at room 
temperature. After the reduction was complete based on TLC (about 15 min), the mixture 
was filtered through Celite and the volatiles were removed. The resulting residue was 
separated by flash column chromatography (methanol : ethyl acetate : hexane, 1: 3 : 3) to 
give 153 mg (65 70) of 9 as a colorless solid and 26 mg (17 Yo) of 4-[(tetrahydropyran-2- 
yl)oxy]pyrazolo[ 1,5-a]-1,3,5-triazine as a colorless solid. 

For 9 (recrystallized from ethanol-benzene-hexane) (a pair of diastereoisomers): mp 
153-156 "C; 1H NMR (CDC13) 6 1.53-2.08 (m, 6H, tetrahydropyranyl), 2.19 (dd, lH, J 

= 5.5, 13.0 Hz, H-2'a). 2.35 (m, lH, H-2'b), 3.69 (m, 2H, H-Sa, tetrahydropyranyl), 
3.84 (dd, IH, J4',5'b = 2.0 Hz, J5'a,5'b = 12.5 Hz, H-5'b), 4.06 (m, lH, H-47, 4.17 
(m, IH, tetrahydropyranyI), 4.57 (rn, IH, H-3'1, 5.34 (dd, lH, J1',2'b = 5.5 Hz, Ji3,2'b 

= 11 .O Hz, H-l'), 5.78 (dd, lH, J = 2.5, 10.5 Hz, tetrahydropyranyl), 7.95, 8.08 (2s, 
2H, H-2 and H-7); 13C NMR (CDC13) 6 43.8 (C-27, 63.4 (C-57, 72.9, 74.7 (C-l', C- 
47, 88.1 (C-37, 114.5 (C-8), 142.2, 143.0, 144.1, 145.6 (C-2, C-4, C-7, C-8a); 
tetrahydropyranyl residue 22.5, 24.6, 32.1, 69.4, 82.8.19 

5.65; N, 16.4. 

Methoxypyrazolo[ 1,5-a]-1,3,5-triazine (60 mg, 0.40 mmol) in DMF (5 mL) was treated 
with N-iodosuccinimide (1 17 mg, 0.52 mmol) and the reaction mixture was stirred under 
nitrogen at 40 "C for 5 h. The solvent was then removed in vucuo and the residue was 
dissolved in CH2C12 and washed with water. The organic phase was dried over Na2S04, 
evaporated and the resulting residue was purified by preparative TLC (ethyl acetate : 
hexane, 1 : 2) to afford 92 mg (83 %) of 10 as a light yellow solid: 1H NMR (CDCl3) 6 
3.64 (s, 3H, OCH3), 7.86, 8.01 (2s, 2H, H-2 and H-7); MS m/z 276 (Mf'); HMRS calcd 
for C6HgIN40: 275.9508, found: 275.9504. 

Anal. Calcd for C15H20N405: C, 53.6; H, 5.99; N, 16.7. Found: C, 53.5; H, 

8-Iodo-4-methoxypyrazolo[l,S-a]-1,3,5-triazine (10). 4- 

8 - ( 2 ' - D e o x y - p - D -g Zy c e r o - p en t o f u ran - 3 ' - u 1 o s - 1 ' - y 1) - 4 - 
methoxypyrazolo[l,5-a]-1,3,5-triazine (12). A complex of 
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112 ZHANG, BRAKTA, AND DAVES 

bis(dibenzy1ideneacetone) palladium(0) (1 1 mg, 0.019 mmol) and triphenylarsine (12 mg, 
0.039 mmol) in acetonitrile (3 mL) was added to a solution of 8-iodo-4- 
methoxypyrazolo[ 1,5-a]-1,3,5-triazine (10) (55 mg, 0.20 mmol), 1,4-anhydro-2-deoxy-3- 
0-[( 1,l -dimethylethyl)diphenylsilyl]-~-erythro-pent- 1 -enit01 l2 (6) (92 mg, 0.26 mmol) 
and tri-n-butylamine (72 pL, 0.30 mmol) in acetonitrile (3 mL) was added. The reaction 

