
METHODS FOR THE SYNTHESIS OF FUNCTIONALIZED NUCLEIC ACIDS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority to United States provisional application serial 

number 61/509,526, filed July 19, 2011, the entirety of which is hereby incorporated herein by 

reference. 

BACKGROUND OF THE INVENTION 

[0001] Oligonucleotides are useful in therapeutic, diagnostic, researchand nanomaterials applications. 

The use of natural sequences of DNA or RNA for therapeutics is limited because of their instability 

against extra and intracellular nucleases, poor cell penetration and distribution. Additionally, in vitro 

studies have shown that the properties of aniisense nucleotides such as binding affinity, sequence specific 

binding to the complementary RNA (Cosstick and Eckstein, 1985; LaPlanche et al, 1986; Latimer et al, 1989; 

Hacia et al, 1994; Mesmaeker et al, 1995), stability to nucleases are affected by the configurations of the 

phosphorous atomsTherefore, there is a need for modified oligonucleotides to impart stability towards 

ubiquitous nucleases, increase binding affinity towards complementary RNA and increase cell 

penetration and bio-distribution for a number of in-vitro and in-vivo applications. 

SUMMARY OF THE INVENTION 

[0002] Described herein are methods for the synthesis of novel functionalized nucleic acids and 

nucleic acid prodrugs. In some embodiments, the nucleic acids comprise chiral phosphorous 

moieties. 

i) reacting an H-phosphonate of structure Ic with a silvlatmg reagent to provide a 

s i 1 v 1 o x. yp ho sp ho nat e: 

ii) reacting the sil vloxvphosphonate with a bis( thiosulfonate) reagent of structure IVc to 

provide a phosphorothiotriester comprising a thiosulfonate group of structure Vc: 

iii) reacting the phosphorothiotriester comprising a thiosulfonate group of structure Vc 

with a nucleophile of structure Vic to provide the phosphorothiotriesters of structure Illc: 
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wherein. 

the H-phosphonate of structure Ic has the following structure: 

wherein, 

W is independently selected from Q, S, NH. or CH?: 

RJ is -OH. -SH, -NRdRd. -N*. halogen, hydrogen, alkvl. alkenvl alkvnvL alkvl-Y'-, 

alkenyl-Y1-, alkynyl-Y1-. aryl-Y1-, heteroaryl-Y1-, P(Q)(RC)?, -HP(Q)fRcI -OR'1 or -

SRC; 

Y1 is O.NRd. S. or Se 

Ra is a bloc king group: 

Rc is s bloc .king group: 

each instance of Rd is independently hydrogen, alkvl. alkenvl. alkynyl. arvl. acvl 

substituted silyl. carbamate. -PfOXR0}?. or -HP(0')('Re); 

each instance of Re is independently hydrogen, alkvl. arvl alkenvl. alkvnvl. alkvl-Y2-, 

alkenvl-Y2-. aikynvl-Y2-, aryl-Y2-, or heteroaryl-Y2-. or a cation which is Na'"1, Li+I, or 

Kli: 
each instance of R4 is independently hydrogen. -OH. -SH, -NRdRd. -Nk halogen, alkvl, 

alkenvl. alkynyl. alkvl-Y1-. alkenyl-Y1-. alkynvl-Y1-, aryl-Y1-, heteroaryl-Y1-, -ORb .or 
-SR°. and Rb is a blocking group: 

each instance of Ba is independently a blocked or unblocked adenine, cytosine. guanine. 

thymine, uracil or modified nucleobase: 

Y2is O. S or NRd wherein Rd is hydrogen, alkvl. alkenvl. alkynyl, arvl acyi. substituted 

silyl, or carbamate: 

R5 is hydrogen, a blocking group, a linking moiety connected to a solid support or a 

linking moiety connected to a nucleic acid: and 

n is between 1 and about 200: and 



the bis(thiosulfonate) reagent of structure IVc has the following structure: 
O 

-S-S-X-S-S-R6 

0 o 

Structure IVc 

each R is independently alkvl. cvcloalkyl, arvl or 

Ris R'-S-

is al 

% ai 

R—S\ /W R3 

w w 

!.3, 

SRC: 

