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(57) ABSTRACT 
The present invention provides a nucleoside comprising a 
pyraZolopyrimidine base and a process for producing the 
same. In particular, the processes of the present invention 
comprises using a halogenated pyraZolopyrimidine base and 
removing the halogen after the base is coupled to a sugar 
moiety. The presence of the halogen on the nucleoside base 
alloWs facile and economical production of a large quantity 
of nucleosides. 
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PROCESS FOR THE SYNTHESIS OF 
PYRAZOLOPYRIMIDINES 

FIELD OF THE INVENTION 

[0001] The present invention relates to a process for 
producing pyraZolopyrimidines. In particular, the present 
invention relates to a process for producing a PPG phos 
phoramidite. 

BACKGROUND OF THE INVENTION 

[0002] PPG phosphoramidite is often used in synthesis of 
nucleotides and oligonucleotides containing pyraZolopyri 
midine base(s). These nucleotides and oligonucleotides are 
useful in a variety of applications, including as crosslinkable 
probes for use in therapeutic and diagnostic applications. 
See for eXample PCT publication No. WO 90/14353, Which 
is incorporated herein by reference in its entirety. In addi 
tion, oligonucleotides in Which one or more purine residues 
have been replaced by pyraZolopyrimidines display 
enhanced dupleX and triplex-forming ability and display 
enhanced mismatch discrimination ability. See, for example, 
Belousov et al.,NucleicAcids Res., 1998, 26, 1324-1328 and 
US. Pat. Nos. 5,594,121 and 6,127,121, all of Which are 
incorporated herein by reference in their entirety. Further 
more, PPG containing oligonucleotides have been shoWn to 
reduce self-association observed With guanine-rich oligo 
nucleotides and quenching observed When guanine is adja 
cent to some ?uorophore-containing oligonucleotide conju 
gates. See WO 00/142505. 

[0003] Conventional syntheses of PPG phosphoramidite 
involve coupling an activated sugar moiety With a pyraZol 
opyrimidine base to produce a nucleoside containing pyra 
Zolopyrimidine base. See, for eXample, Seela et al., Helv. 
Chim. Acta, 1986, 69, 1602-1613. Further reactions are then 
carried out to produce PPG phosphoramidite. Unfortunately, 
conventional processes for producing PPG phosphoramidite 
require a numerous chromatography separations including 
that of the nucleoside produced from coupling an activated 
sugar moiety to a pyraZolopyrimidine base. Typically, chro 
matography puri?cation of a compound is not suitable for a 
large scale (e.g., tens or hundreds of grams or more) pro 
duction because a chromatography process is generally time 
consuming and labor intensive. Moreover, a large scale 
chromatography puri?cation process requires a correspond 
ingly large amount of chromatography material, e.g., silica 
gel and chromatography solvent(s), Which increases the 
production cost of PPG phosphoramidite. Because the pyra 
Zolopyrimidine base containing nucleoside is produced rela 
tively early in the conventional synthesis of PPG phosphora 
midite, puri?cation of this nucleoside by chromatography is 
one of the major hindrances in a cost effective large scale 
PPG phosphoramidite synthesis. 

[0004] Therefore, there is a need for a process Which is 
amenable for a large scale production of PPG phosphora 
midite. 

SUMMARY OF THE INVENTION 

[0005] One aspect of the present invention provides a PPG 
phosphoramidite comprising a photolabile hydroXy protect 
ing group, Wherein said phosphoramidite nucleoside is of 
the formula: 
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Wherein 

[0006] R1 is selected from the group consisting of 
hydrogen and alkyl; 

[0007] R2 is selected from the group consisting of 
hydrogen, alkyl, and an amine protecting group, or R1 
and R2 together form an amine protecting group; 

[0008] each of Z1, Z2, Z4, and Z6 is independently 
selected from the group consisting of hydrogen, halide, 
alkyl, —OR11, Wherein each R11 is independently 
selected from the group consisting of hydrogen, alkyl, 
and a hydroXy protecting group or tWo R1 groups form 
a diol protecting group, or Z2 and Z4 together With the 
carbon atoms to Which they are attached and C-3 
carbon atom of the carbohydrate ring form a ?ve-to 
seven membered ring; and 

one 0 or is — an t e ot er is 0009 £23 Z5‘ 01112 d h h ' 
—OR3, Where R12 is a photolabile hydroXy protecting 
group and R13 is a phosphoramidite. 

[0010] Another aspect of the present invention provides a 
process for producing a nucleoside or nucleotide comprising 
a pyraZolopyrimidine base. In particular, the processes of the 
present invention comprise using a halogenated pyraZolopy 
rimidine base and removing the halogen after the base is 
coupled to a sugar moiety. The presence of a halogen on the 
base alloWs the nucleoside to be puri?ed by a non-chroma 
tography method, preferably by recrystalliZation or precipi 
tation. Thus, processes of the present invention alloW eco 
nomical production of a large quantity of nucleosides, 
including PPG phosphoramidite. 

De?nitions 

[0011] “Alkyl” means a linear or branched saturated 
monovalent hydrocarbon moiety having from one to ten, 
preferably one to siX, carbon atoms. Exemplary alkyl groups 
include, but are not limited to, methyl, ethyl, n-propyl, 
2-propyl, tert-butyl, pentyl, and the like. 

[0012] “Nucleoside” refers to a compound comprising a 
nucleoside base and a sugar Which are covalently attached. 

[0013] “Nucleotide” refers to a compound comprising a 
nucleoside base, a sugar Which are covalently attached to the 
nucleoside base, and a phosphoryl group Which is covalently 
attached to the sugar. 

[0014] “Nucleoside base” refers to a non-carbohydrate 
derivative portion of the nucleoside or nucleotide, including 
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both conventional bases such as purine and pyrimidine bases 
and their modi?ed versions such as deaZapyrimidine, pyra 
Zolopyrimidines and the like. 

[0015] “Sugar” refers to carbohydrate derivative portion 
of a nucleoside or nucleotide. 

[0016] The terms “halo”, “halide” and “halogen” are used 
interchangeably herein and refer to ?uoro, chloro, bromo, or 
iodo, preferably chloro or iodo. 

[0017] The term “photolabile hydroxy protecting group” 
refers to hydroxy protecting groups that can be removed 
under photolytic conditions or a combination of acidic and 
photolytic conditions. 

[0018] “Protecting group” refers to a moiety other than an 
alkyl groups that When attached to a reactive group in a 
molecule masks, reduces or prevents that reactivity. 
Examples of protecting groups can be found in Beaucage 
and Iyer, Tetrahedron, 1992, 48, 2223-2311; T. W. Greene 
and P. G. M. Wuts, Protective Groups in Organic Synthesis, 
3rd edition, John Wiley & Sons, NeW York, 1999; and 
Harrison and Harrison et al., Compendium of Synthetic 
Organic Methods, Vols. 1-8 (John Wiley and Sons, 1971 
1996), Which are incorporated herein by reference in their 
entirety. Representative hydroxy protecting groups include 
acyl groups, benZyl and trityl ethers, tetrahydropyranyl 
ethers, trialkylsilyl ethers and allyl ethers. Representative 
amino protecting groups include, formyl, acetyl, tri?uoro 
acetyl, benZyl, benZyloxycarbonyl (CBZ), tert-butoxycarbo 
nyl (Boc), trimethyl silyl (TMS), 2-trimethylsilyl-ethane 
sulfonyl (SES), trityl and substituted trityl groups, 
allyloxycarbonyl, 9-?uorenylmethyloxycarbonyl (FMOC), 
nitro-veratryloxycarbonyl (NVOC), amidines, forma 
midines, and the like. 

[0019] The terms “contacting,”“treating,” and “reacting” 
When referring to a reaction betWeen tWo or more reagents 
are used interchangeably herein and refer to adding tWo or 
more reagents into a single reaction vessel, preferably in the 
presence of a solvent. It should be appreciated, hoWever, the 
resulting reaction product can be produced directly from a 
reaction betWeen the added reagents or from an intermediate 
from one or more of the added reagents Which can be 
produced in the reaction mixture. 

