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Cross-reference to Related Applications 5 The present application clains
priority wo2ui2824P60vi si onal Application No. 61/ 376, 030pcCTidadiiAvepsst 23,
2010, the contents of which are incorporated herein by reference inits
entirety. Field of the Invention

Thei nventi onr el at est ot hechem cal synt hesi sof 10 ol i gonucl eotides, in
particul ar oligoribonucl eotides. In another aspect, the invention rel ates
to the chemi cal synthesis of oligoribonucleotides using di- and
tri-ribonucleotide building blocks. Background of the Invention 15 The
demand for synthetic BLOGHRINTHESIEcQF KIS CGREBPNESLFOFERESal |y as genone
sequenci ng, functional genom cs, and PCR-based detection nmethods consune
enornmous quantities of DNA oligonucleotides. RNA interference (RNAi) as
potential ther apeuti Cs repr esents a 20 fundanentally new way to treat human
di seases L:I\/anoh nce s RCg(}ate % 1cBltc:|).|ons8 570-579 (2004)]. However,
achi evi ng farge’fe (frtel SSué” an TR Fer very, stabilization in vivo, and
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be synthesized rapidly and in high purity. WD 2012/024776PCT/ CA2011/ 000950
2 Current 4 S_Qo%s dQr RNA synthesis rely on stepw se addition of
nononeri c p osphoram élte units on solid supports [Caruthers, M H et al.
Met hods in Enzynol ogy 154, 287-313 (1987); Alvarado-Urbina, G et al.
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25 of mainstream RNA1 based therapeutics is rapidly approaching and
the demand for these compounds on large scale may soon exceed the
capability of wmanufacturers. Therefore, there is a need to
develop synthetic strategies enabling RNA oligomers to be

synthesized rapidly and in high purity.



The sane iterative nethod may be applied toward the synthesis of DNA and
RNA ol i gonucl eotides in solution, for exanple as described recently by
Donga et wb.20122m7¥6i oni ¢ sol ubl e supports [e.g. Donga, RCACA2b11200950]. Org.
Chem 71, 7907-7910 (2006); 5 Donga, R A et al., Can. J. Chem 85, 274-282
(2007)1. The use of ionic soluble supports allows for selective
precipitations of the growi ng oligonucleotide over all other reagents used
in the oligonucl eotide synthesis cycle. Different chem stries for assenbly
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desired and more stable phosphate triester. This process is
repeated until an oligomer of the desired length and sequence is
25 obtained. Cleavage of the oligomer from the solid support and
removal of the protecting groups from the sugars, phosphates and
nuclecbases provides the desired target oligomer, which is then
separated from shorter failure sequences by ion exchange high
pressure 1liquid chromatography (HPLC), ion-pair reverse phase
30 HPLC, or polyacrylamide gel electrophoresis (PAGE). The full
length oligomer is then characterized by mass spectrometry.
Meanwhile a large number of DNA oligomers can be synthesized in
parallel on DNA microarrays or “gene chips” [Ramsay G., Nature

Biotechnology 16, 40-44 (1998)].



by the early work of Khorana et al. in the synthesis of a gene 10 fragnent
t hrough phosphodi ester internedi ates [Kossel, H et al., J. Am Chem Soc.
89, 2185 w026ir)a24@ht suka E. and Khorana, H G J. Am Cheor/c3ae11/8®502195
(1967)]. This work culmnated in the 8otal synthesis of the structural gene
for an al anine transfer ribonucleic acid fromyeast [Khorana, G B. et al.

J. Mol. Biol. 15 72, 209-217 (1972)]. Short oligonucleotide fragnents were
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25 favor the TBDMS protecting group, which has been used the nost conpared
to other protecting group for RNA synthesis. Coupled with the

phosphor avDdbi22¢madensat i on- procedure, 2'-0- TBDMS nonomrersAraumaoadsh owed a
hi ghly efficient synthesis of oligorilonucleotides [Ogilvie, KK et al.
Proc. Natl. Acad. 30Sci ence (USA), 85, 5764-5768 (1988); Usman, N. et al.
J. Am Chem Soc. 109, 7845-7854 (1987)]. A potential drawback of silyl
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30 the product oligonucleotide chain. For example, the length and
overall net charge of the sugar-phosphate backbone are the most
important characteristics in the separation of the desired full-

length DNA sequence.

Once the coupling approach of choice became the phosphoramidite

35 method, researchers sought methods to synthesize block DNA



10 group, and the 2'-0-bis(2-acetoxyethoxy)nmethyl (ACE) group, have been
reported to yield higher coupling efficiency, because these protecting
groups exwphkwt2/d2ewer steric hindrance than the 2'- TBDVBCHraazp1ifioeso a
conparative study, see Lackey, J.G ef a/. J. Am Chem Soc. 131, 8496-8502
(2009)1. Like the TBDVS group, the 15 TOM protecting group is renoved using
fluoride. In all cases the synthesis of oligoribonucleotides is an
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J. Chem 541N&§§8t£ée%7§)ﬂiucl\éa8 RBaen a9d 1007 virTker s wondenparian ARNA

tetranmer and an RNA decaner n 58 a da r c an
Boom J.H etl aI"’uc}ﬁ"’é’vde“E}hl%c !?%%féje%a Nuﬁgel‘%ﬁcf%@%) X%Oéﬂ@?\“ieo%gn Y

co- wor kerss descri bed the synthesis of 5'-0-nononet hoxytrityl-2

-0-tertbut yhydi gethvilpsn| ydindr- O [@¥Ehidly lintd horusyoeste sfonyaeri®caad t heir
use in the assenbly of a hexadecauridylic acid vi
phosphodi chl Bt i T8t pr62EYUPRS [ REHRr T M B SRR Oa]?l é?lego}iﬁ CREORIASE 25 Chem
58, 1389- 1399he(r31981ﬁl)]]c Sgkntk ph&sesKRNAamgly nthesi deriogseratieded dut tdlegbst
exclusivel y using, m Ofrrq}rlltgaxpg}l%spgﬁgérﬂl%ckecéﬂdgngggﬁn QfV%Q:L&&e Sikkci ency
of the phosp%ramdste chemstry, 1t 1ghly desirable to have access 15
to bl ockeq di frerscingioni weing phss phes aﬁ?‘mqneé‘l‘PB?smaE?n‘Pﬁé‘soids wagsaPhese
woul d perm t,l,0nger) LhRLD B-8851@NS. adneqEA, . epodﬂfdlnngtlfh’ﬂ chasisanbl y,
signifi cantlz shortening the tine required for synt hesbl S. ;&Ia PN of t he

| nvention 20 Welﬁﬁdspefrdfﬁnt%@“f?ﬁ'fjri’é]fl% cﬂrgﬁFb%l{ar‘?‘grBJ(Od" e G rRET
tetramer, etgp) 26ibospugbeot)iides that have applications in the synt hesi s of
RNA t hr ough bl ock coupling reacti ons are described herein. These buil ding

bl ocks all owrl og el c r'é f,.ensiQns m@hye%Ebe&&%mﬂd‘gde%tl%He pqgt&%ng

synt hesi's, signi |can y re ucing the total nunber 25 of "stéps required in
t he syntMesi srofpsa andr gethaRRAtERT goTtheady AHEi EPBHALPYS %9RiBrdciCeSdFl i ng

strategy di SEJ)I%%qcbﬁfneld} @lrlgﬂugﬁasllcegfueelgémbehmcg@esemest hﬁbraﬁreviﬁid’se
readily separated fromshorter fail ure se%uences The_pr cegrﬁ

il lustrated BSE tHREUSHHE hesi £ 0fCubhU, “RRFA, 35550 bP c‘is e| 1 use in
the 30 assenbigvsof, akegoridomucloegtnide &fmnomgleﬁitaathéh@h@s;phoisarﬁ&ﬁlt-

coupl ing met hod, R0 scl 05 ¢OMPOUNEe, AQ0a R OGRASEIBRGL had Wl I LI Cal

aspects of si manufact uri ng: Speed puri he target ol igoner.
10 Mor e3par reégandsd| gs far dﬁ@eaﬂ@@e%lctaﬁéiﬂet]il%n ﬁ?“év@éfé%lheéléoﬁﬁ'é%ﬁf
formula (11 )the difficulty in finding a compatible 2'-protecting group that
(a) affords high step-wise coupling yields, (b) is stable
throughout chain assembly, and (c) can be removed selectively at

the end of synthesis without phosphodiester bond isomerization or

35 degradation.



OR3 OTIPS 5 wherein nis an integer from1 to 19; RL is a protecting group;
EF, NNR)2 R3 is selected fromH, a protecting group, or ORp ; R5 is selected
fromH owoaoutweti ng group; 10 Rp is a protecting gr@upCARI1D0DBOEr
alkyl, or the N(R)2 noiety is a cyclié alkylamne, or a substituted cyclic
al kyl am ne, preferably norpholine; B is a nitrogen-containing base;

wherein each B, Rl and Rp may be the sane or different fromany 15 other B,

For prepari neh. Borbotad o Toraul e Chi o O Be L1 ) 8 herpi h mis
sel ected fr&NtyldimethylaplyRy | EBBM%r ot%%‘iuipng @rgg&“e’ ngsIJ )sel ect gdf:‘ fom :-ls
or a protecCticlgaRddddp; Letters @ 28612860t EA7hY. gIThdp; prbdeRpirids ggoup
protecting g!Lrsolégt;novBe Satatgciatér? ¥ %ﬁﬂt Qﬂxﬂn”%sgé‘r?a@ﬁy in the presence of
5 fluoride ions. Other silyl ether based protecting groups
described for the protection of nucleosides are triisopropylsilyl
(TIPS), methyldiisopropylsilyl (MDIPS), cyclic alkylsilyl and
other silyl groups [Ogilvie, K.K. et al. J. of Carbohydrates,
Nucleosides, Nucleotides 3, 197-227 (1976); Damha M.J, Ogilvie
10 K.K. {1993), Oligoribonucleotide synthesis: the silyl-
phosphoramidite wethod. In: Protocols for Oligonucleotides and
Analogs: Synthesis and Properties, Methods in Molecular Biology
(Agrawal S, ed.) Vol. 20. Totowa, NJ: The Humana Press Inc. pp.
81-114] . Among these, TIPS protection has been described
15 primarily for 5’ -O-monomethoxytrityl N2-isobutyrylguanosine
derivatives as the 2’ and 3'-O-TIPS isomers are more readily
separated from each other by silica gel chromatography [Damha
M.J, Ogilvie K.K. (1993), Oligoribonucleotide synthesis: the
silyl-phosphoramidite method. In: Protocols for Oligonucleotides
20 and Analogs: Synthesis and Properties, Methods in Molecular
Biology (Agrawal S, ed.) Vol. 20. Totowa, NJ: The Humana Press
Inc. pp. 81-114; Damha, M.J. et al. Tetrahedron Letters 45, 6739-
6742 (1992)]. The smaller steric bulk of the TBDMS group
relative to TIPS, TBDPS and other bulkier silyl ethers would
25 favor the TBDMS protecting group, which has been used the most
compared to other protecting group for RNA synthesis. Coupled
with the phosphoramidite condensation-procedure, 2’ -0O-TBDMS
monomers have allowed a highly efficient synthesis of
oligoribonucleotides [Ogilvie, K.K. et al. Proc. Natl. Acad.
30 Science (USA), 85, 5764-5768 {1988); Usman, N. et al. J. Am.
Chem. Soc. 109, 7845-7854 (1987)].

A potential drawback of silyl ethers for the protection of the
2’ -hydroxyl group lies in their widely recognized ability to
undergo 2’-to-3’ isomerization under the influence of protic

35 solvents, nucleophilic catalysts, or basic conditions. For



wherein each B, Rl and Rp may be the same or different fromany other B, Rl
and Rp, respectively; the process conprising the steps of: 15 a)condensing

a phosphowvermntiiee77ef forrmula (111): RS0 9 ORi RpO- P i NPRrZA200/080958 | ower

alkyl, or the N(R)2 noiety is a cycli¢ alkylamne, or a substituted cyclic

al kyl am ne, preferably norpholine; 5with a nucleoside of fornula (1V):

OR3 OTIPS (1V) wherein B and R3 are as defined above; and b) oxidizing the

product of step i) the PESHICRhPentprpaesngrddakhel opmuta @3/ Jposheran n is 1
and B, Ri, RB%QEI)?S, and are as defined apov, - and er qn-qu d he ’
process furt(RBY CtifpreEFag: in the presence oy ¢iTHeh TEY1HRG t he ertifal -0125
group of theypi@digtiatdr t be presdususmsingp, t themebin gerfarasimy -aORixE¢roup;

(ii) condensing the product of ep. {4 | 1aoRbos PRt aM i tkekof rmul a
(111), wher é’ifng‘B?PeIQ,Sl&%,bj%{ofr?g ésar Séllai,)sl %%%ﬁ%ggabove Egﬂldéj'eé{gﬁ' B?rtdlg, R5
Rpand R Bay Hoewidtdesale Wr GdirbphydanteRasm &hy 203-210 (1981); Ogilvie, ’

K. K. (1983) Proceedings of the 5th International Round Table on
Nucleosides, Nucleotides and Their Biological Applications,
(Rideout, J.L. et al. eds.), Academic, London, pp. 209-256);
Damha M.J, Ogilvie K.K. (1993), Oligoribonucleotide synthesis:

10 the silyl-phosphoramidite method. In: Protocols for
Oligonucleotides and Analogs: Synthesis and Properties, Methods
in Molecular Biology (Agrawal S, ed.) Vol. 20. Totowa, NJ: The
Humana Press Inc. pp. 81-114].

Silyl isomerization is characteristic of other O-silyl ether

15 protecting groups. O-TIPS derivatives of uridine and 7-
deazaguanosine also undergo isomerization in methanol, albeit
more slowly than their O-TBDMS counterparts [Ogilvie, K.K. et al.
J. or Carbohydrates, Nucleosides, Nucleotides 3, 197-227 (1976);
Seela, F. and Mersmann, K., Helvetica Chimica Acta, 76, 1435-

20 1449(1993)1. 5' -O-Monomethoxytrityl-N2-isobutyryl-2’-0-TIPS
guanosine undergoes isomerization under ethanolic ag. ammonia
conditions to give a mixture of 2'/3’-TIPS regioisomers which can
be separated by chromatography. This provides a wmethod to
convert (recycle) more of the unwanted 3’-isomer into the more

25 useful 2’ -isomer [Damha M.J, Ogilvie K.K. {1993),
Oligoribonucleotide synthesis: the silyl-phosphoramidite method.
In: Protocols for Oligonucleotides and Analogs: Synthesis and
Properties, Methods in Molecular Biology (Agrawal S, ed.) Vol.
20. Totowa, NJ: The Humana Press Inc. pp. 81-114].

30 27-0-Silyl groups do not normally migrate to 03' in dry aprotic
solvent. When these conditions are strictly adhered to it is
possible to prepare 2’ -0-silylated ribonucleoside-3'-0-
phosphoramidite derivatives in regiosomerically pure form
[Milecki, J. et al. Nucleosides & Nucleotides, 8, 463-474 (1989);

35 Scaringe, S.A. et al. Nucleic Acids Res., 18, 5433-5341 (1990)1.



20other B, R1 , 125, Rand R, respectively; (tii) oxidizing the

product of step (ii); (iv) repeating steps (i)-(iii) n-2
times; towvbanmheeconpound of fornula (I1). 13 In yet pamatAreri/meysect
there is provided a process for prepaBing a conpound of formula (V): - B

\CG- 9 0R ROP=01 0 OR3 OTIPS (V) 5 wherein p is selected fromO, 1,
or 2; qis selected fromO0O, 1, or 2; and p+q is less than or equal to 2; Rl

: S a pro{ ect,ng ﬁ%‘i@aﬂ% aRBitsoreahectiefiibemmtHasrtie prosecte ng graoup; R5
s a protecting group IOS—S?J {Oxteegcig!i.sgnegr Qv 1%1p|act OI[;“éh Ogﬁgl:&qfnt ai ni ng

base: traces of th
and biological activity of the desired RNA sequence.

Many other protecting groups for the 2’ -hydroxyl position have
S been used in the synthesis of RNA [reviewed in Beaucage, S. L.
Curr. Opin. Drug Discov. Devel. 11, 203-16 (2008) ; Reese, C. B.
Organic & Biomolecular Chemistry 3, 3851-3868 (2005) 1. RNA
synthesis using monomers containing the 2! -
triisopropylsilyloxymethyl (TOM) group, the 2’-acetal-levulinyl
10 group, and the 27/ -0-bis (2-acetoxyethoxy)methyl (ACE) group, have
been reported to yield higher coupling efficiency, because these
protecting groups exhibit lower steric hindrance than the 2’-
TBDMS group [for a comparative study, see Lackey, J.G. et al. J.
Am. Chem. Soc. 131, 8496-8502 (2009)]. Like the TBDMS group, the

15 TOM protecting group is removed using fluoride.

In all cases the synthesis of oligoribonucleotides is an
elaborate multistep process, which entails assembly of the
oligonucleotide chain typically from monomeric phosphoramidite
building blocks (e.g., 5’-O-dimethoxytrityl-N-protected-2’-0-
20 tert-butyldimethylsilyl-nucleoside-3’-0O-phosphoramidites),
deprotection of the base labile nucleobase protecting groups
(e.g., benzoyl, isobutyryl, acetyl, phenoxyacetyl, levulinyl,
etc), cleavage from the support (e.g., glass Dbeads or
polystyrene), followed by removal of the 2/ -hydroxyl protecting
25 group.

The generation of oligoribonucleotide blocks is more difficult
due to the presence of the 2’-hydroxyl group and the protection
it reguires, thus this line of research has also lagged far
behind that of DNA blocks. Nevertheless, there have been several
30 reports describing the synthesis of RNA through block coupling
condensation reactions. Ikehara and co-workers coupled RNA
trimer and tetramers using the phosphotriester method to give 30%
yield after several days [Ohtsuka, E. et al. J. Am. Chem. Soc.
100, 8210 (1978)]1. Werstiuk and Nielson reported the coupling of



14 the process conprising the steps of: a)condensing a phosphoram dite of
formula (VI): 0 OR RpO-7 N(R 2 (VI) S5wherein q, B, Rl, R5 and Rp are as
defined awowei2/amwt6R i s |ower alkyl, or the N(R)2 noi et pCiracazonyodise

al kyl am ne, or a substituted cyclic abkylam ne, preferably norpholine; with
a conmpound of forrmula (VII): | oOOR3OTIPS (VI1) wherein p, B, Rl, R3, and
Rp are as defined above; and b)oxidizing the product of step (a) to produce

t he conpound,ofgfaOr pal@mEY) -andl%d NrSA | benedieirhedf fagpees , thdiedesisedr ovi ded
a process Tof PTeRALLIE Ay MELollic8ONtS! e0hd 08198 Calcest CoIpy ! sl ng:
[Werstiuk, E.S., Neilson, T. Can. J. Chem. 54, 2689 (1976)]. Van
Boom and co-workers condensed an RNA tetramer and an RNA decamer
5 in 58% yield in a 3.5 days reaction [van Boom, J.H. et al. Trav.
Chim. Pays-Bas, 97, 73 (1978)]. Ogilvie and co-workers described
the synthesis of 5’ -O-monomethoxytrityl-2'-0-tert-
butyldimethylsilyl-3’-0O-levulinyl ribonucleoside monomers and
their use in the assembly of a hexadecauridylic acid via the

10 phosphodichloridite procedure [Nemer, M.J, and Ogilvie, K.K.,
Can. J. Chem. 58, 1389-1397 (1980)1.

Solid-phase RNA synthesis is carried out almost exclusively using
monomeric phosphoramidite synthons. Given the efficiency of the
phosphoramidite chemistry, it is highly desirable to have access
15 to block (dimer and trimer) phosphoramidites for RNA synthesis,
as these would permit longer chain extensions at each step during
chain assembly, significantly shortening the time required for

synthesis.
Summary of the Invention

20 Methods for the synthesis of blockmer (dimer, trimer, tetramer,
etc.) ribonucleotides that have applications in the synthesis of
RNA through block coupling reactions are described herein. These
building blocks allow longer chain extensions at each coupling
stage of RNA synthesis, significantly reducing the total number
25 of steps required in the synthesis of a target RNA oligomer.
Additionally, the block coupling strategy disclosed herein
produces crude RNA oligomers that are more readily separated from
shorter failure sequences. The procedure is illustrated by the
synthesis of UpU, ApA, and UpUpU blocks and their use 1in the
30 assembly of oligoribonucleotide chains via the phosphoramidite
coupling method. The disclosed compounds and processes benefit
two critical aspects of siRNA manufacturing: speed, and purity of

the target oligomer.



a) condensi ng a phosphoram dite of forrmula (ha): Ol PS Rp0-1? N(R)2 5(ha)
wherein nis an integer fromO to 19; RL is a protecting group; R5 is a
protecti ryogoups7780Rp is a protecting group; R is | owercaldaghi1/o0095bhe
N(R)2 noiety is a cyclic alkylam ne, @ a substituted cyclic al kyl am ne,
preferably norpholine; B is a nitrogen-containing base; 15wherein each B,
Rl and Rp may be the sane or different fromany other B, Rl and Rp,
respectivel yorddditid€larwper i Bné)adpecsetieetets foromdeds el coupgort or an
ionic support, or (5 -0 (b") a conmpound of formula wherein (5- )HINis a
nucl eosi dej $PFEYUCIEbt i de chain bound to the solid support or the ionic
support via the functionalized |inker L and having a free 5 -0OH group;

b) oxi di zi ng the product of steprfop~to foréna conpound of

@)
Q OR;
RpO—?=O
© n
- - B
)
OR; OTIPS
(I1)
5 wherein
n is an integer from 1 to 19;
R, is a protecting group:
N(R)2
g_FK
R, is selected from H, a protecting group, or ORp ;

Rs; is selected from H, or a protecting group;
10 R, is a protecting group;

R is lower alkyl, or the N(R), moiety is a cyclic alkylamine, or

a substituted cyclic alkylamine, preferably morpholine;
B is a nitrogen-containing base;

wherein each B, R; and R, may be the same or different from any

15 other B, R, and R,, respectively.



formula (M11): OrPS RpO-P=0 O Ny 10(VIII) whereiny is O or 1; n, B,
Rl, R5 R-',and N are as defined above; and c)optionally, 15(i) deprotecting
t he termwael20®/020R6 group of the product of the previ ouPCIIGEA2011M06BO M a
free 5 - OH group; 17 (ii) condensing the product of step (i) with a
phosphoram dite of fornmula (ha) 9 O PS RpO-p N(R)2 (ha) 5wherein n,
B, RI, R5, Rp and R are as defined

In another aspect, there is provided a process for preparing a

compound of formula (II):

R5O' 0 B

OR; OTIPS
(II)

5 wherein
n is selected from 1, 2, or 3;
R, is a protecting group;
R; is selected from H or a protecting group;
Ry is a protecting group;
10 R, is a protecting group;
B is a nitrogen-containing base;

wherein each B, R; and R, may be the same or different from any

other B, R; and R, respectively;
the process comprising the steps of:
15 a) condensing a phosphoramidite of formula (III):
RsO o B
Q OR;
RpO—T
N(R);

(III)

wherein B, Ry, Ry, and R, are as defined above; and



above, and each n, B, Rl, R5, Rp and R may be the sane or different from
any other n, B, Rl, R5, Rp and R, respectively; (i)
oxi di zi ngwoheiprettact of step (ii); and 10(iv) optional PgTIGREEII0MF0 St €pS
(i1)-(iii); with the proviso that if yl2is 0, step (c) is not optional; to
forma bound N-ner oligonucleotide. In still yet another aspect, there is
provi ded a process for preparing an N-ner oligonucleotide, said process
conprising: 15 a)condgnsgingodec0MQUNd oof cher mikp (ddikpy id8a cyclic OH
OTlIPS (Ilb) wherein 5n_is an integer fro 0,%0 %9; R%fig aagquggﬁéng
group; R5 is a protecttkig3gt¥up; ‘%p s 5%?%11 et ng~grotp; *BIS a

ni t rogen- cont ai ni ng bpssFeribheoepivledach B, RL and Rp nay be the sane or
different fromany other B, RlL and Rp, respectively; with a functionalized

|l inker L bound to an ionic support (D, 15 b)oxidizing the product of step
(a) to forma conpound of fornmula (I1X): 19

5 with a nucleoside of formula (IV):
HO o.B
OR; QTIPS
(IV)

wherein B and R; are as defined above; and

b) oxidizing the product of step (a) to produce the compound
10 of formula (II) where n is 1, and B, R;, R;, Rs;, and R, are as

defined above; and
c) where n>1, the process further comprising:

(1) deprotecting the terminal -ORs; group of the
product of the previous step to form a free 5'-OH

15 group;

(ii) condensing the product of step (i) with a
phosphoramidite of formula (III), wherein B, Ry,
Rs, R, and R are as defined above, and each B, Ry,
Rs, R, and R may be the same or different from any

20 other B, R;, Rs, Ry and R, respectively;
(iii) oxidizing the product of step (ii);
(iv) repeating steps (i)-(iii) n-2 times;

to form the compound of formula (II).



0 OTIPS (I X) wherein n, B, RI, R5 Rp,and L, are as defined above; and 5
c)(i) deprotecting the termnal 5'-0125 group of the product of the

previ ous woepizm4fierma free 5 - OH group; PCT/CA2(11/000950
condensi ng the product of step (i) wh a 10Ophosphoram dite of formula (ha)
9 ONIPS RPA N(R)2 (ha) 20 wherein n, B, R, R5 and Rp are as

defined above, and Ris lower alkyl, or the N(R)2 noiety is a cyclic

al kyl am ne, or a substituted cyclic al kylam ne, preferably norpholine;
wherei n each_n : 52 SReABY bErdNBc§ B B £H fber ghipatimm any
other n, B, gt ?’e%f‘ggrﬁﬁBRﬁ? Féspect sy breite (iii) oxidizing the
product of <t epmgqunf; offgrmula (V) : (iv) optionally repeating steps
(i)-(iii); to forma bound N-ner oligonucleotide. 10 Brief Description of

the Draw ngs RO o B|
O ORq
RpO-$=O
O
L dg g
0]
c|) ORy
Rpo—l|>=o
o) 0 B |
O ORq
RpO—T=O
0]
L Jp g
0]
OR; OTIPS
(V)

5 wherein
p is selected from 0, 1, or 2;
q is selected from 0, 1, or 2;
and p+q is less than or equal to 2;
R, is a protecting group;
10 R; is selected from H or a protecting group;
R; is a protecting group;
Ry, 1s a protecting group;
B is a nitrogen-containing base;

wherein each B, R, and R, may be the same or different from any

15 other B, R, and R,, respectively;



Figure 1: 31P-NMR of A) conpound (29) as isolated after chromatography (5:
0.83, 0.58 ppm, and of B) an artificial mxture of (29) and (33) (5: 0.70,
0. 60 ppmwoSoixvemt7s CD3CN. 15 Figure 2: 31P-NVR spect r urcofcAazonpmoessd ( 30)
(4 P-diastereoners) in CD3CN. Figure B: (A 31P-NWVR of crude UpU _TBDVS

di mrer (CD3CN) prepared as described in WO 2009/ 064115. 20(B) 31P- NMR
spectrum of purified conpound (20) in CD3CN. Inset on the right shows the
crude materiak pefREs EHrhkoad icas. sdepguse: 4 31P-NVR spectra of (23)
(left), (26) (right) in CD3CN. The overlay of both spectra is shown in the
m ddl e. Figure 5:31P-NVR spectrumof . (27 t d 4) (bottom in
25CD3CN. 2P'on &PH nﬁég?a{)@%ﬁgﬁr&oﬁgglé%ﬁzg%@gérpéng?gngv(lﬁhtiI t he compounds
eluted). The majority of the material eluted as (24) + (27) m xtures.