Y1 is 0,1 vJRd.' S. or Se: 

Ra is a blocking group: 

Rc is a bL ockin .g group; 

vl vl-Y-P(Q)(R%, -J i nna 

each instance of Rd is independently hydrogen, alkvl. alkenvl. alkynvi arvl. acvl 

substituted siiyl. carbamate. -P(QKReK or -HP(QMReV. 



each instance of Re is independently hydrogen, alkvl. arvl alkenvl. alkvnvi. alkvl-Y2-. 

alkenvl-Y alkvnvi-Y arvl-Y"-. or hete 2 * 1 *~I roarvl-Y -. or a cation which is NaT , Li"! . or 

each instance of R is independently hvdrog en, -OH, -SH. -NRdRd, -Kb. halogen, alkvl 

alkenvl. alkvnvi alkvl-Y1-. alkerjvl-Y1-, ai (kynvl-Y1-. arvl-Y1-. heteroarvl-Y1-. -ORb .or 
~SR°, and Rb is a blocking group; 

each instance of Ba is independently a block ;ed or unblocked adenine, cvtosine. guanine. 

thymine, uracil or modified nucleobase; 

Y2 is O. S or NRd wherein Rd is hydrogen, a lkvl alkenvl alkvnvi arvl acvl substituted 
silvl. or carbamate; 

is hydrogen, a blocking group, a linking moiety connected to a solid support or a 

linking moiety connected to a nucleic acid; 

n is between 1 and about 200; and 

wherein the phosphorous linkages of the H-phosphonate of structure Ic. the 

phosphorothiotriester comprising a thiosulfonate group of structure Vc. and the 

phosphorothiotriesters of structure 111c may optionally comprise non-stereorandoni 

phosphorous linkages. 

[00031 One embodiment provides a process for the preparation of phosphorothiotriesters of 

structure Ilia comprising the steps of; 

i) reacting an H-phosphonate of structure la with an silylating reagent to provide a 

silyloxyphosphonate; and 

ii) reacting the silyloxyphosphonate with a thiosulfonate reagent of structure Ha to 

provide a phosphorothiotriester of structure Ilia; 

wherein, 

the H-phosphonate of structure la has the following structure: 

Ic 



CLAIMS 

WHAT IS CLAIMED IS: 
1. A process for the preparation of phosphorothiotriesters of structure Ilia comprising the 
steps of: 

i) reacting an H-phosphonate of stincture la with a silylating reagent to provide ay 
silyloxyphosphonate; and 
ii) reacting the silyloxyphosphonate with a thiosulfonate reagent of structur^lla to provide 
a phosphorothiotriester of structure Ola; 

wherein, 
the H-phosphonate of structure la has the following structure: 

Hs. /W R3 

w w 

OR5 R3 

Structure la 
wherein: 

Wis O; 
RJ is -OH, -SH, -NRdRd, ~N3, halogen, hydrogen, alkyl, alkenyl, alkynyl, alkyl-Y1-, 

alkenyl-Y1-, alkynyl-Y1-, aryl-Y1-, Meroaryl-Y1-, -P(0)(Re)2, -HP(0)(Rc), -ORa or 

Y1 is O, NRd, S, or Se; 
Ra is a blocking group; 
Rc is a blocking group; 
each instance of Rd is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, acyl, 

substituted silyl, carbonate, -P(0)(Re)2, or -HP(0)(Re); 
each instance of Re i/independently hydrogen, alkyl, aryl, alkenyl, alkynyl, alkvl-Y2-, 

alkenyl-Y2-, all^nyl-Y2-, aryl-Y2-, or 

K+i; 
Y2is O, NR/f or S; 
each instance of R4 is independently hydrogen. -OH, -SH, -NRdRd, -N3, halogen, 

alkyj/alkenyl, alkynyl, alkyl-Y1-, alkenyl-Y1-, alkynyl-Y1-, aryl-Y1-, heteroaiyl-Y1-, 
,or -SRC, and Rb is a blocking group; 

is Na+1, Li1, or 
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each instance of Ba is independently a blocked or unblocked adenine, cytosine, guanine, 
thymine, uracil or modified nucleobase; 