[0020] “Leaving group” has the meaning conventionally 
associated With it in synthetic organic chemistry, i.e., an 
atom or a group capable of being displaced by a nucleophile 
and includes halo (such as chloro, bromo, and iodo), alkane 
sulfonyloxy, arenesulfonyloxy, alkylcarbonyloxy (e.g., 
acetoxy), arylcarbonyloxy, mesyloxy, tosyloxy, tri?uo 
romethanesulfonyloxy, aryloxy (e.g., 2,4-dinitrophenoxy), 
methoxy, N,O-dimethylhydroxylamino, pixyl and the like. 

[0021] As used herein, the terms “those de?ned above” 
and “those de?ned herein” When referring to a variable 
incorporates by reference the broad de?nition of the variable 
as Well as preferred, more preferred and most preferred 
de?nitions, if any. 

DETAILED DESCRIPTION 

[0022] One aspect of the present invention provides a PPG 
phosphoramidite comprising a photolabile hydroxy protect 
ing group. In particular, the phosphoramidite nucleoside is 
of the formula: 
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Where R1, R2, Z1, Z2, Z3, Z4, Z5 and Z6 are those de?ned 
above. 

[0023] In one particular embodiment of the present inven 
tion, the PPG phosphoramidite is of the formula: 

HN 

RZRIN N 

Where R1, R2, Z3 and Z5 are those de?ned above. 

[0024] In another embodiment of the present invention, Z3 
is —OR13 and Z5 is —OR12, Where R12 and R13 are those 
de?ned above. 

[0025] The photolabile hydroxy protecting group can be 
any conventional photolabile hydroxy protecting group that 
is used in nucleotide synthesis. Such photolabile hydroxy 
protecting groups are Well knoWn to one skilled in the art 
and exempli?ed, for example, in US. Pat. Nos. 5,889,165; 
5,744,101; 5,744,305; and 5,489,678 as Well as in “DNA 
Arrays Methods and Protocols,” Methods in Molecular 
Biology, by McGall, G. H. and FidanZa, J. A., and edited by 
Rampal J. B., Vol. 170, pp. 71-101, Humana Press, Inc., 
2001, NeW York, NY, and in “Protection ofNacleosides for 
Oligonucleotide Synthesis,” Current Protocols in Nucleic 
Acid Chemistry, ed. by Boyle, A. L., John Wiley & Sons, 
Inc., 2000, NeW York, NY, all of Which are incorporated 
herein by reference in their entirety. Preferably, the photo 
labile hydroxy protecting group is selected from the group 
consisting of ot-methyl-6-nitropiperonyloxycarbonyl (i.e, 
MeNPOC); o-nitrophenylethoxycarbonyl; o-nitrophe 
nylethoxysulfonyl; 3‘,5‘-dimethoxybenZoinoxycarbonyl and 
derivatives thereof, including but not limited to 2-(2-nitro 
phenyl)-2-methylethoxycarbonyl and 2-(2-nitro-6-chlo 
rophenyl)-2-methylethylsulfonyl. As used herein the term 
“derivatives thereof” refers to compounds that have one or 
more substituents on the aromatic (e.g., phenyl) ring or the 
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alkylene chain portion of the photolabile hydroXy protecting 
group. For example, the phenyl ring moiety can further 
comprise one or more substituents such as alkoXy, alkyl, 
halide, cyano, amino, hydroXy, and nitro; and the alkylene 
chain portion can be substituted With alkyl, optionally sub 
stituted aryl, halide and alkoXy. 

[0026] Preferably, R1 and R2 together form an amine 
protecting group. More preferably, R1 and R2 together form 
an amine protecting group of the formula: =CH—N(CH3)2. 

[0027] Another aspect of the present invention provides a 
process for producing a nucleoside. In particular, processes 
of the present invention utiliZe a halogenated nucleoside 
base to produce a non-halogenated nucleoside base contain 
ing nucleoside. In particular, the present inventors have 
found that the presence of a halogen on the nucleoside base 
alloWs the resulting nucleoside to be puri?ed by methods 
other than chromatography, preferably by recrystalliZation 
or precipitation, thereby alloWing a large scale synthesis of 
a variety of nucleosides or nucleotides. In addition, puri? 
cation by recrystalliZation or precipitation signi?cantly 
reduces the cost of producing a variety of nucleosides. 

[0028] The process of the present invention includes con 
tacting a halogenated nucleoside base With an activated 
sugar under conditions sufficient to produce a halogenated 
nucleoside base containing nucleoside. The halogenated 
nucleoside base is then reduced under conditions sufficient 
to produce a non-halogenated nucleoside base containing 
nucleoside. Preferably, the halogenated nucleoside base por 
tion of the nucleoside is reduced by hydrogenation in the 
presence of a hydrogenation catalyst. 

[0029] The processes of the present invention result in at 
least about 50% yield of the non-halogenated nucleoside 
base containing nucleoside from the halogenated nucleoside 
base. Preferably, the yield is at least about 70%, and more 
preferably at least about 87%. 

[0030] The non-halogenated nucleoside base containing 
nucleoside can be further be converted to a phosphoramidite 
nucleoside, i.e., a nucleoside comprising a phosphoramidite 
functional group attached to the sugar portion of the nucleo 
side. The phosphoramidite nucleosides are useful interme 
diates in a synthesis of a variety of oligonucleosides and 
oligonucleotides. 
[0031] In one aspect, the present invention provides a 
process for producing a nucleoside comprising a hydropy 
raZolopyrimidine nucleoside base. The process comprises 
hydrolyZing and reducing or reducing and hydrolyZing an 
iodopyraZolopyrimidine nucleoside of the formula: 
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under conditions sufficient to produce a hydropyraZolopy 
rimidine nucleoside of the formula: 

Wherein 

[0032] R1 is selected from the group consisting of 
hydrogen and alkyl; 

[0033] R2 is selected from the group consisting of 
hydrogen, alkyl, and an amine protecting group, or R1 
and R2 together form an amine protecting group; 

[0034] R3 is selected from the group consisting of alkyl, 
and a hydroXy protecting group; and 

[0035] each of Y1, Y2, Y3, Y4, Y5, and Y6 is indepen 
dently selected from the group consisting of hydrogen, 
halide, alkyl, —OR4, Wherein each R4 is independently 
selected from the group consisting of hydrogen, alkyl, 
and a hydroXy protecting group or tWo R4 groups form 
a diol protecting group, e.g., acetonide, or Y2 and Y4 
together With the carbon atoms to Which they are 
attached and the carbon atom bearing Y3 and Y6 sub 
stituents (i.e., C-3 carbon atom of the carbohydrate 
ring) form a ?ve-to seven membered ring. Such com 
pounds are sometimes referred to as “locked” nucleic 

acids, and examples of preparing locked nucleic acids 
are illustrated by Singh et al., Chem. C0mm., 1998, 
455-456; and Wengel, Acc. Chem. Res., 1998, 32, 
301-310, Which are incorporated herein by reference in 
their entirety. 

[0036] When R4 is a hydroXy protecting group, preferably 
it is selected from the group consisting of an acid labile 
hydroXy protecting group and a photolabile hydroXy pro 
tecting group. More preferably R4 is selected from the group 
consisting of dimethoXytrityl, trityl, piXyl, 1,1-bis(4-meth 
oXyphenyl)-l-pyrenylmethyl (i.e., BMPM), ot-methyl-6-ni 
tropiperonyloXycarbonyl, 2-(2-nitrophenyl)-2-methyl 
ethoXycarbonyl, 2-(2-nitro-6-chlorophenyl)-2 
methylethylsulfonyl and 3,5‘ 
dimethoXybeZoinoXycarbonyl. 