mixture was stirred under nitrogen at 70 "C for 8 h, at which time TLC indicated that 
aglyon derivative 10 had been consumed from the dark reaction mixture. Acetic acid (24 
pL, 0.4 mmol) was added to the mixture at room temperature followed by a 1M solution of 
tetrabutylammonium fluoride in tetrahydrofuran (200 pL, 0.2 mmol). After the desilylation 
reaction was complete (monitored by TLC), the reaction mixture was filtered through Celite 
and the volatiles were removed. The resulting residue was separated by preparative TLC 
(ethyl acetate : hexane, 1 : 2) to give 39 mg (74 %) of 12 as a colorless solid: 1H NMR 
(CDC13) 6 2.84 (m, 2H, H-2'a, H-2'b), 3.66 (s, 3H, OCH3), 3.92 (m, 2H, H-Sa, H- 
Sb), 4.05 (m, lH, H-47, 5.42 (dd, lH, J1',2'b = 7.5 Hz, Jii,2'b = 9.7 Hz, H-I'), 
7.84, 8.03 (2s. 2H, H-2 and H-7); MS m/z 265 (MH+); HMRS calcd for C11H12N404 + 
H+: 265.0937, found: 265.093 1. 

aminopyrazolo[ 1,5-a]- 1 ,3,5-triazine7 (1 .O g, 7.4 mmol) and N-iodosuccinimide ( 1.72 g, 
7.6 mmol) in 40 mL of DMF was heated at 65 "C for 2 h. The mixture was then 
evaporated to dryness and CHC13 was added to the resulting residue. The insoluble 
crystals were collected by filtration, washed three times with CHC13 to remove iodine and 
dried to afford 1.7 g (88 %) of yellow crystals, mp 274-275 "C; lH NMR (DMSO-d6) 6 
8.10, 8.22 (2s, 2H, H-2 and H-7). 

N, 27.0. 

4-Amino-8-iodopyrazolo[ 1,5-a]-1,3,5-triazine (13). A mixture of 4- 

Anal. Calcd. for CgHqNgI: C, 23.0; H, 1.55: N, 26.8. Found: C, 23.3; H, 1.40; 

4-Acetamido-8-iodopyrazolo[l,5-a]-1,3,5-triazine (14). A solution of 4- 
amino-8-iodopyrazolo[ 1,5-aI-I ,3,5-triazine (13) (0.60 g, 2.3 mmol) and acetic anhydride 
(0.86 mL, 9.2 mmol) in 24 mL of pyridine was heated under reflux with exclusion of 
moisture for 3 h, at which time TLC indicated that reaction was complete. The mixture was 
cooled and the solvent was removed in vucuo. Xylene (3 x 15 mL) was added to the 
residue and evaporated to remove residual pyridine and acetic anhydride. The insoluble 
crystals were collected, washed with xylene and dried to yield 0.53 g (80 %) of orange 
crystals, mp 213-214 "C; lH  NMR (DMSO-d6) 6 2.40 (s, 3H, CH3), 8.48,8.52 (2s, 2H, 
H-2 and H-7); 13C (DMSO-d6) 6 25.2 (CH3), 5 1.7 (C-8), 146.1, 148.8, 149.3, 153.4 

(C-2, C-4, C-7, C-Sa), 169.1 (CO). 

N, 23.0. 

Anal. Calcd for C7HgN501: C, 27.7; H, 2.00; N, 23.1. Found: C, 28.0; H, 2.04; 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
3
5
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