R5 is hydrogen, a blocking group, a linking moiety connected to a solid support or a 
linking moiety connected to a nucleic acid; and 

n is between 1 and about 200; and 
the thiosulfonate reagent of structure Ila has the following structure: 

O 
X-S-S-R 

ii 
o 

Structure Ila 

wherein: 

X is alkyl, cycloalkyl, or heteroaryl; 

R is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, hetero^l, heteroaralkyl, or R! 

R2; 

R1 is selected from -S-alkenylene-, -S-alkylene-, -S-alj^lene-aryl-alkylene-, -S-CO-

aryl-alkylene-, or -S-CO-alkylene-aryl-alkylene-y 

R2 is selected from heterocyclo-alkylene-S-, het^ocyclo-alkenylene-S-,aminoalkyl-S-

,or (alkyl^N-alkylene-S-; 

and the phosphorothiotriester of structure Ilia has tne following structure: 

wherein: 

R is alkyl, all^iiyl, alkynyl, cycloalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, or R -

R2' / 
/ R1 is selected from -S-alkenylene-, -S-alkylene-, -S-alkylene-aryl-alkylene-, -S-CO-

aryl^alkylene-, or -S-CO-alkylene-aryl-alkylene-; 

Ry^s selected from heterocyclo-alkylene-S-, heterocyclo-alkenylene-S-,aminoalkyl~S-

,or (aIkyl)4N-alkylene-S-; 
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R3 is -OH, -SH, -NRdRd, -N3, halogen, hydrogen, alkyl, alkenyl, alkynyl, alkyl-Y1-, 

alkenyl-Y1-, alkynyl-Y1-, aryl-Y1-, heteroaryl-Y1-, -P(0)(Re)2, -HP(0)(Re), -0Ra or 

-SRC; 

Y1 is O, NRd, S, or Se; 

Ra is a blocking group; 

Rc is a blocking group; 

each instance of Rd is independently hydrogen, alkyl, alkenyl, alkynyl, afyl, acyl, 

substituted silyl, carbamate, -P(0)(Re)2, or -HP(0)(Re); / 

each instance of Re is independently hydrogen, alkyl, aryl, alkenyl; alkynyl, alkyl-Y2-, 

alkenyl-Y2-, alkynyl-Y2-, aryl-Y2-, or heteroaryl-Y2-, or a cation which is Li+1, 

orKT1; / 

Y2 is O, NRd, or S; / 

each instance of R4 is independently hydrogen, -OH,ySH, -NRdRd, -N:„ halogen, 

alkyl, alkenyl, alkynyl, alkyl-Y1-, alkenyl-Y1-, aJfeynyl-Y1-, aryl-Y1-, heteroaryl-Y1-, 

-ORb ,or -SRC, and Rb is a blocking group; / 

each instance of Ba is independently a blocked or unblocked adenine, cytosine, 

guanine, thymine, uracil or modified nu^leobase; 

R5 is hydrogen, a blocking group, a linking moiety connected to a solid support or a 

linking moiety connected to a nucleic acid; and 

n is between 1 and about 200. / 

2. A process for the preparation of phosphorothiotriesters comprising non-stereorandom 

phosphorous linkages of structure Illb comprising the steps of: 

i) reacting an H-phogphonate comprising non-stereorandom phosphorous linkages of 

structure lb with /silylating reagent to provide a silyloxyphosphonate; and 

ii) reacting tha^ilyloxyphosphonat e with a thiosulfonate reagent of structure lib to 

provide a pKosphorothiotriester comprising non-stereorandom phosphorous linkages 

of structm-e Illb; 

wherein, / 

the H-phogphonate comprising non-stereorandom phosphorous linkages of structure lb has 

the following structure: 



w 
H 

•a 

n OR5 R3 

Structure lb 
wherein; 