[0037] The hydrolysis reaction replaces the alkoXide 
group (—OR3) With a hydroXy group Preferably, 
hydrolysis is conducted in an aqueous solution in the pres 
ence of a base. Suitable bases include hydroxides, such as 



US 2006/0014943 A1 

sodium hydroxide, lithium hydroxide, potassium 
hydroxide, calcium hydroxide, magnesium hydroxide; 
and the like. While a hydroxide is a preferred base, it 
should be appreciated that any base Which has suf?cient 
pKa to generate a hydroxide moiety from Water can 
also be used. Alternatively, the hydrolysis reaction can 
also be conducted using an acid catalyst, e.g., 2M 
aqueous HCl at 80° C., see for example, J. Chem. Soc. 
Chem. C0mm., 1990, 19, 1380-1382. 

[0038] The hydrolysis reaction temperature depends on a 
variety of factors including concentration of each reagent, 
reaction medium, reaction time, etc. Typically, hoWever, the 
hydrolysis reaction temperature is in the range of from about 
60° C. to about 105° C. Preferably, the hydrolysis is con 
ducted at a reaction temperature of from about 70° C. to 
about 100° C., more preferably from about 80° C. to about 
95° C., and most preferably from about 85° C. to about 90° 
C. 

[0039] The reaction time depends on a variety of factors 
including the concentration of each reagent, reaction tem 
perature, and the base used. Typically, the hydrolysis reac 
tion time in an aqueous solvent in the presence of a hydrox 
ide ranges from about 2 hrs to about 24 hrs, preferably from 
about 4 hrs to about 12 hrs, and more preferably from about 
5 hrs to about 7 hrs. Generally, one skilled in the art Will 
readily recogniZe that the progress of reaction can be moni 
tored by conventional analytical methods, such as TLC, 
HPLC and GC. 

[0040] Hydrogenolysis, e.g., replacement of iodide With 
hydrogen, can be achieved by any conventional halogen 
reduction method knoWn to one of ordinary skill in the art. 
Typically, the iodide is reduced by hydrogenation in the 
presence of a hydrogenation catalyst. Exemplary hydroge 
nation catalysts that are useful in reducing iodide to hydro 
gen include, but are not limited to, palladium, platinum, 
rhodium, Raney Nickel®, and the like. In one particular 
embodiment of the present invention, palladium on carbon 
is used as the hydrogenation catalyst. Preferably, the hydro 
genation reaction is conducted near the atmospheric pressure 
of hydrogen. 

[0041] Suitable solvents for hydrogenation reaction 
include, but are not limited to, alcohol, such as methanol, 
ethanol, isopropanol, and the like; Water; DMF; THF; meth 
oxyethanol; and mixtures thereof. Typically Water or a 
solvent mixture comprising Water is used as the hydroge 
nation solvent because the hydrogenation reaction product is 
soluble in Water. Water is also preferred since it is non 
?ammable and is not subject to the haZards in the presence 
of active hydrogenolysis catalysts. 

[0042] The hydrolysis and reduction can be conducted in 
any sequence. While the product of the ?rst step can be 
puri?ed prior to conducting a subsequent reaction, it has 
been found by the present inventors that such puri?cation is 
not necessary. Typically, the iodopyraZolopyrimidine 
nucleoside of Formula I is hydrolyZed and the resulting 
product is subjected to a hydrogenation reaction Without any 
puri?cation. The resulting hydropyraZolopyrimidine nucleo 
side of Formula II can be conveniently puri?ed by crystal 
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liZation. Preferably, the yield of hydropyraZolopyrimidine 
nucleoside of Formula II from the iodopyraZolopyrimidine 
nucleoside of Formula I using the process of the present 
invention is at least about 50%, more preferably at least 
about 70%, and most preferably at least about 90%. 

[0043] The hydropyraZolopyrimidine nucleoside of For 
mula II can be used as an intermediate in synthesis of a 
variety of nucleosides including PPG phosphoramidite. 

[0044] Thus, in another aspect of the present invention 
provide a process for producing a PPG phosphoramidite of 
the formula: 

III 

HN I 

ORIO 

from the hydropyraZolopyrimidine nucleoside of the for 
mula: 

IV 

HO 

OH 

Wherein 

[0045] R1 is hydrogen and R2 is an amine protecting 
group or R1 and R2 together form an amine protecting 
group; and 

[0046] one of R9 and R10 is a phosphoramidite and the 
other is a hydroxy protecting group. 

[0047] The PPG phosphoramidite producing step com 
prises: 

[0048] (a) contacting the hydropyraZolopyrimidine 
nucleoside of Formula II With an amine protecting 
reagent under conditions suf?cient to produce an 
amine-protected nucleoside of the formula: 
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HN 

HO 

OH 

[0049] (ii) contacting the amine-protected nucleoside of 
Formula V With a hydroXy protecting reagent under 
conditions sufficient to produce an amine/monohy 
droXy protected nucleoside of the formula: 

HN \ 
N 

/ 
N k l 

R70 

VI or 

[0050] contacting the hydropyraZolopyrimidine of 
Formula IV With a hydroXy protecting reagent under 
conditions sufficient to produce a monohydroXy pro 
tected nucleoside of the formula: 

VII 

R70 

OR8 

[0051] (ii) contacting the monohydroXy protected 
nucleoside of Formula VII With an amine protecting 
reagent under conditions sufficient to produce the 
amine/monohydroXy protected nucleoside of Formula 
VI, 
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Wherein 

[0052] R1 is hydrogen and R2 is an amine protecting 
group or R1 and R2 together form an amine protecting 
group; and 

[0053] one of R7 and R8 is hydrogen and the other is a 
hydroXy protecting group; and 

[0054] (b) contacting the anine/monohydroXy protected 
nucleoside of Formula VI With an activated phosphora 
midite under conditions sufficient to produce the PPG 
phosphoramidite of Formula III. 

[0055] Any of the conventional amine protecting reagents 
can be used, such as those disclosed in the above incorpo 
rated Beaucage and Iyer, Tetrahedron, 1992, 48, 2223-2311; 
T. W. Greene and P. G. M. Wuts, Protective Groups in 
Organic Synthesis, 3rd edition, John Wiley & Sons, NeW 
York, 1999; and Harrison and Harrison et al., Compendium 
of Synthetic Organic Methods, Vols. 1-8 (John Wiley and 
Sons, 1971-1996). In one particular embodiment, the amine 
protecting reagent is selected from the group consisting of 
N,N-dialkyl formamide dialkylacetal, such as N,N-dimeth 
ylformamide dimethylacetal; and N,N-dialkylacetamide 
dialkylacetal, such as N,N-dimethylacetamide dimethylac 
etal. Reaction conditions for protecting an amino group are 
Well knoWn to one skilled in the art. 

[0056] Similarly, any of the conventional hydroky protect 
ing groups can be used in the processes of the present 
invention, such as those disclosed in the above described 
Protective Groups in Organic Synthesis, 3rd edition. In one 
particular embodiment, the hydroXy protecting reagent is an 
acid labile hydroXy protecting reagent, i.e., hydroXy protect 
ing group Which can be deprotected (i.e., removed) using an 
acid. Preferably, the acid labile hydroXy protecting reagent 
is selected from the group consisting of piXyl halide, such as 
piXylchloride; trityl halide; monomethoXytrityl halide; 
dimethoXytrityl halide; and 1,1-bis(4-methoXyphenyl)-1 
pyrenylmethyl halide (i.e., BMPM halide). Reaction condi 
tions for protecting a hydroXy group are also Well knoWn to 
one skilled in the art and are also disclosed in the above 
incorporated Beaucage and Iyer, Tetrahedron, 1992, 48, 
2223-2311; T. W. Greene and P. G. M. Wuts, Protective 
Groups in Organic Synthesis, 3rd edition, John Wiley & 
Sons, NeW York, 1999; Boyle, Ann L. (Editor), Current 
Protocols in Nucleic Acid Chemistry, John Wiley and Sons, 
NeW York, 2000; and Harrison and Harrison et al., Com 
pendium of Synthetic Organic Methods, Vols. 1-8 (John 
Wiley and Sons, 1971-1996). 