Sol vent: CD3CN. Figure 7: 31P tud% @& | del evul i nyl ati on of 2'-TBDMS
3'-Lev 5 UpU dinucl eotide with hydhiaziNge rate at 5 equi val ence (see

d
Table 2 for conditions). Figure 8: Theoerﬁ_.gsi on of the region at ca. 0.5
ppm (0.8-0.2 ppm) of the 31P NMR o RF(%_Q,u_re Figure 9: 31P NMWR study of
de-levulinylation of 2'-TIPS 3'-Ley"X0|0pU d| nucl eoti de with hydrazine

hydrate at 5 equival ence (see Table 2 conditions). Figure 10: 31P-NWR
Experi ment that conpares of de-levulinylayi gn §f UpU TBDMS and UpU TIPS
after 10 mnutes and 42 hours treatnment wi{h drazine solution (see

detail ed procedure below). 15 Spectra weregregm;ded, after work up and
re-purification of the diners by silica %(ZEJ| col um chr omat ogr aphy. Figure
11: 1H NMVR study of de-levulinylation dtOF-TBDVS 3' -Lev uridine with
hydrazi ne hydrate at 10 equi val ence (see T&R)e 2 for conditions). 20 Figure
12: The expansion of the region at ca. 5 ppm (5-4.8ppm of the IH NWR
spectrumof Figure 11. Figure 13: 111 MN¥B study of de-Ilevulinylation of
2'-TBDMS 3'-Lev uridine with hydrazine hydrate at 5 equival ence (see Table
2 for conditions). 25 Figure 14:_ 1H study of .de-leyuli ation of

2' -TIPS 2 - Lev urfdrie® Wit h%}dr%z?%%l'\éll‘?fa?a?% s l%edeaﬁ%g\’/‘%’l g}rlll!ée (see Table 2
for conditions). WD 2012/024776PCT/ CA2011/ 000950 22 ' _

Fi gur e16: Ani onexdhangeHRiwechr ahmtlogr ensdhe N(R), moiety is a cyclic

alkylamine, or a substituted cyclic alkylamine, preferably

morpholine;

with a compound of formula (VII):

- =

HO: o.B
0 OR
RpO—T:O
0}
L _lp B
10 OR; OTIPS
(VII)

wherein p, B, R;, Ry, and R, are as defined above; and

b) oxidizing the product of step {(a) to produce the compound

of formula (V).



ol i gori bonucl eoti des made in solution with ionic tags and nononer coupling
units conpared to the sane oligoribonucl eotides made with block amdites. 5
Fi gur e17:woi2oranrettangeHPLCchr omat ogr ansof ol i gori bonucl eoricaesi vomessoi n
solution with block am dites conparedisto ol i goribonucl eoti des nade on solid
support using standard RNA synthesis conditions. Figure 18: 10A) Anion
exchange HPLC chromatograns of 5'-(rUp)18-dT-3" synthesized under

unopt i m zed rgoupiiingsofer BB, (Hore diMRIovi3E] aapdotadsmeor (50) ami dites
to intentionally show the posjtion of the failure pl i . Expansi on of
regi ons at ﬁeﬂ?ﬁqgsagﬁ‘b“\}\‘}r‘?g P?ﬁezoéég%btf’ﬁllfin%rog%%%iJtolmgggs:n Snononer
concentration, 0.10 M coupling time, 600 s. B) Results for diner and
trimer couplang anudmsopyiariphedrkanadiditenst afarmhawd.Iadpt i m zed coupl i ng
condi tions: nononer concentration, 0.15M coupling time, 1200s. 20 Detail ed
Description The present disclosyrg relatessgenerally to the field of

ol i gonucl eoti de synt hesis, and i ositions and nethods for the
synthesis of RNA. In sone enbodi , dimer and 25 triner blocks are
provi ded for the synthesis of RNA |oli gdnu@Reotides on solid supports.In
anot her enbodi nent, a tetramer bl 8k0+$ﬂbro i ded.In yet another enbodi nent,
| ar ger bl ockners are provided (e. 5-¢_ 6-, |7-, 8-, 9-, 10-, 11-, 12-, 13-,

14-, 15-, 16-, 17-, 18-, 19-, or -nmers),. -23 Mre particularly, in one
enbodi nent there is provided a conpound Pognul a (rry:
O OoTPs
RpO—ﬁ
N(R)2
5 (11a)

wherein
n is an integer from 0 to 19;
R, is a protecting group;
Ry is a protecting group;
10 R, is a protecting group;

R is lower alkyl, or the N(R), moiety is a cyclic
alkylamine, or a substituted cyclic alkylamine,

preferably morpholine;
B is a nitrogen-containing base;

15 wherein each B, R; and R, may be the same or different

from any other B, R; and R, respectively;

with

(a’) a functionalized linker L bound to a support <:>,



OR3 OTIPS 5 wherein nis an integer from1 to 19; RL is a protecting group;
HKNI'V1)2 R3 is selected fromH, a protecting group, or ORp ; R5 is selected
fromH owoaoutweti ng group; 10 Rp is a protecting gr@upCARI1D0DBOEr

al kyl, or the N(R)2 noiety is a cycli® al kyl am ne, or a substituted cyclic
al kyl am ne, preferably norpholine; B is a nitrogen-containing base;

wherein each B, R, and Rp may be the sane or different fromany 15 other B,
R1 and Rp, respectively. In anot enbodi ment, n is selected from1, 2, or
3. Fr(NOP0O2 I n anot her enbedirent\~—R3sisDRptahdrRb 4 socdiproweett g gr oup.
24 In anot her enbodi nent: R3.i is selected fromnethyl (M),
2-cyanoet hyl (CNEt), orthé%hﬁ%?%%%&ﬁ@?“?ggﬁnph), or para-chl orophenyl
(p-ClPh), preferably 5 nmethyl, and Ris selected fromisopropyl, nmethyl, or
ethyl, preferably isopropyl. In another (e TBDMS; 10R5 is
sel ected from DMIP' bra Nmpoungy ef efxBPy2 DMTTr; and B is a nucl eobase
protected on at | east one nitrogen by a suitable N-protecting group. In
anot her enbodi neRterdihe SO fiald & hhdreakedd idiggamnalpot sdeseheit éduhid om
levulinyly acetyl, diflugteacelyls o' Lid Y3heAhEbe via che

functionalized linker L and having a free 5’'-OH group;

b) oxidizing the product of step (a) to form a compound of

formula (VIII):

R50- O B

10 (VIII)
wherein

y is 0 or 1;

n, B, Ry, Rs Rm<:>, L, and N are as defined above; and
c) optionally,

15 (1) deprotecting the terminal 5’'-ORs group of the
product of the previous step to form a free 5'-

OH group;



15 isobutyryl, benzoyl, 9-fluorenyl nmethoxycarbonyl, phenoxyacetyl,

di nmet hyl f ormam di ne, or N, N-di phenyl carbamate. | n another enbodi nent, R3
is a protwotznrggrieup. I n yet anot her enbodi ment, the proTaRITNIgogESOUp iS a
| evulinyl group (Lev). In still yet arother enbodi ment, the protecting
group is an ionic 20 tag. In another enbodinent, the ionic tag is selected
from The term "l ower al kyl" as used herein refers to acyclic, straight
or branched chain al kyi;)grcsaensioit ah@imdﬁdwwomﬁ disiwith a

carbons. Preferred | ower al kyl groups..include npl e, isopropyl,

nethyl, and ethyl. The fuﬁ%%FB améggﬁagfog”?h 8np2unds di scl osed herein
may be protected by a variety of protecting groups known to those of skil
inthe art. A "protecting grouqu g)im t he conventional chem cal sense
to reference a group which reversi|bl s unreactive a functional group
under specified conditions of a dgsire tion. Sone protecting groups
are well known to one skilled in the att. anpl es of the

protection/ deprotection process asRﬁ%TT4%s arious protecting groups are
described in Wits and G eene, 2006, G@wot ective Goups in Organic
Synthesis, WIley-Interscience, New York, o Any suitable protecting group
known to one skilled in the art may be us€d. After the desired reaction,
protecting groups may be renoved to deprofgectorigye protected functiona
group. Al protecting groups should be 5 npvabl e (and hence, |abile) under
conditions which do not degrade a substan%k% proportlon of the nol ecul es
bei ng synthesized. In contrast to a protectiAg group, a "capping 26 group"
permanently binds to a segnent of a any further chem cal transformation of
that be noted that the functionality ptdeécted by may or may not be a part
of what is referred group. nolecule to prevent segnent. It should the
protecting group to as theyp@Liach) Bg RFORyiR§b&ﬂCEznﬁDSSkﬁﬁénﬁdOteCting
groups for RL for the conmpounds of forpula (I ) aboye t r

conmpounds bel ow i ncl ude:; 2P QWe'FWﬁ5F58gqabl kbr%iegﬁln d‘%jro é?ﬁ% udi ng: t -
but yl di met hyl si | y1( TBDVS) , *saima sacapcﬂrﬂf;elremtt Vilrfil 423) pthar in, s@pr&ap;ﬂsox&rret hyl

(TOM; cyanoet hyl net hyl (CE é3>c£9$¥L sul fonyfl et hoxynet hyl (TEN).
2. Acid | abile groups i ncl G |ng acet ups: 2'-0-bis(2-
acet oxyet hoxy) net hyl (ACE) orthoester (2-fl uorophenyl

104- met hoxypi peri di n- 4ly£XFﬁﬁﬁ?lﬁgCKRCHF%?ﬁﬁh%%fﬁfp4(Lﬂt %%@plperldln 4-y1
(Cpep); 4-(N-dichloroacetyl-Nmret hyl am no) benzyl oxynet hyl (4-MABOV); trityl
et her grpaps includi ngid) mephirnpt Iy taspedOME pregrd (Mbnoined hoxytrityl (IMMIT).
15 3. Reduction Iabile groups including: 2-tert-butyldithionethyl (DTM;
allyl. Base .l ahi bneludi ng: sLeydd bpydodakev) and aceta
201 evul i nyl ‘(’%ﬁ.‘tthe gro%lggqj,}la% of cg,ugg 6, %tgg g1 BYio

to form a bound N-mer oligonucleotide.

In still yet another aspect, there is provided a process for

preparing an N-mer oligonucleotide, said process comprising:

15  a) condensing a compound of formula (IIb):



5. Photol abil e groups including: photol abile groups including nitrobenzyl
groups (including 2'-nitrobenzyl groups such as

2- (2- ni t r@pheryi2ysopoxycar bonyl (NPPOC) , 25net hyl ni t or pipp@Eraatylicysar bony|
(MeNPQOC) and derivatives therein(incligdi ngthi oxant hone-nitrobenzyl group
conj ugat es) and5' - 0- di net hoxybenzoi ncar bonat egroup (DVBOC). 27 Possible
protecting groups for RS for the conpounds of fornula (11) above and in the
vari ous conpounds bel ow i ncl ud henyl&ﬁhthyl (pixyl or Px) and its
derivatives, MMIr, and DMIr. Pr hese protecting groups are used
for R5 when optlons 51, 3, 4, and 5 sed as protecting groups for Rl
as noted above. The Rp group as s ownc¥oﬁ“h1e conpounds of fornmula (I1)
above and in the various conpound Rm%ﬂpﬁ?na/ be met hyl (Me), 2-cyanoethyl
10(CNEt), p-nitro-phenylethyl (NPE), and pafa- and ortho-chl oro- phenyl (p-
or 0-ClPh). Possible protecting groups r-gﬁe 3' - hydroxyl position (R3 for
the conmpounds of fornula (Il1) and for th ous conpounds 15 descri bed
bel ow) include levulinyl, and ionic proteQed roups, also referred to as
ionic tags. Suitable ionic tags are known-1o se of skill in the art.
These may include those described in PCT Application Publication No. WO
2006/ 096963 of Chan, T.-H et al., theI&Bhtents of which are incorporated
herein by reference 20 in its entirety. Suitable ionic tags may incl ude,

for exanple, imdazoliumand phosphoniumionic noieties having |inkers
selected fromal kyl linkers, glycol |inkers, etc. In one enbodinent, the
protecting group may be an orthogonally 25 cleavable ionic tag. For
exanpl e, the protectiﬂﬁﬁﬁ?ﬁup can be in one enbodi ment an orthogonally

cl eavable ionic tag (K) conprising a gamma ketoester noiety tethered to the
ionic noisety through a 14 mkeintdye€3frdqn 0 to 19;

R, is a protecting group;
R: is a protecting group;
R, is a protecting group;
B is a nitrogen-containing base;

10 wherein each B, R; and R, may be the same or different

from any other B, R, and R,, respectively;

with

a functionalized linker I. bound to an ionic support <:>,

15 Db) oxidizing the product of step (a) to form a compound of

formula (IX):



0 0O O y-ketoesterlinkerionic noiety 28 In another enbodi nent, the
protecting group can be an orthogonally cleavable ionic tag (P) conprising
a phot ol avDl2e127miEEy tet hered to the ionic noiety throughTaA20nke950Bot h
(K) and (P) contain an ionic noiety fi® use in a precipitation-based
purification as described in described in PCT Application Publication No.
WD 2006/ 096963 of Chan, T.-H et al., the contents of which are

i ncorporated herein by referen M its 1@ entirety. The ionic noiety in
(K) and (P) is attached to thegggr PeJebt er or photol abil e noiety,
respectively, through a Iinker, a short al kyl chain or a
functionalized al kyl chain of one ﬁbré”%arbons. The gamma-keto noiety is
cl eaved selectively with hydrazineRNMﬁ%ﬂbas (P), a nitrobenzyl 15
derivative, is cleaved by photolygis, (Ielea>|ng the 3" OH group for further
functionalization. The present i nent i o Bdes a nethod for cleavage of
(K) and (P), as well as phosphitylation unbl ocked 310H to afford
am dite bl ocks for use in ollgonucleotlde is. 20 When R3 is 1-P\ORp
; R may be selected fromlower alkyl, or uhe R)2 noiety is a cyclic

al kyl am ne, or a substituted cyclic aIkykgglne, preferably norpholine. The

entity B in the conpounds of fornmula (I1)~above and in the conpounds
descri bed below is a nitrogen-containing se, 25 preferably a base or a
prot ected-base (also referred to herein as a "nucl eobase"). The base is
preferably a purine or pyrimdine 29 bage or analog thereof. Anal ogs

i nclude diam nopurine and its derivatives, inosine and its derivatives,
al kyl ated purines or pyrimdines, acylated purines or pyrim dines,
thi ol at ed puri negt8¥eyri nmi di nes. Mre specific anal ogs include, for
exanpl e, 1- 5 nethyl adeni ne, 2- met hyl adeni ne, N6- et hyl adeni ne, N6-

i sopent yl adeni ne, 2- nethylthioggg i sopentyl adeni ne, N, N-

di et hyl adeni ne, 8, bsprraadeniy tenidoBy tagsi ae, qgfined above; and

met hyl cyt osi ne, 5- et hyl cyt osi ne, 5- et hyl cyt osi ne, 4-

5 c) (1) deprotecting the terminal 5’-ORs group of the
product of the previous step to form a free 5'-
OH

group;

(ii) condensing the product of step (i) with a

10 phosphoramidite of formula (IIa)

R50- o) B

O OTIPS
RpO—P



acetyl cyt osi ne, 1- net hyl guani ne, 2- met hyl guani ne, 7- 10 net hyl guani ne,

2, 2-di met hyl guani ne, 8-bronoguani ne, 8- chl oroguani ne, 8-am noguani ne, and
the |i ke.wa20rtwet ed base” is protected on at | east omeTriA2pmgemmsby any
suitable N-protecting group includingolevulinyl, acetyl, difluoroacetyl,
trifluoroacetyl, isobutyryl, benzoyl, 9- 15

f 1 uor enyl met hoxycar bonyl , phenoxyacet yl , di net hyl f or mam di ne, N, N-di phenyl
carbamate, and the |ike. Rmeketmbhy, B hek:bage, i snéeRgctee sacliefhagd t he
conmpound of forrmula (I1) is_a rivative deni ( , Gxdisings (L)
guani ne (G, or uraci PGy . *30 Vari gégeraggfé%?'s?}]elgg?elgent),oc%gh%%gr actice of
the present inventioncarlécdabollesérei nrPCBUbRE e AL 6YralicApPrlcaEIoN

Publi cation No. WD 209%}&%&]&5 Ao GRUl e RNAr BhclCon, Bt @&,, Hunatg G and
Poonian, MS. J. Og. em, 49, 3905- 4912 1984t); Nener, M J!r and_Qgil vi e,
K. K, Cafi. J. Chem 5B magger 1557 5p198e)) . HERERETHT F5°8de%h Ed S n RN
synthesi s have been sunmas,i zed i) fespevtemlpy S. Beaucage, Curr. Opin. Drug
Di scov. Devel. 11, 203-261 (2008)]. The use of previously reported dinmer
and trimer phosphor am di f,e, Syil gns 0eldadbe G5 8flefl sthe sunt hesis of RNA
ol i gonmers, involving t hie" uge"of 'stc mer or trimer units only in the
first 30 coupling reaction on solid supports (WO 2009/ 064115). Fol | ow ng
coupl i ng of one such diverorfippallheereridnfgs'SPEpsti votved the excl usive
coupling of nononeric phosphoramdite units until the desired | ength was
produced (WR20084Q64545) N-Tbi soldigsnatlicagide t he use of "various kinds of

di mers” for the purpose of RNA 35 synthesis, as this would require

" ong-term periods of synthesis 30 and high production costs.” The

di scl osure further enphasizes that it "enploys just one diner or trinmer
species only in the first coupli n% step and then conmon i nexpensive nonomer
units in thBEebsRRAFEAPEEIRPS, ERPEAYEIEEbl e the | owcost, high purity 5
production of the nucleotide oligoners”". 1In contrast to the above

di scl osure, therBNA di fer-smandot riarer soqmeasént [38)deser i bedateh taesed
exclusively or in conbination wth rmnorreri)c uni.ts.. 0 addition-t9o_,

appl i cat i onsCHPTEbPIRIPHR- Phas® BN Syt B s, FReiFt uPe 2anAfso be

extended to goui-BeAQ2sy HA3Ees8S) Of: BN 0 .eonent | eslatensol iab,@upports such
as controlled pore glass and polystyrene. In this case, the RNA strand is

assenbl ed by several bl,ock couplijngs, .cleaved.angd .releas [ support
after syt he&TETEnd t hep?%lsﬁgﬁbﬂ%&ﬁfhgﬁp@%( by I(i4zgdg$ansft6%§2§r§%§():hem cal
or biologi caln siouchi.es. 15 There are several derivatives that may be

i ncl uded for such block coupling reactions (see structures (30), (47) and
(50) beIomﬂ.Fﬂeﬁ.zg;TlPS protecting group at the 3'-termni of such
structures pro I des uni que 5 -DMIr 3' -phosphoram dite dinmer and trinmer

synthons for RNA synthesis. 20 Furthernore '-TI PS _protected. di.mer and
trimer synt h&s ope‘ill’f‘}ai‘bfe&rﬁ‘é‘? ST-H7 8 glé)m%fev(égg“l dPE‘?"laﬁg? %Sd\e?lgﬁf%lé)éag over

previously repadt edo®/06IBDVMS 3' - phosphoram dite di nmer synthons (WO
2009/ 064115). The inventors have di scovered that the use of TIPS conpletely

el i m nat §§ 2I(B)t GlP’g—lNMiQSQgggacq:ir%tci@Bu%fﬁtedog&ﬁﬂoﬁnd (20) in CD,CN. Inset on

the right shows the crude material before purification.

Figure 4: °>'P-NMR spectra of (23) (left), (26) (right) in CD;CN.

The overlay of both spectra is shown in the middle.

Figure 5: *P-NMR spectrum of (27) (top) and (24) (bottom) in
25 CD;CN.

Figure 6: °‘'P-NMR spectra of fractions isolated during attempted

separation of (24) and (27) by silica gel column chromatography



25 with 2'-TBDVS protecting groups present in previously reported synthons
(WD 2009/ 064115); in fact, the present disclosure teaches that when

synt het i cwproaduries are foll owed as descri bed in WO 200er@eeana®mootshat

2' - TBDVS di ner synthons are not isolaled in pure form but rather as

m xtures of 2'+3'-TBDMS regioi soners 30 that are difficult (if not

i npossi ble) to separate under the specifications provided. The nethods

descri bed hetei I BOMRlIsCaldy fur grgHiRe an@ i trltrmr mbhm in
hi gh yi el dsE{\Dlil %%g%%gaﬁts% eads t!o h? ?fdell it Rl\lz\ sg g SI S. ch di mer

and trinmer wﬁtwns wWén maBSE”c‘B’u;ﬂfeotqen “?(’SFEHIO Bredop ase, ‘al’l ow

| onger chai igxtesi ogs1ahteaadb,@oupl i ng stage of RNA synthesis,
significantly reducing the total nunber of steps required in t he synt hesi s

of target RNA olig educi &4 G aghEliC @NYLF onnent .
5 Addi ti onal Ilﬁ %I?’)TEI’ an |rrergys°ﬁt é??girlgﬁtggg%r oduce cr ude3 RNA

ol i gomer s t ha areugbrerde| ytrl*m)rlezydrr@teiéalllleiE yhgsaeated Sf e YHESRodB8E s of

failure couplings, ([RUS A& 0 and trimer block approaches potentially
benefit cri Pﬂlacgtg as%ect% of lm%ENA manuf acturing: speed and purification of

synthesis, and the 10 integrity of the desired full IenthRNAb h| In

anot her embdtHaNERt 8: t hBI%e STEPFIRA Gdths p‘Fe(?éngs 2k of2 pregaPP corrpound of
formula (I1)gpm) oORheOFbRRMELDEWAETRENTN S sel ected from 1, 2 or 3; RlLis
a protecting group; R3 is selected fromH or a protecting group; R5

is a protectj é‘%ngré)upalngMBpsthg aofp'agtf&;tuﬁgﬂyﬁt;QUQ:ofBz"STﬁ’S 37 -Lev

ni trogen-cont I'ng base; wherefn each B, d Rp may be the sane or
di ff er erto f rign¥i dayudicheidB wiRh hyfgariie rhé;@fﬁ@t P‘\?e’? yaqm‘S?lecnﬁé fisScess

conpri sing thg st £ps,O0fon@)qendensi ng a phosphoranidite of formula (I11):
R50 o ORi

Figure 10: >'P-NMR Experiment that compares of de-levulinylation
of UpU TBDMS and UpU_TIPS after 10 minutes and 42 hours treatment
with hydrazine solution (see detailed procedure below).
15 Spectra were recorded, after work up and re-purification of the

dimers by silica gel column chromatography.

Figure 11: 'H NMR study of de-levulinylation of 2’'-TBDMS 3'-Lev
uridine with hydrazine hydrate at 10 equivalence (see Table 2 for

conditions) .

20 Figure 12: The expansion of the region at ca. 5 ppm (5-4.8ppm)
of the 'H NMR spectrum of Figure 11.

Figure 13: 'H NMR study of de-levulinylation of 2’'-TBDMS 3'-Lev
uridine with hydrazine hydrate at 5 equivalence (see Table 2 for

conditions) .

25 Figure 14: 'H NMR study of de-levulinylation of 2’-TIPS 3’-Lev
uridine with hydrazine hydrate at 5 equivalence (see Table 2 for

conditions) .

Figure 15: 3'p_NMR spectrum of UpUpU trimer amidite (50) in
CDC1;.



RpO-p N(R)2 5wherein B, RI, Rs, and Rare as defined above; and R i

al kyl ,

al kyl am n&Q 2praaf2e¢r7abl y nor phol i ne;

OR3 OTl

s | ower

or the N(R)2 noiety is a cyclic alkylam ne, or a substituted cyclic

10wi th a nucl eosi de @CTix20V@0ED V) :

PS ( IV) wherein B and R3 are 2s defined above; and b) oxidizing the
product of step (a) to produce the conmpound 15o0f forrmula (I1) where n is 1,

and B, R]Ic, Rﬁ R5, and Rp are as defined above; and c) where n>1, the
process further conprising: (i)deprotecting t er m,nal ou f the
product oFiguwe prefi‘ous st Pl forer’ﬁcga’fl?%e hﬁ(‘]ﬂ 2091‘?%31“856@% Pof?
2012/ 024746R 1%%%%9@&%0@3(3% fRnandoR @t deondef tapd aaldovenowmgid each
B, R, R5, and R may be the sane or dlfferen fro any,9 e B e RO,
Rand R, rg@mltqg\,exprylts compared to th r(\?l ;L i) ozniunZgL %Ee epro UC(?[ of
step (i

pr ot ect

10

15

20

25

In one enmbodinent, R3is H |In another enbodi nent,

Lgroup

|)Wl%'—'>14|5/l)orc¢<pg§wﬂgessteps (i)-(iii) n-2 tlrres to formthe conpound
of fornula ).

R3 is a

Dot e | nhigian AN the PLOGGPS 8L COMRELECS EeBsRbg@hnd he &8

ollgorlbonucleotides made in solution with block amidites

compared to oligoribonucleotides made on solid support using

standard RNA synthesis conditions.

Figure 18:

A) Anion exchange HPLC chromatograms of 5’ - (rUp) 1,-dT-3’

synthesized under unoptimized couplings of monomer (7),

dimer (30) and trimer (50) amidites to intentionally show

the position of the failure couplings. Expansion of regions

at 47 min is shown. Unoptimized coupling conditions:

monomer concentration, 0.10 M; coupling time, 600 s.

B) Results for dimer and trimer coupling under optimized

conditions are shown. Optimized coupling conditions:

monomer concentration, 0.15M; coupling time, 1200s.

Detailed Description

The present disclosure relates generally ¢to the field

of

oligonucleotide synthesis, and provides compositions and methods

for the synthesis of RNA. In some embodiments, novel dimer

trimer blocks are provided for the synthesis of

oligonucleotides on solid supports. In another embodiment,

and
RNA

a

tetramer block is provided. In yet another embodiment, larger

blockmers are provided (e.g. 5-, 6-, 7-, 8-, 9-, 10-, 11-, 12-,

13-, 14-, 15-, 16-, 17-, 18-, 19-, or 20-mers).



10 I n yet another enbodi nent, the process conprises phosphitylation of the
termnal 3'-OHto forma conpound of formula (ha): 9 OTIPS RpO-p
N(R) 2 (hayobbiairzer7ein n, B, R, R5, Rpand R are as previpaugiazodabissed. |n
yet anot her enbodi nent, there is provided a process for preparing a
conmpound of formula (V): 34 OR3 OTIPS (V) wherein p is selected fromO,
1, or 2; 59 is selected fromO, 1, or 2; and p+q is less than or equal to
2, Rl is a pept gtk DGLIGKOYP; inR3né Serbel efdredthexamibl provadpd ot eotpagdgr oup;
R5 is a protecting_group; 10 Rp is a protecting group; Bis a

ni trogen-coﬁfa??ﬁ“ﬁéabgslg;’ wherein each B, Rl and Rp may be the sane or
different from any

R5O’ O B
0 OR
RpO—-P=0
L ° n
0 B
OR, OTIPS
(11)

5 wherein
n is an integer from 1 to 19;
R, is a protecting group;

NR)2
%—P\

R, is selected from H, a protecting group, oOr ORp ;
R; is selected from H, or a protecting group;
10 R, is a protecting group;

R is lower alkyl, or the N(R), moiety is a cyclic alkylamine, or

a substituted cyclic alkylamine, preferably morpholine;
B is a nitrogen-containing base;

wherein each B, R; and R, may be the same or different from any

15 other B, R; and Ry, respectively.

In another embodiment, n is selected from 1, 2, or 3.

N(Pr);
—P

:

\ »
In another embodiment, R; is ORp and Rs is a protecting

group.



other B, Rl and Rp, respectively; the process conprising the steps of: 35
a) condensi ng a phosphoramdite of formula (VI): 0 OR RpO0-1? N(R 2 ( VI
) wherei rwQ,208/02Rr6 R5 and Rp are as defined above, andPBRdAR0110e950al Kyl ,
or the N(R)2 moiety is a cyclic alkyMam ne, or a substituted cyclic
al kyl am ne, preferably norpholine; with a conpound of formula (VI1): OR3
UTIPS 10(VI1) wherein p, B, RL, R3, and Rp are as defined above; and

b) oxi di zi ng },hg, ehedusicafmsitep (a) to produce the conpound of f I
WD 2012/ 024776PCT/ CA2011/ 000950 36 P " ormia (V).

N(R)2
%_R\

R, 1is selected from methyl (Me), 2-cyanoethyl (CNEt), ortho-
chlorophenyl (o-Clph), or para-chlorophenyl (p-ClPh), preferably
5 methyl, and

R is selected from isopropyl, methyl, or ethyl, preferably
isopropyl.

In another embodiment:

R, is TBDMS;

10 Rs; is selected from DMTr or MMTr, preferably DMTr; and

B is a nucleobase protected on at least one nitrogen by a

suitable N-protecting group.

In another embodiment, the suitable N-protecting group is
selected from levulinyl, acetyl, difluoroacetyl, trifluoroacetyl,
15 isobutyryl, benzoyl, 9-fluorenylmethoxycarbonyl, phenoxyacetyl,

dimethylformamidine, or N,N-diphenyl carbamate.

In another embodiment, R; is a protecting group. In yet another
embodiment, the protecting group is a levulinyl group (Lev). 1In
still yet another embodiment, the protecting group is an ionic

20 tag. In another embodiment, the ionic tag is selected from:

©
BF,

o)
__N/Lia/\\//\\/)k\//\ﬁ(}t

\=/ o)



I n anot her enbodinent, R3 is H In another enbodinent, R3 is a protecting
group, and the process further conprises renoval of the R3 protecting
group.  Wo2yexo2ariet her enbodi ment, the process further PCORA20BEBIBO
phosphityl ation of the termnal 3 -O2to forma conpound of fornmula (Va): -
B9 oR ROP=01i O o ONPS RROT N(R)2 (Va) wherein p, q, B, R,
R5, Rp and R are as previously defined. 10 In another enbodi nent of the
above processeg, the R3 protecting group is a levulinyl (Lev) group. In yet
anot her enbodi nent of the above processes, the R3 protecting group is an

ionic tag. In syill/yet another enbodi ment of the above processes, the
ionic tag |s se @te from WO 2012/ 024776PCT/ CA2011/ 000950 37 ; O

MA(

, wherein X is selected from NH or O.

The term “lower alkyl” as used herein refers to acyclic, straight
or branched chain alkyl groups containing from one to six
5 carbons. Preferred lower alkyl groups include, for example,

isopropyl, methyl, and ethyl.

The functional groups of the compounds disclosed herein may be
protected by a variety of protecting groups known to those of
skill in the art. A '"protecting group" 1is used in the
conventional chemical sense to reference a group which reversibly
renders unreactive a functional group under specified conditions
of a desired reaction. Some protecting groups are well known to
one skilled in the art. Examples of the protection/deprotection
process as well as various protecting groups are described in
Wwuts and Greene, 2006, Greene’s Protective Groups in Organic
Synthesis, Wiley-Interscience, New York, NY. Any suitable
protecting group known to one skilled in the art may be used.
After the desired reaction, protecting groups may be removed to
deprotect the protected functional group. All protecting groups
should be removable (and hence, labile) under conditions which do
not degrade a substantial proportion of the molecules being

synthesized. In contrast to a protecting group, a "capping



, Wherein X is selected fromNH or 0. 5 In another enbodi nent of the above
processes: Rl is TBDM5S; R5 is selected from DMIr or NMMIr; Rp is

sel ect ed woamamettrgl (Me), 2-cyanoethyl (CNEt), orthochlporamzenyloogso- C1Ph),
or para-chl orophenyl (p-ClPh); 10R i s26sel ected fromisopropyl, nmethyl, or
ethyl; and B is a nucl eobase protected on at | east one nitrogen by a
sui tabl e N-protecting group, preferably the N-protecting group is

sel ect ed frgmnh 'Vlﬂe&‘ﬂéﬁller&Q9t )?SILdeE fdcuar @sagﬁér;d fr iof modeoseettpl prevent

15i sobutyry zo 9-fl uor thox y
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In various exanpl es of [hg ¢ stf IAas ANdcpethedsodisehespibrbet ai sone
structures 8fYs armf_"?'ngmrrat eria I nt er medi st es and05 products areg;hown

bel ow, al ongirwumh their assi gned conpound nunbers. # R5 113 R2

For instance, possible protecting groups for R, for the compounds

of formula (II) above and the various compounds below include:

1. Fluoride labile protecting  groups including: t-
butyldimethylsilyl (TBDMS) , triisopropylsilyl (TIPS) ;
5 triisopropyloxymethyl (TOM); cyanoethylmethyl (CEM); 2-(4-

tolylsulfonyl)ethoxymethyl (TEM).

2. Acid labile groups including acetal groups: 2'-0-bis(2-
acetoxyethoxy)methyl (ACE) orthoester ; 1- (2-fluorophenyl) -

10 4-methoxypiperidin-4-yl (Fpmp) ; 1- (4-chlorophenyl) -4-
ethoxypiperidin-4-yl (Cpep) ; 4- (N-dichloroacetyl-N-
methylamino) benzyloxymethyl (4-MABOM); trityl ether groups

including dimethoxytrityl (DMTr) and monomethoxytrityl

(MMTr) .
15
3. Reduction labile groups including: 2-tert-butyldithiomethyl
(DTM) ; allyl.
4. Base labile groups including: levulinyl (Lev) and acetal
20 levulinyl (ALE).
5. Photolabile groups including: photolabile groups including
nitrobenzyl groups (including 2’-nitrobenzyl groups such as
2- (2-nitrophenyl)propoxycarbonyl (NPPOC) , o-
25 methylnitorpiperonyloxycarbonyl (MeNPOC) and derivatives
therein (including thioxanthone-nitrobenzyl group
conjugates) and 5’ -O-dimethoxybenzoincarbonate group

(DMBOC) .
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1DMT
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Possible protecting groups for Rs for the compounds of formula
(II) above and in the various compounds below include 9-
phenylxanthyl (pixyl or Px) and its derivatives, MMTr, and DMTr.
Preferably, these protecting groups are used for R; when options
5 1, 3, 4, and 5 are used as protecting groups for R, as noted

above.

The R, group as shown for the compounds of formula (II) above and
in the various compounds below may be methyl (Me), 2-cyancethyl

10 (CNEt), p-nitro-phenylethyl (NPE), and para- and ortho-chloro-
phenyl (p- or o-ClPh).

Possible protecting groups for the 3'-hydroxyl position (R; for
the compounds of formula (II) and for the various compounds
15 described below) include levulinyl, and ionic protecting groups,
also referred to as ionic tags. Suitable ionic tags are known to
those of skill in the art. These may include those described in
PCT Application Publication No. WO 2006/096963 of Chan, T.-H. et
al., the contents of which are incorporated herein by reference
20 in its entirety. Suitable ionic tags may include, for example,
imidazolium and phosphonium ionic moieties having linkers

selected from alkyl linkers, glycol linkers, etc.

In one embodiment, the protecting group may be an orthogonally
25 cleavable ionic tag. For example, the protecting group can be in
one ewbodiment an orthogonally cleavable ionic tag (K) comprising
a gamma ketoester moiety tethered to the ionic moiety through a

linker:

C3'-0

® ©

O y-ketoester linker ionic moiety

30 (K)
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In another embodiment, the protecting group can be an
orthogonally cleavable ionic tag (P) comprising a photolabile

moiety tethered to the ionic moiety through a linker:

o—C3

ionic moiety  linker nitrobenzyl derivative

Both (K) and (P) contain an ionic moiety for wuse in a
precipitation-based purification as described in described in PCT
Application Publication No. WO 2006/096963 of Chan, T.-H. et al.,
the contents of which are incorporated herein by reference in its
10 entirety. The ionic moiety in (K) and (P) is attached to the
gamma-keto ester or photolabile moiety, respectively, through a
linker, most simply a short alkyl chain or a functionalized alkyl
chain of one or more carbons. The gamma-keto moiety is cleaved
gelectively with  hydrazine, whereas (P), a nitrobenzyl
15 derivative, is cleaved by photolysis, releasing the 3'OH group
for further functionalization. The present invention provides a
method for cleavage of (K) and (P), as well as phosphitylation of
the unblocked 3'OH to afford amidite blocks for wuse in

oligonucleotide synthesis.

N(R)2
%_FK

20 When R, is ORp ; R may be selected from lower alkyl, or the
N(R), moiety is a cyclic alkylamine, or a substituted cyclic

alkylamine, preferably morpholine.

The entity B in the compounds of formula (II) above and in the
compounds described below 1is a nitrogen-containing Dbase,
25 preferably a base or a protected-base {also referred to herein as

a “nucleobase”). The base is preferably a purine or pyrimidine
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base or analog thereof. Analogs include diaminopurine and its
derivatives, inosine and its derivatives, alkylated purines or
pyrimidines, acylated purines or pyrimidines, thiolated purines

or pyrimidines. More specific analogs include, for example, 1-

5 methyladenine, 2-methyladenine, N6-methyladenine, Né-
isopentyladenine, 2-methylthio-N6-isopentyladenine, N,N-
dimethyladenine, 8-bromoadenine, 2-thiocytosine, 3-
methylcytosine, S-methylcytosine, 5-ethylcytosine, 4-
acetylcytosine, 1-methylguanine, 2-methylguanine, 7-

10 methylguanine, 2,2-dimethylguanine, 8-bromoguanine, 8-

chloroguanine, 8-aminoguanine, and the like. A “protected base”
is protected on at least one nitrogen by any suitable N-
protecting group including levulinyl, acetyl, difluorocacetyl,
trifluoroacetyl, isobutyryl, benzoyl, 9-

15 fluorenylmethoxycarbonyl, phenoxyacetyl, dimethylformamidine,
N,N-diphenyl carbamate, and the like. Preferably, the base 1is
selected such that the compound of formula (II) is a derivative

of adenine (A), cytosine (C), guanine (G), or uracil (U).