Wis O; 
R3 is -OH, -SH, -NRdRd, -N3» halogen, hydrogen, alkyl, alkenyl, alkynyl, alkyl-Y1-, 

alkenyl-Y1-, alkynyl-Y1-, aryl-Y1-, heteroaryl-Y1-, -P(0)(R% -HP(0)(Re), -ORa or 
-SRC; 

Y1 is O, NRd, S, or Se; 
Ra is a blocking group; 
Rc is a blocking group; 
each instance of Rd is independently hydrogen, afkyl, alkenyl, alkynyl, aryl, acyl, 

substituted silyl, carbamate, -P(0)(Re)2, or^HP(0)(Re); 
each instance of Re is independently hydrogen, alkyl, aryl, alkenyl, alkynyl, alkyl-Y2-, 

alkenyl-Y2-, alkynyl-Y2-, aryl-Y2-, or Heteroaryl-Y2-, or a cation which is Na+1, Li+1, 
or K]; / 

Y2 is O, NRd, or S; / 
each instance of R4 is independently hydrogen, -OH, -SH, -NRdRd, -N3, halogen, 

alkyl, alkenyl, alkynyl, aliwt-Y1-, alkenyl-Y1-, alkynyl-Y1-, aryl-Y1-, heteroaryl-Y1-, 
-ORb ,or -SRC, and Rb i^a blocking group; 

each instance of Ba is independently a blocked or unblocked adenine, cytosine, 
guanine, thymine, uracil or modified nucleobase; 

R5 is hydrogen, a Mocking group, a linking moiety connected to a solid support or a 
linking moiet/connected to a nucleic acid; and 

n is between/1 and about 200; and 
the thiosulfonate p£agent of structure lib has the following structure: 

Structure lib 
y 

X is alkyl, cycloalkyl, aryl, or heteroaryl; 
81 -

/ 
/ 

/ 



R is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, orR1-

R2; 

R1 is selected from -S-alkenylene-, -S-alkylene-, -S-alkylene-aryl-alkylene-, -S-CO-

aryl-alkylene-, or -S-CO-alkylene-aryl-alkylene-; 

R2 is selected from heterocyclo-alkylene-S-, heterocyclo-alkenylene-S-,aminoal^l-S-

,or (alkyl)4N-alkylene-S-; 

and the chiral phosphorothiotriester comprising non-stereorandom phosph^ous 

linkages of structure Illb has the following structure: 
r>4 

R~S\ /W R3 

w w 

OR0 R 

Structure Illb 

wherein: 

WisO; 

R is alkyl, alkenyl, alkynyl, cycloalkyl, arvi( aralkyl, heteroaryl, heteroaralkyl, or Rl-

R2; / R1 is selected from -S~a3kenylene-, -SAlkylene-, -S-alkylene-aryl-alkylene-, -S-CO-

aryl-alkylene-, or -S-CO-alkylen£-aryl-alkylene-; 

R2 is selected from heterocyclo^lkylene-S-, heterocyclo-alkenylene-S-,aminoalkyl-S-

,or (alkyl)4N-alkylene-S-; 

is -UM, -iNK'K", -1^3, halogen, hydrogen, alkyl, alkenyl, alkynyl, alkyl-Y'-, 

alkenyl-Y1-, alkynyl-/-, aryl-Y1-, heteroaryl-Y3-, -P(0)(Re)2, -HP(0)(Re), -ORa or 

Y1 is O, NRd, S, or Se; 

Ra is a blockingfgroup; 