[0057] In another embodiment, the hydroXy protecting 
reagent is a photolabile hydroXy protecting reagent. Suitable 
photolabile hydroXy protecting reagents are Well knoWn to 
one skilled in the art and include those disclosed in the above 
incorporated US. Pat. Nos. 5,889,165; 5,744,101; 5,744, 
305; and 5,489,678,‘ “DNA Arrays Methods and Protocols,” 
Methods in Molecular Biology, by McGall, G. H. and 
FidanZa, J. A., and edited by Rampal J. B., Vol. 170, pp. 
71-101, Humana Press, Inc., 2001, NeW York, NY; and 
“Protection of Nucleosides for Oligonucleotide Synthesis,” 
Current Protocols in Nucleic Acid Chemistry, ed. by Boyle, 
A. L., John Wiley & Sons, Inc., 2000, NeW York, NY. 
Preferably, the photolabile hydroXy protecting reagent is 
selected from the group consisting of 1-(3,4-methylene 
dioXy-6-nitrophenyl)ethyl chloroformate, 2-(2-nitrophenyl) 
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2-methylethyl chloroformate, 2-(2-nitro-6-chlorophenyl)-2 
methylethylsulfonyl chloride, and 3,5‘ 
dimethoXybeZoinoXyl chloroformate. 

[0058] Nucleosides of the present invention comprising a 
hydropyraZolopyrimidine nucleoside base and a photolabile 
hydroXy protecting group on the sugar moiety are useful in 
a variety of applications. In particular, these nucleosides are 
useful in synthesizing a library of oligonucleotides (i.e., 
array of oligonucleotides) using conventionally Well knoWn 
solid phase oligonucleotide array synthesis such as those 
disclosed in the above incorporated US. Pat. Nos. 5,889, 

165; 5,744,101; 5,744,305; and 5,489,678; and “DNA 
Arrays Methods and Protocols,” Methods in Molecular 
Biology, by McGall, G. H. and FidanZa, J. A., and edited by 
Rampal J. B., Vol. 170, pp. 71-101, Humana Press, Inc., 
2001, NeW York, NY. 

[0059] In one aspect of the present invention, the activated 
phosphoramidite is of the formula: 

VIII 

OCHZCHZCN 

Where X2 is a leaving group, preferably halide or diisopro 
pylamino, i.e., a moiety of the formula —N(i-Pr)2. The 
reaction betWeen the activated phosphoramidite of Formula 
VIII and the amine/monohydroXy protected nucleoside of 
Formula VI is typically carried out at a temperature range of 
from about 00 C. to about 40° C., preferably from about 10° 
C. to about 35° C., and more preferably from about 20° C. 
to about 30° C. Suitable reaction solvents are inert organic 

solvents, including halogenated organic solvents, such as 
methylene chloride and chloroform; ethers, such as tetrahy 
drofuran and diethyl ether; aromatic hydrocarbons, such as 
toluene, Xylenes and halogenated phenyls; hydrocarbons; 
and other organic solvents Which are substantially inert to 
the reaction conditions and in Which the reagents are soluble. 
It should be appreciated that When organic solvents Which 
have a higher boiling point is used, the reaction temperature 
range can correspondingly be extended. 

[0060] The processes of the present invention can also 
include producing the nucleoside of Formula I, Which com 
prises contacting an iodopyraZolopyrimidine of the formula: 
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With an activated sugar of the formula: 

under conditions sufficient to produce the nucleoside of 
Formula I, 

Where R1, R2, R3, Y1, Y2, Y3, Y4, Y5, and Y6 are those 
de?ned above; and X1 is a leaving group. Preferably, X1 is 
a halide, and more preferably chloride. 

[0061] Generally, the process for producing the nucleoside 
of Formula I involves contacting the iodopyraZolopyrimi 
dine of Formula IX With a base having a sufficient pKa to 
deprotonate the pyraZolyl nitrogen atom and contacting the 
deprotonated iodopyraZolopyrimidine With the activated 
sugar of Formula X. Such deprotonation of the iodopyra 
Zolopyrimidine of Formula IX by the base can occur in situ, 
as described in detail beloW. The reaction temperature for 
producing the nucleoside of Formula I is typically in the 
range of from about 5° C. to about 60° C., preferably from 
about 10° C. to about 40° C., and more preferably from 
about 20° C. to about 30° C. Suitable reaction solvents 
include, but are not limited to, alcohols, such as methanol, 
ethanol, isopropanol, and the like; relatively polar organic 
solvents, such as DMF and acetonitrile; Water; and miXtures 
thereof. 

[0062] Alternatively, the iodopyraZolopyrimidine of For 
mula IX and the activated sugar of Formula X can be 
combined in a reaction vessel in the presence of a base. In 

this alternative embodiment, the reaction conditions are 
selected such that the reaction rate betWeen the iodopyra 
Zolopyrimidine of Formula IX and the activated sugar of 
Formula X is signi?cantly higher than the reaction rate 
betWeen the base and the activated sugar of Formula X. 

[0063] Useful bases for producing the nucleoside of For 
mula I from the iodopyraZolopyrimidine of Formula IX and 
the activated sugar of Formula X include, but are not limited 
to, bases in Which the corresponding acids have pKa of at 
least about 9, preferably at least about 10, and more pref 
erably at least about 12. Exemplary bases include, but are 
not limited to, alkoXides, such as alkaline or alkaline-earth 

metal methoXides, ethoXides, propoXides, isopropoXides, 
butoXides, tert-butoXides, and the like; hydrides, such as 
sodium hydride, calcium hydride, potassium hydride, and 
the like; and organic bases, such as amines, e.g., tertiary 
amines, DBU and DBN. 

[0064] The processes of the present invention provide the 
nucleoside of Formula I from the iodopyraZolopyrimidine of 
Formula IX and the activated sugar of Formula X at a yield 
of at least about 35%. Preferably, the yield is at least about 
50%, and more preferably at least about 65%. 

[0065] The processes of the present invention can also 
include producing the iodopyraZolopyrimidine of Formula 
IX (e.g., Where R1 and R2 are hydrogen) comprising: 
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[0066] contacting a pyrimidinone of the formula: 

XI 

HZN N OH 

With a halogenating agent and a formylating agent under 
conditions sufficient to produce a dihalopyrimidine 
carboxyaldehyde of the formula: 

x11 
X3 

CHO 
N / I 

)\ 
HZN N x3 

Where each X3 is independently selected from the group 
consisting of F, Cl, Br and I; 

[0067] (ii) contacting the dihalopyrimidine carboxyal 
dehyde of Formula XII With hydrazine under condi 
tions sufficient to produce a halopyrazolopyrimidine of 
the formula: 

XIII 

[0068] (iii) contacting the halopyrazolopyrimidine of 
Formula XIII With an alkoxide of the formula 
R3—OM, Where R3 is alkyl and M is a metal, to 
produce an alkoxypyrazolopyrimidine of the formula: 

XIV 

and 

[0069] (iv) iodinating the alkoxypyrazolopyrimidine of 
Formula XIV With an iodinating agent under conditions 
sufficient to produce the iodopyrazolopyrimidine of 
Formula IX. 

[0070] Preferably, the halogenating agent is selected from 
the group consisting of POCl3, iodine monochloride (i.e., 
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ICl), N-iodosuccinamide and SOCl2. The formylation and 
halogenation reactions can be conveniently conducted in a 
single reaction condition. For example, When POCl3 is used 
as the halogenating agent, dimethyl formamide (DMF) can 
be used as a reaction solvent and a formylating agent to 
provide the dihalopyrimidine carboxyaldehyde of Formula 
XII directly from the pyrimidinone of Formula XI. In this 
embodiment, the reaction mixture is typically combined at 
about 0° C. The resulting mixture then is heated to a 
temperature range of from about 40° C. to about 100° C., 
preferably from about 60° C. to about 100° C., and more 
preferably from about 90° C. to about 98° C. The resulting 
dihalopyrimidine carboxyaldehyde of Formula XII precipi 
tates out of an aqueous solution and can be further puri?ed 
by recrystallization. The yield of combined formylation and 
halogenation reaction is typically at least about 50%, pref 
erably at least about 60%, and more preferably at least about 
70%. Other suitable Vilsmeier formylation/halogenating 
reagent combinations include any compound having a 
formyl group attached to a secondary amino group in 
combination With a halogenating agent. Exemplary formy 
lating reagents include l-formylpiperidine, l-formylmor 
pholine and triformamide. Exemplary halogenating agents 
include oxalyl chloride, PClS, BrZ/PPh3 and SOX2, Where X 
is Cl or Br. 