20 Various aspects related to the practice of the present invention
are disclosed in PCT International Application Publication No. WO
2009/064115 to Samchully Pharm. Co., Ltd.; Kumar, G. and Poonian,
M.S. J. Org. Chem., 4%, 4905-4912 (1984); Nemer, M.J, and
Ogilvie, K.K., Can. J. Chem. 58, 1389-1397 (1980) . Recent

25 advances in RNA synthesis have been summarized in a review by S.

Beaucage, Curr. Opin. Drug Discov. Devel. 11, 203-261 (2008)].

The use of previously reported dimer and trimer phosphoramidite
synthons were directed at the synthesis of RNA oligomers,
involving the use of such dimer or trimer units only in the first
30 coupling reaction on solid supports (WO 2009/064115) . Following
coupling of one such dimer unit, the ensuing steps involved the
exclusive coupling of monomeric phosphoramidite units until the
desired length was produced (WO 2009/064115). This discourages
the use of “various kinds of dimers” for the purpose of RNA

35 synthesis, as this would require “long-term periods of synthesis
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and high production costs.” The disclosure further emphasizes
that it “employs just one dimer or trimer species only in the
first coupling step and then common inexpensive monomer units in
the subsequent steps, which enable the low-cost, high purity

5 production of the nucleotide oligomers”.

In contrast to the above disclosure, the RNA dimers and trimers
presently described can be used exclusively or in combination
with monomeric units. In addition to applications in solution-
phase RNA synthesis, their use can also be extended to routine
10 synthesis of RNA on conventional solid supports such as
controlled pore glass and polystyrene. In this case, the RNA
strand is assembled by several block couplings, cleaved and
released from the support after synthesis and the resulting
synthetic RNA utilized in physicochemical or biological studies.
15 There are several derivatives that may be included for such block
coupling reactions [see structures (30), (47) and (50) belowl].

The 2'-TIPS protecting group at the 3’-termini of such

structures provides unique 5’-DMTr 3’ -phosphoramidite dimer and

trimer synthons for RNA synthesis.

20 Furthermore, the 2’-TIPS protected dimer and trimer synthons
described herein provide several distinct advantages over
previously reported 2’'-TBDMS 3'-phosphoramidite dimer synthons
(WO 2009/064115). The inventors have discovered that the use of
TIPS completely eliminates 2’ to 3'-isomerization that occurs

25 with 2‘-TBDMS protecting groups present in previously reported
synthons (WO 2009/064115); 1in fact, the present disclosure
teaches that when synthetic procedures are followed as described
in WO 2009/064115, that 2’-TBDMS dimer synthons are not isolated
in pure form, but rather as mixtures of 2’+3’-TBDMS regioisomers

30 that are difficult (if not impossible) to separate under the

specifications provided.

The methods described herein provide isomerically pure dimer and
trimer synthons in high yields, and their use leads to high

fidelity RNA synthesis. Such dimer and trimer synthons when
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coupled in solution or solid phase, allow longer chain extensions
at each coupling stage of RNA synthesis, significantly reducing
the total number of steps required in the synthesis of target RNA
oligomers, and reducing their exposure to acidic environment.
5 Additionally, dimer and trimer synthetic routes produce crude RNA
oligomers that are generally more readily separated from the
products of failure couplings. Thus the dimer and trimer block
approaches potentially benefit critical aspects of siRNA
manufacturing: speed and purification of synthesis, and the

10 integrity of the desired full length RNA chain.

in another embodiment, there is provided a process for preparing

a compound of formula (IT)}:

RSO' O B—l

0 OR;

OR3 OTIPS
(11)

15 wherein
n is selected from 1, 2, or 3;
R, is a protecting group;
R, is selected from H or a protecting group;
Rs is a protecting group;
20 R, is a protecting group;
B is a nitrogen-containing base;

wherein each B, R, and R, may be the same or different from any

other B, R, and R,, respectively;
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the process comprising the steps of:
a) condensing a phosphoramidite of formula (III):
RsO o.B
Q OR;
RpO—T
N(R)2
(II1)
5 wherein B, R;, Rs, and R, are as defined above; and

R is lower alkyl, or the N(R), moiety is a cyclic
alkylamine, or a substituted cyclic alkylamine,

preferably morpholine;

10 with a nucleoside of formula (IV):
HO o. B
OR; OTIPS
(IV)

wherein B and R, are as defined above; and

b) oxidizing the product of step (a) to produce the compound
15 of formula (II) where n is 1, and B, Ry, R;, Rs;, and R, are as

defined above; and
c) where n>1, the process further comprising:

(1) deprotecting the terminal -ORs group of the

product of the previous step to form a free 5’'-OH

20 group;

(ii) condensing the product of step (i) with a

phosphoramidite of formula (III), wherein B, Ry,
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Rs, R,and R are as defined above, and each B, R,
Rs, Rp and R may be the same or different from any

other B, R;, Rs, Ry and R, respectively;
(iii) oxidizing the product of step (ii);
5 (iv) repeating steps (i)-(iii) n-2 times;

to form the compound of formula (II).

In one embodiment, R; is H.

In another embodiment, R; is a protecting group, and the process

further comprises removal of the R; protecting group.

10 In yet another embodiment, the process comprises phosphitylation

of the terminal 3'-OH to form a compound of formula (IIa):

Q OTIPS
RpO—?
N(R)2

(I1a)

15 wherein n, B, R;, Rs, Ry, and R are as previously defined.

In yet another embodiment, there is provided a process for

preparing a compound of formula (V):
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H H

WO 2012/024776

wherein

34
Q OR;
Rp0—¢=0
° q
E) B
? OR4
RpO-P=0
| - -
O' O B
Q OR;
RpO—?=O
° P
0 B
OR; OTIPS
(V)

p is selected from 0, 1, or 2;

q is selected from 0, 1, or 2;

and p+q is less than or equal to 2;

R, is a protecting group;

R; is selected from H or a protecting group;

Rs is a protecting group;

10 R, is a protecting group;

B is a nitrogen-containing base;

wherein each B, R, and R, may be the same or

other B, R, and R, respectively;

the process comprising the steps of:

# Rs R3 R2 37

PCT/CA2011/000950

different from any
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a) condensing a phosphoramidite of formula (VI) :
R50' 0 B
Q OR4
RpO—T=O
© q
—O B
0O ORq
Rpo—ﬁ
N(R)2
(VI)

wherein g, B, R;, Rs and R, are as defined above, and

5 R is 1lower alkyl, or the N(R), moiety is a cyclic

alkylamine, or a substituted cyclic alkylamine, preferably

morpholine;

with a compound of formula (VII):

HO- 0 B |
0 OR,
RpO—IT=O
BN
E) B
OR; OTIPS

10 (VII)

wherein p, B, Ry, R;, and R, are as defined above; and

b) oxidizing the product of step (a) to produce the compound

of formula (V).

P(OWe) (N(iPr)21 TBDMS 40 DMIr H TIPS 41 H H TIPS
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In another embodiment, R; is H. In another embodiment, R; 1is a

protecting group, and the process further comprises removal of

the R; protecting group.

In yet another embodiment, the process further comprises
5 phosphitylation of the terminal 3’-OH to form a compound of

formula (Va) :

L Jdp
0 B

Q OTIPS
RpO—?
N(R).

(Va)

wherein p, g, B, Ry, Rs, R, and R are as previously defined.

10 In another embodiment of the above processes, the R, protecting
group is a levulinyl (Lev) group. In yet another embodiment of
the above processes, the R; protecting group is an ionic tag. In
still yet another embodiment of the above processes, the ionic

tag is selected from:
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BF,4
0
__NJ\f\?/\/\/‘\/\n/%L
\—J 0

0 0 ; or
@
Br
A~
o
) W((j)\/ T
O , wherein X is selected from NH or O.

5 In another embodiment of the above processes:
R, is TBDMS;
R is selected from DMTr or MMTr;

R, is selected from methyl (Me), 2-cyanoethyl (CNEt), ortho-
chlorophenyl (o-ClPh), or para-chlorophenyl (p-ClPh);

10 R is selected from isopropyl, methyl, or ethyl; and

B is a nucleobase protected on at least one nitrogen by a

suitable N-protecting group,

preferably the N-protecting group is selected from

levulinyl, acetyl, difluorocacetyl, trifluoroacetyl,
15 isobutyryl, benzoyl, 9-fluorenylmethoxycarbonyl,
phenoxyacetyl, dimethylformamidine, or N,N-diphenyl

carbamate.
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illustrated’l ﬁ Yhe 28 sSyn nt h&si 5" schenes shown bel ow. Wil e the Exanpl es
descri be building bl ockners via successive coupli ngs of m)norrer units, it
wi |l be understood to those of skill in the art that such bl rs, my be
prepar ed vi % O@BEPHYSSHEPRERNChoRBIer YOSt S, 3 Mgrecd setcg g?i
combi nat i ongel-bed eafome Ast MBRIthrestud ethheingr aseatladsscimmrmedwecelsaagtl y
directed to diner and triner arat ons an I & ration
of N mer >ol ip§8gE S %ot i W8s, ? Y ini Ia e un%ers%lod%%gl%%osg&ggggﬁ?lI in
the art thatnumbeger bl ockners (e g., 5-, 6-, 7-, 9-, 10-, 11-, 12-,
13-, 14-, 15-, 16-, 17-, 18-, 19-, or 20 nmers) 41 useful in the

\/L
JT

preparati on of (iNgmer—gt Urluur&um eoty Uek?z y be produced by the processes
descri bed here iy ) B"’Tr"“ fre-EENG—Oive ($0)| Base= uracil (50) (47), Base=
N6- benzoyl aden A hs H—the presert TJ.M§I osure illustrates the synthesis
of a dinmer bloe kap QQ Fe frorr:ba 3 rU“éﬁ%side that is derivatized at the
3'-end with anlortheogonaHy—eleava T

nt é‘.l

O T

$ 9

1l illustrates a A;ef M.JBH y which dinmer 2'-T]PS

3' - phosphor am di [ t Det ai | ed experi nental ~"NH ocedur es
descri bi ng each ﬁf THNQ'F: q*F(Q?NEt (Br)d o JBUEY bel ow. Both rout es Aﬁ?gnd B

(Schenme 1) produéed BYE: [gRiOMaK) (B0Prial pEBOMS aH di mer RgQ9y \@i MW e
i solated free 1r8m|i PMTt somerTEOMS - TI|PS Bonpound (33) ?%”:? NVR spectr a;

!,;; ttag such as (K) a (P). Schene
L

T
at

A~

Figure 1) . PhospBhiltylHatilon ofBDM39) gff oflded (30) in 67- el d. Again,
no silyl isonerilati OMTnas obEB®Msed undeéev t he phosphityl o) orblfondl tions.
Conpound (30) wasl i|solHat ed asTERMSi xt ur e Led flour Pdi ast er eorfe and

exhi bited 8 peakm iinbmMrs B1P- NWR spedt r 0ims as| expected (4 di astereoners X 2
phosphorus ea | B8 peaks) (Figurke 2). (Tha&rshem cal shifts observed are

consistent with fwihomtr Lev TIPS
15 H Lev TIPS
16 | DMTr TIPS H
17 | DMTr TIPS Lev

18 H TIPS Lev




42 phosphate (oxidation +5; 0-1 ppm and phosphoram dite (oxidation +3; ca.
150- 152 ppm noieties being present in the nolecule. The nol ecul ar wei ghts
of (29) awm020R20p4%were confirmed by mass spectronetry. Sel®EmA2011/000950

Regi ospecific synthesis of 2'-TIPS Upd dimer (30). Route B 43 0 (NH
DMIrO O 11-.0 detritylation 0195% 0 075%2..,(0 OTPSO OTIPS rNH O O DMIrO
(14) N 0(15) OH OTIPS C.
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The required starting materials (13) and (15) were prepared as 5 shown in
Schene 2. Thus, silylation of (1) with TIPSC1 in the presence of

pyri di ne/wgNoR/affer ded i soners (12) and (16), which wereTr@adilwosepar at ed
by silica gel columm chromatograpy. H™ée 2'-TIPS i soner was obtained in 66%
yield, and the 3'-TIPS isoner in 20%yield. The conpounds were
characterized by M5 and NVMR 10 The position of silylation in isoners (12)
and (16) was easily 44 determned from 1D gnd 2D 1H NVR spectra obt ai ned
in DMSO-d6. J coupling of OH to H3'" confirpegut he position of the OH (C3'),
and hence the site of silylation apmEd_. T 'Nskcgssi gnnment was confirnmed by
29Si - 1H2' coupling observed via heteron chem cal shift correlation
(HETCOR). Conpound (14) was obtained in ater than 70%yield by treating
(12) with levulinic acid and dicycl ohexyO camBdEsi m de (DCC) in THF (Schene
2). As is the case for 2'-TBDMS pro tepd_ uclOeosi des, isonerization of the

TIPS group did |nat joccurRduring 10 thi's yeac o ThIS Was verified by the
preparation of {the|i somec conpound (17) fr '*Edjle 3',5 -diprotected

nucl eosi de (16)| adhe 5'-di methoxytrityl g Q was rermved from (12), (14)
and (17) susing 3% firadlegneagetic acid (TF roomterrperature for 5 mn

foll owed by addition of excess nethanol . Y‘?elca? O 15 detri tylation were
90-95% The isomeric pair (12) and (16yethar=diffierent chromatographic
properties and were easily distinguished ( ee ﬁtbl es). The use of TIPS

instead of TBDMS is absolutely essenti al QhiNi i ng dinmers in
isonerically pure form W have discover ed at 2'-TBDMS groups in

di mers undergo 02' to 03" migration nore reaggl hgn]ose i n nucl eosi des under
various conditions. Thus, attenpts to synthesi ie e 2'-TBDVS di mer synt hon

(20) reported in WO 2009/ 064115 produced material that was contam nated

with small, JkesidiiehbS@ient 8 M&@u@@rﬁhexgy&fhegu gl benusl ek idee25
synt hesi s, anpunts of the 3'-TBDVS i 0i soner see ound

(22); Filfur #o9Af T FFEEhBYFsPESd ottt er)t oot AT 57“ B8dar BQ%STE?“?E?‘“%% (20) by
silica gel adx=epnéographyséaatekNaAPdenatur@od ossd of4m he aoy arrettniief CNEL )

phosphat e pr%?“ﬂ% groyp fr Cvgaflsu (gﬁltgxegg 34 u\ées%%%%hsﬁd RLohLem

encount er ed durlng purlfl 'on of and o t protected diners.
The 31P- NVR Xp&&P$ a3 ofphpephorsefidfteesared aifltféﬂqmr mpéeehaeﬁ &PEPSHGWAL | N
Figure 3B. Il,4 seGlg@e that in addition to (22), other inpurities

cont am nat ed corrpound (20) For exanple, the coupling of (6) with the

3' - hydroxyl group of is expected to yield 35 small | unts .0
3, 3'y-l i nie ?o r‘@‘s‘?ﬁrt QF%‘Pﬂ at &8¢ g}. egIYBEhO%SEHFc‘(’l%%g E"éﬁel(lzﬁ?nwere

noderate (6744 geﬁé}ﬁt&anﬁﬁn& naa.tcneuny aft (uagas) winbh 1 ive ti s nedainpl &S -oIBE)l\B di mer
(22) will |neV| abJ dto 2'-.+ 3 - hor a ite . m S, t he
. % %5 comﬁasJSt;log,s_i n sSeF% 9 I"@ q p{glp)grt(rylrl I n g]ﬁ .

i ntroduction % %o]t ernucl eoti de ages e final
RNA 5 sequemﬂegoml@?@)ﬂﬁﬁhégﬁs igflugtrarpivVEBnUgbedi syachegicor giheges o WO

2009/ 064115

shown below.

While the Examples describe building blockmers via successive
couplings of monomer units, it will be understood to those of
skill in the art that such blockmers may be prepared via
couplings between monomers, dimers, trimers, etc. and

combinations thereof.

As well, while the present disclosure is largely directed to
dimer and trimer preparations and their use in the preparation of
N-mer oligoribonucleotides, it will be understood by those of
skill in the art that larger blockmers (e.g., 5-, 6-, 7-, 8-, 9-,
i0-, 11-, 1i2-, 13-, 14-, 15-, 16-, 17-, 18-, 19-, or 20-mers)



o OTBDVS CNEtO-P=0 O NH O N 0 HO OTBDMs ( 20) 0 OrBDVMS CNEt O-P=0 O
et?lHOO N O TBDVSO CH (22) 10 In an attenpt to inprove yields of TBDMS
di mers whwbeomreymati ng silyl isomerization, diner (24)peagcAaynideesized by
nodi fication of the procedures report€gd by Nenmer and QOgilvie (Schene 4)

[ Nener, MJ, and Qgilvie, KK, Can. J. Chem 58, 1389-1397 (1980)]. To
mnimze | oss of the phosphate protecting group, the 15

net hyl phosphgeami did e Hderr¥hiaed oh 7 bt WASndsS & i yosiadc Hot(iGys (Sghane 4) .

The starting materials (5%) and gll%| ver e re[r)ared as previously described
Vérner, M JPTERFSEGPY Vi, PROFESSCEAIESCT OhdW ©58, 1389- 1397 (1980) 1.
Coupling of (7) with (5) followed by oxidation of the phosphite 20 triester
internediate afforded the fully protected dinmer (23) in 84%yield. 31P- NW\R
(Figure 4) and nass spectral data were consistent with its assigned
structure.ln the same manner, diner (26) was prepared in 88%yield by
coupling of (7) with (11) (Schene 4, h“l“ mre 4). 46 Scheme 4. Attenpted
synt hesi s of 2'-TBDVS UpU di meBMTQY) , “@tbenpts to renove the Lev group from
ei ther compound (23) or (26) wtho i1yl mgration undepMesari ous
conditions failed

? OTBDMS
MeO—P=0 ONH
DMTO o Base (‘) fL X DMTr = —C—@—OMe
0 N0 i
O OTBDMS O OTBDMS
MeO-F=0 MeO—P=0 ONH
0] | TBDMS = Si(Me),tBu
o Base oy o N0
/O OTIPS O OTIPS TIPS = Si(i-Pr)3
MeO-F MeO—F’
N(i-Pr), N(i-Pr),
(30), Base = uracil (50)

(47), Base = N6-benzoyladenine

As well, the present disclosure illustrates the synthesis of a
dimer block prepared from a 3’-nucleoside that is derivatized at
the 3’-end with an orthogonally cleavable ionic tag such as (K)

and (P).

Scheme 1 illustrates a preferred synthetic method by which dimer
2'-TIPS 3'-phosphoramidite (30) can be generated. Detailed
experimental procedures describing each of these steps are
provided below. Both routes A and B (Scheme 1) produced over 80%
of 2/-TIPS 3’-OH dimer (29), which were isolated free from its
isomeric 3’-TIPS compound (33) (See *'P-NMR spectra; Figure 1).
Phosphitylation of (29) afforded (30) in 67-88% yield. Again, no
silyl isomerization was observed wunder the phosphitylation
conditiong. Compound (30) was isolated as a mixture of four P-
diastereomers, and exhibited 8 peaks in its °'P-NMR spectrum as
expected (4 diastereomers x 2 phosphorus ea = 8 peaks) (Figure

2). The chemical shifts observed are consistent with both



5 mserably (Table 1),
Once again,
to be verwodofddizeubt (Fi gure 6)
3'-levulinyl
by an "X", all
of hydrazi ne Conc.

. 10 47 Tabl e 1. Conditi ens/dAazn1voenssyal
group from conpound (23)42 Experinents attenpted are indicated
of which lead to m xtures of (24) + (27).

yi el di ng al ways m xtures of (24) + (27) (Figure 5).
separation of these isoners by silica gel

chr omat ogr aphy proved
of

No. of equival ence

of hydrazine (M Solvent Conditions 1.51.522.51010

0. 10. 50. 20. 28odphabe (EyiddeEbh 3ix2 By1Askdl 3nd didspKoXamidXtX Yoxidation

+3; ca. 150-152 ppm) moieties being present in the molecule. The

molecular weights of

spectrometry.

(29) and (30)

were

confirmed by mass

Scheme 1. Regiospecific synthesis of 2’-TIPS UpU dimer (30).
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Scheme 2. Synthesis of uridine building blocks

A.
o) 0] o)
(‘NH (‘*NH (‘NH
DMTrO o N’J*O silylation ~DMTrO o N)\\O . DMTrO o N)%O
OH OH OH OTIPS TIPSO OH
(1) (12) (18)
Q o)
f( NH . f‘NH
DMTrO NYg detitylation  Ho o
B levulination o _ io?
/ 2 _~O OTPS ®% 9
% 5% 7 RO OTIPS
KNH 14 0
DMTIOL A (14) (15)
OH OTIPS o
detritylation
(12) ! KNH
95% "0y _oyto
(13)
OH OTIPS
C.
0 O ONH
NH - (KNH detritylati f
DMTrO O(: X0 levulination DMTrO o NS0 etritylation  Ho o NYo
75% 0 95% 0
TIPSO OH TIPSO o\,o‘/\/\ TIPSO OB/\/\
(16) (17) (18)

The required starting materials (13) and (15) were prepared as
5 shown in Scheme 2. Thus, silylation of (1) with TIPSCl in the
presence of pyridine/AgNO,; afforded isomers (12) and (16), which
were readily separated by silica gel column chromatograpy. The
27’ -TIPS isomer was obtained in 66% yield, and the 3’-TIPS isomer
in 20% yield. The compounds were characterized by MS and NMR.

10 The position of silylation in isomers (12) and (16) was easily



X X X X X X X X 5 Reactions using hydrazi ne/ pyridine/acetic
acid were nonitored by NVMR (31P-NMR and 1H NVR) (Figures 7-14) to determ ne
rates of wotzhiade417evul i nati on and isonerization i n TBDVBCamA2011R80dD ner s.
The concentrations of hydrazine reage#t used in these first set of
experiments were half those used nornmally (0.5 M. Under these 10

condi tions, addition of hydrazine resulted in conplete cleavage of the

| evul i nyl gaeﬂ@rnfilhem digrerip( 288 BD HeBMR tdr@otPa Sohrianneéd 1 PNNSExfer idvent s,

Fioures 7-9: T3Pl 21 oDghog] ARLRe | SOUPHAZ ALLon O of NeneTBRME Y puihdnas

observed wi A m Xi n% 'S gh contrast tqQ the TIPS di ner
(28), whi chheaegii F:bel E@tm wEf GFilydakismpl ¥t eCdel evulifat 3o wads

resi st ant tgoﬁfi%{edl sgge ogatihen f@updtind eadsebBediouria Uhdesrdrnelsamnme
conditions. Neither TIPS or TBDVS %mg s underwent isonerization (up to
10 h) unfer “PRBER1cERLET |C8ﬁ§e1(afét811er) he nethod of de-levulinylation of
usi ng hydrazi ne hydrat e-

Compound (14) was obtained in greater than 70% yield by treating

(12) with levulinic acid and dicyclohexylcarbodiimide (DCC) in
THF (Scheme 2). As 1is the <case for 2'-TBDMS protected
nucleosides, isomerization of the TIPS group did not occur during
10 this reaction. This was verified by the preparation of the
isomeric compound (17) from the 3',65'-diprotected nucleoside
(16). The 5'-dimethoxytrityl group was removed from (12), (14)
and (17) using 3% trifluoroacetic acid (TFA) at room temperature
for 5 min followed by addition of excess methanol. Yields on
15 detritylation were 90-95%. The isomeric pair (12) and (16) had
different chromatographic properties and were easily

distinguished (see Examples) .

The use of TIPS instead of TBDMS is absolutely essential for
obtaining dimers in isomerically pure form. We have discovered
20 that 2’-TBDMS groups in dimers undergo 02’ to 03’ migration more
readily those in nucleosides under various conditions. Thus,
attempts to synthesize the 2’-TBDMS dimer synthon (20) reported
in WO 2009/064115 produced material that was contaminated with
small, but significant in the context of oligoribonucleotide
25 synthesis, amounts of the 3’-TBDMS regioisomer (see Scheme 3;
compound (22); Figure 3A). Furthermore, attempts to fully
separate (22) from (20) by silica gel chromatography failed.
Premature loss of the cyanoethyl (CNEt) phosphate protecting
group from (20) (to give 34) was another problem encountered
30 during purification of this and other CNEt protected dimers. The
3p_NMR spectra of (20) before and after purification are shown
in Figure 3B. It 1is clear that in addition to (22), other
impurities contaminated compound (20). For example, the coupling
of (6) with the 3’-hydroxyl group of (3) is expected to yield
35 small amounts of 3’,3’-linked UpU. As a result, isolated yields



20 pyridine-acetic acid poses an additional issue in assurance of the yield
of the 2'-0-Silyl diners (23) and (28). In the process of renoving 3'-0-Lev
prot ecti /yogoup4frsom the fully protected dinmers, the i rCEanzeligoodsde

met hyl phosphate protecting group of 4Shese conpounds was labile in the
presence of the potent 25 nucl eophile hydrazine hydrate. As shown in
Figures 7 and 9, the energence of the denethyl ated product becane apparent
after 20 48em( mmgrﬁer) he2maserefmideeale - EBBVGS priet eotedhidriin 2fd (B0 min in
the case of th - TLPS d phosphat e
under goes dé‘”ﬁﬁgh‘i/ Cat"8H plrco%:ess%gl?h%mr%esu |mi}l &E@E%ﬁ?&%ﬂg&g ts
original chi« aBr-tghoapMa?duﬁhfee phospiresus aSldcelﬁieerlntr?é?ﬁP?‘é‘sfﬂ nef oRPYR one
peak for each %ﬁdzl 1anRd 3 d,SQPBLS 188 ORRRESSE t @nt Whepeaksaif orna he

nmet hyl at ed |nt er nucl eot1 de phosphate. The theory was supported by the

obser vat iSon s§RUEMRSF -peaks at an upper field (--1.00 ppn) of nethylated
products in TBDMS protected dinmer (Figure 7), 10 denoting two de-nethyl at ed
si de productgznemé hiei t hegsynthed BOMEE d2 NerBDH84 UpUr diher | smrvedinedtd’ WITBDVS

di mer (35). doogyberiaase with the TIPS protected dinmer, the presence of a
single peak at around -1.00 ppm confirned the previous observation that no
i sonerization has begn detected, since only one denethylated 15 product

(36) correspondi ng cﬁi"'t he isonmerically pure p oduct was not ed gure 9).
Tabl e 2. Sus®poibi ¥t} of rU nonomer and d| towards h dra e hydrate
TBDMS TIPS Conp NMR experi nment AT rrrml) ion (M
D- chor of orm (enl ) fedksne hydrate (eq.) zr ne hydrate M Results
Del evul i nyl ati on Ret ection (fégg'lgﬁ &neri zati oo oTBOMS + 0 OTBDMS

CNEtO N(i-Pr), CNEtO- P o © CNEtO- P 0

f‘NH ("NH
+
0
Ho fk NH HO OTBDMS TBDMSO OH
o N0 (20) (22)
3 OH OTBDMS + other products

10 In an attempt to improve yields of TBDMS dimers while preventing
silyl isomerization, dimer (24) was synthesized by modification
of the procedures reported by Nemer and Ogilvie (Scheme 4)
[Nemer, M.J, and Ogilvie, K.K., Can. J. Chem. 58, 1389-1397
(1980)]. To minimize loss of the phosphate protecting group, the

15 methylphosphoramidite derivative (7) was used instead of (6)
(Scheme 4). The starting materials (5) and (11) were prepared as
previously described [Nemer, M.J. and Ogilvie, K.K., Can. J.
Chem. 58, 1389-1397 (1980)1.

Coupling of (7) with (5) followed by oxidation of the phosphite

20 triester intermediate afforded the fully protected dimer (23) in
84% yield. 3p_NMR (Figure 4) and mass spectral data were
consistent with its assigned structure. In the same manner,
dimer (26) was prepared in 88% yield by coupling of (7) with (11)
(Scheme 4, Figure 4).
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Scheme 4. Attempted synthesis of 2’-TBDMS UpU dimer (27).
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inseparable mixture

Attempts to remove the Lev group from either compound (23) or
(26) without silyl migration under various conditions failed
5 miserably (Table 1), yielding always mixtures of (24) + (27)
(Figure 5). Once again, separation of these isomers by silica

gel chromatography proved to be very difficult (Figure 6).

10
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Table 1. Conditions for removal of 3’-levulinyl group from

compound (23). Experiments attempted are indicated by an “X”,

all of which lead to mixtures of (24) + (27).

No. of equivalence of hydrazine—> 15 15 2 25 10 10

Conc. of hydrazine (M) 01 05 02 02 01 05
Solvent Conditions
Py:AcOH 3:2 X | X[ X]| X | X]|X
Py:AcOH 3:3 X1 X
THF X | X
Work-up Conditions
Direct concentration of reactionmixture [ X | X | X | X | X | X
NH4Cl extraction X X X
Crude mixture placed directly on X X
silica gel column
CuS0O, extraction to remove pyridine X| X| X

5 Reactions using hydrazine/pyridine/acetic acid were monitored by
NMR (*'P-NMR and 'H-NMR) (Figures 7-14) to determine rates of both
de-levulination and isomerization in TBDMS and TIPS dimers. The
concentrations of hydrazine reagent used in these first set of
experiments were half those used normally (0.5 M). Under these

10 conditions, addition of hydrazine resulted in complete cleavage
of the levulinyl group from dimer (23) in less than 2.5 min (*'P-
NMR experiments, Figures 7-9; Table 2). Detectable isomerization
of the TBDMS group was observed within 20 min of mixing. This is
high contrast to the TIPS dimer (28), which required 10 min for
15 complete delevulination and was resistant to silyl isomerization
for at least 68 hours under the same conditions. Neither TIPS
or TBDMS monomers underwent isomerization (up to 10 h) under

these conditions (Table 2).