Rc is a blocl^i'ng group; 

each instance of Rd is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, acyl, 

substituted silyl, carbamate, -P(0)(Re)2, or ~HP(0)(Rc); 

eachanstance of Re is independently hydrogen, alkyl, aryl, alkenyl, alkynyl, alkyl-Y2-, 

ilkenyl-Y2-, alkynyl-Y2-, aryl-Y2-, or heteroaryl-Y2-, or a cation which is Na-1, Li+1, 

or K+1; 
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Y2 is O, NR., or S; 
each instance of R4 is independently hydrogen, -OH, -SH, -NRdRd, -N3, halogen, 

alkyl, alkenyl, alkynyl, alkyl-Y5-, alkenyl-Y1-, alkyiiyl-Y1-, aryl-Y1-, heteroaryl-Y1 

-ORb ,or -SRC, and Rb is a blocking group; 
each instance of Ba is independently a blocked or unblocked adenine, cytosine, 

guanine, thymine, uracil or modified nucleobase; 
R5 is hydrogen, a blocking group, a linking moiety connected to a solid support or a 

linking moiety connected to a nucleic acid; and 
n is between 1 and about 200. 

3. The process of claim 1 or 2, wherein R is selected from 

and 

R2 is selected from 

The process of clai 
1,1,3,3-tetramethyT-1,3-dii 
1,3-dimethyl-1J^3,3-
1 -(trimethylsjlyl)imidazole; 
N-trimethvfsilyl-N-methyl trifluoroacetamide; 
bis(dinWhylamino)dimethylsilane; 
broni^trimethylsilane; 
chlorodimethyl(pentafluoroph.enyl)silane; 

iilorotriethylsilane; 
chlorotriisopropylsilane; 
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chlorotrimethylsilane; 
dichiorodimethylsilane; 
hexamethyldisilazane; 
N,N'-bis(trimethylsilyl)urea; 
N,N-bis(trimetliylsilyl)methylamine; 
N,N-dimethyltrimethylsilylamine; 
N,0-bis(trimetliylsiiyl)acetainide; 
N.O-bis(trimethylsilyl)carbamate; 
N,0-bis(trimethylsilyl)trifluoroacetamide; 
N-methyl-N-(trimethylsilyl)trifiuoroacetamide; 
N-methyl-N-trimethylsilylacetamide; 
N-methyl-N-trimethylsilylheptafluorobutyramide; 
N-tert-butyldimethylsilyl-N-methyltrifluoroacetamide; 
N-methyl-N-triinethylsilylheptafluorobutyramide; 
trimethylsilyltriflate; 
triethylsilyltriflate; 
triisopropylsilyltriflate; and 
tert-butyldimethylsilyltriflate. 

5. The process of claim 4, wherein the silylatingreagent is selected from N,0-
bis(trimethylsilyl)trifluoroacetamide, trimethy 1 silyftriflate, chlorotrimethylsilane, and 1-
(trimethylsilyl)imidazole. 

6. The process of claim 5, wherein tl^ silylating reagent is N,0-
bis(trimethylsilyl)trifluoroacetamide. 

7. The process of claim 1 or 2/wherein the H-phosphonate is covalently linked to a solid 
phase. / 
8. A process for the preparation of phosphorothiotriesters of structure IIIc comprising the 

i) reacting an H-wnosphonate of structure Ic with a silylating reagent to provide a 
silyloxyphosphonate; 
ii) reacting mc silyloxyphosphonate with a bis(thiosulfonate) reagent of structure IVc to 
provide phosphorothiotriester comprising a thiosulfonate group; 
iii) reaching the phosphorothiotriester comprising a thiosulfonate group with a nucleophile 
of structure Vic to provide the phosphorothiotriesters of 
structure IIIc: 



wherein: 

the H-phosphonate of structure Ic has the following structure: 
A 

Hv /W R3 

w w 
Ba 

OR5 R3 n 

Structure Ic 

wherein: 

Wis O; 