[0071] Reacting the dihalopyrimidine carboxyaldehyde of 
Formula XII With hydrazine then affords the halopyrazol 
opyrimidine of Formula XIII. Alternatively, hydrazine 
monohydrate can be used rather than anhydrous hydrazine. 
Typically, this reaction is conducted in the presence of a 
base, preferably a trialkyl amine base, such as triethylamine. 
The resulting halopyrazolopyrimidine of Formula XIII can 
be puri?ed by recrystallization. 

[0072] The halopyrazolopyrimidine of Formula XIII is 
then reacted With an alkoxide of the formula R3—OM, 
Where R3 is alkyl and M is a metal, to displace the halide 
(X3), thereby producing the alkoxypyrazolopyrimidine of 
Formula XIV. It should be appreciated that While the empiri 
cal formula of the alkoxide is Written as R3—OM, depend 
ing on the nature of the metal, there can be more than one 
alkoxide group per metal. For example, When the metal is a 
divalent metal, e.g., alkaline earth metal or a transition metal 
such as Mg or Ca, the valence of these metals are +2; 
therefore, there are tWo alkoxide groups associated With 
each metal in the empirical formula. Displacement of the 
halide (X3) by the alkoxide is conveniently carried out in an 
alcoholic solvent, preferably the alcohol corresponding to 
the alkoxide. Generally, the reaction is heated, preferably to 
the solvent’s re?uxing temperature, to facilitate the reaction. 
The resulting mixture is then cooled, neutralized by adding 
an acid, and precipitated to afford the alkoxypyrazolopyri 
midine of Formula XIV. 

[0073] Reaction of the alkoxypyrazolopyrimidine of For 
mula XIV With a halogenating agent provides a halogenated 
nucleoside base. The present inventors have found that the 
presence of a halogen on the nucleoside base alloWs puri 
?cation of the resulting halogenated nucleoside base con 
taining nucleoside by recrystallization; thus, providing a 
means for a cost effective large scale nucleoside synthesis. 
The halogen can be chlorine, bromine or iodine; hoWever, 
iodine is preferred as it provides the highest mass. Without 
being bound by any theory, it is generally believed that high 
mass is one of the factors that contribute in the compound 
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being a solid, Which allows the compound to be puri?ed by 
recrystallization or precipitation. 

[0074] Iodination of the alkoxypyraZolopyrimidine of For 
mula XIV can be affected by any electrophilic iodinating 
agent Which is compatible With functional groups that are 
present in the alkoxypyraZolopyrimidine of Formula XIV. 
Exemplary iodinating agents include iodine monochloride, 
N-iodosuccinimide and other iodinating agents knoWn to 
one skilled in the art. Preferably, the iodinating agent is 
selected from the group consisting of iodine monochloride 
and N-iodosuccinimide. 

[0075] In one particular embodiment, the iodopyraZolopy 
rimidine of Formula IX is produced by reacting the alkoxy 
pyraZolopyrimidine of Formula XIV With iodine monochlo 
ride. Typically, the iodination is conducted in an aqueous 
solution under re?uxing conditions. The reaction can also 
include adding a mild base to neutraliZe or buffer the effect 
of acid that is generated in the reaction mixture. Suitable 
mild bases include carboxylates, such as metal acetates; and 
other salts of acids having a pKa of from about 4 to about 
6. After the reaction, any remaining iodide monochloride is 
destroyed (i.e., neutraliZed, removed or converted to other 
compound) by adding a reducing agent such as sodium 
metabisul?te or other suitable reducing agents. Preferably, 
the reaction solvent is selected such that the resulting 
iodopyraZolopyrimidine of Formula IX precipitates out of 
the reaction mixture, Which can be further puri?ed by 
dissolving in hot DMF and precipitating it by addition of 
Water. 

[0076] Additional objects, advantages, and novel features 
of this invention Will become apparent to those skilled in the 
art upon examination of the folloWing examples thereof, 
Which are not intended to be limiting. 

EXAMPLES 

Example 1 

[0077] 

0 Cl 

CHO 

HN l —' l \ 
A )\ / 

HZN N OH HZN N Cl 

1 

[0078] This example illustrate a method for producing 
2-amino-4,6-dichloropyrimidine-5-carboxaldehyde 

[0079] Absolute DMF (210 ml, 1.38 mol) Was added drop 
Wise to an ice-cold solution of POCl3 (900 ml) over a 20 min 
period. The ice-bath Was removed and 150 g (1.17 mol) of 
poWdered 2-amino-6-hydroxypyrimidine-4(3H)-one (1) Was 
added over a 20 min period. The mixture Was then heated to 

100° C. and stirred for 3-4 h. The solution Was cooled to 
room temperature and poured into 10 L of ice Water (4 L of 
crushed ice diluted to 10 L With Water). This aqueous 
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solution Was then heated to 50° C. and stirred for 2 h. The 

mixture Was refrigerated overnight and the precipitate Was 

?ltered and dried to provide 160 g (71% yield) of 2-amino 
4,6-dichloropyrimidine-5-carboxaldehyde 

Example 2 

[0080] 

C1 

CHO 
N \ 

| )\ / 
HZN N c1 H2 

2 

[0081] This example illustrate a method for producing 
4-chloro-6-aminopyraZolo[3,4-d]pyrimidine 

[0082] To a mixture of 2-amino-4,6-dichloropyrimidine 

5-carboxaldehyde (2) (150 g, 0.785 mol), THF (2.7 L) and 
triethylamine (125 ml) Was added anhydrous hydraZine 
(25.5 ml in 600 ml of Water) drop Wise over 25 min. 
Alternatively, hydraZine monohydrate can be used instead of 
anhydrous hydraZine. The mixture Was stirred for 1 h. The 
solids Were ?ltered off and the ?ltrate Was evaporated to 

remove about 80% of the THF. Water Was added and the 

resulting precipitate Was ?ltered and dried under vacuum. 
The solid Was then dissolved in a minimum volume of hot 

DMF and precipitate by addition of Water to provide 112 g 
(85% yield) of 4-chloro-6-aminopyraZolo[3,4-d]pyrimidine 
(3) 

Example 3 

[0083] 

[0084] This example illustrates a method for producing 
4-methoxy-6-aminopyraZolo[3,4-d]pyrimidine 

[0085] Compound 3 (70.4 g, 0.416 mol) Was re?uxed in 
methanolic sodium methoxide solution (25 g sodium dis 
solved in 1 L methanol) for 2 h. The reaction mixture Was 
cooled to room temperature and neutraliZed by addition of 
acetic acid (75 ml). The mixture Was evaporated to dryness 
and the solid Was triturated in 600 ml of Water, ?ltered and 
dried to provide 67.5 g (99% yield) of 4-methoxy-6-ami 
nopyraZolo[3,4-d]pyrimidine 
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Example 4 

[0086] 

[0087] This example illustrates a method for producing 
3-iodo-4-methoxy-6-aminopyraZolo[3,4-d]pyrimidine 

[0088] A mixture of compound 4 (105 g, 0.636 mol), 
sodium acetate (263 g) and iodine monochloride (140 g) Was 
mechanically stirred in 1.3 L of Water at a temperature 
betWeen 92-98° C. for 5 h. The mixture Was cooled to room 
temperature and a solution of sodium metabisul?te (139 g in 
500 ml of Water) Was added. The mixture Was stirred for 10 
minutes and then ?ltered. The solid Was rinsed With Water 
and dried. The resulting dried solid Was dissolved in 840 ml 
of hot DMF and precipitate by addition of 800 ml of Water. 
The mixture Was cooled in an ice-bath and the solid Was 
?ltered and dried to provide 144 g (78% yield) of 3-iodo 
4-methoxy-6-aminopyraZolo[3,4-d]pyrimidine 