C-NUCLEOSIDES RELATED TO ADENOSINE 113 

4 -Amino -8- (2' ,5 ' -di h y d rofuran-2' - y 1) p yrazolo [ 1,5 -a] - 1,3,5- t riazine 
(15). To a solution of 4-acetamido-8-iodopyrazolo[ 1,5-a]-1,3,5-triazine (14) (150 mg, 
0.5 1 mmol) and tri-n-butylamine (123 pL, 0.5 1 mmol) in 25 mL of acetonitrile under 
nitrogen was added by cannula a solution of palladium acetate (1 1.6 mg, 0.05 1 mmol) and 
triphenylphosphine (27.3 mg, 0.10 mmol) in 5 mL of acetonitrile. To this mixture was 
added 2,3-dihydrofuran (0.78 mL, 10.2 mmol) and tetrabutylammomium chloride (150 
mg, 0.51 mmol) in 3 mL of acetonitrile. The reaction mixture was stirred at 80 "C for 12 h. 
The solvent was then removed and the residue was separated by preparative TLC (EtOAc : 
MeOH : hexane, 6 : 0.5 : 2) to afford 73 mg (70 %) of 15 as a colorless solid: 1H NMR 
(DMSO-d6) 6 4.47-4.80 (m, 2H, H-Ss), 5.86-6.04 (m, 2H, H-3', H-47, 6.14-6.20 (m, 
lH, H-27, 8.01, 8.06 (2s, 2H, H-2 and H-7). 

Anal. Calcd for CgHgN50: C, 53.2; H, 4.46; N, 34.5. Found: C, 533; H, 4.31; 
N, 34.3. 

4-(N,N-Diisobutyloxycarbonyl)amino-8-iodopyrazolo[ 1,5-a]-1,3,5- 
triazine (17). Isobutyloxycarbonyl chloride (3 11 pL, 2.4 mmol) was added dropwise 

with stirring to a solution of 4-amino-8-iodopyrazolo[ 13-a]- 1,3,5-triazine (13) (78 mg, 
0.30 mmol) in anhydrous pyridine (10 mL) cooled by ice bath. The reaction mixture was 
stirred under nitrogen at room temperature for 5 h and then the volatiles were evaporated at 
reduced pressure. After several additions and evaporations of ethanol, the resulting residue 
was separated by preparative TLC (ethyl acetate : hexane, 1: 5 )  to give 123 mg (89 %) of 
17 as a colorless foam: lH  NMR (CDC13) 6 0.69 (d, 12H, J = 6.5 Hz, CH3's), 1.78 (m, 
2H, CH's), 3.95 (d, 4H, J = 7.0 Hz, OCH2's), 8.18, 8.65 (2s, 2H, H-2 and H-7); l3C 
NMR (CDC13) 6 18.45 (CH3), 27.33 (CH), 51.25 (C-8), 74.17 (OCHz), 146.73, 
149.19, 150.07, 151.38, 152.80 (C-2, C-4, C-7, C-8a and CO); MS m/z 462 (MH+); 
HMRS calcd for C15H20IN504 + H+: 462.0638, found: 462.0643. 

8-( 2'-deoxy- p -D -glycero -pentofuran-3'-ulos- 1 ' - y l ) 4 - ( N -  
isobutyloxycarbonyl)aminopyrazolo[l,5-a]-l,3,S-triazine (18). To a solution 
of 4-(N,N-diisobutyloxycarbonyl)amino-8-iodopyrazolo[ 1,5-a]- 1,3,5-triazine (17) (69 
mg, 0.15 mmol), 1,4-anhydro-2-deoxy-3-0-[( 1, 1-dimethylethyl)diphenylsilyl]-~-erythro- 
pent-l-enitol12 (6) (71 mg, 0.20 mmol) and tri-n-butylamine (55 pL, 0.23 mmol) in 
acetonitrile (3 mL) was added a complex of bis(dibenzylideneacetone)palladium(O) (8.6 
mg, 0.015 mmol) and triphenylarsine (9.2 mg, 0.030 mmol) in acetonitrile (2 mL). The 
reaction mixture was stirred under nitrogen at 70 "C for 24 h and then cooled to room 
temperature and a 1M solution of tetrabutylammonium fluoride in tetrahydrofuran (150 pL, 
0.15 mmol) was added. After the desilylation reaction was complete (followed by TLC), 
the reaction mixture was filtered through Celite and the volatiles were removed. The 
resulting residue was separated by preparative TLC (methanol : ethyl acetate : hexane, 1: 3 
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: 1) to give 26 mg (50 %) of 18 as a light yellow solid: lH NMR (CDC13) 6 0.97 (d, 6H, 
CH3's), 2.04 (m, lH, CH), 2.90 (m, 2H, H-2'a, H-2'b), 3.92, 3.96 (dd's, 2H, J4',5'a = 
1.5 Hz, Jq',5'b < 1 Hz, J5'a,5'b = 12.0 Hz, H-5'a, H-Sb), 4.1 1 (m, 3H, OCH2, H-47, 
5.52 (dd, lH, J1',2'b = 7.3 Hz, J1',2'b = 10.3 Hz, H-l'), 8.11, 8.50 (2s, 2H, H-2 and 
H-7); MS m/z 350 (MH+); HMRS calcd for C15H19N505 + H+: 350.1464, found: 
350.1478. 