R3 is -OH, -SH, -NRdRd, -N3, halogen, hydrogen, alkyl, alkenyl, alkynyl, alkyl-Y1-, 

alkenyl-Y1-, alkynyl-Y1-, aryl-Y1-, heteroaryl-Y1-, P((^Re)2, -HP(0)(Re), -ORa or 

SRC; 

Y1 is O, NRd, S, or Se; 

Ra is a bloclcing group; 

R° is a blocking group; 

each instance of Rd is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, acyl, 

substituted silyl, carbamate, -P(0)(R^ or -HP(0)(Re); 

each instance of Re is independently/hydrogen, alkyl, aryl, alkenyl, alkynyl, alkyl-Y2 

alkenyl-Y2-, alkynyl-Y2-, aryl-V or heteroaryl-Y2-, or a cation which is Na_i, Li"1 

or K+1; 

Y2 is O, NRd, or S; 

each instance of R4 is independently hydrogen, -OH, -SH, -NRdRd, -N3, halogen, 

alkyl, alkenyl, alkynyl, alkyl-Y1-, alkenyl-Y1-, alkynyl-Y1-, aryl-Y1-, heteroaryl-Y1 

-ORb ,or -SRC, ana Rb is a blocking group; 

each instance oif/Ba is independently a blocked or unblocked adenine, cytosine, 

guanine, thymine, uracil or modified nucleobase; 

R5 is hyd^^gen, a blocking group, a linking moiety connected to a solid support or a 

linking moiety connected to a nucleic acid; and 

11 is/between 1 and about 200; and 

the bis(tbiosulfonate) reagent of structure IVc has the following structure: 
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and phosphorothiotriesters of structure IIIc has the following structure: 

R6-S-S-X-S-S-R6 
I! I! 
0 0 

Structure IVc 
5 

wherein: 

X is alkylene, alkenylene, arylene, or heteroarylene; 

each R6 is independently alkyl, cycloalkyl, aryl, or heteroaryl; 

the nucleophile of structure Vic has the following structure: 

R7-SH, wherein R7 is selected from alkyl, alkenyl, aryl, heterocyclo, ^ninoalkvl, or 
(heterocyclo)alkyl; 

R—S\ /W R3 

W W 

wherein: 
Wis O; 
Ris R7-S-S-X-
R7 is alkyl, alkenyl, aryl, heteroc/clo, aminoalkyl, or (heterocyclo)alkyl; 
X is alkylene, alkenylene, arylene, or heteroarylene; 
R3 is -OH, -SH, -NRdRd, -N^ halogen, hydrogen, alkyl, alkenyl, alkynyl, allcyl-Y1-, 

alkenyl-Y1-, alkynyl-Ys aryl-Y1-, heteroaryl-Y1-, -P(0)(Re)2, -HP(0)(Re), -ORa or 

Y1 is O, NRd, S,or/e; 
Ra is a blocking^roup; 
R° is a blocking group; 

each instance of Rd is independently hydrogen, alkyl, alkenyl, alkynyl, aryl, acyl, 
substituted silyl, carbamate, -P(0)(Rc)2, or -HP(0)(Re); 

each instance of Re is independently hydrogen, alkyl, aryl, alkenyl, alkynyl, alkyl-Y2-, 
*\ikenyl-Y2-, alkynyl-Y2-, aryl-Y2-, or heteroaryl-Y2-, or a cation which is Na+1, Li+1. 
'orK+1: 

,d, or S; 



each instance of R4 is independently hydrogen, -OH, -SH, -NRdRd, -N3, halogen, alkyl, 
alkenyl, alkynyl, alkyl-Y1-, alkenyl-Y1-, alkynyl-Y1-, aryl-Y1-, heteroaryl-Y1-, 
-ORb ,or -SRC, and Rb is a blocking group; 

each instance of Ba is independently a blocked or unblocked adenine, cytosine, 
guanine, thymine, uracil or modified nucleobase; 

R5 is hydrogen, a blocking group, a linking moiety connected to a solid supp^n or a 
linking moiety connected to a nucleic acid; 

n is between 1 and about 200; and 
wherein the phosphorous linkages of the H-phosphonate of structure 16, the 

phosphorothiotriester comprising a thiosulfonate group, and the phosphorothiotriesters 
of structure IIIc may optionally comprise non-stereorandom phosphorous linkages. 