Example 5 

[0089] 

ToIO X 

To IO 

[0090] This example illustrates a method for producing 
3-iodo-4-methoxy-6-amino-1-(2-deoxy-3,5-di-O-toluoyl-[3 
D-erythro-pentofuranosyl) 1H-pyraZolo[3,4-d]pyrimidine 
(6) 
[0091] To a suspension of Compound 5 (67 g, 0.230 mol) 
in 650 ml of methanol Was added a solution of 15.22 g KOH 
(15% Water by Weight) dissolved in 100 ml of methanol. The 
mixture Was stirred for 5 min and then evaporated to 
dryness. The solid Was dissolved in 270 ml of anhydrous 
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DMF and then diluted With 1.55 L of anhydrous acetonitrile 
(i.e., MeCN). The chlorosugar derivative A (107 g) Was 
added immediately after the MeCN dilution. The mixture 
Was stirred vigorously for 2.5 hours and the crude product 
Was ?ltered. The damp solid Was triturated in 350 ml of 
Water, ?ltered and dried to provide 97.7 g (66% yield) of 
3-iodo-4-methoxy-6-amino-1-(2-deoxy-3,5-di-O-toluoyl-[3 
D-erythro-pentofuranosyl) 1H-pyraZolo[3,4-d]pyrimidine 
(6). 

Example 6 

[0092] 

[0093] This example illustrates a method for producing 
3-iodo-4-methoxy-6-amino-1-(2‘-deoxy-[3-D-erythro-pento 
furanosyl)pyraZolo[5,4-d]pyrimidine 
[0094] Compound 6 (219 g, 0.341 mol) Was suspended in 
970 ml of methanol. A solution of 1 M NaOMe in methanol 
(130 ml) Was added and the mixture Was re?uxed for 1 h. 
The ?ask Was placed in the freeZer for 5 hours and the 
crystals Were ?ltered and rinsed sparingly With cold metha 
nol to provide 89.6 g (65% yield) of 3-iodo-4-methoxy-6 
amino-1-(2‘-deoxy-[3-D-erythro-pentofuranosyl)pyraZolo[5, 
4-d]pyrimidine 
[0095] The yield can be increased to 71% by cooling the 
reaction mixture in the freeZer overnight. 

Example 7 

[0096] 

[0097] This example illustrates a method for producing 
1-(2‘-deoxy-[3-D-erythro-pentofuranosyl)-6-amino-5-hydro 
pyraZolo[5,4-d]pyrimidine-4-one 
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[0098] Compound 7 (73.35 g, 0.180 mol) Was stirred in a 
solution of 21 g NaOH in 885 ml Water at 90° C. for 6 h. The 

clear solution Was cooled to room temperature and then 

transferred to a hydrogenation bottle containing 3.6 g of 5% 

Pd/C (50% Water content by Weight, Aldrich Chemical Co., 
Milwaukee, Wis.). The mixture Was shaken under 40 psi of 
hydrogen for 90 min. The mixture Was ?ltered through 
Celite® and the ?ltrate Was neutraliZed to pH 7 using 

concentrated HCl, folloWed by a ?ne pH adjustment With 
acetic acid. The solution Was placed in a refrigerator over 

night and the crystals that formed Were ?ltered, rinsed 
sparingly With ice-cold Water, and dried to provide 41.5 g 
(87% yield) of 1-(2‘-deoxy-[3-D-erythro-pentofuranosyl)-6 
amino-5-hydropyraZolo[5,4-d]pyrimidine-4-one 

Example 8 

[0099] 

o 

HN \ 

| /N \ 
HZN N N ' 

0 

HO 

HO 

8 

o 

HN \ 

k ' f“ \ 
\N/\N N N 

l O 
HO 

HO 

9 

[0100] This example illustrates a method for producing 
1-(2‘-deoxy-[3-D-erythro-pentofuranosyl)-6-formadino-5 
hydropyraZolo[5,4-d]pyrimidine-4-one 

[0101] Compound 8 (101 g, 0.378 mol) Was dissolved in 
325 ml of dry DMF. N,N-Dimethylformamide dimethylac 
etal (150 ml) Was added. The mixture Was stirred for 4 hours. 
The solvents Were evaporated off and the residue Was tWice 
evaporated from xylenes. The foam Was then triturated in 
200 ml of absolute ethanol. The mixture Was diluted by 
addition of 1.6 L of ether and the solid Was ?ltered and dried 

to provide 119 g (97% yield) of 1-(2‘-deoxy-[3-D-erythro 
pentofuranosyl)-6-formadino-5-hydropyraZolo[5,4-d]pyri 
midine-4-one 
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Example 9 

[0102] 
o 

HN \ 

)\ I /N \ 
\N/\N N N _> 

| O 
HO 

HO 

9 

o 

HN \ 

)\ I /N \ 
\N/\N N N 

| O 
DMTrO 

H0 

10 

[0103] This example illustrates a method for producing an 
acid labile DMTr hydroxy protecting group derivative of 
Compound 9. 

[0104] Dimethoxytrityl chloride (8.0 g) Was added to a 
solution of Compound 9 (6.42 g, 19.92 mmol) in 120 ml dry 
pyridine. The reaction solution Was stirred for 3 h at room 
temperature. The reaction Was monitored by TLC (5% 
methanol in ethyl acetate) and add more DMTrCl as neces 
sary. The completed reaction solution Was poured into 600 
ml of 5% sodium bicarbonate. The mixture Was extracted 
With 600 ml of ethyl acetate and the extract Was dried over 
sodium sulfate and evaporated. The residue Was puri?ed 
using silica gel chromatography eluting With 5% methanol 
in ethyl acetate. The product fractions Were evaporated 
affording 10.6 g (85% yield) of Compound 10 as a foam. 

Example 10 

[0105] 
O 

HN \ 

| ,N \ 
\ N N —> 

HO 
O 

OH 

9 
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-continued 
0 

HN \ 
| N 

/ 

\ TA N)\N N 
O o 

OZN 0% 
OH 

O 

11 

[0106] This example illustrates a method for producing a 
photolabile MeNPOC hydroxy protecting group derivative 
of Compound 9. 

[0107] Compound 11 is synthesized by a modi?ed proce 
dure described by McGall, G. H. and FidanZa, J. A., “DNA 
Arrays Methods and Protocols,” Edited by Rampal J. B., 
Methods in Molecular Biology, 170: 71-101 (2001), 
Humana Press, Inc., NeW York, NY, in particular sections 
3.1.2 and 3.1.3. 

Example 11 

[0108] 

o 

HN \ 

k ' /N \ 
\N/\N N N 

l O 
DMTrO 

H0 

10 

o 

HN \ 

A ' f“ \ 
\N/\N N N 

l O 
DMTrO 

o 

P—OCH2CH2CN 

12 
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[0109] This example illustrates a method for producing 
PPG phosphoramidite (12) comprising an acid labile 
hydroxy protecting group DMTr. 

[0110] To a solution of Compound 10 (9.15 g, 14.65 
mmol) dissolved in 356 ml of dry methylene chloride, 
containing 7.6 ml of N,N-diisopropylethylamine, Was added 
5.5 ml of 2-cyanoethyl diisopropylchlorophosphoramidite. 
The solution Was stirred under argon for 2 hrs. at room 
temperature. The solution Was treated With 10 ml of metha 
nol and then poured into 400 ml of 5% sodium bicarbonate 
solution. The mixture Was extracted With ethyl acetate (500 
ml) and the extract Was dried over sodium sulfate, ?ltered 
and evaporated. The residue Was puri?ed by silica gel 
chromatography eluting With 3% methanol in ethyl acetate 
(2% triethylamine). The pure product fractions Were evapo 
rated. The residue Was dissolved in a minimum volume of 
ether, Which Was added drop Wise to ?ltered hexanes. The 
precipitate Was ?ltered and dried to provide 9.8 g (81% 
yield) of PPG phosphoramidite (12). 