The method of de-levulinylation of using hydrazine hydrate-
20 pyridine-acetic acid poses an additional issue in assurance of
the yield of the 2'-0-Silyl dimers (23) and (28). In the process
of removing 3’-0-Lev protecting group from the fully protected
dimers, the internucleotide methyl phosphate protecting group of
these compounds was labile in the presence of the potent
25 nucleophile hydrazine hydrate. As shown in Figures 7 and 9, the

emergence of the demethylated product became apparent after 20



Non- detectable up to 68 h 20 mn 49 postulated that the conditions used
during work up mght have led to the 0-2' and 0-3' isonerization when using
TBDMVS pr owecbimg4ygsoups. This tine we used the nornmal cectaoatiomss for

t he hydrazine solution (0.5 M. The e#8perinent was perfornmed as 5foll ows:
To a solution of UpU dinmer (0.100 g, 0.0811 mml, limting reagent) in
acetonitrile (1 nm) was added 0.811 niL of 0.5 M hydrazine hydrate in a

m xture of Ryrigdi @ﬁemeaggtﬂy@ acithois: @otelbed radsut tamdg s i minuie wies
allowed to stir for the_ap pria ayrount of L. t he
reacti on wa§2ior R’édtﬁ‘b By j@%’%l |pr¥§%?‘ﬁt%flas T xtlr e to 3“!%?8%[1%%{%‘%’6 bat h
and addi ng bhespliaral emtisrgdes?, denpehyEatedhomeo¢€r=04xhel  repudtingmpside o
guench exces dra l; né etHen $1bshROMs
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amoni um chllé‘F?’EfBrlc“Fﬂé 195 gBAPPIRLGer WS %’4? ShY dr'i?&d V" <¥ Paghasi um
sul fate. 20 oBsesturdnni pfFitgor eebBs aftt em l@prrnutiedd of(~de-q0%evegminydfat i on,
there is a de blea ng of. is i zat h e but no
measur abl e am%g ]E %lbser\glsed or S prﬁortggg%% dla%reérai g)L%u-el;lr@:)lﬂ\f/? hours of
reacti onp atsﬂ@ubtzk@/o@@ | daruetydeaedd spodaredusas vdbhefieRsy i TREMTase of

TBDMS, but only.a @ nisculie 25.a80urk af -fioMel aTheF atimn aecuneedassn TIPS
prot ect ed product he conpari son_has shown once again that the utilization
of TIPS is $ii§hi F’P%aﬂtpﬁypﬁ%treé’tﬁiio%“éeirngtlf‘%rprﬁﬁﬁﬁ?% g3 S6MEYS P5PFypure
product w t hirguhdre -1ioe ﬁ)@fﬁ]ubbﬁﬂlfﬁre& tthe qoeplieid oabsﬁrvaheordetmwlnmati on
reaction under these.con |t| utes for T tes for
TIPS). Sincé PBROVARCGP %Svﬁl %ﬁg c éErQOUpSlSFe Tloggy dlﬁr%/isd?ﬁ%tuh?rlglgg mn or
| ess, there dredobvi @SSl yoxmesmoobirmnm tthei sepmerizatlivoruse perfetchybag i on
during the ¢ ré%gr&l %%Qfg)(%) to (29) (Schenme 1) and none has been

det ect ed. n su ry, the studi es have established that the process
described in WO 2009/ 064115, as.outlined in Sche 0 a m xture of

o' - TBDVB + F2RIBOAB AUFEFPSYICH 8 slLJ 8 S ) e §§?eox{shg \;e\rgrse not possi bl e
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of pyri di ne @.gﬁ,t,d,fsmamm/ wat eg.scont ai rg;g hydraas ne| andssufficiestl y 15
resi st ant um%;azggg ldtons enployed during renoval |of the Ievulinyl group,
phosphi tyl at reactiong, amel even nécl eoti de5condensdti on, affording
di mer bl ocks e& high purilty. W believe that the TIPS group .constitutes a
maj or br eak| Mdeasiph hedyate thg g0t ectgggof 21 BYAr Ox\h (HopPuPs Jpfp. A mer and
trimer unitgsLMirthernorae, I!I series o? procedures we have devel oped, and
in particul pgestiifie use O‘f”‘“the 2" -TIPS prot ectl ng group at the 3 -termjnus of

diner and tfbAELiRLA6KS: (2 QK FOr 8T iTShsmin | omn  smn

irmrc { o

DN ()]

) Non- Non- Non-
Petectl-on ?f 2.3 hours detectable 20 min detectable detectable
isomerization uptollh upto9.3h upto 68 h
'Demethylation — e 80 T o min

20 We then carried out a comparison between the extent of

isomerization after work up and column chromatography as it was



time, thesynt hesi sof 25 phosphoram dite synthons and

dinmerandtriner2' -TIPS/3' - their use in solution and solid phase

ol i gori bonocheakitie synt hesi s. As shown bel ow, our proceaarEa2ariegoeyspl i cabl e
to other dimer blocks and a triner bl€¥ck as exenplified below for the

synt hesi s of ApA and UpUpU 3' - phosphoram dites (47) and (50), respectively
(Schenmes 5-7). 30 Detailed synthetic schenes and experinental procedures
and charact gegg@taitea ©fatt BES & chanpiRdssal eupinyivdel lreimdght HAGe led

2012/ 024776PCT/ CA2011/ 00Q950._ 1. Schene_ 5. esl s, ot 2us T I mer

(47) - Rout &°ATP)° io 1%,52417%5&;@&53%%%0@%95%%%%el%r{égép%ﬁt hesi s

of 2'-TIPS Apdumh.neThisd7)ime Reutesel. the @C@ﬂaUI'ICPSC?!FGPt'@r@TI 3 pie
hydrazine solution (0.5 M). The experiment was performed as

5 follows:

To a solution of UpU dimer (0.100 g, 0.0811 mmol, limiting
reagent) in acetonitrile (1 mL) was added 0.811 mL of 0.5 M
hydrazine hydrate in a mixture of pyridine and acetic acid (3:2).
The resulting mixture was allowed to stir for the appropriate
10 amount of time. Subsequently, the reaction was worked up by
cooling the flask mixture to 0 °C in an ice bath and adding 5
equivalents of 2,4-pentanedione (0.042 mL, 0.41 mmol) to gquench
excess hydrazine. The mixture was allowed to return to room
temperature after 10 minutes of stirring out of the ice bath. The
15 mixture was then diluted with ethyl acetate and the organic layer
was extracted four times with 5% ammonium chloride which was used
to keep the agueous layer slightly acidic, then once with brine
to remove any residual ammonium chloride. The organic layer was

then dried over with magnesium sulfate.

20 As shown in Figure 10, after 10 minutes of de-levulinylation,
there is a detectable amount of isomerization in the case of
TBDMS, but no measurable amount was observed for TIPS protected
dimers. After 42 hours of reaction, about 40% de-levulinylated
product was isomerized in the case of TBDMS, but only a miniscule

25 amount of silyl migration occurred in TIPS protected product. The
comparison has shown once again that the utilization of TIPS is
significantly more promising for obtaining isomerically pure
product within the time required for the completion of the de-
levulination reaction under these conditions (2.5 minutes for

30 TBDMS and 5 minutes for TIPS). Since removal of the levulinyl
group of TIPS dimer requires 5 min or less, there is obviously no
problem with isomerization or demethylation during the conversion

of (28) to (29) (Scheme 1) and none has been detected.
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In summary, the studies have established that the process
described in WO 2009/064115 as outlined in Scheme 3 produces a
mixture of 2’-TBDMS + 3’/-TBDMS dimer synthons (i.e. (22) + (23)
that were not possible to separate (Table 3). Even when
alternative approaches were used to synthesize such 2’-TBDMS
dimers (e.g., Scheme 4), the 2’-TBDMS dimers underwent
isomerization to produce an inseparable mixture of 2‘-TBDMS and
3/ -TBDMS regiocisomers. Our studies have also shown that TBDMS
groups are significantly more prone to 02’ to 03f isomerization
in dimer than in monomer units (Table 2; Figures 7-14). We have
discovered that while TIPS group can undergo migration (e.g. in
pyridine/water; agqueous ammonia; methanol, etc), they are
remarkably resistant to isomerization in a medium of
pyridine/acetic acid/water containing hydrazine, and sufficiently
resistant under conditions employed during removal of the
levulinyl group, phosphitylation reactions, and even nucleotide

condensation, affording dimer blocks of high purity.

We believe that the TIPS group constitutes a major breakthrough
in the protection of 2’-hydroxyl groups in dimer and trimer
units. Furthermore, the series of procedures we have developed,
and in particular the use of the 2’-TIPS protecting group at the
3’ _terminus of dimer and trimer blocks, allow, for the first
time, the synthesis of dimer and trimer 2/ -TIPS/3’' -
phosphoramidite synthons and their use in solution and solid
phase oligoribonucleotide synthesis. As shown below, our
procedures are applicable to other dimer blocks and a trimer
block as exemplified below for the synthesis of ApA and UpUpU 3'-
phosphoramidites (47) and (50), respectively (Schemes 5-7).
Detailed synthetic schemes and experimental procedures and

characterization of these compounds are provided below.

53 Schene 7. Synthesis of 2'-TIPS UpUpU trinmer (50).
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Scheme 5. Synthesis of 2/-TIPS ApA dimer (47) - Route A.
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O RT, 10 mn. 98% OTBDVS MeO-P=0 (ILNH O O NO (49)OH ()TIPS 54 Conpound
(50) contains three chiral phosphorus centers and both Rp and Sp

confi gur avoane/@seef ormed. As such, it is isolated as aPpoirsAznda/ 00952 = 8
P-di astereoners. Since each of these ®-isoners contains three 31P nuclei,
conpound (50) is expected to 5 display up to 24 peaks (3x 8-P isoners) in
its 31P-nnr spectrum |Indeed, the spectrumshown in Figure 15 is consi stent
with this amsahysée 5. FhecHeats dhat -TRECAPY dimert (A7) d- dloutBeBpeaks (and peak
areas) appear in the P(+V)-phosphate region (ca. 0 ppm), with the remaining
appearing in the P(+I11 hosphoram dite 10 regi l_r"b(ca +150 ppm), is fully
consistent with the ass ed structure. If mgrakion of the TIPS group had
occurred during synthe | and/ or isolation of¢t id' trimer block, a mixture

of 16 P-di agmva omer h evginic A pS ORLTY r NBi ght s@¢r.JddRS P-i soner s)
and hence doubl i th g%ﬁ%%ul d be Qge ted (2x—2ﬁ—i5——4*8 peaks) . As
this was not obsekyefeswe cJH’éPM@ﬁthat t he oompound $%C%H &Mt ¢d free from

its 3'-TIPS regioigpnmeric form Schene 2= Route A) illustrates a preferred
met hod for generating amidite bl ocks using nuéPeoside (15) as the
3'-unit.ln another 20 enbodinment, there iS_grovided a process for preparing
am dite bl ocks from nucl eosi des cont ai ni an orthogonal ly cl eavahge ionic

protecting group at C3', such as nucl eosides KI, K2, K3, P4 a £Nshovvn

bel ow. The ionic tag in nucleoside K, K2 and K3 contgjmn, a hydr zihe

cl eavabl e gammma- ket oest er noi ety, wheregg,25 those in nuchee Nded”’ P4 and P5

are phot ocl eavabl e.NI\m\Q12012/ 024776 PETL&LA2011/ 000950 55 (r) Br 0 P4,
LA
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P5, X =0, B = Ua synthesis of the ionic tags and their esterification
w th nucl eosi des are shown in Schenmes 8 and 9. The ionic tags of

nucl eosi dwe 2K12/02kZ6and K3, |ike the |evulinyl group, reguirr@a2onaoasot he
m | dest sets of cleavage conditions f8r selective renoval fromthe other
protecting groups used in RNA synthesis, i.e., a sinple treatnent with

hydrazi ne hydrate in a pyridine and acetic acid solution. Furthernore,
their ionic nature permts precipitation based purification of the

nucl eosi de (6, goe SOTPAUNISLH Ve 87 - 4163) vpuptobemma 850), or (f desired, di-
and tri-nucleotides derived fromsuch ion tagged nucl eosigde. Schene 8

depi cts a nethodol ogy to synthesize a 2' -odeoxynucl eosi&,.,w’th a hydrazine
cl eavabl e gamma ketdester tag, which faci Iﬁkgi*at es P¥oPat j yytovi a

preci pi tati opusdé.ep, NN 2012/ 024776PCT9 19/ 000950 %-ﬁchems 8. Synthesis
of orthogonal ga keto acid tag (60) its depbyatdzateoos wWth a
protected 2'-deoxyryebosi de. side produr!x:tOTBMEtOI-(llé\J‘}jjlﬁ3 Hy+ ') LOEt +e
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"JNHI O (61)0 (88% 5 Upon selective renoval of the tag, the nucl eoside
(or dimer or trinmer block) can be converted into 3'-phosphoramdite

deri vat i Wwe®,20t2yo28116 pr ot ocol s descri bed herein, that mapcheAazsadodasobl ock
condensati ons. 10 Several approaches ®an be applied to obtain the required
gamuaket oacid (60). For exanple, Schenme 8 enploys a Stetter reaction as the
first step [(51) + (52) -0 (54)], a reaction that transforns al dehydes into
nucl eophi | exconpbirgs castoal yonaiagpuntee afhiaal hplesphomm sehterse.aqgd P6B), in

t he presence of ild t et t . dt em

I nternati ongﬁp é&?t%gorfof??%ﬁr@{?géél%% g%rgnl%? '(A?:QL%%{)%)‘;1 E}thuqs% %ﬁleaﬁtegngf (51),
an al dehyde atniathed ©b ah =l § phetiacterrimsre er niSHatS npGtn 4n t8FReNB; was

activated as; anpuc! eaphihe andealiowadién, unepsg ashh chaekxpaddieti 66 usi ng
ethyl 57 acrylate (52) as the el ectroghj I e.%'ge ,substr@}% es were mxed with

t hi azol i Bm sHISPLEB3YP d17d 2di BTV d®i A et 1PaRGTS) e FBacti™Bh RPSGIIE: was
heat ed and orseed} #RS spettiuxishgwgeltt |IRigutdely dactbosisnast | with ahéd by t he
addition of triethylampe. After.18 hours. 5 e .sql.vent s . L8pvglgand the
material obtHMEE Was sﬁ%‘? eéatctetd tpggae}éﬁccth%rt%?re Iﬁlgjr?e%gr it}rﬁ:% Bt rac(t |g<(i)n

fol | owed by pdakslarehs bragrsgraphy th¥hé (d8siphesPlitedyesioy 542 CoRPMtes with
an acyl oi n sj,d¢- PrRAUGL L BB g Nadldarihie gal vart systEm prygsbigatedefor the
purificati oflv.VlT%e y}?el 3 was agpr%%éﬁéte 10 25% (as esttl)mat ed by, 1H NWR
anal ysi st®f X9%oR XEar ey 1ShoneVer ,15en%’t}éﬁ FREESEERT c ¥R e 5OF | §5HE760t ai ned
to continue wdbcthe syt hagkscidh td the Trgurdryp (bs) decomdighedsgl y
separable after the s%? equent step. _The. next st in the.synthetic_route
was to prot e REELHE 295 lagsorlﬁﬁl% eotfaPhj[Sl .eté:.”,nelf g@)ofp Ref lﬁ%}nﬁeg 9 o(r'i6 15 4
hours was f orHidatoetradequatient oR’ tTIES redobiners t 0 reigbh cdnpEkedi 8n and
the desired prod 6 i nede 3,90 30% ¥ &l b s Readust 5(56) was
easily separ]g%ﬁ%eegg}r oa(nz%%t h%x%zfﬁg’?%“?i de- preog%ct%SS) gene%get ed i tr?g{ he
earlier Etep: #hietrkdid nde appearat onUnddegsevethy e HAPEEOFHatTBE ithet he
acetal formatd@RuRd fLasbifra The irdentidsys andppurddipiebnd46) cowd.e
confirmed by TLC, LR-M5 and NVR. Wth the gamma-acetal -ester, (56), in
hand, the next step (Schene 8) was the hydroboration of the term nal

al kene. Thi s s@sm251ackieeed) uslilugt aardsn asptefegene ratadd df oy geoteiiing
borohydri de reagent, ropri ate agpunt,of, qycl ohexepe wag agdded to

bor ane- THF a?m]gﬁ ea%ldéglfﬁgﬁglg_’ %%gireggcé@fgr)onsé hour, then (56) was added to
t he resu?® anembsidameyt antherfe isedeerblednes RIAC6ARAEPD PreReEend f 81U tRours at

room tenperat il fs TAROXhAatbolusdf thea30iddt 85 MEtAtHRRIRNR1¥ASEAchi eved
by the addition of aqueous sodi um perborate, a | d oxidant that left the

ester intact IoHFIPFPEGTAEE (I GHPvREs Cont FHieds fHC LRS! X2 KburE® - Fhe
reacti on m Xasd eswasolhare1ext r actied ivhid teighyh acdfatfdand,t ke gprdodact ,

(57), was purified by flash. colum chromatodr aphy. RLOUMALRY, Bunereas

25 those in nucleosides P4 and P5 are photocleavable.



35 colourless liquid in 80-85%yield, with 15-20% of (56) al so being
recovered. This reaction never proceeded further than 85% WO

2012/ 024'AWWO6RCID/2AZ011/ 000950 58 conversion, even w th | engara208a009450n ti mes
or an increase in the anount of the b¥rohydride reagent generated relative
to substrate. 5 The primary al cohol, (57), was then m xed with

tri phenyl phosphi ne and tetrabrononethane in DCMin order to generate the

term nal brom de (58Ho.The rg:actl on proceeded cl eamoy but wpon aqueous
wor kup, acetal cleavage red, likely dye to the f on of
hydrobrom c acid fgomth drol ysis of t@@ﬁexcees rea The 10

| el

reacti on was perf gai @TPH t he pr R whi ch
neutralized any hydrobroom ¢ acid gener and the sired product, (58),
was obtained in 79-86%yield after flash K1R H, B= Thy

chr omat ogr aphy. Subsequ¥h®cdttiensat i onwi t h1, & rdi gmishyd iri dazol e in
acetonitrile resulted in the ionic tag, 15(59) in 95% or greater yield.
The final steps in the synthesis (Schenme 8) involved the cl eavage of the
acetal and ester as well as anion netathesis &f 4he ionic nmoiety and
finally derivatlg/a_@/‘n to a mr!i((:)l eosi de. In|t|a 18 20 aqueouEo cid S used

to effectuate t @dm rotection, Y opl mefaj hesi s Rut_xhe
material thu efiLved deconposed dl y ub equentl heqdejr ooeesi on was
performed via a t ep prnocess,qt hgdsi rst a kQase ated [tl eavage of the

ester (59) followed byraYinited acidification t onatthe 25
carboxylic acid and cl@ave the @cetal. The proteciged matgr a,l“,, gR9) . was
thus di ssolved in aqueoyg goghum hydroxi de and al | owed tRs xeaai dror 16-18
hours fol | owed %ﬂthe addi ti on of aqueous concent ,Eat ed HCL tq bri ng. t he

sol ution to ¥FprowihERel §*3RLes aRE FIRaFTYFEFYT ngt uhber *PEGUET pPESsure.
The excess s@aldirWast3Q theapied wbyh suspendideg the shegul {n righsoés & iand
acetonitrile/dichl orrethan and |It [ f.th e erhal . The
product obt af ned, éppga?ed pur e eog‘?f LIRI\/E( NLkI\/éF\:%I bult@%l kgl y still
cont ai ned a Basmilllnalmgmumf egdizen ot o@f dehe V\m]@ﬁfséoﬁ?ﬁs nef Bécal@CEct ed

wi th these tgchni gyes fo§55é6).'yc9rﬂvé@eﬂ150§§'f%oﬁttﬁehb§h&0|p|%bt@ét$@g| §€bulp
significant deconposition of the resulting product, as hgyg i d medi at ed

59 deprot ect##af IPh&NBr griehesdsr t 1§60 s\kﬁgl%t%rkﬁaém?fbto ’1t 3Hh°§t or age,
however, a”dhy@%tfeouﬂd at %y@mhﬁiee dnﬂ Talaetfrxpeﬁﬁfdedsomaﬂnﬁf Wi Bdrtaenuegosi de.

In fact, using O-(benzotrjazol - Wtetra /| L9

tetrafl uor obbisite IOPBT P2 HE & H’@rg uppﬁelcrllsygftelﬁ %Cntl‘?&e e(qugo?%&mﬁe coupl i ng
and ani on exeﬂiﬁangnemwmdet daepusioppowidsh (6he cgolp?) nFepemeeddPhg or if
quantitativel %Q the. th&’”t%%%@Q&l%%Qf HEPRA DY LR MBRS:180 elgpace of

brom de i ons d The presence of tetrafluoroborate in the negative node.
Thi s producth@P)Dsmg al Sshene ab| denipbh # JMRFPPEPIAR SPaBEIES TR th & -

derivatized guskeasids 6Bl k@ﬂ@ﬁdrﬁbﬁ{@c‘dl@é{fﬁjjecs_;aaﬁatk@:o@étéhﬂgm’gal
gama- ket oester 't he nucl eosi de_were studi ed ed to levulinyl ester
protecting gFBtl fRRTHITeRES 1E91abEEY P’E)%cf’ra?ﬁb%]eta\%oﬁesn e|pat e oligomeric
building the cleavage ionic tag fromthose of the been used as bl ocks and
is



known to be easily renoved w thout affecting any other protecting groups in
the nol ecule. The rate of |evulinyl ester cleavage under the conditions
studi ed wa® 2baeT76t han that of the ionic tag, wth hal PCrica2s11600950
approximately 0.76 and 2.82 mnutes 2B respectively, corresponding to
conpl ete cl eavage of the levulinyl ester in just over 5 mnutes while the
tag required al nost 20 mnutes for full cleavage. However, even though the
tag cl eaves svhege S .0WByntiHeans tdke olrehmdqnaylgaeg@ekeumde;dtths ¢ohdiarfions
studi ed, theitsodemivatésatioonwiie prpiesyed F'odeonmucleedid§e of 25 the
3'-hydroxy| protected |l evulinyl ester by hydrazine is 20 m nutes and no
degradation is observed in any of the other protecting grouygsodd that tine.
This indicated that the ionicgzzg is suitable tp the reqU|reQ)task and it
d

is therefore a viable raute t ener aitdtng | W

vel | . 30 The\agujva aldqcondepsed wiish a 5' - %ﬁ 0- TIP,Uri dijne

nucl eosi de (12) %gcheme(szga) usidig={ he ogsane condl(sml ons | oyedshor the
derivati zation o O- DMIT - Thym difie. The 1H RWVR of the coupl ed

ri bonucl eosi de did not appear to éhow any 2'-3" silyl 35 isonerisation. 60
Schene 9. Derivatization of ganma keto-acid ionic tag,(60) with

ri bonucl eosi de (12). A§ n al terg}atTLFngto t he g -ketoester |inker 60,
3 J
MR 2 d

a novel |i nkeromieedyed.fro %et g (Scheme 10).
Scheme 10: Synpisesis of or{hogg@nal Zg\a?ﬁvrﬂzoketo aci d gs,ag 70) and its

derivatization with a protggfed ribonucl eoside. o0 @wo(65)0 65% (2 steps)
Its synthesis starts by treating ketopemlic acid (63) V\,i th isopropanol and

catal ytic para-tol uenesul fo cid uswg a Dean Sta rap to esterify
both term nal carboxylic ac?h) rg

|et|esN urfford g (6 oThe Luse of net hanol
and et hanol (-A¥tEYd of /QJ(\)WOEt

P
imidazole, CH,Cl> {58) (59)
(86%) (95%)
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k j DMTrO ‘ N’J*o
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ACN 61y ©
(88%)
5 Upon selective removal of the tag, the nucleoside (or dimer or
trimer block) can be converted into 3’'-phosphoramidite
derivatives, by the protocols described herein, that may be used

in block condensations.

10 Several approaches can be applied to obtain the required gamma-
ketoacid (60). For example, Scheme 8 employs a Stetter reaction
as the first step [(51) + (52) - (54)], a reaction that
transforms aldehydes into nucleophiles using catalytic amounts of
a thiazolium salt, e.g. (53), in the presence of a mild base

15 (Stetter, H. Angewandte Chemie, International Edition in English
15: 639-47 (1976)). Thus 4-pentenal (51), an aldehyde attached to
an aliphatic chain terminating in an alkene, was activated as a

nucleophile and allowed to undergo a Michael addition using ethyl



| sopr opanol)

( in this reaction resulted in |lactone formati on as the maj or
product, instead of the desired diester (64). Schenme 11: Esterification

pat hway (W8)orbeperrds on t he bul ki ness of the al cohol's achydA2gricogsoHO COH

1:291>. -1 Wcat lactone 0(63)0 ROH#+ cat RO OR=i-Pr (64) 5 00

~ester (64) is isolated and then reacted with ethylene glycol
and catal ytic pyridinium para-toluenesul fonate by ref

Stark trap QweyDight (320 faer rehkheleytcdopbiket al THESJubistir869% ywexled Mo¥ed t wo

di i sopropyl

| uxi ng in a Dean

The

steps. Attenuts Lo Use; &l hs%hggg,sﬁgag%yaggomgdeqm Jerla@of OF Fbotdudthen cycl i ¢

ketal and glycol est’er "t esu

e undesired |l actone derivative (Schene

11), necessitiating witaheatwdephd iangei bn VaAd-HeSFERS FIEPREY i GRDEXarPRed out
In two separale ;3 ePxked by the addition of triethylamine. After 18 hours
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the solvent was removed and the material obtained was subjected

to a dichloromethane/brine extraction followed Dby flash

chromatography . The desired product, (54), co-elutes with an
acyloin side-product, (55), in all the solvent system
investigated for the purification. The yield was approximately

25% (as estimated by 'H-NMR analysis of the mixture), however,
enough material can readily be obtained to continue with the
synthesis, with the impurity (55) becoming easily separable after
the subsequent step. The next step in the synthetic route was
to protect ketone (54) as an acetal [i.e., (56)]. Refluxing for
4 hours was found to be adequate for this reaction to reach
completion and the desired product (56) was obtained in 90-95%
yield. The product (56) was easily separable from the acyloin
side-product (55) generated in the earlier step, which did not
appear to undergo any transformation in the acetal formation
reaction. The identity and purity of (56) were confirmed by TLC,
LR-MS and NMR.

With the gamma-acetal-ester, (56), in hand, the next step (Scheme
8) was the hydroboration of the terminal alkene. This was
achieved using an in situ generated dicyclohexyl borohydride
reagent. An appropriate amount of cyclohexene was added to
borane-THF at 0 °C and allowed to react for one hour, then (56)
was added to the resultant slurry and the reaction was allowed to
proceed for 2 hours at room temperature. The oxidation of the
intermediate borane was achieved by the addition of aqueous
sodium perborate, a mild oxidant that left the ester intact, and
the reaction was continued for another 2 hours. The reaction
mixture was then extracted with ethyl acetate and the product,
(57), was purified by flash column chromatography, providing a
colourless liguid in 80-85% yield, with 15-20% of (56) also being

recovered. This reaction never proceeded further than 85%



Cyclic ketal diester (65) is taken up in nethanol and 5 15 equival ents of
aqueous |ithium hydroxide is added to the reaction to preferentially

hydr ol yzewoneizri®s over both, producing a m xture of cecpaardsa/0E@E) and
(67), which are separated in yields o8 40 and 60% respectively. Coupling
to the phosphoniumionic tag (68) to the cyclic ketal nonoester (67) was
acconpl i shed 20 using TBTU and DI PEA in acetonitrile at roomtenperature
for 6h affordﬂnbgrgwmo% W On ]idmg8ﬁ%eyaiceid1 tAfneeron sol aitdreas¢ e tsepr opyl
ester was hydrol zed by a np 0)cdn
nearly quantit’ ﬁf“lyve Vi e berOkﬁyl\%% al ter ae%?veg%g%%t%g tﬁ%*éop?%pyl
ester (64) andbstBHe vvere not isolated 25 after each step, it can be

i mgi ned that the conversion of (63) to (66) or (67) can be achieved in one
pot. 62 Also, an alternative approach could be tp selecti drol yze
conpound 5 65Fner BT HHRFYRLGRNY - (S% 4R RBAES oI Y SERPRE W@P%?slpg’lmﬁnth one
equi val ent ofnd hetphvspbest et ag (3618) in petdent ital bynémcreasé ngeoniend| |

yield and reduci ess b Lone step ? e t 7 t hen
conj ugat ed t%mfnﬁgg t(?&ﬁydro brfea on ¢ %%%l e %%R’Esf)ﬁlﬁ ﬂg?én%%legﬁcoupl i ng
condi ti ons wddkupBTadeandl Eld2ERAgE oocaq‘ufree@ dapbuirdhe( 70) they formatipngofpder at e

|d of 45% . ld 10
i ford ke (Shranpbduy ER I8R SR G R e SRt o s e i

tag of il eomicdéonIasegar fedemi peR i@y éévé‘@% PEERERTS Ghis 1?‘61“%%\)’51“ t hat

i's, treatnmentewi D Judr a4} naydyshrahec | Bedd pﬁéh&!d‘t@dﬁn@naCedHeC @é‘elld'ed
soI uti on. These condi t| ons have been shown t be corrg%]r blg hg
Fi‘art he

protecting g'RstenpiBed V& RI\‘PRtgiil?ﬁ%eﬁls Ut*ther %F0ni ¢
nature of thendoagtpgtaphi’S pr ecipsdoaenon basamﬂe[msaticprcatl ontdf the,2-

nucl eosi de as, e%%gr]en%dogt forl?(;% A{lqrh?él) reél[lteﬁ desided, ; flcdltagand

tri-nucl eot i dee Ve ternativ given that a tag
cont ai ni Yy géFAra- ket P rest eardasepriigddonal |y cl eavabl e, several other routes
to anal ogous 15 nol ecul es are al so possible. One approach to a si m | ar

nol ecule is shown in Schene 13, and exploits the 5-br rml evulin derived
ylid to attathf B2l isHeBF 1 "PReSHURRAIkSSEPE% & HIBT§Y adesfid) Valgﬁ Schene
13 [Ronal d, & tGe; awﬂﬁ@ Qhd &sted. ad ordinabks 0fniChgaer «¢ hehesri &t tie 48nit38- 9

(1983)]. Thi s vvould n f 20 _the transforati |.ready
denonst r at edm?’oﬁr'ytﬁ" éf‘?gry % 6\8126‘12?052? é‘??CAzgf.?ﬁ%c}égw 63
depi ct ed2d n Sgleens scldl wele edseidt tmfevemtbetb@sbpbbeeqteom flelipesd &y in a

single step wif) thi a&%e&ga%t sipce neegppbnd%hsentdernvge tdaokRle MO ety
and an al dehyde can be easi | 1€ﬂgyepar ed. hene 13: 5-Bronol evul i nyl
(o

derived phosptiisilym yFikpesyph ﬁhﬁod?wtﬁh’c%ﬁ% BeriHe altet tWO

ganme- ket oackgs, ﬁ&ebydrm@nﬁtﬂs@nao&)agbemécﬁ&ulaalegeaa;lal_sjenefv\em deddelcel y be
necessary since it would be conj t o .t he, ketone and onj Lgl at ed

syst em woul d F9kefgi st or & sij V\n&lcﬁ'dﬁ Hd7Phe S0 Bﬁ?tior‘?é‘ | eavage
of the tag. J:&rboscymneleacsﬂdoaddtbamvet hb¢ aceuial.t alise rpe;pteetmdameterueal

dinmethylimd | iumt sho ch e ri-hed X plicgation
Publ i cation KR;)B ’V\ﬁaﬁo%sogé\é\%%l%eg géq 8§I—f°%gt§8a1{1. , ‘xll%@e cgr{it é\ﬁt S egf whi ch
are i ncor por ab ededsy efar by -A8f dpercefoliowed bnt thet §3diShpe abf eatietrive

Supports MaY.oncentrated HCl to bring the solution to approximately pH 1 and
finally drying under reduced pressure. The excess salt was

30 removed by suspending the resulting solid in
acetonitrile/dichloromethane and filtering off the insoluble

material. The product obtained, (60), appeared pure by TLC, LR~

MS and NMR but likely still contained a small amount of sodium

chloride, which could not be detected with these techniques.