9. The process of claim 7, wherein the phosphorothiotriestera/of structure Illb comprise 
non-stereorandom phosphorous linkages and the H-phosphonate^of structure la or lb comprise 
non-stereorandom phosphorous linkages. 

10. The process of claim 8, wherein R is methyl. 

11. The process of claim 8, wherein bi 
from: 

reagent of structure IVc is selected 

H,C-S-S-CH2-S-S-CH3 •5 || ^ n 0 

13. The prodess of claim 8, wherein the silylating reagent is selected from 
1,1,5^ -tetramethyl-1,3 -diphenyldisilazane; 



1,3-dimethyl-l, 1,3,3-tetraphenyldisilazane; 
1 -(trimethylsilyl)imidazole; 
N-trimethylsilyl-N-methyl trifluoroacetamide; 
bis(dimethylamino)dimethylsilane; 
bromotrimethylsilane; 
chlorodimethyl(pentafluorophenyl)silane; 
chlorotriethylsilane; 
chlorotriisopropylsilane; 
chlorotrimethylsilane; 
dichlorodimethylsilane; 
hexamethyldisilazane; 
N,N '-bis(trimethylsilyl)urea; 
N,N-bis(trimethylsilyl)methylamine; 
N,N-dimethyltrimethylsilylamine; 
N,0-bis(trimethylsilyI)acetamide; 
N,0-bis(trimethylsilyl)carbamate; 
N,0-bis(trimethylsilyl)trifhioroacetamide; 
N-methyl-N-(trimethylsilyl)trif]uoroacetamide< 
N-methyl-N-trimethylsilylacetamide; / 
N-methyl-N-trimethylsilylheptaftuorob^raimde; 
N-tert-butyldimethylsilyl-N-methyltrifiuoroacetamide; 
N-methyl-N~trimethylsilylheptaflu9robutyramide; 
trimethylsilyltriflate; 
tri ethyl s i 1 y 1 txi flat e; 
triisopropylsilyltriflate; an 

tert-butyldimethylsilyl 

14. The process of claim 13, wherein the silylating reagent is selected from N.O-
/ 

bis(trimethylsilyl)tri.fluoFoacetamide, trimethylsilyltriflate, chlorotrimethylsilane, and 1-
(trimethylsilyl)imidaz^e. 

15. The process of claim 14, wherein the silylating reagent is N,0-
bis(trimethyl§iiyl)trifluoroacetamide. 

e process of claim 15, wherein the H-phosphonate is covalently linked to a solid 



17. The process of any one of the preceding claims, wherein Y1 is O. 

18. The process of any one of the preceding claims, wherein: 

each instance of R3 is independently hydrogen, -OH, halogen, alkyl, alkenyl, alkyn 

alkyl-Y1-, alkenyl-Y1-, alkynyl-Y1-, aryl-Y1-, heteroaryl-Y1-, or ~QRa; 

each instance of R4 is independently ~OH, hydrogen, alkyl, alkenyl alkvnvi alkyl-Y 

alkenyl-Y1-, alkynyl-Y1-, aryl-Y1-, heteroaryl-Y1-, or -ORb; and 

19. The process of any one of the preceding claims, wherein each inst s 

R5 is hydrogen or a blocking group. 

20. The process of any one of the precer^ —•1 • - § 

independently hydrogen, alkyl, alkenyl, alkynyl, aryl, or acyl. 