Example 12 

[0111] 

O 

HN \ 

A ' /N \ \ N N N 

O o 

10 
O 

OH 

O 

\/O 
1 1 

O 

HN 

)\ I \/N \ 

\T/\N N N 
O o 

10 
O 

O 
\ 
P— OCHZCHZCN 

O\/O (i-Pr)2N 
1 1 

[0112] This example illustrates a method for producing 
PPG phosphoramidite (13) comprising a photolabile 
hydroxy protecting group MeNPOC. 
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[0113] Compound 13 is synthesized by a modi?ed proce 
dure described by McGall, G. H. and FidanZa, J. A., “DNA 
Arrays Methods and Protocols,” Edited by Rampal J. B., 
Methods in Molecular Biology, 170: 71-101 (2001), 
Humana Press, Inc., NeW York, NY, in particular section 
3.1.6. 

[0114] It is understood that the examples and embodi 
ments described herein are for illustrative purposes only and 
that various modi?cations or changes in light thereof Will be 
suggested to persons skilled in the art and are to be included 
Within the spirit and purvieW of this application and scope of 
the appended claims. All publications, patents, and patent 
applications cited herein are hereby incorporated by refer 
ence in their entirety for all purposes. 

What is claimed is: 

1. A PPG phosphoramidite comprising a photolabile 
hydroXy protecting group, Wherein said phosphoramidite 
nucleoside is of the formula: 

Wherein 

R1 is selected from the group consisting of hydrogen and 
alkyl; 

R2 is selected from the group consisting of hydrogen, 
alkyl, and an amine protecting group, or R1 and R2 
together from an amine protecting group; 

each of Z1, Z2, Z4, and Z6 is independently selected from 
the group consisting of hydrogen halide, alkyl, —OR11, 
Wherein each R11 is independently selected from the 
group consisting of hydrogen, alkyl, and a hydroXy 
protecting group or tWo R11 groups form a diol pro 
tecting group, or Z2 and Z4 together With the carbon 
atoms to Which they are attached and C-3 carbon atom 
of the carbohydrate ring form a ?ve-to seven membered 
ring; and 

one of Z3 or Z5 is —OR12 and the other is —OR13, Where 
R12 is a photolabile hydroXy protecting group and R13 
is a phosphoramidite. 

2. The PPG phosphoramidite according to claim 1 of the 
formula: 
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HN I 

Wherein 

R1, R2, Z3 and Z5 are those de?ned in claim 1. 
3. The PPG phosphoramidite according to claim 2, 

Wherein Z3 is —OR13 and Z5 is —OR12, Where R12 and R13 
are those de?ned in claim 1. 

4. The PPG phosphoramidite according to claim 3, 
Wherein the photolabile hydroXy protecting group is selected 
from the group consisting of ot-methyl-6-nitropiperonyloXy 
carbonyl, 2-(2-nitrophenyl)-2-methylethoXycarbonyl, 2-(2 
nitro-6-chlorophenyl)-2-methylethylsulfonyl, and 3‘,5‘ 
dimethoXybeZoinoXycarbonyl. 

5. The PPG phosphoramidite according to claim 4, 
Wherein R1 and R2 together form an amine protecting group. 

6. The PPG phosphoramidite according to claim 5, 
Wherein R1 and R2 together form an amine protecting group 
of the formula: =CH—N(CH3)2. 

7. A process for producing a non-halogenated nucleoside 
base containing nucleoside comprising: 

(a) contacting a halogenated nucleoside base With an 
activated sugar under conditions sufficient to produce a 
halogenated nucleoside base containing nucleoside; 
and 

(b) reducing said halogenated nucleoside base containing 
nucleoside under conditions suf?cient to produce said 
non-halogenated nucleoside base containing nucleo 
side. 

8. The process of claim 7, Wherein said non-halogenated 
nucleoside base containing nucleoside is puri?ed by recrys 
talliZation. 

9. The process of claim 7, Wherein the yield of said 
non-halogenated nucleoside base containing nucleoside 
from said halogenated nucleoside base is at least about 50%. 

10. The process of claim 7, Wherein said halogenated 
nucleoside base containing nucleoside reducing step com 
prises hydrogenation of said halogenated nucleoside base 
containing nucleoside in the presence of a hydrogenation 
catalyst. 

11. The process of claim 7, Wherein said non-halogenated 
nucleoside base containing nucleoside is used in a synthesis 
of a phosphoramidite nucleoside. 

12. The process of claim 11, Wherein said phosphoramid 
ite nucleoside is used in a synthesis of an oligonucleotide or 
an oligonucleotide. 
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13. A process for producing a nucleoside comprising a 
hydropyraZolopyrimidine nucleoside base, said process 
comprising hydrolyZing and reducing or reducing and 
hydrolyZing an iodopyraZolopyrimidine nucleoside of the 
formula: 

under conditions sufficient to produce a hydropyraZolopy 
rimidine nucleoside of the formula: 

II 
o 

HN \ 

| ,N 
RZRIN \N N 

Wherein 

R1 is selected from the group consisting of hydrogen and 
alkyl; 

R2 is selected from the group consisting of hydrogen, 
alkyl, and an amine protecting group, or R1 and R2 
together form an amine protecting group; 

R3 is selected from the group consisting of alkyl, and a 
hydroXy protecting group; and 

each of Y1, Y2, Y3, Y4, Y5, and Y6 is independently 
selected from the group consisting of hydrogen, halide, 
alkyl, —OR4, Wherein each R4 is independently 
selected from the group consisting of hydrogen, alkyl, 
and a hydroXy protecting group or tWo R4 groups form 
a diol protecting group, or Y2 and Y4 together With the 
carbon atoms to Which they are attached to and C-3 
carbon atom of the carbohydrate ring form a ?ve-to 
seven membered ring. 

14. The process of claim 13, Wherein R1, R2, Y1, Y2, Y4, 
and Y6 are hydrogen, and Y3 and Y5 are —OR4. 

15. The process of claim 14, Wherein R4 are hydrogen. 
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16. The process of claim 15 further comprising producing 
a PPG phosphoramidite of the formula: 

ORlO 

from said hydropyraZolopyrimidine nucleoside, Wherein 
R1 is hydrogen and R2 is an amine protecting group or R1 

and R2 together form an amine protecting group; and 

one of R9 and R10 is a phosphoramidite and the other is a 
hydroXy protecting group, 

said PPG phosphoramidite producing step comprises: 
(a) contacting said hydropyraZolopyrimidine nucleo 

side With an amine protecting reagent under conditions 
sufficient to produce an amine-protected nucleoside of 
the formula: 

HO 

OH 

(ii) contacting said amine-protected nucleoside With a 
hydroXy protecting reagent under conditions suffi 
cient to produce an amine/monohydroXy protected 
nucleoside of the formula: 

RZRIN N 
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or 

(i) contacting said hydropyraZolopyrimidine With a 
hydroXy protecting reagent under conditions suffi 
cient to produce a monohydroXy protected nucleo 
side of the formula: 

R70 

(ii) contacting said monohydroXy protected nucleoside 
With an amine protecting reagent under conditions 
sufficient to produce an amine/monohydroXy pro 
tected nucleoside of the formula: 

HN I 

R70 

Wherein 

R1 is hydrogen and R2 is an amine protecting group or 
R1 and R2 together form an amine protecting group; 
and 

one of R7 and R8 is hydrogen and the other is a hydroXy 
protecting group; and 

(b) contacting said amine/monohydroXy protected nucleo 
side With an activated phosphoramidite under condi 
tions sufficient to produce said PPG phosphoramidite. 

17. The process of claim 16, Wherein said amine protect 
ing reagent is selected from the group consisting of N,N 
dialkylformamide dialkylacetal, and N,N-dialkylacetamide 
dialkylacetal. 