35 Anion metathesis at this point also led to significant

decomposition of the resulting product, as in the acid mediated



15 include, for exanple, phosphoniumionic tags. Another possible approach
to the sanme substrate would be to use a nore traditional Unpolung reaction
t han t he Woeaebt2mn4mppr oach, enploying a dithiane deri vedPCram2bh@ossne

al dehydes as the nucl eophile (Schene 324). 64 Schene 14: Dithiane Unpol ung
approach. The sane M chael acceptor could be used and this approach woul d

elimnate the conpeting self-condensation reaction observed in the Stetter
reaction [Sca@@rst&tlaﬁodunk b2bpidellzald] t(sioanevds woablk alpso ta@ravéems t he

ket one protecti n%%gr oup for the bul fléfl% th%o(lggect P@q%p\@gg&&i “{alngg;y be

stable to t HEFP c?g Featfent’ e for renova the sil et her
(TBMB). Thi seiappr @actuokeasifieal so use frmny ofsipfe @T@ﬁg%fr%&wbﬂgyaéed in

the current | pvgntione.ihuahdheitihm g ak1ddepdiidd aneseheavageche
liberate 10 t'hé ketone m ght be required prior to the installation of the

i oni ¢ it yeouPt irheageigetd SRR dPPYt EHi sCUPEANRgE Dr BUEY dFFFIEREFL to

separ ate fromduheasiesisied @I&ﬂl&ﬂ‘e cbﬁ}p]tﬂmgt pemdm@eqﬁhﬁthltanﬁrai@ruladd be

cl eaved i medi ately aft ond <1:11(1)r tian gp ;gcet al

coul d then be'S RELEP | &XF afgeAﬁorgﬁrltrg‘?%C}f f’ﬁe orthogonal ~ | evul T nyl

| i nker descridmedaadoute ipsegerdeght cétzaaxﬁamxeabbrﬂd@erlnwhh@mmhl‘% modfapved i n

t he presenceﬂ}of g%J)duscttanglﬂr 8E|§&§ug{:§&tel gsorprlg}lgcgérqlgsgc;ﬁlégs This all ows
e con

for the use renel itrons to expoSe the 3'- "hydroxyl group
at anyti¥e during the syntheS|s of blockers. In 20 conbination with the
2' - TIPS protegli ng YePipadiBene duz186sidesk(af) siliyl ragr,attmen, cBéalva\ybng for

the production of regioisonericall re. bl ocknmers ich can readily
converted i ntRPIEREEDITSASRT of e ?ﬁghcggfﬁf‘]ne%al“@a Ifertc}?\gp'f\iblﬂ@&lﬂ Eaeg af:rroi“vat i ve

(80) begi ns whd hnacieﬁwlalaorvterandstaidegantansit eq:xsnpraepmtt@d bhyodef | ef deher

25[ Pfl ei dere . al . Hel veti (20049 ] 65
Schene 15: S%W%é oefSt otk oliott 8€e éf(;%%ﬂ #es %%rl]lg nlgetl’l gsam d
was cool &3l t@escl@@scandbaﬂveetttwlm,!@t% alellg@m(fm Wibd dang el esker 239 #Fn to

the sitting golptign,e them all-puedh %Eﬁb@ct laefé&_rmgoarm BendhQrBt Xdting Was
guenched over crushed ice and the solid premfgl tate

3-ni tro- 4- et BYAUPSedRoitEe aBPEES) wdsecoftect dleé’Hal%ijs‘TS&FFl §ETFYREN et hyl
acetate and &%@netslel Bofkiad oys elsﬂ.ldlga%las Tf]ﬁt‘éertheilutgﬂatesfethd\/asonflor med
usi ng DCC and DVAP, with tert.- buta ol _under condi ti ons Lhe

f or mati on of t??re witdh B (S pSpdREr o }ma Yvat ?@e V\gstza% |I§%/%u

descri bezb byr&ideei tieslar, byr:terseandn@ thecdampietbutlphvast of wie Hevullnyl

par a- f or mal dehYde .an yii Ny, Of asghumt.ahla byt pddey n an
aprotic di po %'?qrsoﬁ% gl ?t &L 3 &l y e I,%%t %9 Cf %?IBE [Pfletl dgr er, W
et al. Hel venimgeShéed nﬁvéé\ Aheeaaraggs gﬁowesgx) (€760451]ougRhENS &46t FEFRYSS t hen

quenched andypgut rs%wlzﬁdthah plE'hZ vmetvm;nM Hedseryi Qh&’éxngtﬁé WY of i dnfze

desired product (76). The newy forned r| mar hen rotect ed
Wi th Fnoc- C18FyAed. aﬁh‘*acP%F“?tlaEF%Ctﬁ'rOBté re n‘”g‘“‘éw"ﬁé% P‘% t'sheal &ivage of

the t-butyl endes’ widioRPPb gFddcne®Clewlihglt egee:depyohgdztazdneofist p7]
primary hydrt%%ydte%roal'rll%' Vr\!ot hgegralc:igpfon is observed in any of the other
protecting groups in that time. This indicated that the ionic
tag is suitable to the required task, and it is therefore a
viable route to generating oligomeric building blocks as well.
30
The tag was also condensed with a 5’-0-DMTr-2’'-0O-TIPS Uridine
nucleoside (12) (Scheme 9) using the same conditions employed for
the derivatization of 5’-0-DMTr-Thymidine. The 'H-NMR of the
coupled ribonucleoside did not appear to show any 2'-3' silyl

35 isomerisation.



protection, dehydration of the newy fornmed hydroxyl wll occur, 66
formng the propene derivative. As well, after the installation of the Fnoc
it is inpEoabimedstinat the conmpound is not exposed to surCrgo0mreovasngst en
light for long periods of time, as thios conpound wi |l undergo photol ytic

cl eavage, as per the design of 5 the nolecule. The newy fornmed free acid
is then coupled with phosphoniumionic tag (53) with TBTU in ACN and
wrapped in alumnumfoil for 8h which affords the tagged species (79) in a
nmoderate yi el H5% pitivaligiochCo£afinhy tpaidicdohi®magnys®t atth ng
materi al by A@os@tisvaighr @aat ography. Next, the Fnoc group is renopved under
standard conditions by treatnment with 20%4 nmet hyl pi peridine in DVF for

yi el di ng conmpound (80) in good yields. Al though no protecti ng gro p can be
removed at the primary al cohol, thisonpound shoul d be keg) dar k at
all times. This is due to 15 the famhat it was observed “‘t“ﬂw

degr adati on doe§; occup over, t iOMEQ BYG&h, nore sf ow y ot han en the
Fnoc was pres,eEﬁ/\The)Lp(ey $ous sy}&?m s—crf‘—t‘he Lkéﬁ

somewhat | ong\and requirés the usetof™an expenS| ve=transi ¢t ?)r ot ectl ng 20
group, Frnoc. In an &% enpt to short®n the synthesis we weff& able to avoid
protectian, deprotection, and re-protection of the carboxylic acid noiety,
whil e increasing overall yields. This was acconplished by directly

conj ugating g %Bdéiéé%%al@b@I%Boﬂﬂlél@ah@&li&tbagze(ﬁ&nmntai rd Iihgval primary
amne in place of the hydroxyl rgué), creati gg alp aﬁmgseh AN conmpound
(81) (SchemeliRéFr d9fiiye ’:Sm&bhF%‘?P@ © FEL A5 8O PPfe scyﬁf“%em s of (80)
(Schene 15) using TBTU and triethylam ne as coupling reagents produ0| ng
(82) in 35% Sihemd [Amofrithesid)of cEPhaqreegam@a-kats Acig fiated/Y AP
phot ol abi | e Hemiderivariegbion Withd REPETHSAIT HRARECIRIEFR i s provi ded a

process for attaching ionic tag (82) tg a ri bonuclglce)m de, aHprdl ng a

bui | di ng bl ock o oy -ProH o o glycol

(64) 65% (2 steps)

LiOH (5eq)
MeOH/H,0

@ ~ =
/J:ssk\ 0_0
NMOT TBTU, NEL O eneo% °
69 ’ 3 o
(69) .\

8% © ° ACN
0. .0
HoMOH
l LiOH (15eq) o) fo)
MeQH/H,0 (66) 40%

5 0
Pfea—é’e— DMTrO Ek NH
/_f R® Br DMTrO N/Ko
/ o(q OTIPS \ 7 0
OH

o_ 0

(70) TBTU, DIPEA 7 MO OTIPS
0 o 45%
10 95%+ ACN o 5 o

Its synthesis starts by treating ketopemilic acid (63) with iso-
propanol and catalytic para-toluenesulfonic acid using a Dean-
Stark trap to esterify both terminal carboxylic acid moieties,

affording (64). The use of methanol and ethanol (instead of



5 (85) or (86), for further elaboration into oligonucleotides. The general
met hod for carrying out the conjugation is shown in Schene 16, and invol ves
phosgenatworrofo2ttre i onic tag foll owed by its attachenme®CTiaA2011000950

3' - hydroxyl group of the nucl eoside. 6fhus, phosgenation of (80) or (82) was
carried out by a nodified 10 procedure from Eckert, H Auerweck, J. Og.
Process Res. Dev. 14: 1501-1505, (2010), and is outlined in Schenme 17.

Det ai | ed expeihrBsM1) PLACERLY eseabaiogenanatedgiphbsgene foomttphphosgene
and phenant hri di ne are described i.n eri t egdqdion (Exanpl es).

68 Schene 1fhecﬁﬁ]?fg§f?‘g%cstdf l%%tcelago%tlt B%e( %lrteo %he%tcg abiTé ionic tags. A
sol ution of nucleoside (12) in acetonitril ? i.s .added di I ct{> 1k5 tegsn‘i xture
of DI PEA andSatgEe pHos gEREeTdEREFHPBIPAINGE, (S d I8P SRed™ (T osPTHPSP%8 h at
room t enper fultde %“Pgi’léﬁjd‘ilW{)r?rBf’PEt hyl acetate, the mixture is washed

Wi th sat. NaHCO3 and brine, and precipitatedo n MIBE to renove excess
(unreact ed) nucl eoside and DI PEA. The resul tilng pPBcipitate is further
purified by columm 10 chromat og i n DCN"MeOH. cl qé)c%nges such as (86)
have a nunber of applications. t can serve as ting materials for the
synt hesi s of diner tringrs or larger oRFiericl edtides requiring only a
precipitati oH® tion by virtue of the polar ionic tag at the
3'-termni. 15 sired ggnat h has been synthesized, the 3'-tag and
all protecting groups can be cleaved yielding bhe free (unprotected)

ol i gonucl eotide. Alternativel yH b#cause c%he 3' qi on tags C n be selectively
cl eaved wi thout debl ocking all other pr% WW on the heterocylic
bases or sugar-phosphate backbone, it 20 ovi des aopnovel (#kan for
preparing protected oligonucleotide blocks containing a 3 -hydroxyl group
that can be fyuther slahoratgd.t qea) 3izphesnphebanindi ttdederbyaidavasithhese
processes are exenplified in the synthesis of the tetranucl elcgzti de r AGCU
starting fropinderecslivgel (B6) cpatWarE Py 3B1UH #3218 LOLRERTTH SR &Y carri ed
out in the dasdRynyrapRi Péard Bearieachp o rhlgisksonEdin ahandyrancflatal to
avoid premature cl eavage .of _.its ianic photol abi . .. 6 C

18: Synt hesi slljfﬁ) i’@n-ﬁsggdéai? PG I fslr%g]?ns nucl é(%g?rg ZE%( g6) %S§ U1 ene

3' - Taggeth ur ytidea( 86yeasdettoi fytmt sy addi ng3%cs ketat | ot cdoeel ceeird i n
Dom and al | oyl fg cLhe ] Xtee {oeibia f Qacboll Nacidlidiven plonaRLhangl

ensur es quenc?‘n ng of the trityl cation, preventing the re-tritylation of

t he 5' - hydr oR§desgrbapinaThbeat gder brisatten i%dtwagr Eimstiar &8¢ FRTMIFEE to
renmove DMIT Opg, @ndlorsVFsHscdpe. conpound is then filtered over celite,
10 collected in DCM and re-purified by colum chromat ography affordi ng P4
|0 o yiel dey INg Syidieskpe fle A1 ) 1 EPULRON oM P4 idRRakAr T hisdl qut by
coupling w tﬁ r phospahor amdite nonomer (88) inthe presence of

4, 5-di cydhoi aindazdbets DE jauenyd 1 Heipesdriongls dsutddid wastha Fea&d o stir
at room tenpegabybfe baci O3 Mrarb@pzLbhe/ abanls Hlert ethpupaddlcings sadded
to quench excess phosphoram dite ol | ?wed bg. 0 eg of terté but}lll 14

hydr oper oxi dBI¥ETR ohfeorpgurds JPEY i (B dedBie) 3F6 BRATRLES ffley elds

i nt er nucl eot belesphasphiok e iddpest £rellyo t heupiihg sé atilee ppbesipindtie {oriest er.
The reaction_is then concentrated to ' e [ I Qi nmount s
of dichlor onﬁ?%arﬁgg)( ﬁ/p,gh%n%ycplrlecikﬁfggt g"l&‘l’?enstt%#BEG?)g ‘rg%rm?/%cmg@ F%eggss

r eagent s20 ThesjprediBaPt and AL BBAOER sxcatontapidat el Fomt Hevperadeneefof &iny
quenched phogphoranldichBpdshadetedst ad usTLhGe1daggedasied diseRhac{R0)cneas
isolated in 95%vyield (0.63 g). The abqove process was_repeated as_descri bed
above, 25 usiAPHWEL apprOpricat &YPRYYFREr 8 ttPest™ iP’iePHf"é"‘{)tlﬁﬁnﬁP f‘g%rc\/vas

obt ai ned. Fukbmgypar (n@ntial ngrrageduired tanireC haeRct erf zat monalueenprorw ded in
the Experi nerrr]\gt?ljxods,eqc%leor&iggpat%%gf?s)ester (64) and (65) were not isolated

25 after each step, it can be imagined that the conversion of (63)

to (66) or (67) can be achieved in one pot.



70 Schenme 19: Sel ective photocl eavage of orthogonal phosphoniumtag from
tetramer (91), affording protected DMIr-r GACU-310H (92) DMIrO&ua" 0
OTBDVS MWoL8rM247deBz 0 OTBDMS Me0-P=0 1 OMAc 0 OTBDRBTACAweO-/00e830r a OH
OrlPS (92) Tetramer (91) was dissolwed in 1 nL of wet ACN (1200 ppm of
H20), 5 and transferred into a quartz cuvette. The cuvette was pl aced

I nside a photoreactor with stirring. The reaction was conpleted within 15
mn (TLC analigsi sin dherAhxiwe eppasacdoroedd ri déo tseladivivelhahydnpdeere and

the cl eaved { Q0oL EIOYEE) DY PrEG! PALALLAN Mol TokNYInck Bilagh 84 Nehié MTEE)

The desired T€traner was 10 found in t sol ution, which was collected
after concematarial whthseingt | eivalentyness. thesoPRspdopi et dtads §8%s (92

mg) . Phosphigylat | O 0 néA2kingSorlesst | Padapaey st yng aae predsdeny he
3' -phosphoranidite derivative (93) that is suitable for RNA synthesis via
bl ock cowpl iR SIEP-
The ionic tag (70) is then conjugated to the 3'-hydroxy of
ribonucleoside (12) using standard coupling conditions with TBTU
and DIPEA to afford compound (71) in 4 h in a moderate yield of
45%. It is envisioned that mild acid hydrolysis of (71) would

10 afford K3 (Scheme 12).

Scheme 12. Mild acid hydrolysis of (71).

0 0
% /_ér; | /I‘Jl\\H S\Pf@_éro_ 7N
/IP\iL /_\DMTrO oN"So /_f \) HO N ,go
N Q o) l§ 7

0_0 iid HO*
H mild H30
o Mo omes  ™M¢ HNMO oTIPS

K3
0] O 0 o)

The ionic tag of nucleoside K3 requires mild cleavage conditions
for removal, that is, treatment with hydrazine hydrate in a
pyridine and acetic acid solution. These conditions have been
shown to be compatible with the protecting groups employed in RNA
synthesis. Furthermore, and the ionic nature of the tag permits
precipitation based purification of the nucleoside as carried out
for compound (71), or if desired, of di- and tri-nucleotides

derived from (71).

Alternatively, given that a tag containing gamma-keto ester is
orthogonally cleavable, several other <routes to analogous
15 molecules are also possible. One approach to a similar molecule
is shown in Scheme 13, and exploits the 5-bromolevulinyl derived
ylid to attach the linker to the gamma-keto ester moiety as shown
in Scheme 13 [Ronald, R. C.; Wheeler, C. J. Journal of Organic
Chemistry 48: 138-9 (1983)]. This would also utilize many of

20 the transformations already demonstrated for the Stetter approach



WO 2012/ 024776PCT/ CA2011/ 000950 71 Schene 20: Synthesis of a tetraneric

phosphoram di te derivati ve. A i gonucl eoti de Synt hesi s. I n anot her

enbodi merwQ 20tene776s provi ded a process for preparing 5Pam/aQ&20E000950

ol i gonucl eoti de, said process conpri si3ng: a)condensi ng a phosphoram dite of

formula (ha): OrPS RpA N(R)2 (ha) wherein 10n is an integer fromO to

19; RL is a protecting group; R5 is a protecting group; 72 Rpis a

protecting group; Ris lower alkyl, or the N(R) 2 moiety is a cycli

al kyl ami ngePirtesd dapbSERetR dtt c;}@ﬁ?‘ﬁdaﬁ(ﬂa‘gﬁgﬁ%’% prer élfo&séB:L?/ trﬁ)f%ﬁl]él }g‘lﬁee; 5B

is a nitreggn-£ontAi BiAg1dasep with this approach, since compounds
containing the ionic moiety and an aldehyde can be easily

prepared.

5 Scheme 13: 5-Bromolevulinyl derived phosphonium ylid approach to
the synthesis of ion-tagged gamma-ketoacids.

o)
PhsP o i
3\)’\/\”/ N+ TBSO H . TBSOVM/YO\
0 0]
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HO. O
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0
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\®
sF, W 0
BFV\/\j\/\”/O\ —, &N\/\/\)\/\WOH

0

The hydrogenation of the resulting alkene would likely be
necessary since it would be conjugated to the ketone and this
conjugated system would likely react more slowly with hydrazine
10 during the cleavage of the tag. It is understood that other ionic
tags may replace the dimethylimidazolium tag shown, such as those
described in PCT Application Publication No. WO 2006/096963 to
Chan, T.-H. et al., the contents of which are incorporated herein
by reference in its entirety. Suitable ionic supports may

15 include, for example, phosphonium ionic tags.

Another possible approach to the same substrate would be to use a
more traditional Umpolung reaction than the Stetter approach,
employing a dithiane derived from the same aldehydes as the

nucleophile (Scheme 14).



wherein each B, Rl and Rp nmay be the sane or different from any other

and Rp, respectively; with (a') a functionalized Iinker L bound to a
support Woteraizn776D i s sel ected froma solid support oPCRICA20MV00SHpPPOrt,
or (5 -OHNL (b") a conpound of fonula (a') (c') wherein (5-H)N is a
nucl eosi de/ ol i gonucl eoti de chain bound to the solid support or the ionic

support via the 15functionalized |inker

B, Rl

L and having a free 5" -COH group;

b) oxi di zi ng sthéndreducsi thfi asd @RpbBInd appwaeha conpound of formula (VII1):
0 -n Bo OIPS RpO-P=0 O

10

15

20

25

0]

TBSO\/\/\H/H —_ TBSO\/\/\(SPh ——»TBSO\/\/Y\)J\
OR
0 SPh

PhS SPh

DMTO B ) l l
\
_\ﬁ E '}\ B? N&i\( 0
® - &/N\/\/WAOR
PhS SPh

The same Michael acceptor could be used and this approach would
eliminate the competing self-condensation reaction observed in
the Stetter reaction [Scheme 8, product (55)]. The dithiane
would also serve as the ketone protecting group for the bulk of
the reaction and would likely be stable to the fluoride treatment
employed for removal of the silyl ether (TBMS). This approach
would also use many of the transformations used in the current
invention, though the timing of the dithiane cleavage to liberate
the ketone might be required prior to the installation of the
ionic moiety, if the reagents used for this cleavage proved
difficult to separate from the desired product. In that case,
the dithiane could be cleaved immediately after the carbon-carbon

bond formation and an acetal could then be installed.

An alternative to the orthogonal levulinyl linker described above
is a light cleavable linker which can be removed in the presence
of all standard ribonucleotide protecting groups. This allows
for the use of extremely mild conditions to expose the 3'-
hydroxyl group at anytime during the synthesis of blockers. In
combination with the 2'-TIPS protecting group there is no risk of
silyl migration, allowing for the production of regioisomerically
pure blockmers which can be readily converted into
phosphoramidies. The synthesis of the NPPOC like derivative (80)
begins with a few short and elegant steps reported by Pfleiderer

[Pfleiderer, W. et al. Helvetica Chemimica Acta, 87: 620 (2004)].



lilY Lo (MIl) 73 whereiny is Oor 1; n, B R, RS R'-),and N ar

defi ned above; and c)optionally, 5(i) deprotecting the tez;n' nal 5' -SRgS

group of wbeoprmewet of the previous step to forma freecChca2eH/iogosup; (i)

condensi ng the product of step (i) wdah a phosphoram dite of formula ’(ha)

9 OTlPS RpO-p 10N(R)2 wherein n, B, RI, R5, Rp and R are as defined above

and each n, B, R, R5 Rp and R may be the same or different fromany ot hér

n, B, R, R R0 1520gnFhedi8SBE PHokelabilei idgicoxagli @ong the product of step

(ii); and (|vl3 optional Iy repeating steps (i)-(iii); with the proviso that

If yis O, step (c) is not optional; #p forma bound N ner ol¥f:gonucl eoti de.
OH
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HNO +°H >< HJ\H +
Ho 3 (0] o
o (13 DIC, DMAP 0 g:ﬂ)/o JFOGK@, t-butanol
DMF, 90°C  3h

FMOCCI | Py.DMAP
ACN

§ S /_/6_ O (FMOC)
/\/\P/®\/\ NO, /—[_:\3\ H NO, O
iom OIO .Q T;Tj Pyo ‘80% TFA in DCM ‘}70 m O\g/ Q

ACN 30min o) 86% (or Lev)

(0] 82% (two steps)

N
.
/,/‘ ON OH
20% 4-methyl
piperidine in DMF /—[’ P\ﬁk

o (80)

71%
0

Fuming nitric acid was cooled to -10°C and 4-ethylbenzoic acid
(72) was added over 30 min to the sitting solution, then allowed
5 to stir for 30 min. The mixture was quenched over crushed ice
and the solid precipitate of 3-nitro-4-ethyl-benzoic acid (73)
was collected and crystallised with ethyl acetate and hexanes in
good yield (95%). The tert-butyl ester was formed using DCC and

DMAP with tert-butanol under standard conditions.

10 The formation of the 2-substituted propan-1-ol derivative was
achieved as described by Pfleiderer by treating the tert-butyl
ester with para-formaldehyde and a catalytic amount of potassium
tert-butoxide in an aprotic dipolar solvent, such as DMF or DMSO,
at 90°C for 3h [Pfleiderer, W. et al. Helvetica Chemimica Acta,

15 87: 620 (2004)]. The reaction is then quenched and neutralized
to pH 7 with 1 M HCI, yielding 85-90% of the desired product
(76). The newly formed primary hydroxyl is then protected with
Fmoc-Cl (77), an acid stable protecting group. This allows
cleavage of the t-butyl ester with 80% TFA in DCM without

20 deprotection of the primary hydroxyl group. Without Fmoc

protection, dehydration of the newly formed hydroxyl will occur,



In anot her enbodinent, y is 1 and N is a nucl eosi de.

| nyet anot her enbodi ment,is /AG =PG -r 0 0 In still yet another

enbodi merwo 201vene77ss provi ded a process for 5 prepari ngPam/420E/000950

ol i gonucl eotide, said process conprisiéng: a)condensing a conpound of

formula (lIib): OH OTIPS 1 0 wherein nis an integer fromO to 19; Rl is

a protecting group; R5 is a protecting group; 15Rp is a protecting igroup'

\eNa)cﬁOEZ/ %4%%%8%/%%%%%&@%917&ﬁei.5 Bs el ogeftegohhai insngl bagen wher ei n
: may be.the sane.or differe

respectivel 95 Skt ﬁm%'%/ FunBt T9WAFT zed tlgﬁa%k@?e E%B%%%g] ?gy%% ib%?\?%d E%pgpg e

(1), b)oxi dizilnght her prosgmttenoflighepi¢m)leny fRETAPAS cOfpbiffd of° th1s

compound will undergo photolytic cleavage, as per the design of

5 the molecule.

The newly formed free acid is then coupled with phosphonium ionic
tag (53) with TBTU in ACN and wrapped in aluminum foil for 8h
which affords the tagged species (79) in a moderate yield of 65%,
which can be easily separated from any starting material by
10 column chromatography. Next, the Fmoc group is removed under
standard conditions by treatment with 20% 4-methylpiperidine in
DMF for 2h, yielding compound (80) in good yields. Although no
protecting group can be removed at the primary alcohol, this
compound should be kept in the dark at all times. This is due to
15 the fact that it was observed that some degradation does occur
over time, albeit much more slowly than when the Fmoc was

present.

The previous synthesis of the light labile linker is somewhat
long and requires the use of an expensive transient protecting
20 group, Fmoc. In an attempt to shorten the synthesis we were able
to avoid protection, deprotection, and re-protection of the
carboxylic acid moiety, while increasing overall yields. This was
accomplished by directly conjugating a modified phosphonium ionic
tag (68) containing a primary amine in place of the hydroxyl
25 group, creating an amide bond in compound (81) (Scheme 16). This
was achieved as described for the synthesis of (80) (Scheme 15)
using TBTU and triethylamine as coupling reagents, producing (82)

in 35% yield (unoptimized).



formula (1X): 0 Orl PS 10(1 X) wherein n, B, Rl, R5 and L, are a
defined above; and c)(i) deprotecting the termnal 5 5%5 groub of ch
product olotzhe/queeious step to forma free 5 - 150H gr @gm/CAzbitjooesndensi ng
the product of step (i) with a phosph@ranidite of formula (ha) 76 9
Ofl PS RG-Fi, N(R)2 (ha) wherein n, B, Rl, R5, and Rp are as defined 5
above, and Ris lower alkyl, or the N(R2 noiety is a cyclic alkylamne, or
a substitut ggh LuChs £ shbkY! AthesiPoef pictblybimr phoid teg Wrei n each n, B,
R1, R5, and Rp may be the same or different fromany other n, B, Rl, RS
and Rp, respectively; 10(iii) oxidizing the producty of step (ii); and ’
(iv) optionally repgating steps (ig-(iii); to form\% b d N-ner
ol i gonucl eot i de. /_/’ O o BY  NO;

H

N

©
/_/,p@ Br TBTU, NEts /_F P\\L
\\\\ HO —_ .

ACN 61

NH; HCI 0
6 2
(68) 73) 84% (¢}

0
]

S s /HJLH e

o .

P® Br N02

/_f \ OH DMSO, rt

H

N 12h
(82)
0

35%

In another embodiment, there is provided a process for attaching
jonic tag (82) to a ribonucleoside, affording a building block,
5 (85) or (86), for further elaboration into oligonucleotides. The
general method for carrying out the conjugation is shown in
Scheme 16, and involves phosgenation of the ionic tag followed by

its attachement to the 3’-hydroxyl group of the nucleoside.

Thus, phosgenation of (80) or (82) was carried out by a modified
10 procedure from Eckert, H. Auerweck, J. Org. Process Res. Dev. 14:
1501-1505, (2010), and is outlined in Scheme 17. Detailed
experimental procedures for generating phosgene from triphosgene
and phenanthridine are described in the Experimental section

(Examples) .



I n anot her enbodi nent of the above processes, n is selected fromO, 1, 2
or 3. 15 In yet another enbodiment of the above processes: Rl is TBDVS; i?5
i s sel ectwo 2020 DMTr or MMIT Rp is sel ected fromcmataryi1/opdssy,
2-cyanoet hyl (CNEt), orthochl orophenyd8 (o-ClPh), or para-chl orophenyl
(p-ClPh); 20R is selected fromisopropyl, nethyl, or ethyl; and

WD2012/ 024776PCT/ CA2011/ 000950 77 B is a nucl eobase protected on at

| east one nitx&@en7 by @nguddtabheoNnprdéeniten(lYr 6apphotolabiler épricabl y t he
N-protectingagg.oup i s selected from

Ievullnyl,acetyl difluoroacetyl trifluoroagetyl,

Si sobutyryl, benzoyl, 9-fl uor enyl met hoxycar E%P‘Fyl ,
phenoxyacet yI %?%T hyl f of,mam di ne, orDNy #@nyl catb te.DMTf‘?N s ivel yet
t .

anot her errbodl 02 e aboveeeprocess o RB" ; i's
Ris iPr. 9_5 mbogi-abReriéast:he above processgs,
furtherconprise deprotectingt hebound,N- mer ol i g&

hyl ; and
Ed’ce‘% S
otide to yield a
free N-ner o(l;ojxgenucpl eoti de. | 15 anot her enbodi nent ofo tds- above“ﬁ“’
processes, t & ™Mer ol i gonucl eot | de has a |l ength from 4-%06"™

;Ielbce)g,tjglje]?f, I&:jn(?sﬁlutiolfw. of nug]neos rQ?thrrggéto(?n.t:\t:ﬂ's‘e 3ROVBadH QReSEES)

5 to mixture of DIPEA and the phosgene generated above, and allowed
to stir for 8 h at room temperature. After addition of ethyl
acetate, the mixture is washed with sat. NaHCO, and brine, and
precipitated in MTBE to remove eXcess (unreacted) nucleoside and
DIPEA. The resulting precipitate is further purified by column

10 chromatography in DCM:MeOH.

Nucleosides such as (86) have a number of applications. They can
serve as starting materials for the synthesis of dimer or trimers
or larger oligonucleotides requiring only a precipitation step
for isolation by virtue of the polar ionic tag at the 3‘-termini.
15 Once the desired length has been synthesized, the 3'-tag and all
protecting groups can be cleaved yielding the free (unprotected)
oligonucleotide. Alternatively, because the 3’-ion tag can be
selectively cleaved without deblocking all other protecting group
on the heterocylic bases or sugar-phosphate backbone, it
20 provides a novel mean for preparing protected oligonucleotide
blocks containing a 3’-hydroxyl group that can be further

elaborated to a 3'-phosphoramidite derivative.

These processes are exemplified in the synthesis of the
tetranucleotide rAGCU starting from nucleoside (86) (Schemes 18
25 and 19). Reactions are carried out in the dark by wrapping the
reactions flasks with aluminum foil, to avoid premature cleavage

of its ionic photolabile tag.



, O WD 2012/ 024776PCT/ CA2011/ 000950 78 ,wherein X is selected from NH or

0. In yet another enbodinent, there is provided an oligonucl eotide
prepar ed W9 20t2atieve processes. Suitable solid support #CrarAzua®00930t he
above-nenti oned processes 5 are knowwdt o those of skill in the art and may

i nclude controlled pore glass (CPG or |ong chain al kylam ne CPG
(LCAA-CPG); polystyrene, polyvinyl, and the |ike. Suitable ionic supports
are al so kngufkneO gh0SesyRftnskid lof Nidnheagyedd e (Ably frml utheledrisie
described in PCT Application 10 Publication No. WO 2006/ 096963 to Chan,
T.-H et al khe contents of which are incorporated herein by reference in
its entirety. Suitable ionic supports may include, for exanple, imdazolium
and phosphoniumionic salts. 15 Funct'l ©ed |inkers ("™ nopdt nul ae
(M) and (1X)) are usually attached to—tfe solid/ionic suppgrimmt o space
out the oligo fromthe surface of ¢ upport, and suit abd-eol i nkers are
known to those ©f skil P thé art. The mOst®conmn ones usedoyi § hnCPG
(control |l ed-pdrEe gt ass any oru%hl y.croSs-linked 2 ,pél—eysk(yreneb solid
supports are | ong- chiay QiKylam nes ;-fge}thde(}rergddef u(rﬁt_,ﬁ‘? Fundt qﬂ/‘?z *with a
succi nyl, oxal yI™ oquPnone0, 0' -diacetic aci (%ﬂi r'),° or universal
linkers |like those d®scribed in US Patent No.: 6,770, 7%4; European Patent
(N(236:03)140363£ﬁS; Quzaev, f‘ P.let al. J. Am Chem Soc., 125, 2380-2381 25

. er optiaons r lin s are_di Loy Po R. ; al 3¢ Nucl ei
Aci ds Reseaﬁcﬁ?g%gfd'% -n§63516§g1)9973"jgsthe%%tégﬁét%ﬁeiﬁlttgdof rb\}\/,hi 0%1-(1<ia1(r%téJ w THETELE
i ncor por at edrhel ebnvabyt iefaeidnte IN pod dApkieg yhe ypyFture to stir for

fzséﬁ{ 024776RCT[.CA2011{ Q00950 J° A3 naRtedmbers, qldenimd ebtynime heisel ect ed

cation, preventing the re-tritylation of the 5’ -hydroxyl group.
The crude product is then precipitated in MTBE to remove DMTrOMe,
and/or DMTrOH. The compound is then filtered over celite,
10 collected in DCM and re-purified by column chromatography
affording P4 in 95% yield. The synthesis of dimer rCpU (90)
from P4 was carried out by coupling with rC phosphoramidite
monomer (88) in the presence of 4,5-dicyanoimidazole (DCI), and
the resulting solution was allowed to stir at room temperature
15 for 3 h. Ten equivalents of tert-butanol was added to quench
excess phosphoramidite, followed by 10 eq of tert-butyl
hydroperoxide (1 mL of a 6 M solution in decane) to oxidize the
internucleotide phosphite triester to the more stable phosphate
triester. The reaction is then concentrated to an oil, taken up
50 in minimal amounts of dichloromethane (DCM), and precipitated in
MTBE to remove all excess reagents. The precipitation process is
repeated if the presence of any gquenched phosphoramidite 1is
detected by TLC. Tagged rCU dimer (90) was isolated in 95% yield
(0.63 g). The above process was repeated as described above,
25 using the appropriate phosphoramidites till tetramer (92) was
obtained. Full experimental procedures and characterization are

provided in the Experimental section (Examples) .



or orthogonal ly cleavable ionic tags such as BP NO2 5,wherein X is
selected fromNH or 0. The utility of the dinmer and trinmer synthons
descri bedwbenein4mwas tested through the sol uti on phase fgmid»siignowsoa
decanucl eoti de, 5'-rUUAAUUAA-dTT-3',attd t he solid phase synthesis of 10
ol i gonucl eoti des of uridine and m xed uridi ne/ adenosi ne conposition. The
decaner was constructed by coupling of the previously synthesized diner
am dite bl ngﬁa&éws(3%1@8&@&6é&heéﬁmﬂ¢rﬁobm phogpipngymiiash a

dTpdT diner attached to a hov Siraal kyl Shieni i ag2( Schenme 21).
15 To dermn§F?‘&tt€tFﬁ%ergé§é)r’al %5? FEEgY S kélcl% g asserw‘%‘[]a;/JI g?otﬁ(ezélecarrer t he

synthesis of the tetramer 5' -rAprApdTpdT 3' internmediate is shown in Scherre
21. WD 2012/ 024776PCYT" 0947'000950 80 The i orB coliayie (52), which was
readily prepared fromtri splohosphi ne and 3- bro Jpropanol (Bradaric,
C.J. et al. Geen Cheru stiry, 5, 143 (2003); Huo, BMs. J. Org. Chem

73, 8583 (2008)) was cougl ed tq succinylated 5 ,@Ml’plrmt hym di ne 5 derivative
(95) using dicycl ohexyl cdhbg %°hi de (DCC) and cat al Ytic,paounts of

4- di met hyl am nopyri di ne ( sohd? et hyl gegqsepregpha qride give the ion
supported nucl eosi de (96), (Scheme 24, . Colrgomad (96) soms Ol at ed and
purified by precipitation firom met hyl .t ePA™ 3t yL eﬁedsl&r ( MTBE) .
Detritylation of the ion-t& wE0AQYF96) was achi evied by the addition of
S% trifluoroacetic acid (TFA T@D,\ggl—BCl\l(lo mn, r.t.), triethylsilane

to scavenge the trityl cafioph (5 mn, r.t.), fol | owed yomoeei pi tation in
MIBE. Three trjfluoroacetic gm d/silane treatments wes®=sequired to

conpl etely ren'é e trityl ? precipitating in 1% MIBE, af ter each
treatment. |a$4t)2 etriYyytfati on step was achi eveme material is
precipitated % m/ BE to ensure conplete re lrsof the acid,
yi el ding co ou ,k})? n 73®vyield. 20Structure and pur|t¥ of (96) and
(97) were verifi ed by IH, 13Gy 31P-NWVR and ESI-MsS. Under®pti ni zed
conditions, the dinucl eoside phosphotriester dTpT Succ |IL was prepared at
the 2 mmol scale by reacting dT Succ IL (97) with a 1.5-fold excess of

t hym di ne phnsphreanisdi t eadeiyalviedeit 98 yLugf rpt4AGN (1200 ppm of H0),

5 and transferred into a quartz cuvette. The cuvette was placed

inside a photoreactor with stirring. The reaction was completed
within 15 min (TLC analysis). The mixture was concentrated to
about half volume and the cleaved tag removed by precipitation
with methyl t-butyl ether (MIBE). The desired tetramer was
10 found in the MTBE solution, which was collected after
concentrating the solution to dryness. Isolated yield was 95%
(92 mg). Phosphitylation of (92), as described previously, can
provide the 3'-phosphoramidite derivative (93) that is suitable

for RNA synthesis via block coupling.