7-Aminopyrazolo[4,3-d]pyrimidine.l5 A mixture of 3-cyano-4- 
nitropyrazole16 (2.0 g, 14.5 mmol) and 10% palladium on carbon (0.3 g) in ethanol (20 
mL) was shaken under 45 psi of hydrogen at room temperature for 3.5 h. The reduction 
was complete based on TLC. The mixture was then filtered through Celite and the catalyst 
was washed with hot ethanol. The combined filtrates were evaporated at reduced pressure 
and the resulting solid was dried in vucuo for 2 h. This crude product was dissolved in 
ethanol (30 mL) and formamidine acetate (3.02 g, 29 mmol) was added. The mixture was 
heated under reflux under nitrogen for 4 h and then the solvent was evaporated to dryness 
in vucuo. The resulting residue was separated by flash column chromatography (methanol: 
ether, 1 : 3) to give 1.04 g (53 %) of 7-aminopyrazolo [4,3-d]pyrimidine as a light yellow 
solid: mp > 300 "C (lit.15 mp > 300 "C); lH NMR (DMSO-d6) 6 8.01,8.14 (2s, H-3 and 
H-5); MS m/z 136 (MH'). 

7-Amino-3-iodopyrazolo[4,3-d]pyrimidine (19). To a solution of 7- 
aminopyrazolo[4,3-d]pyrimidine (1.00 g, 7.4 mmol) in DMF (15 mL) was added N- 
iodosuccinimide (2.16 g, 9.6 mmol). The reaction mixture was stirred under nitrogen at 40 
"C for 4 h. The solvent was concentrated to about 3 mL, and 8 mL of water was added. 
The resulting light yellow solid was collected and recrystallized from water to give 1.64 g 
(85 %) of 19 as a colorless solid: 1H NMR (DMSO-d6) 6 8.23 (s, H-3); MS m/z 262 
(MH+) . 

Anal. Calcd for CgHqINg: C, 23.0; H, 1.54; N, 26.8. Found: C, 23.2; H, 1.42; 

N, 26.2. 
7 - ( N ,  N -  D i i so b u t y 1 ox y c a r b o n y 1) amino - 3 -i od o - 1 - is0 b u t y lox y 

carbonylpyrazolo[4,3-d]pyrimidine (20). Isobutyloxycarbonyl chloride (778 pL, 
6.0 mmol) was added dropwise under nitrogen to a solution of 7-amino-3- 
iodopyrazolo[4,3-d]pyrimidine (19) (13 1 mg, 0.50 mmol) in anhydrous pyridine (12 mL). 
The reaction mixture was stirred at room temperature for 5 h and then the volatiles were 
evaporated at reduced pressure. After several additions and evaporations of ethanol, the 
resulting residue was separated by flash column chromatography (ethyl acetate : hexane, 1: 
7) to give 253 mg (90 %) of 20 as a colorless foam: lH NMR (CDC13) 6 0.74 (d, 12H, J 
= 6.8 Hz, CH3's), 0.98 (d, 6H, J = 6.8 Hz, CH3's), 1.75-2.10 (m, 3H, CH's), 3.94 (m, 
4H, OCH2's), 4.25 (d, 2H, J = 7.0 Hz, OCH2), 9.18 (s, lH, H-3); l3C NMR (CDC13) 6 
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18.6, 18.7, 27.4, 27.7, 73.5, 75.3, 103.8, 127.7, 144.9, 148.5, 151.0, 153.0, 153.9; 
MS m/z 562 (MH+); HMRS calcd for C20H28IN506 + H+: 562.1 163, found: 562.1 156. 

Acknowledgment. We thank the National Institute of Allergy and Infectious 
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