18. The process of claim 16, Wherein said hydroXy 
protecting reagent is a photolabile hydroXy protecting 
reagent. 

19. The process of claim 18, Wherein said photolabile 
hydroXy protecting reagent is selected from the group con 
sisting of 1-(3,4-methylenedioXy-6-nitrophenyl)ethyl chlo 
roformate, 2-(2-nitrophenyl)-2-methylethyl chloroformate, 
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2-(2-nitro-6-chlorophenyl)-2-methylethylsulfonyl chloride 
and 3‘,5‘-dimethoXybeZoinoXyl chloroformate. 

20. The process of claim 16, Wherein said hydroXy 
protecting reagent is an acid labile hydroXy protecting 
reagent. 

21. The process of claim 20, Wherein said acid labile 
hydroXy protecting reagent is selected from the group con 
sisting of trityl halide, monomethoXytrityl halide and 
dimethoXytrityl halide. 

22. The process of claim 16, Wherein said activated 
phosphoramidite is of the formula: 

OCHZCHZCN 

Wherein 

X2 is a leaving group. 

23. The process of claim 22, Wherein X is selected from 
the group consisting of halide and diisopropylamino. 

24. The process of claim 22, Wherein R9 is dimethoXytri 
tyl and R10 is a phosphoramidite moiety of the formula 

—P[N(i-Pr)2]OCH2CH2CN. 
25. The process of claim 13 further comprising producing 

said nucleoside of Formula I, Wherein said nucleoside of 
Formula I producing step comprises: 

contacting an iodopyraZolopyrimidine of the formula: 

With an activated sugar of the formula: 

under conditions sufficient to produce said nucleoside of 
Formula I, Wherein 

R1, R2, R3, Y1, Y2, Y3, Y4, Y5, and Y6 are those de?ned 
claim 13; and 

X1 is a leaving group. 

26. The process of claim 25 further comprising producing 
said iodopyraZolopyrimidine nucleoside of Formula I from 
a pyrimidinone of the formula: 
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HN 

HZN N OH 

said iodopyraZolopyrimidine nucleoside producing process 
comprising: 

(i) contacting said pyrimidinone With a halogenating 
agent and a formylating agent under conditions suffi 
cient to produce a dihalopyrimidine carboXyaldehyde 
of the formula: 

X3 

CHO 
N / I 

)\ 
HZN N X3 

Wherein 

each X3 is independently selected from the group con 
sisting of F, Cl, Br and I; 

(ii) contacting said dihalopyrimidine carboXyaldehyde 
With hydraZine under conditions sufficient to produce a 
halopyraZolopyrimidine of the formula: 

(iii) contacting said halopyraZolopyrimidine With an 
alkoXide of the formula R3—OM, Wherein R3 is alkyl 
and M is a metal, to produce an alkoXypyraZolopyri 
midine of the formula: 

and 

(iv) iodinating said alkoXypyraZolopyrimidine With an 
iodinating agent under conditions sufficient to produce 
said iodopyraZolopyrimidine. 
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27. The process of claim 26, Wherein said halogenating 
agent is selected from the group consisting of POCl3, iodine 
monochloride, N-iodosuccinamide and SOCl2. 

28. The process of claim 26, Wherein said formylating 
agent is a compound comprising a formyl group attached to 
a secondary amino group. 

29. The process of claim 28, Wherein said formylating 
agent is selected from the group consisting of dimethyl 
formamide, l-formylpiperidine, l-formylmorpholine and 
triformamide. 

30. The process of claim 26, Wherein said iodinating agent 
is selected from the group consisting of iodine monochloride 
and N-iodosuccinimide. 

31. A process for producing a nucleoside comprising: 

(a) contacting an iodopyraZolopyrimidine of the formula: 

With an activated sugar of the formula: 

R50 

X1 

under conditions sufficient to produce an deoXy iodopy 
raZolopyrimidine nucleoside of the formula: 

R50 

R60 

(b) producing an amino dihydro hydropyraZolopyrimidine 
nucleoside from said deoXy iodopyraZolopyrimidine 
nucleoside, Wherein said amino dihydro hydropyraZol 
opyrimidine nucleoside is of the formula: 
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HO 

HO 

wherein 

R3 is alkyl; 
R5 and R6 are hydroXy protecting groups; and 
X1 is a leaving group. 
32. The process of claim 31, Wherein said step of pro 

ducing said amino dihydro hydropyraZolopyrimidine 
nucleoside comprises removing said hydroXy protecting 
groups R5 and R6; hydrolyZing —OR3 group; and reducing 
the iodine. 

33. The process of claim 31 further comprising: 

(c) contacting said amino dihydro hydropyraZolopyrimi 
dine nucleoside With an amine protecting reagent under 
conditions sufficient to produce an amine protected 
nucleoside of the formula: 

RZRIN 

HO 

OH 

(d) contacting said amine protected nucleoside With a 
hydroXy protecting reagent under conditions sufficient 
to produce an amine/monohydroXy protected nucleo 
side of the formula: 

RZRIN 

R40 

OH 
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and 

(e) contacting said amine/monohydroXy protected nucleo 
side With an activated phosphoramidite of the formula: 

OCHZCHZCN 

under conditions sufficient to produce a PPG phosphora 
midite of the formula: 

0 

HN \ 
| N 

\ / 
RZRIN N N 

R40 
0 

(i-Pr)2N\ /o 
P 

OCHZCHZCN 

Wherein 

R1 is hydrogen; 

R2 is an amine protecting group; 

or R1 and R2 together form an amine protecting group; 

R4 is a hydroXy protecting group; and 

X2 is a leaving group. 

34. The process of claim 33, Wherein X2 is selected from 
the group consisting of halide, and —N(i-Pr)2. 

35. The process of claim 33, Wherein R1 and R2 together 
form a nitrogen protecting group of the formula: =CH— 

N(CH3)2. 
36. The process of claim 35, Wherein R4 is selected from 

the group consisting of an acid labile hydroXy protecting 
group and a photolabile hydroXy protecting group. 

37. The process of claim 36, Wherein R4 is selected from 

the group consisting of dimethoXytrityl, trityl, piXyl, 1,1 
bis(4-methoXyphenyl)-1-pyrenylmethyl, ot-methyl-6-ni 

2-(2-nitrophenyl)-2-methyl 
2-(2-nitro-6-chlorophenyl)-2 

3‘,5‘ 

tropiperonyloXycarbonyl, 
ethoXycarbonyl, 
methylethylsulfonyl and 
dimethoXybeZoinoXycarbonyl. 

38. The process of claim 31, Wherein said step (b) 
comprises reducing the iodide by hydrogenation. 
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39. The process of claim 31, wherein said iodopyraZol 

opyrimidine is produced from a pyrimidinone of the for 

mula: 

said iodopyraZolopyrimidine producing step comprising: 

(i) contacting said pyrimidinone With a halogenating 
agent and a formylating agent under conditions suffi 

cient to produce a dihalopyrimidine carboXyaldehyde 

of the formula: 

X3 

CHO 
N / I 

A 
HZN N X3 

Wherein each X3 is independently selected from the group 

consisting of F, Cl, Br and I; 

(ii) contacting said dihalopyrimidine carboXyaldehyde 
With hydraZine under conditions sufficient to produce a 

halopyraZolopyrimidine of the formula: 
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iii contactin said halo raZolo rimidine With an alco g PY PY 
hol of the formula R3—OH to produce an alkoXypyra 
Zolopyrimidine of the formula: 

and 

(iv) iodinating said alkoXypyraZolopyrimidine With an 
iodinating agent under conditions sufficient to produce 
said iodopyraZolopyrimidine. 

40. The process of claim 39, Wherein said halogenating 
agent is selected from the group consisting of POCl3, iodine 
monochloride, N-iodosuccinamide and SOCl2. 

41. The process of claim 40, Wherein said halogenating 
agent is selected from the group consisting of POCl3 and 
SOCl2. 

42. The process of claim 39, Wherein said formylating 
agent is selected from the group consisting of dimethyl 
formamide, l-formylpiperidine, l-formylmorpholine and 
triformamide. 

43. The process of claim 39, Wherein said iodinating agent 
is selected from the group consisting of iodine monochloride 
and N-iodosuccinimide. 

* * * * * 