15



25 di cyanoi m dazole (DCl) as the activating agent in CH3CN DVF and stirring
for 3 hours. After the reaction had cone to conpletion, the excess

acti vat edwphorpheram di t e was quenched through t he addi corcAzhiitoeodse but anol
and a further 10 min of stirring. Thellphosphite triester TpT dimer
intermedi ate was then dissolved in 30 15% v/v DMF in acetonitrile and
treated with 0.5 eq each of Cap A and Cap B solution (16% N-net hyl i m dazol e
in THF, andgag&ld @oanhyydeheispyEi &liveerdidziclpitisPhpadnislite oferigarive. Next,
to carry out the oxidation of the internucleotide |inkage, 5 eq of 6M
tert-butyl hydroperoxide in decane was addeghrand tehe resulting 35 m xture

all owed to WP, fofued further 15 min. This sol uty was then again
precipitated an %Wd under a high vacuumto et WO
2012/ 024776PCT/ 000950 81 residual terteh | hydroperoxi de or

pyridi ne. Det'fftyPation of the ion-tagged TpT (89) wa® achi eved by the

addi tion of 5%t §| ®f oacet i Ca-@&pntliafod FA) i n CH3 10 mn, r.t.), then
triethylsilane to% %gﬁgge t he—t+ityt——cation (5 i =¥t ), 5 followed by
precipitation in MBE Three trifluoroacetic dePdyS8il ane treatnents were
required to corrpcfetely renove the trityl group, pregigktating in MIBE after
each treatnent. Ofceoidnt | ast detritylation step chived, the materi al
is precipitated thr¥edibhwes from MIBE to ensure cor?ploéBth renoval of 10 the
acid. The 5 -HO ¢ITiSucc IL material (100) was dsPdrhed in 98% vyiel d
(characterized by 141 NVR, Ms and TLC). Diner dTT- Sucg | (100) (0.10 g,
0.098 mmol ) was coup G rAA diner amdite (47) (0% mml, 0.450 g, 3.0
eq.) in the presence 7.0f 4,5-di cyanoi ni dazol e ((DGI) (6°04Gsg, 3.5 eq.)
to give after seflential precipitation, oxidation (tw@JO0OH), precipitation,
cappi ng, and another precipitation the desired crude tetramer rAA-dTT Succ
IL (101) (230 ng). Unreacted dTT-Succ IL was capped using Cap A/B sol ution
foll owed by diigahufreaeipe tsymitbesitso t he 20 tetramer rAA-dTT Succ IL. The
addi tion of £ 3Lald %%%%géﬁneg&béh%(fg amdit fadies PeeRssafor boeiiShgt he
reacti on to Hedr conpletion. talled reaction conditions are described in
t he Expers nemt al-msectlioanydesipies FaahPrerapfe SS™PF01 8w ng detrityl ation of
the tetramer, the chain was extended in the 3'- 25 to-5" direction as
outlined schgmatiGalbysidy Schesmphazadial osv.ofThermdact ibx :and depr ot ecti on
conditions, as well as the product yields, are sunmarized in Table 3. WO
2012/ 024776PCT/ CA2011/ 000950 82 Schene 21. qol ution phase synthesis of
tetramer 5' -rApA-dTpT-3' . 0 ) RsQj LINO ,,,0(95) %1 8 Br

CI) OR4
RpO—ﬁ’=O
L A g
0
Q OTIPS
RpO—F|3
N(R).
(ITa)
wherein
10 n is an integer from 0 to 19;

R, is a protecting group;

R, is a protecting group;



DCC, DMAP1-10,0 p.,, (52) CcH2A 2 (IL)) 0 5% CF3COOH ACN 0Br

\WO0..... ,followed by Et3S11-1 elp, (HOdT Succ-1L)) Cap A &B 15% DMF/ ACN
83 Tabl e W80 2Rea#i7on and deprotection conditions, and yipelras2ourdoonsot he
ion-tag supported synthesis of the deranucl eotide 5'-

r UUAAUUAA- dTT- 3" vi adi mer coupl ing. Entry X+Ya Qi goner (X)D mer(Y)
#detfitylationl) Reagent A Yieldd Recovery' (nnmoUg)(rruntol/g)steps(g, Vo)
Repeat / rAAUUAA-dTT(R063 o PuptddOngdrtoudd. 127, n/a

R is lower alkyl, or the N(R), moiety is a cyclic
alkylamine, or a substituted cyclic alkylamine,

preferably morpholine;
5 B is a nitrogen-containing base;

wherein each B, R; and R, may be the same or different

from any other B, R; and Ry, respectively;

with

(a’) a functionalized linker L bound to a support <:>,

10 wherein <:> ig selected from a solid support or

an ionic support, or

5-OH)\—
(b’) a compound of formula ( )Pd LT—__<:>

wherein © °9N is a nucleoside/oligonucleotide chain bound
to the solid support or the ionic support via the

15 functionalized linker L and having a free 5'-OH group;

b) oxidizing the product of step (a) to form a compound of

formula (VIII):




(120 ng crude)0.091 / 0.12B47.6 5a (X+Y)= type of coupling, e.g., 4+2 nmeans
coupling of tetramer rAA-dTT (Succ IL) + diner rUUp amdite (30); 8+2 neans
coupl i ng WO 2812/ABWJUAA- dTAT-3" + rUUp diner am dite (30pCT@2plivoogpsbi ne was
48 hours in all cases. Concentration Bf limting reactant (oligonucleotide
"X") is maintained at 0.05M am dite conponent at 0.15M (3 eq.) and DCl at
0.17M (3.5 eqg.) Solvent of reaction is: 1015% v/v dinethyl fornmam de (DVF)
in acetonitrile (AGN):in b Detritylation was effected using a solution of 5%
CF3CO2H in MeCN ( 7.71 nL/mmol of oligo; 10-15 mn, r.t.), and then adding
Et3SiH (0.79 nL / rmt6I of,oligo; 5-10 mn, r.t.) followed by precipitation
in MIBE. This stép'is Fépeated 2-3 tines till detritylation is conplete.
Normal |y, 2 detritylation 15steps (at 15 min ea) is sufficient. Reagent
for renoving nethyl phosphate otectin roup; . A= .

2-met hy1- 5-tert bot yBt ﬁ‘ilo;ﬂ:e?‘vo rafbi it %tag‘ﬁ’pagadte%t"g?d FERVE b Adp=
tert-butylamne, 50 C, 16 h. Foll ow ng denet hyl ati on, the oligonucl eotides
were treated)w t bpdichalletyhanol : 29% aq. NHAOH, v/v), r.t., 48 h, to renove
N benzoyl groups. One final step 20renpves TIPS and TBDVS groups ( NEt 3. 3HF;

300 AL/ prol of oligo, [yt.3.A48c0cind Phericebdida salawyl péceg &f amet he HPLC
profile of the isolated crude materiral, by calculating the area E’urlder t he
peak of the desired ol i gorRrIEE | e EREMIEVEBHYISEFBNY %Pﬁmpar %\lff?jed inthe
Experimental section (Exangteshupe Recovery of crude material after work up
and precipitation in MIBE. 25f Coupling of octamer with rUUp (30) amdite
was carried twice, i.e,,, aft the firs +2.C LGyt terial was

wor ked up and i sol at eg,li)anc(:jonaef)l(sﬁ?q (‘)Chg(%r.o%fgtg%%gﬁc(ol&p?gcdmggai n wth rUlp
amidite to get the final cpupipbdraprigdoetof forpragyIlalnp

2012/ 024776PCT/ CA2011/ 000950 84 To illustrate the general nethod used for
deprotecting the oligonucl eoti deso t he depgQtecti on of the tetraner
rAA-dTT-Succ IL is described hefeo|T mer (101) was deprotected by a
sequence of treatnment consisting o itylation, effected 5 using a
sol ution of 5% CF3CO2H in MeCN (10t 15 RinORy.t.), and then addi ng Et 3S1H
(5-10 mn, r.t.) followed by preci pDaﬁ"F@n iln MIBE. This step was repeated
2 times till detritylation was conpletg_obtaining (102); (2) renoval of the
cyanoet hyl and net hyl phosphate pretecti fagips (condition A

2-methyl -5-tert- 10 butyl thiophenol: tri m ne: acetonitrile (1:1:3;
viviv, 2 hours, r.t.); or condition B: ter ﬁééam' ne, 50 C, 16 h]; (93)
renoval of the benzoyl groups (ethanolic _aque anmoni a, 16 h, 55C), (5)
removal of the silyl protecting groups@®RBEB.3HF; r.t., 48 h).HPLC anal ysis
of the cigide tetramer after 15 deprotecti oMRkeveal ed that the coupling of
(100) with (47) had proceeded with 70-72.4% efficiency (Table 3). The
identity of the tetramer was confirmed(bsa)MS and conpari son to standard
sanpl es prepared via solid-phase synthesis. Detailed reaction conditions

are described in the Experimental nsgg’t iRon £ EXanpl£9) 1ANdsTabt §1e3. 85
e

Schene 22: Assenbly of decanucrt eot i tom di frer bl ock coupli n% 11dTpT
Succ-1L (100) HoApAp- dTpT Skeeel len@l€mh n, B, Ri, Rs, R, and R may be the

same or different from any other n, B, Ry, Rs, Rp

~
=
=

15 and R, respectively;
(iii) oxidizing the product of step (ii); and
(iv) optionally repeating steps (i)-(iii);
with the proviso that if y is 0, step (c) is not optional;

to form a bound N-mer oligonucleotide.



rApA amdite (47)tetramer HO r ApAp-dTpT Succ-IL (102) 11rupUpApAp-dTpT
Succ-1L (104) -11.- rUpU amdite (30)hexanmer H UpUpApAp-dTpT Succ-1L (104)
HOr ApApUpWipApm2daipT Succ-1L (106) octamer rApA am di t e PCEA2011/000950

HOr ApApUpUpApAp- dTpT Succ-1L (106) Hr BGwUpApApUpUpApAp- dTpT Succ-1L rUpU

am dite (30)decaner(108) As shown in Table 3, there was no drastic decrease
inthe yields 5 with increasing chain |l ength. These range fromca. 80 to
50% fromthen dimothér tiBodaeatery lievel andvNi €6 4 apees®iean apparent ave.
coupling yield of 80-84%for the diners. The addition of the diner to the
octanmer was perfornmed at a smaller scale (Table 3) and, as a result, the

yield may be | ower than expected because 10 congggte jli i gati on of water
fromthe reagfion ygssel ;s 0St fbRASSHO] €. r y, >the qualjigty of

t he crude ol 1 gonucl eoti de internedi ates obtai ned by bl ock coupling nethod
was conparable o those obtained via the solid-phase nethod (LCAA-CPG
support) using the s dard nononeri c phosphoram dites. Furthernore, 15
their quality rly superior to those obtained in solution using
nononer synt hon REne conparisons (%ield) are shown in Figures 16 and 17.
Overall, the su%tikshOM/that t he conbi nation of the ion-supported nethod
and di mer bl ock am d+Pes 2012/ 024776PCT/ CA2011/ 000950 86 will allow the
synt hesis of RNA without resorting to chromatography during chain assenbly,
requiring purification @nly after the final deprotection step of the
desired target oligomer. 5 Table 4.Physical data of protected

ol i gonucl eoti des prepared in solution via dinmer block coupling Conpound
Recovery In still yet another embodiment, there is provided a process for

5 preparing an N-mer oligonucleotide, said process comprising:

a) condensing a compound of formula (IIb):
R50' 0) B T
q OR;,
RpO*T=O
© n
0 B
OH OTIPS
(IIb)
10
wherein

n is an integer from 0 to 19;
R; is a protecting group;
Rs is a protecting group;

15 Ry, is a protecting group;



(%9 Fornula 31P-NMR (PM mz (Caled) mz (found) (100) 90 C42H66N5015P2+
35.46,-0.72 942.40 942. 39 to - 1.88 (101) 95 Cii4H154N150311) 4Si 2+

35.56, 1.\8028108494 2408. 93 PCT/CA2011/000950
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B is a nitrogen-containing base;

wherein each B, R; and R, may be the same or different

from any other B, R; and R, respectively;

with
5 a functionalized linker L bound to an ionic support <:>,
b) oxidizing the product of step (a) to form a compound of

formula (IX):

- =

O OR
RpO-P=0
L A g
9]
? OTIPS
(:b
10 (IX)

wherein

n, B, R;, Rg R@<:>, and L, are as defined above; and

c) (i) deprotecting the terminal 5’ -ORs group of the
product of the previous step to form a free 5’-
15 OH

group;

{ii) condensing the product of step (i) with a

phosphoramidite of formula (IIa)



to -0.39, -0.87 to -1.54 (102) 98 C93H136N15029F4Si 2+ 35,49, 1.68
2106. 81 2106. 80 to -0.18, -1.0
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RsO1 o.B

Q OTIPS
RpO—ﬁ

N(R)2
(IIa)

wherein n, B, R;, Rs, and R, are as defined

5 above, and R is lower alkyl, or the N(R). moiety is a
cyclic alkylamine, or a substituted cyclic alkylamine,

preferably morpholine; wherein each n, B, Ri, Rs, and

R, may be the same or different from any other n, B,

R., Rs, and R,, respectively;
10 (iii) oxidizing the product of step (ii); and
(iv) optionally repeating steps (i) - (iidi);
to form a bound N-mer oligonucleotide.

In another embodiment of the above processes, n is selected from

0, 1, 2, or 3.

15 In yet another embodiment of the above processes:

R, is TBDMS;

R: is selected from DMTr or MMTr;

R, is selected from methyl (Me), 2-cyanoethyl (CNEt), ortho-
chlorophenyl (o-ClPh), or para-chlorophenyl (p-ClPh);

20 R is selected from isopropyl, methyl, or ethyl; and



to -1.55 (103) 99 Cl149E12. 14N19047P6Si 4Na2+ 35.56, 1.73 1671.11 1671.11
to -0.11, -0.87 to -1.65 (104) 94 C1281-12961\ 119045P6Si 4Na2+ 35. 55,
1.62 to WO 2012/024776 PCT/CA2011/000950
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B is a nucleobase protected on at least one nitrogen by a
suitable N-protecting group,

preferably the N-protecting group is selected from

levulinyl, acetyl, difluorocacetyl, trifluoroacetyl,

5 isobutyryl, benzoyl, 9-fluorenylmethoxycarbonyl,
phenoxyacetyl, dimethylformamidine, or N,N-diphenyl
carbamate.

In still yet another embodiment of the above processes:
10 R, is methyl; and

R is iPr.

In another embodiment of the above processes, the processes

further comprise fully deprotecting the bound N-mer
oligonucleotide to yield a free N-mer oligonucleotide. In
15 another embodiment of the above  processes, the N-mer

oligonucleotide has a length from 4-100 ribonucleotides.

In another embodiment of the above processes, ::: L' 2 is

selected from:



1520. 04 1520. 05 -0.17, -0.89 to -1.59 (105) 98

C200H284N29061P8Si 6+ 35.6, 2.93 to -0.63, -0.89
WO 2012/024776 PCT/CA2011/000950
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§ o

Br

/\/\P{g\/\ NO,
N e
X 0]
O ,wherein X is selected from NH or O.

10

15

20

25

In yet another embodiment, there is provided an oligonucleotide

prepared by the above processes.

Suitable solid supports for use in the above-mentioned processes
are known to those of skill in the art and may include controlled
pore glass (CPG) or long chain alkylamine CPG (LCAA-CPG);
polystyrene, polyvinyl, and the like.

Suitable ionic supports are also known to those of skill in the
art. These may include those described in PCT Application
Publication No. WO 2006/096963 to Chan, T.-H. et al., the
contents of which are incorporated herein by reference in its
entirety. Suitable 1ionic supports may include, for example,

imidazolium and phosphonium ionic salts.

Functionalized linkers (*L” in formulae (VIII) and (IX)) are
usually attached to the solid/ionic supports to space out the
oligomer from the surface of the support, and suitable linkers
are known to those of skill in the art. The most common ones
used with CPG (controlled-pore glass) and highly cross-linked
polystyrene (PS) solid supports are long-chain alkylamines that
are further functionalized with a succinyl, oxalyl, hydroquinone-
0,0'-diacetic acid ('Q-linker'), or universal linkers like those
described in US Patent No.: 6,770,754; European Patent No.:
1404695; Guzaev, A.P. et al. J. Am. Chem. Soc., 125, 2380-2381
(2003) . Other options for linkers are disclosed in Pon, R.T. et
al. Nucleic Acids Research, 25, 3629-3635 (1997), the contents of

which are incorporated herein by reference in its entirety.



- 1.84 (106) 99 C179H266N29059138Si 6+ 35.52, 4.99 to -0.62,
-0.82 to -3.54
WO 2012/024776 PCT/CA2011/000950
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As noted above, the moiety ::: L' may be selected from

10

15

I~

r

PN 0
H/OME

0 , or orthogonally cleavable ionic tags such
as
~o
© pa@ Br
BF, /ﬁ—j_-\\“k/ o
H
/Lf) Q . N ,
—N \N/\/\/l\/\n/
\—/ o O O , or
e
Br
e o,
X 0]
0] ,wherein X is selected from NH or O.

The utility of the dimer and trimer synthons described herein was
tested through the solution phase synthesis of a decanucleotide,
5/ -rUUAAUUAA-ATT-3", and the solid phase synthesis of
oligonucleotides of uridine and mixed uridine/adenosine
composition. The decamer was constructed by coupling of the
previously synthesized dimer amidite blocks UpU (30) and ApA (47)
{(shown in Schemes 1 and 6) with a dTpdT dimer attached to a novel

tetraalkylphosphonium ion tag (Scheme 21).

To demonstrate the general strategy in the assembly of the
decamer, the synthesis of the tetramer 5’-rAprApdTpdT-3’

intermediate is shown in Scheme 21.



(107) 96 C235 H344N33 077P | Sig+ 35.57, 3.1 to - 3.76 WO

2012/ 024776PCT/ CA2011/ 000950 87 Table 5. HPLC/ M5 Anal ysi s of Deprotected

A i gonuc| OV PERB77pr epar ed by solid (CPG nononer coupl PREICAANT/09SOt i on
phase (ion tag, diner couplings) Sequ&hce Synthetic Support retention tine
(Mn) %total area M5 anal ysis (Cal cd) (Exptl) ApApdTpdT CPG

The ionic liquid (52), which was readily prepared from
tributylphosphine and 3-bromo-l-propanol (Bradaric, C.J. et al.
Green Chemistry, 5, 143 (2003); Huo, C. et al. J. Org. Chem. 73,
8583 (2008)) was coupled to succinylated ©5'-DMTr-thymidine
5 derivative (95) using dicyclohexylcarbodiimide (DCC) and
catalytic amounts of 4-dimethylaminopyridine (DMAP) in methylene
chloride to give the ion supported nucleoside (96) (Scheme 21).
Compound (96) was isolated and purified by precipitation from
methyl tert-butyl ether (MTBE). Detritylation of the ion-tagged

10 dT (96) was achieved by the addition of 5% trifluorcacetic acid

(TFA) in CH;CN (10 min, r.t.), then triethylsilane to scavenge
the trityl cation (5 min, r.t.), followed by precipitation in
MTRE. Three trifluoroacetic acid/silane treatments were

required to completely remove the trityl group, precipitating in
15 MTBE after each treatment. Once the last detritylation step was
achieved, the material is precipitated three times from MTBE to
ensure complete removal of the acid, yielding compound (97) in

73% yield.

20 Structure and purity of (96) and (97) were verified by ‘H-, C-,
3'p_.NMR and ESI-MS. Under optimized conditions, the
dinucleoside phosphotriester dTpT Succ IL was prepared at the 2
mmol scale by reacting dT Succ IL (97) with a 1.5-fold excess of
thymidine phosphoramidite derivative (98) using 4,5-

25 dicyancimidazole (DCI) as the activating agent in CH,;CN/DMF and
stirring for 3 hours. After the reaction had come to completion,
the excess activated phosphoramidite was quenched through the
addition of tert-butanol and a further 10 min of stirring. The
phosphite triester TpT dimer intermediate was then dissolved in

30 15% v/v DMF in acetonitrile and treated with 0.5 eq each of Cap
A and Cap B solution (16% N-methylimidazole in THF, and acetic
anhydride:pyridine:THF, 1:2:2 ratio) for 10 min. Next, to carry
out the oxidation of the internucleotide linkage, 5 eg of 6M
tert-butyl hydroperoxide in decane was added and the resulting

35 mixture allowed to stir for a further 15 min. This solution was

then again precipitated and placed under a high vacuum to remove
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residual tert-butyl hydroperoxide or pyridine. Detritylation of
the ion-tagged TpT (99) was achieved by the addition of 5%
trifluorocacetic acid (TFA) in CH,CN (10 min, r.t.), then
triethylsilane to scavenge the trityl cation (5 min, r.t.),

5 followed by precipitation in MTBE. Three trifluorocacetic
acid/silane treatments were required to completely remove the
trityl group, precipitating in MTBE after each treatment. Once
the 1last detritylation step was achived, the material is
precipitated three times from MTBE to ensure complete removal of

10 the acid. The 5’-HO-dTT-Succ IL material (100) was obtained in
98% yield (characterized by 'H NMR, MS and TLC).

Dimer d4dTT-Succ IL (100) (0.10 g, 0.098 mmol) was coupled to rAA
dimer amidite (47) (0.293 mmol, 0.450 g, 3.0 eqg.) in the presence
15 of 4,5-dicyanoimidazole (DCI) (0.040 g, 3.5 eq.) to give after
sequential precipitation, oxidation (t-BuOOH), precipitation,
capping, and another precipitation the desired crude tetramer
rAA-dTT Succ IL (101) (230 mg). Unreacted dTT-Succ IL was capped
using Cap A/B solution followed by final precipitation to the
20 tetramer rAA-dTT Succ IL. The addition of a 3-fold excess of
block amidite was necessary to push the reaction to near
completion. Detailed reaction conditions are described in the
Experimental section (Examples) and Table 3. Following
detritylation of the tetramer, the chain was extended in the 3'-
25 to-5' direction as outlined schematically in Scheme 22 below.
The reaction and deprotection conditions, as well as the product

yields, are summarized in Table 3.



67.6 1510. 2667 1510. 2684 UpUpApApdTpdT CPG 21.6 72.8 | L- Mononer 21.0
66.2 1816.2920 1816.2935 |L-Dimer 21.1 72.4 1816.2920 1816. 2947
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Scheme 21. Solution phase synthesis of tetramer 5’ -rApA-dTpT-3’.

O
DMTrO

NH o Thy
[ o
DMTrO N~ 0 Succinic anhydride by
\ :0:/ THF, Py, DMAP }/-—\_<o (95)
o)
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DCC, DMAF’l HO  ™>"®P_ (52)

CH,CL, w j \

{(DMTr-dT Succ-iL)

HO

Th
o
o)
o) e 5% CF3;COOH/ACN
0 Br -
O/\/G\)p followed by Et;SiH
(HO-dT SuceIL) /H W\‘ m Br f//
97
(97) (96) /H \

DMTrO

DMTrO
o
DCI
NC
0O
i

Y \(N7/

tBuQH, tBuOOH
15% DMF/ACN

l CapA&B
ApA amidite (47)
5% CF,COOH/ACN f
DMTr-dTpT Succ-L ——— ~ HO-dTpT Succ-IL —
followed by Et;SiH DCl
(09) (100)
tBuOH, tBuOOH CapA&B

DMTr-rApA-dTpT Succ-lL  (101)
15% DMF/ACN
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Table 3. Reaction and deprotection conditions, and yields during
the ion-tag supported synthesis of the decanucleotide 5'-

rUUAAUUAA-ATT-3" via dimer coupling.
Enry X+Y% Oligomer (X) Dimer (Y) #detritylation® Reagent® %7Yield? Recovery °
(mmol / g) (mmol / g) steps (g, %)
1 2+2 dTT (100) rAAp (47) 2 A 8L.0 0.23,95
0.098/0.10 0.293/0.45 B 78.1
2 4+2  TAA-dTT (102) rUUp (30) 2 A 72.4 0.24,99
0.074/0.16 0.222/0.28 B 70.0
3 0+2 rUUAA-dATT (104) rAAp (47) 3 A 58.5 0.18,98
0.040/0.12 0.121/0.18 B 58.5
4 8+2 rAAUUAA-dTT (106) rUUp (30) 3 A 4.5 0.16, 96
0.030/0.13 0.091/0.12 B 46.0
Repeat/ TAAUUAA-dTT(106) rUUp (30) 3 A 456  0.127,n/a
(120 mg crude) 0.091/0.12 B 47.6

5 2 (X+Y)= type of coupling, e.g., 4+2 means coupling of tetramer rAA-dTT (Succ
IL) + dimer rUUp amidite (30); 8+2 means coupling of 5/ -rAAUUAA-dTdT-3' + rUUp

dimer amidite (30). Coupling time was 48 hours in all cases. Concentration
of limiting reactant (oligonucleotide “X”) is maintained at 0.05M, amidite
component at 0.15M (3 eg.) and DCI at 0.17M (3.5 egq.) Solvent of reaction is:

10 15% v/v dimethylformamide (DMF) in acetonitrile (ACN).

b petritylation was effected using a solution of 5% CF;COH in MeCN { 7.71

mL/mmol of oligo; 10-15 min, r.t.), and then adding Et;SiH (0.79 mL / mmol of

oligo; 5-10 min, r.t.) followed by precipitation in MTBE. This step is

repeated 2-3 times till detritylation is complete. Normally, 2 detritylation
15 steps (at 15 min ea) is sufficient.

° Reagent for removing methyl phosphate protecting group; A= 2-methyl-5-tert-

butylthiophenol, ambient temperature, 2 h, or, B= tert-butylamine, 50 °C, 16 h.

Following demethylation, the oligonucleotides were treated with 1:3 (ethanol:

29% ag. NH,OH, v/v), r.t., 48 h, to remove N-benzoyl groups. One final step
20 removes TIPS and TBDMS groups (NEt;.3HF; 300 puL/umol of oligo, r.t., 48 h).

9 g vield is calculated from the HPLC profile of the isolated crude material,
by calculating the area under the peak of the desired oligonucleotide. HPLC
conditions are provided in the Experimental section (Examples).

¢ Recovery of crude material after work up and precipitation in MTBE.

25 f Coupling of octamer with rUUp (30) amidite was carried twice, i.e., after the
first 8+2 coupling, the material was worked up and isolated, and a portion
(0.120 g) was coupled again with rUUp amidite to get the final coupled product
(0.127 q).
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To illustrate the general method wused for deprotecting the
oligonucleotides, the deprotection of the tetramer rAA-dTT-Succ
IL is described here. The tetramer (101) was deprotected by a
sequence of treatment consisting of (1) detritylation, effected
using a solution of 5% CF;COH in MeCN (10-15 wmin, r.t.), and
then adding Et;SiH (5-10 min, r.t.) followed by precipitation in
MTBE. This step was repeated 2 times till detritylation was
complete obtaining (102); (2) removal of the cyanoethyl and
methyl phosphate protecting groups [condition A: 2-methyl-5-tert-
butylthiophenol: triethylamine: acetonitrile (1:1:3; v/v/v, 2
hours, r.t.); or condition B: tert-butylamine, 50 °C, 16 h]; (3)
removal of the benzoyl groups (ethanolic agqueous ammonia, 16 h,
55°C), (5) removal of the silyl protecting groups (NEt,.3HF;
r.t., 48 h). HPLC analysis of the c¢rude tetramer after
deprotection revealed that the coupling of (100) with (47) had
proceeded with 70-72.4% efficiency (Table 3). The identity of the
tetramer was confirmed by MS and comparison to standard samples
prepared via solid-phase synthesis. Detailed reaction conditions

are described in the Experimental section (Examples) and Table 3.



IL-Dinmer 27.1 47.6 3086.4492 3086.4525 a IL = prepared with ionic liquid
support; CPG = prepared with controlled pore glass wth gene nachine 5 88
Sol i d- phase wemihesi s of 5' -(rUp)18-dT-3'. The use of dipoErCcA2nd/od95mer

bui | di ng bl ocks allow for |onger chai rBSextensi ons at each coupling stage of
RNA synthesis, significantly reducing the total nunmber of steps required in
the 5 synthesis of a target RNA oligoner relative the nononer coupling

synt hesis. The application of UpU, ApA and UpUpU phosphoram dites in the

synthesi s of sdiadat 29] | JREEEANYCH L AledcdBuSIRGYEEHE &S ol A8 R ON1 G 84 S8hLent
results. Two sequences were assenbled on controll ed-pore glass (CPG solid

support 10 dejd vaﬂszed .oro 5 -DMIr dT (1 mcronol scale). Conditions for
synt heses are sip +5‘ﬁ§d"(§n IeHog. F_g{. #g%%g_’ﬂ_:ﬁ sequence 5'-(rUp)18-dT-3'
was assenbl ed throu 3 mpnoner.,.an pﬁ K coup Ras as follows: 15(a)CPG dT +
18x U anidite r??éa@g"%ﬁ"hgs. (b) CPEHT+ 9x UpU anidite (30) couplings.

(c) CPG dT + 6x UpUpU am dite (50) couplings. Coupling efficiency of the
nmononer (7), dinmer (30) and triner (50) ami dite bl ocks were assessed on a
solid support using the 20 follow ng conditions: 1-gnol scale; dinmer and

trimer (0.15 0 Wy 0.25 MDCl as an activator, and 20-mn
coupl i ng cycIHgl’s".\ &ﬁ:? P%n'wg?a\ﬁ? heZphd€pirupapAp-iRStsatc-Lniiesnmedi at es was

achi eved using a Utabon of tert - but wexabgdr oper oxi de i n tol uene.