/ 

/ 
/ / / / / 

/ 
/ 

/' 

/ 
/ / 

88a 



CLAIMS 
WHAT IS CLAIMED IS: 

structure IIIc comprising 

i) reacting an H-phosphonate of structure Ic with a silylating reagent to provide a 

ii) reacting the silyloxyphosphonate with a bisf thiosulfonate) reagent of structure IVc 

to provide a phosphorothiotriester comprising a thiosulfonate group of structure Vc: 

iii) reacting the phosphorothiotriester comprising a thiosulfonate group of structure Vc 

with a nucleophile of structure Vic to provide the phosphorothiotriesters of structure 

IIIc: 

wherein, 

the H-phosphonate of structure Ic has the following structure: 

WJ 
OR5 R3 n Structure Ic 

wherein. 

W is independently selected from Q, S, NH. or CHb: 

is -OH. -SH, -NRdRd. -N., i 

SRC; 

Y1 is O. NRd. S. or Se: 

Ra is a blocking group: 

Rc is a 

instance of Rd is T 

OR" or -

u aj Kenvi. i 

-78-



each instance of Rc is independently hydrogen, alkyl. arvl alkenvl. alkvnvi alkvl-Y2-, 
alkenyl-Y2-. £ ilkvnvl-Y2-, ai 

'y 
:"yl-Y*-. or heteroar vl-Y2-. or a i sation wh icli is Na"1. Li+I. 

or K+l; 

each instance o f R4 is ii ndepei identlv hydrogen. -•OH. -SH. -> 4RdRd, -N halogen, alkvl. 

alkenvl alkyr iyl alk\ '1-Y1-. alkenvl-Y1-. alkvn vl-Y1-. arvl-Y1-, heter oaryl-Y1-, -ORb 

,or -SRL. and Rb is a blocking group; 

each instance of Ba is independently a blocked or unblocked adenine, cytosine, 

guanine, thymine, uracil or modified nucleobase; 

Y2is Q. S or NRd wherein Rd is hydrogen, alkvl, alkenyl alkynyl arvl acyl 

substituted silyl or carbamate; 

R5 is hydrogen, a blocking group, a linking moiety connected to a solid support or a 

linking moiety connected to a nucleic acid; and 

n is between 1 and, about 200; and 

the bis(thiosulfonate) reagent of structure IVc has the following structure: 
O O 

« 11 11 
R6-S-S-X-S-S-R6 

!! II 
O 0 

Structure IVc 

wherein. 

X is alkylene, alkenylene. arylene. or heteroarylene; 

each R6 is independently alkyl cycloalkvl aryl or heteroaryl; 

the nucleophile of structure Vic has the following structure: 
7 7 R -SH. wherein R is selected from alkyl alkenvl arvl heterocvclo. aminoalkvl or 
(heterocyclo)alkyl; 

and phosphorothiotriesters of structure IIIc has the following structure: 

n Structure IIIc 
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. b. or L H2; 

I is R -S-S-X-: 

ikvl; 

is 

I3 is ci'n d gen, hydrogen. 
1 -1 vl 

5RC: 
IRd Q nr QA-

R." is a blc tcking group; 

R is a blc tckrng group; 

-H Ana or -

id siivi. 

instance of R is . alkvi-Y2-. 

aj -H T :+l 

-+1. 

of R is i drtd. -N-„ halogen, alkvl 
-1 /-\T> b 

C | nb 
IS 

is independently a blocked or 

uracil or 

/"2is O, Sorw 

lyl. or 

R: is hydrogen, a blocking group, a linking moiety connected to a solid support or a 

mKing 

wherein the phosphorous linkages of the 

:ous 
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2. The process of claim h wherein the phosphorothiotriesters of structure IIIc comprise 

or Liri? 

iaim i or 2, 

w. 

IS s 

9 9 
H3C-S-S-CH2-S-g~CH3 

o o 

9 
H3C-S-S-o 11 II 

o 
o 

-S-S-CH3 II J 

o 

o 
H3C-S-S-15 II 

o 

9 
-S-S-CH3 

II J 

o 

rocess hile of structure Vic 

C02CH3 

© 

7. T1 

-1.3-

silvl-f* 

:i -
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