Fol | owi ng chain 5%5%4#%%‘;, h?ﬁe fully deprotected 25 oligoners were obtai ned
by: (1) treatnment with 5-tert-butyl-2- nethylthiophenol (r.t., 120 mn) to
debl ock the phosphate nethyl groups; (2) washing the solid-support (ACN, 10
m); (3) amonolysis with NHFAOH/ EtOH (3:1) (r.t., 60 h) to rel ease the

ol i gorer s f r BRrupbyarpapRPET Succandogy) _fl uorj de treatnment (1nl of 1M 30 TBAF
in THF, r.t., 48h) to debl ock the TBBQS;O'%IF&PAPPP’@%thefﬁm-"gr(Mbs. The
three oligoners M@y\gnﬁdﬁg@ﬂ cal as shown by HPL@ctamer MALDI - TOF (cal ¢ 5753. 3,
found 5752.9 mz). 89

HOrApApUpUpApAp-dTpT Succ-IL (106)
+ - HOrUpUPAPAPUPUPApAp-dTpT Succ-IL
rUpU amidite (30) decamer (108)

As shown in Table 3, there was no drastic decrease in the yields

5 with increasing chain length. These range from ca. 80 to 50%,
from the di- to the decamer level, which represent an apparent

ave. coupling yield of 80-84% for the dimers. The addition of

the dimer to the octamer was performed at a smaller scale (Table

3) and, as a result, the yield may be lower than expected because

10 complete elimination of water from the reaction vessel is almost
impossible. Remarkably, the quality of the crude oligonucleotide
intermediates obtained by block coupling method was comparable to
those obtained via the solid-phase method (LCAA-CPG support)
using the standard monomeric phosphoramidites. Furthermore,

15 their quality was clearly superior to those obtained in solution
using monomer synthons. The comparisons (%yield) are shown in
Figures 16 and 17. Overall, the results show that the

combination of the ion-supported method and dimer block amidites



Table 6. Synthesis of oligonucleotides via nononer and bl ock coupling.
Entry Adigoner 5 -to-3 Amdite Conc. (M # of Couplings Tinme (mn)

Coupl i ng wof2oienty (%9 Yield (Wa | (rU18dT ry(7) 0. 10CIZEAR01198065076.5 |1
(rU)18dT ry(7) 0.15 18 20 98.7 86

will allow the synthesis of RNA without resorting to
chromatography during chain assembly, requiring purification only

after the final deprotection step of the desired target oligomer.

5 Table 4. Physical data of protected oligonucleotides prepared
in solution via dimer block coupling

Compound  Recovery Formula 3'P.NMR m/z m/z
(%) (ppmy) (Caled)  (found)

(100) 90 CazHeeNsO4sP, 35.46,-0.72 942 .40 04239
to—1.88

(101) 95 C114H154N 1503, P4Siy" 35.56, 1.67 240894 240893
to -0.39, -0.87
to-1.54

(102) 98 Co3H136N15020P4Siz " 35.49, 1.68 2106.81  2106.80

to-0.18, -1.0
to-1.55

(103) 99 Cia9H214N19047PsS1:Na®*  35.56, 1.73 1671.11 1671.11
to -0.11, -0.87
to-1.65

104 94 Ci2sH196N1s04sPsSisNa>  35.55,1.62t0  1520.04 1520.05
-0.17, -0.89 to
-1.59

(105) 98 Ca00H264N 20061 PgSis” 35.6,2.93 to - -
-0.63, -0.89
to—1.84

(106) 99 C179H266N26055PsSis" 35.52, 4.99 - -
to -0.62,
-0.82 to—3.54

107) 96 C535H344N335057P; oSig" 35.57,3.1 - -
to—-3.76
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Table 5. HPLC/MS Analysis of Deprotected Oligonucleotides®
prepared by solid (CPG; monomer coupling) and solution phase (ion
tag, dimer couplings)

Sequence Synthetic retention % total MS analysis
Support time (Min) area  (Calcd) Exptl)

ApApdTpdT CPG 17.0 87.3
IL-Monomer  16.5 663 1204.2414 1204.2431
IL-Dimer 16.8 81.0 12042414 1204.2421
UpApApdTpdT CPG 19.6 852
IL-Monomer  18.8 67.6 15102667 1510.2684
UpUpApApdTpdT CPG 21.6 72.8
IL-Monomer  21.0 66.2 1816.2920 1816.2935
IL-Dimer 21.1 724 1816.2920 1816.2947
ApUpUpApApdTpdT CPG 23.7 63.0
IL-Monomer 22,9 56.8 21453445 2145.3472
ApApUpUpApApdTpdT CPG 25.6 572
IL-Monomer  24.6 492 24743970 2474.3987
IL-Dimer 25.0 58.5
UpApApUpUpApApdTpdT CPG 26.1 50.5
[L-Monomer  25.5 417 27804223 2780.4264
UpUpApApUpUpApApdTpdT  CPG 26.9 55.0
IL-Monomer  27.6 341  3086.4492 3086.4531
IL-Dimer 27.1 47.6  3086.4492 3086.4525
all= prep;ried with ionic liquid support, CPG = prepared with controlled pore glass with gene
machine
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Solid-phase synthesis of 5'-(rUp)is-dT-3'.

The use of dimer and trimer building blocks allow for longer
chain extensions at each coupling stage of RNA synthesis,
significantly reducing the total number of steps required in the
5 synthesis of a target RNA oligomer relative the monomer coupling
synthesis. The application of UpU, ApA, and  UpUpU
phosphoramidites in the synthesis of 19-nt oligoribonucleotide
sequences has provided excellent results. TwoO segquences were
assembled on controlled-pore glass (CPG) solid support
10 derivatized with 5’-DMTr 4T (1 micromol scale). Conditions for

syntheses are outlined on Table 6.

For example, sequence 5’-(rUp),s-dT-3’ was assembled through

monomer and block couplings as follows:

15 (a) CPG-dT + 18x U amidite (7) couplings.
(b) CPG-dT + 9x UpU amidite (30) couplings.
(c) CPG-dT + 6x UpUpU amidite (50) couplings.

Coupling efficiency of the monomer (7), dimer (30) and trimer
(50) amidite blocks were assessed on a solid support using the
20 following conditions: 1l-umol scale; dimer and trimer (0.15 M)
blocks in MeCN, 0.25 M DCI as an activator, and 20-min coupling
cycles. Oxidation of the phosphite triester intermediates was
achieved using a 3 M solution of tert-butyl hydroperoxide in
toluene. Following chain assembly, the fully deprotected
25 oligomers were obtained by: (1) treatment with S5-tert-butyl-2-
methylthiophenol (r.t., 120 min) to deblock the phosphate methyl
groups; (2) washing the solid-support (ACN, 10 ml); (3)
ammonolysis with NH,OH/EtOH (3:1) (r.t., 60 h) to release the
oligomers from the support, and (4) fluoride treatment (lml of 1M
30 TBAF in THF, r.t., 48h) to deblock the TBDMS and TIPS protecting
groups. The three oligomers were identical as shown by HPLC and

MALDI-TOF (calc 5753.3, found 5752.9 m/z).



5a %yield of oligoner in crude material (HPLC). Solid support:

succi nyl - LLAA- CPG Yields of oligoners were calculated fromthe HPLC
traces, fwormtbd2wttech coupling efficiencies of the am diPCegAzeridoesdi nat ed
at 98.7% 98.3% and 97.2% for nonome’9, dinmer and trimer amdite,
respectively (Table 6; entries Il, 1V, VI). The overall yield of

5, _(rU)18dT-3" prepared fromtriner couplings (6x at 97.2% efficiency) was
84.7 % whi ghpyYass SUPEKiREil ot beifdkiciveridles 15 yosbuembndiledkby coupl i ng
ruU nmononer s coifximf. 98. 7% efficiency) (Table 6; entries Il vs VI). Reducing
the trimer anmdite concentration to 0. 10 M and the coupli-ng ti-np_hy-50%
reduced the seGupPivgeef f i EMeHey b 11% (b6, 6; (BN I VeVloiendhes@ condi ti ons
af f orded, as expér’c'tte'cf', a mxture 012 the tfull "l ength product and a 20 series
of well resaived (an3arf al kur®" seguencess (Fi gureld8). #&-8econd }90? y-py/ pu
sequence, 5'I1- (rAAUY 4dTTUIT . 9d% asdknbl ed fEhm di febs (30)5%hd (47) in
88. 8% over alf*yi eFY£98. 585 hes) cofipli ngy. This centrasi&sthe 72ss5% over al |
yi el d obtai ned wheh . bhis segunceowas assenbl ed v a nososer coupl$ng (98.0
% per coupl img; 280Tabl e GyuUessryo Wbl v$ VII1). Thus il this cae; the

bl ock coupl i'Ag stFEFees:yirR{ided c&'®16%frore pr odlct tR4EN the standard

met hod. |In symmarYaobhher, Presest, | nventi @n describes a vi.able rosste for the
synthesis of regioisoneriesky pure dinmer and triner RNA 30
phosphoranidites that couple with simlar efficiency as QUEL I .G _

phosphor a&mi oqptélﬂﬁi"tfs".hgﬁﬂg‘ HefHEd m?tr?élraéa[sl{ggc)t e gvsé%paﬁf' {/@gllgg?%%ﬁt he target
ol i gori bonucl eoti de sequence by decreasing the 90 nunber of coupling steps
required for chain assenbly and has the potential of significantly

simpl i fying $hagki Bal opiydubir-satéan @ficRNAsequencess Hhe prasent firoment i on
al so denonstrates that, diner_.and t.rinmer nt hons..can utLdd either in
sol uti ontbr &Y iPUBHR%E §hF1EORUREL iogn%\i/émet mﬁ%lnt%%er“ggf/n%%]%in%%g% H:]e final
stages of chgd vsassenid,y,anaf P61 2§ nfpm-Pnomem- 3lifrgk | apd wEggenedslithat are
nore readily _resolved. Diner and i. per @i gy bl ofkes oweddiil Lkelgy oki nd use
in the | arge"$¢a 6 50 yuﬂr%%:le( gr’ ?s% I]il -Iplﬁggg' sv?r)lt hesis of_ si RKA druygs. 10
EXAVPLES Gengf-alrUVatiBods PEemMNRAnefEThc §HIPEd GAURYIPAEr X108 ahd?

500- Vari an NVR: ;15 .SPeCtdaMelerS s, 136t crands3tRpMRspectiha 8et eovecanded on

300- and 202-Varian NVR spectroneters. Mass sp ra re i aken on
Ther mQuUEst FHit §aRaived Bﬁoc?itptlbb%l%u ﬁ‘&ggm%rﬁeggé’b VeI te

et &r " Using e .c(.:?r)ospray
i oni zati on i prgilehes; pestdicse Tr negdl) ve nimciidi nheayeinethr anedidgr aphy

was done on al um num backed 200 i PN PRIV Qseent
i ndi cat or W‘Z%ﬂcﬁ{)ﬁﬁﬁ'élroélyfzﬁa%éloo. %f‘gl\ﬁ%r %glé%lte ﬁuc tggsiglc)igg‘reand £he

phosphi t yl at togplieggeffiisinece pruléhattedle r omeaierEnes TP 197adsEa8 vy,

Wi mngton Wordhl £fMSheieagentsuare queshasad feemybesieh afyil dine
was distilled over calciumhydride and _all other sol vents vveremcgrl eq on a
M 25 Bratin SesiesoloferelHriAsrgvehchiinefatigye” sequences (Figure 18).

second poly-py/pu sequence, 5'-(rAAUU),.dTT-3', was assembled from
dimers (30) and (47) in 88.8% overall yield (98.5% per coupling).
This contrasts the 72.5% overall yield obtained when this
sequence was assembled via monomer coupling (98.0 % per coupling;
25 Table 6, entry VII vs VIII). Thus in this case, the Dblock
coupling strategy yielded ca. 16% more product than the standard

method.

In summary, the present invention describes a viable route for
the synthesis of regioisomerically pure dimer and trimer RNA
30 phosphoramidites that couple with similar efficiency as monomeric
phosphoramidite units. The method increases the overall yield

of the target oligoribonucleotide sequence by decreasing the
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number of coupling steps required for chain assembly and has the
potential of significantly simplifying the final purification of
RNA sequences. The present invention also demonstrates that
dimer and trimer synthons can be utilized either in solution or
solid-phase in conjunction with monomer synthons in the final
stages of chain assembly, affording n-2 or n-3 failure sequences
that are more readily resolved. Dimer and trimer amidite blocks
will likely find use in the large scale solution (or solid) -phase

synthesis of siRNA drugs.

EXAMPLES

General Methods

'H-NMR were acquired on either a 400- and 500-Varian NMR
Spectrometers. '*C- and *P-NMR spectra were recorded on 300- and
202-Varian NMR spectrometers. Mass spectra were taken on a
ThermoQuest Finnigan LCQ Duo octopole mass spectrometer using
electrospray ionization in either positive or negative mode.
Thin layer chromatography was done on aluminum backed 200um thick
gilica with fluorescent indicator UV,s, Macherey-Nagel. All N-
protected nucleosides and phosphitylating reagents were purchased
from ChemGenes (33 Industrial Way, Wilmington, MA). All other
reagents were purchased from Aldrich. Pyridine was distilled
over calcium hydride and all other solvents were dried on a M-

Braun SPS solvent drying machine.

I NI

0



TBDMSO CH (8) TBDMSO OH (9) 5'-DMIr-uridine (1) Uidine (20.3 g, 83.3
nmol ) was suspended i n anhydrous pyridine (Py) and evaporated to dryness on
a rotovapvOx8)2o2uricdi ne was 5 agai n suspended in 125nl eCTRA20mdodBbnil of
tetrahydrofuran (THF). To this susperdi on was added 4, 4' -di net hoxytrityl
chloride (DMIr-Cl) (28.4 g, 84.1 mmol). The m xture began to go into
solution after 30mn and by 5h the reaction was al nost conplete. Mre
DMTr-Cl could be adgded to drive thg reaction to 1§coml etionp but

i ncreased amounts Nisi de productfr(re.g. ditrjityl @ined r may Nerm The
sol ution was tH9gn cefdense®EPiggtiyo removiiy app 55 h%{‘ﬂ%? fkfgﬁ vol ume on
a rot oevapor at or is mxture then dil gt h ethyl and
extracted with s&8f °"NaHCO8 (x2) @,na brine (;ngD)ﬁl O(I)hﬂé or gani c(i)aglg\ﬁsewas 15
dried with MgSO4 and purified by 8ol um chr omat ogrgphy 044% MeCH:

di chl oronet hane (DCM . Yield: 80%jass Cal c. 546/2ndvBss found: 596.1
(MtNe) 5'-DMTr-2' - TBDVS- urinditne (2% ard—5>- DIPr- 3 nT®DVS- uri di ne (8)
Compound (1) (27.88 g, 51.0 mm was di ssol ved\ THF (340 20 ).
Dry pyridine (16.2 ni, 0.20 nol9 FRMAGNCE (9. 5587¢T°HBB. 1 mmol ) were added
and stirring was continued for I3 mn. Once al nost all AgNG3 di ssol ved,
tert-butyldimethylsilyl chloride -Cl) (8.46 56.1 mmol ) was added
all at once and the resul tiggoc! oldy m I ky sohgti o E&as stirred at room
tenperature 92 for 12h. The rea n mxture wasc?Hl tered i nto 5% NaHCO3
solution to avoi d deprotectitepmsof OBMIr. Thi staomsd uoke was condensed on the
rotovap to renove approx half th@® sol vent (200m)® This ni xture was then
diluted with ethyl acetate and 5 extracted with sat. NaHCO3 (x3). The
organi c | ayed: Wwasr didi@enav i1y MSO4 and condensed to dryness. This m xture

was purified by colum _chromatography in tert-butyl- t ... Hexanes

0450% Yi el d’"01182 . Bifre- §Qr%ﬁv%‘“ﬁgr di'te S&‘ii’efz‘%%géa ?@gﬁé Ogﬁqgffldll?@

5' - DMIT - 3' - TBDYSaudi dvamra8ed 8cbyyhesd)on BOF ot DAl - (X3) TBDVWELditiedivag ( 2) :
5 again suspended in 125ml of Py and 125ml of tetrahydrofuran

(THF) . To this suspension was added 4,4'-dimethoxytrityl
chloride (DMTr-Cl) (28.4 g, 84.1 mmol). The mixture began to go
into solution after 30min and by 5h the reaction was almost
complete. More DMTr-Cl could be added to drive the reaction to

10 completion, but increased amounts of side products (e.g.
ditritylated rU) may form. The solution was then condensed
slightly removing approximately half volume on a rotoevaporator.
This mixture was then diluted with ethyl acetate and extracted
with sat. NaHCO; (x2) and brine (x2). The organic layer was

15 dried with MgSO, and purified by column chromatography 0->4%
MeOH: dichloromethane (DCM). Yield: 80%.

Mass Calc. 546.2 Mass found: 596.1 (M+Na®)

5/ _-DMTr-2'-TBDMS-uridine (2) and 5’-DMTr-3’-TBDMS-uridine (8)
Compound (1) (27.88 g, 51.0 mmol) was dissolved in dry THF (340
20 mwL). Dry pyridine (16.2 mL, 0.20 mol) and AgNO; (9.53 g, 56.1
mmol) were added and stirring was continued for 15 wmin. Once
almost all AgNO; dissolved, tert-butyldimethylsilyl <chloride
(TBDMS-C1) (8.46 g, 56.1 mmol) was added all at once and the

resulting cloudy milky solution was stirred at room temperature



111 NMR (400 MHz, DMBO-dO 8 ppm-0.14 (s, 5 H -0.04 (s, 6 H 0.74 (s, 15
H 1.07 (t, J=7.04 Hz, 2 H) 3.26 (d, J=4.30 Hz, 9 H 3.70 (s, 10 H) 4.12
(d, J=4. AOHR12/@4Hp 4.26 (d, J=5.48 Hz, 2 H) 4.88 (t, JPETAN2b/00®sH) 5. 19
(d, J=6.26 Hz, 2 H 5.74 (s, 2 H 6.08 15 (d, J=5.09 Hz, 1 H) 6.83 (dd,
J=9.00, 2.74 Hz, 7 H 7.03 - 7.29 (m 12 H) 7.37 (d, J=7.43 Hz, 4 H) 7.45 -
7.57 (m 4 H) 7.62 (d, J=7.43 Hz, 2 H 8.02 (d, J=7.04 Hz, 4 H) 8.58 (s, 2
H 8.65 (s, grHni281. 20 s . réaqt13nH)n1kzh3$ oadsc.fi346r@D MHzs FoudiC0569. 32
( M-Na+

. 205' - DMIt - 3' - TBDVS-.ur 00 MEQLA0 8.ppm
- 0. 04 %s 4 59U (8, %V%dUBE%%p’?SéQ g/g)b&% 35*\%9, 1 H) I% P2 40
(m 2 3. kbnasgse@ Hn 3tBed roBoGR (R Iermave4 ApPrefy ML) theppolvenlyy (m 2

5 62 P (%?O&m 1 '1‘_1915 wfBrire’ w4 €Rlin Jiucdd Odith 7etﬁ91(ﬂ¢etﬁth1) add 79 (s,
251 11. 39 Mass cal c. 546. 20Mass_found: 569. 30

( MtNa
2" - TBDIVB5ur|QiitﬁéC‘(€§E Vﬂt§‘oIS&Froﬂa%ﬁOBB¢’8‘%)rlfl%ktﬁo%r@@flf'% %%Xed‘ (“F'l§ dr"“"ch:uvl
(15nL) was avﬂ(iﬁdMngLeGMiYC(BIQie(ﬁ@B@Owdirﬁ/ﬂéas{1 26ig, mix@&em‘ﬁ)pufﬁrﬁee@ol ution

30 was quenched wth 5 0 after 5 nd depsgd. .t o dr.ypess on a
rotovap. By PRLCCPHEPe W?mgt%raﬁﬁgrmﬁnl téerﬁ)tghjtqtﬂf St tl% material so the

process was ¢-ppeat edvizgadi nt Th@N@@n@bﬂﬁ@M&ﬂglpiumf(?éd 2By9%%l (fhAY) and

T R (500 BB Drati v 85 307 (25 16 0700 (s, "20°H 0.82 (s, 30
H 3.55 (d, J=11.98 Hz, 4H)363dJ1125Hz 4 H 3.86 (br. s., 4 H)
3.92 (d,1Q=45"1OMFp-2 4 TRPMS-wsidiRe (317 34 Hz, 3 H) 4.12 (br. s., 4 H) 4.96

d, J=5.14 3 ds 478.00% FZ; 4 k746 (d,
S440Hz w%"%;géréﬁz(%&sosd p%‘)’t 251634 ds dF 4 i) B746 (

11. 30 br._s
358. 16 Mass fourid: HBEY. 020(%4\/}#‘35)04 Hp,_ ?Bﬁvé @i 'ne7-69§°/¥zsof3ulf| %nggf 3%
triflouroacetd, c 1@01{;1 4'EEA)(d| nyChb (20nk) awes. 250 (added . 48 riect RyHX ¢t .66npound
(8) (2.0 g, 3. qut| S enched f after 5
mn and condé"rvserSt 89 cﬁzynésg O ?gto A g%’]B‘Q T%CHWh%P%PWar% g 1\{/)2/?58'ﬁ|gml I
anount ofs st adtinrg.omties,i al H506 td3e ( pdoows OWasZ rdp8at €t Hgdi-A3 The 2€onpound

was purified by hr mat agr, uft TpYsEL hyl571§§,ce4qite7 aexanes.
Yield: 1.05g' gé%hy fc’l\/%} ?/ﬂ{%wsgdoe mO 1& I—QOS? s,
9 H) 3.54 (dy=0=#B7HAQ 2HH) ®. 0;3) (3 85 7(- 84 Hp=247H) }EIz 24 02-854l872(m 2
H 5.21 (br.ys. 1L 120H) p2-. 28. (bE. up. mads Hal%. 644 cho 0=r8a52;1 fdund1 §9.5277 (d,
J664Hzl (d J=8.21 Hz, 2 H) 8.31 (s, 1 H);
20Masscal c. 35@*%mssfound 381. 20( M+Na) 00
20 57/ -DMTr-3’-TBDMS-uridine (8)
H NMR (400 MHz, DMSO-ds) & ppm -0.04 (s, 4 H) 0.76 (s, 6 H) 3.16
(dd, J=10.78, 4.35 Hz, 1 H) 3.25 - 3.40 (m, 2 H) 3.71 (s, 5 H)
3.84 - 3.98 (m, 1 H) 4.13 (m, 2 H) 5.24 - 5.44 (m, 2 H) 5.62 -
5.83 (m, 1 H) 6.76 - 7.02 (m, 3 H) 7.07 - 7.49 (m, 7 H) 7.79 (s,
25 1 H) 11.39 (s, 1 H) Mass calc. 546.20 Mass found: 569.30

(M+Na*) .

2'-TBDMS-uridine (3)
A solution of 3% triflourcacetic acid (TFA) in DCM (15mL) was
added directly to compound (2) (1.26 g, 1.91 mmol). The solution
30 was quenched with 5 mL of MeOH after 5 min and condensed to
dryness on a rotovap. By TLC there was a very small amount of
starting material so the process was repeated again. The
compound was purified by column chromatography. 0 275% Ethyl
acetate: hexanes. Yield: 0.65 g (94%).



(NH(NH DMTr O 00 OH OTBDMS "7.1r0 OTBDMS, 1(10 OTBDVS 0 04(4) O O N ODMITO 0
N (.06 NHHOO NO (I(," NHNHDMTCO  TBDVSOTBDVSO 00 (10)(11) TBDMSO OH
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4 NMR (500 MHz, DMSO-d¢) & ppm 0.02 (s, 10 H) 0.00 (s, 10 H) 0.82
(g, 30 H) 3.55 (d, J=11.98 Hz, 4 H) 3.63 (4, J=11.25 Hz, 4 H)
3.86 (br. s., 4 H) 3.92 (d, J=4.16 Hz, 4 H) 4.01 (4, J=7.34 Hz, 3
4) 4.12 (br. s., 4 H) 4.96 (d, J=5.14 Hz, 4 H) 5.12 (br. s., 5 H)

5 5.63 (d, J=8.07 Hz, 4 H) 5.76 (4, J=4.40 Hz, 4 H) 7.92 (d, J=8.07
Hz, 1 H) 11.30 (br. s., 1 H) Mass calc. 358.16 Mass found: 381.20
(M+Na*) .

3'-TBDMS-uridine (9)

A solution of 3% triflourocacetic acid (TFA) in DCM (20mL) was
10 added directly to compound (8) (2.0 g, 3.03 mmol). The solution

was quenched with 5 mL of MeOH after 5 min and condensed to

dryness on a rotovap. By TLC there was a very small amount of

starting material so the process was repeated again. The

compound was purified by column chromatography. 0 =275% Ethyl
15 acetate: hexanes. Yield: 1.05g (96%).

ly NMR (400 MHz, DMSO-d¢) & ppm 0.07 (s, 6 H) 0.87 (s, 9 H) 3.54
(d, J=17.19 Hz, 2 H) 3.83 (d, J=2.74 Hz, 1 H) 4.02 - 4.17 (m, 2
H) 5.21 (br. s., 1 H) 5.28 (br. s., 1 H) 5.64 (d, J=8.21 Hz, 1 H)
5.77 (&, J=6.64 Hz, 1 H) 7.85 (d, J=8.21 Hz, 2 H) 8.31 (s, 1 H);
20 Mass calc. 358.16 Mass found: 381.20 (M+Na*) .

0 0
(‘NH (‘NH
omto, kg Ho ko

0
(‘NH
omrro, ydo

0
> BDMS S~ G Oteoms R~ O OTBDMS
@ O (a) ° ®
Q o]
(0]
fL NH DMTrO fLiH HO (LQH
putro - Ao oNO o_N~0
TBDMSO  OH TBDMSO O\n/\/‘o‘\ TBDMSO O\/\/(‘)\
0 0

®) (10 (a1

5’ -DMTr-2'-TBDMS-3'-levulinyl-uridine (4)
Levulinic acid (1.70g, 14.6 mmol), DCC (3.03 g, 14.5 mmol) and
25 DMAP (0.23 g, 1.85mmol) were dissolved in 50mL of THF and stirred



(8) 5' -DMIr-2"'-TBDMS-3' - | evul i nyl -uridine (4) Levulinic acid (1.70g,
14.6 mml ), DCC (3.03 g, 14.5 mmol) and 25 DVAP (0.23 g, 1.85mml) were

di ssol vedworrorit776f THF and stirred 94 for 15 m n. CompoummA20)00¢95083 g,
7.30 nmol) was then added directly t®4the above solution. After 5h the
reaction was conpletely brown/redTLC acet at e: hexanes). The 5CeliterT™M
The organic saturated NaC . The conpound was dried with MgSO4and purified

by col utm chppmat ogfaphyBofid¥a ety | acsetajemexamﬁsl ) Yiasl cthed. 88@)&6( 87% 'H

NVR (500 MHz, ACETONI TRILE-d 0. 09 3 00 :
0.94 (m 9 Hirecsy _to ghe( %)°§e efugion 2,9 e tﬁf §QZ€QWJ“O 880 Hz,

% 5082 a:za - c3mphetEly 1 bidpwid/:2a (sa,nda ldpnglgz - kzy 05rl(cm 150H}304 Eghl(]d
1 3 , 0 B 14c_Q=, d év& 14 Hz,
1 H 5.87 (d‘cgga‘?f%‘i %Eés H)rhg shedtiody r(“%@“J%H) 35} Bt (m_4 H
7.41 - 7549 Ceditd™H) ThE7. oreav(xdc Jager qwpp weshed ESFt*k/sf‘%CaNaé‘co%sa%dz f ound:
7|81 32 (wN@atarat@%ig “ﬂh@v%mﬂ%{hd%déﬁd@@ec{ Hith MgSO4 and purlfled by
5' -DMIr -2 DVB- 3" -1 evul i I nyl uridine EI%D%F/F a/r) soI ved
in 100 nmL ofcq‘-‘,%mrucflrmadaaéwfaf aci®d PT )et Y %"oate(gm o) ‘& aI | owed
to stir for 4@ggi sl | owed by 10 nL of MeOH. The sol ution was |rrrred| ately
([:)(C):'rc/;:l_?_gsed Lo an oil and the process was repeated wth another 100 niL of
A. The sa Ievvasthenresus D(El\/tn e um.
The DCM was Wa¥Wed S0P MiF @Cﬁ&%@&%ﬁ Cg“‘?t%ep BT ta%o vvasgefbut ed WI? 25
hexanes.le,g{hydl,gacet at®e (®@0: 50)) theoproduet was2elut2d8wi-t B- 5% et RyH)
acetate ie 68 4(30 | JRI SE- m 0. 10
(s, 8 H 0. 1334(05?‘Sl “ﬁ? é‘?é@ o%% 9% %C%TO&IJBIS g?ﬁ-% 9%4 (m 2
H 2.67 - 2.82.0M (& H) 2. 381 bid, g-3.8F Hy, 3L 68 4 3086=(61H2 54)303(98 4.04
J=0.86 Hz, 1 H) 5.40 (d, J=8.14 Hz, 1 H) 5.87 (d, J=5.57 Hz, 1 H)
6.87 - 7.01 (m, 2 H) 7.25 - 7.40 (m, 4 H) 7.41 - 7.49 (m, 1 H)
15  7.70 (d, J=8.14 Hz, 1 H) ESI MS, Calc. 758.32 found: 781.32

(M+Na*)

2'-TBDMS-3'-levulinyl-uridine (5)
S’ -DMTr-2'-TBDMS-3'-levulilnyl uridine (4) (10g, 13.2 mmol) was
dissolved in 100 mL of 3% trifloroacetic acid (TFA) in DCM
20 (vol/vol) and allowed to stir for 10 min followed by 10 mL of
MeOH. The solution was immediately condensed to an oil and the
process was repeated with another 100 mL of DCM/TFA. The sample
was then re-suspended in DCM and loaded on a column. The DCM was
washed off with hexanes and the tritanol was eluted with
25 hexanes:ethyl acetate (50:50) the product was eluted with 75%
ethyl acetate. Yield: 5.68 g (94%).

¥ NMR (500 MHz, ACETONITRILE-d;) & ppm 0.10 (s, 8 H) 0.13 (s, 6
4) 0.80 - 0.97 {(m, 9 H) 2.12 (s, 2 H) 2.48 - 2.64 (m, 2 H) 2.67 -
2.82 (m, 2 H) 3.38 (br. s., 1 H) 3.65 - 3.86 (m, 2 H) 3.98 - 4.04
30 (m, 1 H) 4.38 - 4.49 (m, 1 H) 5.25 (t, J=5.32 Hz, 1 H) 5.48 (s, 1
H) 5.66 (4, J=8.44 Hz, 1 H) 5.95 (d, J=5.50 Hz, 1 H) 7.82 (4,
J=8.07 Hz, 1 H) Calc. Mass: 456.19 Mass found: 479.29 (M+Na‘).



30 (m 1 H 4.38- 4.49 (m 1H 525 (t, J=5.32 Hz, 1 H) 5.48 (s, 1 H
5.66 (d, J=8.44 Hz, 1 H 5.95 (d, J=5.50 Hz, 1 H) 7.82 (d, J=8.07 Hz, 1 H)
Cal c. Maswo 4BB24TB6Mass found: 479.29 (MtNa). 95 PCT/CA2011/000950

5 -DMIr-2"-levulinyl-3 -TBDV5-uridi ne®5(10) Levulinic acid (4.44 g, 6.72
mml ), DCC (2.64 g, 12.8 mmol) and DVAP (0.1g, 0.82 mml) were dissolved in
45m. of THF and stirred for 15 m n. Conpound (8) (4.44 g, 7.30 nmol) was

t hen added §- cﬂmcb,}yletvqnm-abwmmsehrﬂdma (NHter 5h the reaction was
conpletely brown/red an Iete Gy(5 0 yl, aget bexares) . The
reaction m XEYHENMEs3F1 t &d %’vert%einm? e)ngC hgetc??ggm gflsgir;g? ﬁ/as washed
with 5% NaHE@Se @ndgsaQwQatneQﬂ Na€re GirsodvrhdindSWaLidHERM ShivFSos and
purified by I ch r Y (£ 43 % et by nua&et aIa@ hexaneddedyi el d:
511 g (700 eSS o, SIS o0 43 g

2' - LevuI Eny@lBecfﬁBDl\@ uEheli [FROTY 1 )SOB4E 0T -BFFe\Al i F\ - §eaclli§ﬂ95- 5 dine
(10) (2. 409Co | br¥ms/ @ussehded cofp i afy 3%ucr i f(sorb@ceetiylaci d
(TFA) in DCM 1 o voI and allowed.to stir faor n d Onl of
MeOH. The SGFGF?%%‘?“% r)rrre 8t el §e%%ﬁ8%ns%lx 5 a og?f anglée%% rg%[ee%s was
repeat ed wi tda1anst herhd Seikgefi DCMYEIA. wihe wsalmgsl evwilds ’éheﬁanGQBrsu%rt?ended in

DCM and | oade o) T f,f uydd, hinheyanaseans, t he
tritanol vvassag\‘ﬁ%ncg i Jt:# hexa%gn g et E%Zg@g%gs]al?e S%M ﬁe prodlr}%'; was
el ut ed wiot h BQ%¥metdhtomacedrapby éBOI% athy@gacersdsy hfPﬁnﬂﬁ/R‘( “MRiztt

ACETONI TR LE gég ° RQ%Q:aQé ($hg 473 .MabsHEounk? 181 .8274veNa0) 91 (M 23 H 1.97
(dt, J=4.86° 389" .15 (s, 10H)254-268(m6|—|)272-282
(m 6 H 3.64 - 3.79 25 4,07 19 (m 3 H) 4.45 (dd, J=6.05,
5.32 Hz, 4 1 Eewwm 'TI8DYS, urddipe &1)4 H 5.70 (dd, J=8.07, 2.20 Hz, 3
H 5.86 (d, 51 ﬁmiﬂ-dﬂZleﬁlﬂ-ﬂhyT B4 TEOMS JBdide HEO) 3(2HR09, B3 16bmmoly. wasy H) .

Mass cal c. SS f 479,29 i

5' - DMIT - 2' 1I§§ ﬁYﬁl\%l Ae ( i‘g anf(7j Q% #%gaﬁeﬁ%uﬁcd?ne(im ln r’rBound (1)
(8.55 g, 1515, Eovpdl) wad allkwelived stardigr PrEn 156 lewed oy 1874 i ?f MEOFs5. 10 ni,
62.5 mmol ) 2 Le IR} a 50 30Rr @oagldsrt amd Shé rgrdoegsyas
conti nued fgfr}l%S'%%’lN%&O&nrlgg gmmrfetl)%? alm %@dl ssgl ved Tl PS?l 43 thn 17.2

mol ) was adthed rapeated Bhee aélﬁElh‘ilhéLsF‘Es‘Eﬁ AHGT oudy i TR tt ion” was
stirred at rQomghepdRieat Ui excMAbh@richabd ThC anaslanal ySke RiNdwehereehuds stil |

a lot of startln material in the reacti nmx ane. hal f fe 10
equi val ent d?ffA BEERDPP PR ti?}er ST Aqds %ﬁlt%r% )%’?H}e Was séar%:ﬁgat ed for

anot her £ h.acEtatéeactinn tex pupdéuatasiasi Ietlelﬁ@i-:l Witho &% NARICOB2¥aGEt on to
avoi d deprotection, of DMy, The reaction mixture was extracted with DCM
evapor at ed and purlTl gd t rough col um chr omat ogr aphy. The unreact ed
starting material was 15recovered. Yield: 2'-TIPS nucl eoside: 7.25q (66% ;
3' - TI PS nucl’@sHRie(50018Hgy, (AREIPNITRALRMR) (Bo®mVHz04 ACETEN PRI EE- d6 g'?

2" - TIPS nucl gogj deg (h2); B BPM 1oP3ae, 1-42s€ M2.23 #), $. 477 A ds 5182 Hz, 1

3.36 (dd,
7 ( H) 2.54 - 2.68 (m, 6 H) 2.72 - 2.82 (m, 6 H) 3.64 - 3.79 (m, 7 H)

25 4.07 - 4.19 (m, 3 H) 4.45 (44, J=6.05, 5.32 Hz, 4 H) 5.19 (d4dd,
J=5.14, 3.30 Hz, 4 H) 5.70 (dd, J=8.07, 2.20 Hz, 3 H) 5.86 (d,
J=6.24 Hz, 3 H) 7.84 (d, J=8.44 Hz, 3 H) 9.13 (br. s., 4 H). Mass
calc. 456.19 Mass found: 479.29 (M+Na').



] =10.89, 2.97 Hz, 2 H 3.79 (s, 6 H 4.09 (d, j=3.96 Hz, 1 H 204.30 (d,
J=4.68 Hz, 1 H 4.51 (t, j=4.95 Hz, 1 H 5.34 (d, J=8.10 Hz, 1 H) 5.91 (d,
j =4. 86 Hawootdo267760 (dd, J=9.00, 0.90 Hz, 2 H 7.26 - PCITA2m1/0604% 7.41 -
7.46 (m 2 H) 7.75 (d, j=8.28 Hz, 1 H6. Mass calc. 702.33, found 725. 36.
2'-TIPS-uridine (13) 25 A solution of 3%triflouroacetic acid (TFA) in DCM
(30m.) was added directly to conpound (12) (3.54 g, 5.04 mmol ). The WO
2012/ 024776PCT/ CA2011/ 000950 97 sol uti on was quenched with 10 nL of MeOH

after 5 mn and condensedoto dryness on a rotOvap. By TLC tQPere was a very
smal | amount of starti ng erial so the progess was repeaﬁg Hagai n. The
conpound was pur PMTEY, by “gdbum chr oRM6Grapiw 0 » Oacet at e:
hexanes. Yield: 1.96 % . —vass—Ttal c. 3, found 8 00 NH( NH
DMIT ODMTr O 0 N- C) 1cojom05( NH (NH (,' NH MPH@IRE O oT'NSQ)oON 00 N O 00
T1 PSOTI PSO 0 (12)
o) 0]
DMTrO o NS — HO o NS0
OH OTIPS OH OTIPS
(12) (13)

5/ -DMTr-2'-TIPS-uridine (12) and 57 -DMTr-3'-TIPS-uridine (16)
Compound (1) (8.55 g, 15.6 mmol) was dissolved in dry THF 156 mL.
Dry pyridine (5.10 mL, 62.5 mmol) and AgNO; (2.92 g, 17.2 mmol)

5 were added and stirring was continued for 5 min, until almost all
AgNO, dissolved. TIPSCl (3.6 mL, 17.2 mmol) was added all at once
and the resulting cloudy milky solution was stirred at room
temperature. After 12h TLC was analysed and there was still a lot
of starting material in the reaction mixture. So, one half more

10 equivalent of AgNO; and TIPSCl were added and the mixture was
sonicated for another 6 h. The reaction mixture was filtered into
5% NaHCO, solution to avoid deprotection of DMTr. The reaction
mixture was extracted with DCM, evaporated and purified through
column chromatography. The unreacted starting material was

15 recovered. Yield: 2'-TIPS nucleoside: 7.25g (66%); 3'-TIPS
nucleoside 2.19 g (20%).

'H NMR (300 MHz, ACETONITRILE-d;) of 2’-TIPS nucleoside (12) : &
ppm 1.05 - 1.22 (m, 21 H) 3.17 (d, J=5.22 Hz, 1 H) 3.36 (dd,
J=10.89, 2.97 Hz, 2 H) 3.79 (s, 6 H) 4.09 (d, J=3.96 Hz, 1 H)

20 4.30 (d, J=4.68 Hz, 1 H) 4.51 (t, J=4.95 Hz, 1 H) 5.34 (d, J=8.10
Hz, 1 H) 5.91 (d, J=4.86 Hz, 1 H) 6.90 (dd, J=9.00, 0.90 Hz, 2 H)
7.26 - 7.37 (m, 7 H) 7.41 - 7.46 {(m, 2 H) 7.75 (d, J=8.28 Hz, 1
H). Mass calc. 702.33, found 725.36.

2'-TIPS-uridine (13)
25 A solution of 3% triflourocacetic acid (TFA) in DCM (30mL) was
added directly to compound (12) (3.54 g, 5.04 mmol). The



(17) 5 -DMIr-2'-TIPS-3' -1evulinyl-uridine (14) Levulinic acid (1.05 g, 9.05
nmml ), DCC (1.601 g, 7.66 mmpl) and 10 DVAP (0.23 g, 1.85 mmol) were

di ssol vedwono2@2mizéof THF and stirred for 10 m n. Conpoeau/qAR2)i1/0pmsb g,
0.613 mml) was then added directly t9 the above solution. After 5h the
reaction was conpletely brown/red and conplete by TLC (50:50 et hyl

acet at e: hexanes). The reaction mxture was filtered over 15 CeliteTM The
orgagi c LiaY%lr?MiSnVVaﬁQequ%Elhﬁcﬁ%gi‘chiBl man b s atiesat ed;d\da@ mlhe amanﬁolund
was dried wt 4 a urifie colu r to ra 0_430% et hy
acet at e: hex‘é‘?’f@fl\/g?’?eﬁo g Tpeﬁ §n(a8bI OV W g% Q faﬁl EE—dS) 6.
ppm 1. 02 - dn@Gt( wf 2iai)ingd. h3t&Oials so3th Prdskss Qaﬁzre(gqated Hygadn71 - 2.78

(m 2 H 3.37- 3.7 , 4 = 4.63 -
4.67 (m 1 H° c%“?"ﬁﬁé%ﬁéag%ﬁfflf%%%/mc?’l% C%ﬁgci[%qf’gié"’.“%‘g’(m 1')|1—7|)5|§?3 42 (s,
1 H 5.9 (eghyl=6c8xtez, hexadpse. 84e1d6.1936(9n (94%H) 7.27 - 7.37 (m 7 H)
7.41 - 7.45 (m 2 H 7.75 (d, J=8.30 Hz, 1 H. W

2012/ 024776R¢dd GAZO1HB0995@ 883 22sT8&S-3' -1 evul i nyl -uridine (15) A
solution of 3%triflouroacetic acid (TFA) in DCM (20nm) was added directly
to conmpound (14). The sol ution was que hed with 5nL of MeOH after 5 mn
and condensed to dryxess on a rotovap. y TLC there was aovery smal |

anount of s ng drial sopihe pro 8S Was repeat agﬁ H The conpound
was purifi egﬁﬁ-d Ngochr_aaa.t ogr ap ‘i?ﬂmum atéi-ﬁjej ﬁﬁexanes
Yield: 0.92 IIéDlNNR 9! 6 - 1.11 (m
20H)22010(s 2.52 - rrg H)382(, , 1 H 3.88 -
395(m1|—|)41 21(m1H)4 ?( J=5.27 Hz, 5.17 (dd,

J=4.98, 3.52 Hz, 1H)'.)568(d J5579|Z 1H)575(dd 7.91, 2.34 Hz, 1

H 7.71 (d, J=8. 21 NH1H)84  NH
155' - DMIT - 2'DMT&Qy| i o1 “TI P@'Vlslfé |@eN®7) LevuI i ni® 'ﬁ‘t@ 49 g, 4.24
nmmol ), DCC (0. 83 4 04 ol ) an 09 g, 0.73 ) were dissol ved

in 13 nL of THFP&Ad GHirred for THSH r?v@emsound (16YPROL. 92 9+"2. 02 ol )
was then added direggly to the abovepgdution. After 5h(fgh€ reaction was 20
conpletely brown/red and conpl ete by TLC (50:50 ethyl acetate: hexanes). The
reaction m xture s filtered oyer CeI| eTM _ The organic | ayer was washed
with 5% NaHEOPMTAR ég?ﬁfgt'éﬁvﬂé Y1-3Rk 1@8@5ﬂnd was purified by col um

chr omat ogr apbyylidid30%hdethyds @eBaDE.MXanemc Yiedal gl. 366 2:681%nd | H NVR

300 - 13;. 14 - 3
IR esgﬂlf“mE g@%\(‘ %?’69199929‘5%%( s @1%51}%@( Spdl, 241 8%, l%”gsrg“ﬁz "
3.47 - 3. 56s(mre1i Epr 317 nifis,  Gompound08l2) 4018 ¢:m0-FLB) mupl3gwagdthem=4. 98,
2.93 Hz, Eﬁdé& ?éﬁrecél Z:o( ‘Ehe al;)theH)soﬁut]i@n( dAft:]éI6 5%5tﬁg:rejacmor§ W?a% (d

J=8.50 Hz, 4 . H 7.74 (d, J=8 H) 8.53 - 8.64
(m 1H. waeféplééﬁéy seeowreﬁouﬁadszsowetm ?@12/%5477‘69@%9 CASEY 000950
acetate:hexanes) . The reaction mixture was filtered over

15 Celite™. The organic layer was washed with 5% WNaHCO;, and
saturated NaCl. The compound was dried with MgSO, and purified by
column chromatography 0 —230% ethyl acetate:hexanes. Yield: 1.79
g (86%).

'H NMR (300 MHz, ACETONITRILE-d;) & ppm 1.02 - 1.36 (m, 21 H) 2.13

20 (s, 3 H) 2.54 - 2.62 (m, 2 H) 2.71 - 2.78 (m, 2 H) 3.37 - 3.40
(m, 2 H) 3.78 (s, 6 H) 4.15 (d, J=2.77 Hz, 1 H) 4.63 - 4.67 (m, 1
H) 5.31 (dd, J=5.14, 2.96 Hz, 1 H) 5.40 - 5.46 (m, 1 H) 5.42 (s,
1 H 5.99 (d, J=6.32 Hz, 1 H) 6.87 - 6.93 (m, 4 H) 7.27 - 7.37
(m, 7 H) 7.41 - 7.45 (m, 2 H) 7.75 (d, J=8.30 Hz, 1 H).



99 2'-Levulinyl-3 -TIPS-uridine (18) A solution of 3%triflouroacetic acid
(TFA) in DCM (20nm.) was added directly to conmpound (17) (1.10 g, 1.37
mol ). Thwoolumisme was quenched with 5ml of MeOH aft er PETrA0EVIdOSONdensed

5 to dryness on a rotovap. By TLC thef8e was a very snal
so the process was repeated again.

mat eri al

col um chromat ogr aphy, 0 475% et hyl acetate: hexanes. Yield: 0.659
1H NMR (30G Mrizps -GHLORQRORM d)riQipen18)96 - 1.11 (m 21 H 2.20 10(s, 3 H)

416 355 DRRiTh S 69 ik rpst iy sty (GrREoin e ) 48

5.17 (dd, J<Re@1dixe341ztdl chpFoRt( d14) 8. The Hroluthps. B @uendhdd, witlp

10

15

20

25

30

5mL of MeOH after 5 min and condensed to dryness on a rotovap.
By TLC there was a very small amount of starting material so the
process was repeated again. The compound was purified by column
chromatography. 0 -275% ethyl acetate: hexanes. Yield: 0.92 g
(95%) .

'H NMR (300 MHz, CHLOROFORM-d) & ppm 0.96 - 1.11 (m, 20 H) 2.20
(s, 3 H) 2.52 - 2.88 (m, 5 H) 3.82 (4, J=2.05 Hz, 1 H) 3.88 -
3.95 (m, 1 H) 4.16 - 4.21 (m, 1 H) 4.82 (t, J=5.27 Hz, 1 H) 5.17
(dd, J=4.98, 3.52 Hz, 1 H) 5.68 (d, J=5.57 Hz, 1 H) 5.75 (44,
J=7.91, 2.34 Hz, 1 H) 7.71 (d, J=8.21 Hz, 1 H) 8.43 (s, 1 H).

5/ -DMTr-2'-levulinyl-3'-TIPS-uridine (17)

Levulinic acid (0.49 g, 4.24 mmol), DCC (0.834 g, 4.04 mmol) and
DMAP (0.09 g, 0.73 mmol) were dissolved in 13 wmlL of THF and
stirred for 10 min. Compound (16) (1.42 g, 2.02 mmol) was then
added directly to the above solution. After 5h the reaction was
completely brown/red and complete by TLC (50:50 ethyl
acetate:hexanes). The reaction mixture was filtered over
celite™. The organic layer was washed with 5% NaHCO;, and
saturated NacCl. The compound was purified by column
chromatography, 0 —>30% ethyl acetate:hexanes. Yield: 1.36g
(84%) .

H NMR (300 MHz, CHLOROFORM-d) & ppm 0.72 - 1.13 (m, 21 H) 2.14 -
2.19 (m, 3 H) 2.60 - 2.69 (m, 2 H) 2.62 - 2.84 (m, 2 H) 3.38 (dd,
J=10.84, 2.93 Hz, 1 H) 3.47 - 3.56 (m, 1 H) 3.79 (s, 6 H) 4.08 -
4.16 (m, 1 H) 4.58 (dd, J=4.98, 2.93 Hz, 1 H) 5.38 - 5.47 (m, 2
H) 6.16 (d, J=6.15 Hz, 1 H) 6.83 (d, J=8.50 Hz, 4 H) 7.21 - 7.53
(m, 10 H) 7.74 (d, J=8.21 Hz, 1 H) 8.53 - 8.64 (m, 1 H). Mass
calc. 800.37, found 823.24

amount of starting
The conpound was purified by

(959%) .

, J=4. 98,
H 5.75



0 (111H HODMITO O N 00 OTBDMS 01 OTBDMSO OTBDVBNC- CH2- CH2-0 P=0 9 0, P, 1
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2'-Levulinyl-3'-TIPS-uridine (18)
A solution of 3% triflourcacetic acid (TFA) in DCM (20mL) was
added directly to compound (17) (1.10 g, 1.37 mmol) . The
solution was quenched with 5ml of MeOH after 5 min and condensed
5 to dryness on a rotovap. By TLC there was a very small amount of
starting material so the process was repeated again. The
compound was purified by column chromatography, 0 —275% ethyl
acetate: hexanes. Yield: 0.65g (95%).

1§ NMR (300 MHz, CHLOROFORM-d) & ppm 0.96 - 1.11 (m, 21 H) 2.20
10 (s, 3 H 2.52 - 2.88 (m, 5 H) 3.82 (d, J=2.05 Hz, 1 H) 3.88 -
3.95 (m, 1 H) 4.16 - 4.21 (m, 1 H) 4.82 (t, J=5.27 Hz, 1 H) 5.17
(dd, J=4.98, 3.52 Hz, 1 H) 5.68 (d, J=5.57 Hz, 1 H) 5.75 (ad,
J=7.91, 2.34 Hz, 1 H) 7.71 (d, J=8.21 Hz, 1 H) 8.43 (s, 1 H).

o)
G
o) NH DMTrO N0
[
(kNH N0 0
HO o DMTrO
(0] + o —_— O OTBDMS
/O\/\,o OTBDMS G OTBOMS NC-CHz CHyOP=0 0
P NH
0 NG-CH,-CHp-O' N(i-Pr), 0 (LA
o N0
(5) (6) o
A O OTBOMS
o
0 (19)
(o 7
DMTrO N0
0 le
O OTBDMS DMTrO N0
NC-CH,CH,0P=0 § O OTBDMS
ooNYO NC-CHy CHy-OP=0 (“NH
O OTBDMS Oy ooN“o (20
P
NC-CH,-CHy-O' N(-Pr,  (21) OH OTBDMS
15  [5’-DMTr-2’TBDMS-rUl-[3’-p(CNEt)-5’]- [rU-2’TBDMS-3’ -Lev] dimer

(19)

27 -TBDMS-3'-levulinyl-uridine (5) (2.85g, 6.25mmol) was dissolved

in 60mL of THF with 2eq of DCI (1.48g, 12). To this stirring

solution 1.2eq (6.46g 7.50mmol) 5’-DMTr-2'TBDMS-uridine 3'-
20 cyanoethylphosphoramidite (6) was added and allowed to stir at

room temperature for 2h. The reaction was monitored by TLC



0 OTBDM5S 1 NC-CH2-CH2-0P=0 O 1(NH O O N O CH OrBDMs 0O OTBDMS 1

NC- CH2- CH2-0 P=0 '? HO N O 0 OTBDMB NG- CH2- C1-12-0 N(i-Pr)2(21)
(20)  15(W0-2DIdR24276 TBDVS- r UL- (3' - p(CNEt ) - 5' ) - [ r U- 2' TBDMBE3/CAzemjodbaser ( 19)
100

(5%MeOH in DCM) and after 2 hours a small amount of compound (1)
remained and another 0.2 eq (0.11 g, 0.124 mmol)of amidite were
added and allowed to stir for one hour until the starting
material had been consumed. At this point 10 eq (10 mL of a 6 M
5 solution in decane) of tert-butyl hydroperoxide was added and
allowed to stir for 20 min, until the phosphite triester was
converted to the phosphate, as monitored by TLC (5% MeOH in DCM) .
The sgolution was condensed to approximately 10 mL and then
dissolved in ethyl acetate and extracted with 5% sodium sulfite
10 (x2) and brine (x1). The organic layer was dried and condensed
and put on a short column (0->5% MeOH in DCM) yielding 70 % pure
material. The column was not treated with triethylamine to avoid

loss of the cyanoethyl phosphate protecting group.

15 !H NMR (400 MHz, ACETONITRILE-d;) & ppm -0.04 - 0.22 (m, 5 H) 0.77
- 0.97 (m, 7 H) 1.96 (dt, J=4.94, 2.47 Hz, 1 H) 2.07 - 2.18 (m, 2
H) 2.66 - 2.90 (m, 2 H) 3.44 (d, J=2.74 Hz, 2 H) 3.79 (d, J=1.37
Hz, 4 H) 4.15 - 4.56 (m, 6 H) 4.88 (dd, J=7.95, 3.84 Hz, 1 H)
5.03 - 5.15 (m, 1 H) 5.36 (dd, J=8.23, 5.21 Hz, 1 H) 5.43 - 5.50

20 (m, 3 H) 5.64 (d, J=8.23 Hz, 1 H) 5.72 - 5.93 (m, 2 H) 6.91 (44,
J=8.91, 2.88 Hz, 3 H) 7.20 - 7.56 (m, 9 H) 7.69 (dd, J=8.23, 1.92
Hz, 1 H) 9.29 (s, 2 H); *'P NMR (81 MHz, Acetone) & ppm 0.58 (s,
1 P) 0.96 (s, 1 P).

[5’ -DMTr-2’TBDMS-rU] - [3' -p (CNEt) -5']- [rU-2/TBDMS] (20)

25  Compound (19) (2.79 g 2.22 mmol) was dissolved in minimal amounts
of ACN, just enough to get it into solution. It was then treated
with ten equivalents (45 mL, 22.2 mmol) of a 0.5 M hydrazine
hydrate solution in 3:2 pyridine:acetic acid that was prepared
immediately before the reaction. The reaction mixture was

30 allowed to stir for 10 min before it was chilled to 0°C in an ice
bath and ten equivalents (2.31 mL, 22.2 mmol) of 2,4-pentanedione
which was allowed to stir for an additional 5 min before the
reaction was diluted with MTBE and extracted x3 with ammonium
chloride (5%w/v) and once with cupric sulfate, and once with

35 brine. The sample was then dried over MgSO, and condensed to



2'-TBDMS-3' -1 evul i nyl -uridine (5) (2.85g, 6.25mvl) was dissolved in 60nL
of THF with 2eq of DCl (1.48g, 12).To this stirring solution 1.2eq (6.46g
7. 50muol )wb202MBu772' TBDVS- uri di ne 3' - 20 cyanoet hyl phosphorar) diwes)6) was
added and allowed to stir at roomtenmperature for 2h. The reaction was

noni tored by TLC WD 2012/ 024776PCT/ CA2011/ 000950 100 (5%weOH in DCM and
after 2 hours a small anobunt of conpound (1) renmained and another 0.2 eq
(0.11 g, O.d2¢hewsnl )THe aAipld avavepet addedsizant gblwowedntorwt iwWith dfeQfine hour
until the s rt| g ter be co d t 0 (10 m
of a6 M5 é%l ut :%onrrlgn e%écr?g of ?Iglret Eﬁi{%ﬁ‘ hﬁ%opg%%xr)%g%\%\gi avg%éld and
al lowed to stigthydan® nite, areid tIRESphESphFke tFHBSEERY aPPEBRRA L ed t O
the phosphalg,:Rs:1ARNGEQELd by dileC {p¥% bl kn cmlneﬁhan@ekwﬂe@n aFas
condensed to approximately 10 nL and then dissolved in_eth acetate and
extract el WPERES RSB SeREs (AT FE7e GoFR FUahg ‘isﬁﬁyﬁﬁo?gay)la ‘1‘%{5 organi c | ayer
was dried and condensed and put on a short colum (045% MeOH i n DCM

yi el di ng 70204 €408t R aIACEfbﬂImhmaj)waslap@t ¢ rosat-ed.wi t hmt rizethyl ani ne
to avoid loss_of the c anoeth phosphat e, .pr.o ctln grou 5 NI\/R (400
MHz, ACETONPTH L‘E—OCPE)Y &BmH o i §* g§ 2ga9hR %, é }1091

1.96 (dt, j=z4204(m,284%)Hz,66l -Hp. 24OVm,- 32H183(4n (2>rH) s 2 6?6H-) 2. 99) (dm 2 H)

3.44 (d, J 2, 3 , 5 4. 88
00 (4 In e 2t 19 (dof- MW‘*:@M* e BRI

1 H) 5.38 - 45350(mR0 2( i 34&') 54635 (M J=§) 28 t 8“72 E) 5509 (m 2 H)
6.91 (dd, J384PLm,2188 Bze23(d) o8 22 nuz/ D) (80749 b‘ﬂl 7693 dd,.5958%,23, 1.92

Hz, 1 H 9.29 (81 Ace ne p 58 ) 0.96
(s, 1 P). [5i Hbl\ﬁrrsoz‘kgrsélv% 51;]“[3%%&)1% (Bzouz"P% %%&)"}2%
Compound (19) 7(4& 78, g1 2. 1227 el (, wasi)di7 s&ol vedsz Nwi hidmak . ZI.SFTD(lbmt ssaof ACN,

j ust enoughtg get it into solution. It was then treated with ten

equi val ent s ( )5 m., 22.2 mol) of a 0.5 M hydrazine hydrate solution in 3:2

pyridine:acetic acid that was prepared i mredi atel_r% before the reaction. The
react i oA5ni ¥6UreExas’ 'B‘FP“&I‘F?ANE‘(% tB(@EL) -3dr (1B TTROBEE OF 6°YIARE-YLhil 1 ed to

OCin an ic hggt;m,raﬂﬂd_{_t@n(ggpl val ents (2 31 nL, 22.2 mol) of

2, 4- pent anedj one was al | owe for addl i onal efore
the reacti oﬁomg%u'gn ’P’édl%ui‘ht’l\ﬁfBg é\)nd(S r%ct eggx3 Tk hw%?nﬁ)lrﬁsg]lm Thl ori de
(5% v) andianeeownt hof ujpryi crusul f ahe, narﬂdeo@n@fe saluhi@% s re@ideThérsanpl e
was t hen dr| %ovg&egvgg%lgndtgongen&qqtg& 20(%]2{\,0@141752395@1%%&1/ 000950

101 dryness | e was put on a short columm and run-wth MeOH 044 %
in chl oR8f oﬂﬂﬁthmoéghwl%% nothleridt ed WwWet h €% i etiRylahi n@to a¥sl d | oss

of the cyanggggfy;gro%p@@@@qgglm ot(Qcté(pg growp. my el d appr @¥adidi W cedy ai ned
inpurities of ¢ i ol somer qe | oss due tdo decg/ (1et hyI atl on.
10 1H NVR( 406" MgX AR Ry TF&F’L W%lﬁp?ﬁ 0. 085 E P 7eM <t ose

0. 76- 0. 95( mtheHydw1ZO Esridd) bh8BplAithdaabidimer, but once the reaction was

worked up the quenched product had a much lower polarity. Once
25 the reaction was complete, 1.5 h, the reaction mixture was
diluted with ethyl acetate pre washed with sat. NaHCO,. It was
then extracted once with a solution of 5% NaHCO; and x2 with
brine. The organic phase was dried with MgSO,, condensed to
dryness, coevaporated with toluene (x2). The cyanoethyl phosphate
30 protecting group was Dbase labile as was the condition of
phosphitylation which posed a problem for the synthesis of the
dimer. This fact must be kept in mind throughout the synthesis
and purification. To overcome these problems, very little excess
of diisopropylethylamine was used during the synthesis, Jjust

35 enough to quench the HCl1 formed from the chlorophosphite. As



2.28(m 8H) 2. 66- 2. 84(m 3H) 3. 44(br.s., 2H) 3. 79 J=1.17Hz, 7H) 3. 99- 4. 03(m 1

H)4.06-4.30(m 7 H 4.39(m 2H) 4. 42-4.55(m 1H) 4. 66-4.93(m 2H) 5.41(m 1

H) 5. 62(d,WweR02A2ms2 H) 5. 74(dd, J=4. 30, 1 H)5.80(s, 1H) 5. BCTAEAR(1MO1950

H) 6.80-7.02(m5 -7.48(m 11H) 7. 61(s, 11¥) 7. 64- 7. 82(m 2H) 9. 29 3H). 12H) 2.09-

(d, 4.33- 5.30- 1.57 Hz, H)7.26 (br.s.,

15(5" -DMIr-2" TBDMS-1r U] - (3" - p(CNEt ) - 5' [ - [ r U- 2" TBDIVB] - 3" - cyanoet hyl

ghOSplhorgm Qé1t21e eﬁé)regeap@umdxmm eI Ndebt es2asR030 10 cocentret&3Gndl ) was
i ssolved in dry THE. Th ucl i t.j.@Qn

over 10m n f%aCaFlSBI*iftmeSnwolfe RP?\I—Séll%lrgo rggl% gfntﬁgkéj d(?g a VEi104RsaCr OB iS¢

met hyl phos pb ramirdics maoet td 1 13@@@@@153%@) gﬂ‘éifsdltpgo‘f:ﬁa(?ﬁw%tWI wRkTE (2 eq,

0.147 m). Ige rp%%Ct;hQrbu%sélémmohogﬁsteag T @51%4\/&% mdacmleﬂmess

anmidite ran close to the newy forned hosphlt Iat i ut oncethe

reacti onswas WY Kegvep Ede afsicRads pr ctlth%{% dng\o/ve?o pol*arity. Once

25 the reaCBé&%cW@@rCOHT}ieetﬁ,h&a%em tthbe Lesaidi on nh«twlemwammld,med with

ethyl acetate pre washed wt . sat. n, r th
a sol ution 85N &gt v\nth r| ac %e%?m%nml%c Egés%g(b\%ggd%{rélcgdwwth

MySO4, condeﬂsedwt@asjrwnessl,rocgiev’alpﬁorcaﬂednmm#hlpél Géﬁeef%zs)s pYR&EdidPanoet hyl

phosphat e 30 Qrot egl[ChQ B was bags | ARl & Fgriv@sme he Qaedbuheibmf
phosphi tyl afi’on pose a probl em for the synthesis of t ner. Thi s
fact nmusf beokesit-i smiand LREBUGRIIAVERR 8yARHYsi & aHtF i P ci? To
over conme t hgge,iit@bh8TBadd Yapblé t tige @40ess td.Qﬂemove any excess water

from the solvent. Once the fractions were collected and ready

to be condensed, 10 mL of dry toluene or benzene was added to the
solution to aid in removal of residual pyridine. Once the sample
15 was near dryness, toluene or benzene was again added to aid in
the co evaporation of pyridine. To remove any decyanoethylated
product from the amidite, one can solvate the amidite in MTBE and
the deprotected sample will precipitate out. Clearly the other
isomer was present in the phosphorus NMR as well as the de-

20 cyanoethylated product. Yield: 0.14 g (20 %).

31p NMR (81 MHz, Acetone) & ppm -0.99 (s, 1 P) -0.80 (s, 1 P) -

0.42 (s, 1 P) -0.30 (s, 1 P) 9.32 (s, 1 P) 14.57 (s, 1 P) 150.19

(s, 1 P) 150.49 (s, 1 P) 150.85 (s, 1 P) 151.40 (s, 1 P) 151.43

(s, 1 P) ; HRMS (ESI) for CeHgN,0,,P,S1, Mass cale. 1333.53,
25 found: 1356.67 (M+Na').



wel |, the reaction m xtures were kept reasonably concentrated and reaction
times were kept short. Even if there was a snmall anobunt of starting

mat eri al wef2v12a24ms 1.5 hours the reaction was worked upCTREAN20111©0950
purification process, the silica was13rst dried in 5 a 500C oven for a few
days, then it was allowed to cool in a desiccator. The silica was then

| oaded on the colum with dry DCM and 3% dry pyridi ne. Once packed, 300ml

of 0.05 % pyridine in DCM was run through t he col umm hi ng the excess
pyridine away. At all tII’YBS there wasxQ, 05 % pyridine A% he el ution 10
solvent. As an extra g OBmaoI afé&@ 2 i nché&¥™gf o db& um sul phate was
added above the sili NT@move xcess—water fr t he sol vent. Once
the fractions Wereocol ed and r to be condens@d9™BR® ni of dry

t ol uene or benzen Ca @3RSt 0 t hé SOPUi on to amed-p1® r &oval of residual

pyridine. Once the samplg 15 wasM?Ra 'P@ryness t ol uege
added to aid in the co evaporation pyridine. To re any

decyanoet hyl at ed product fromthe am dite, o ca_sql w®eomdie amdite in
MIBE and t he deprotected sanpl e WI y Ppreciprtate out.oC early the other

i somer was present in the NIVR as well as thé3de-

20cyanoet hyl at ed product. Yie dﬁ# 14 g (20 %9 . 31P NWR (81 MHz, Acetone) 8
ppm-0.99 (s, 1 P) -0.80 (s, o 42 (s, 1P)-0.30 (s,1

P)9. 32(s, 1P) 14. 57(s 1 P)150.19 (s 150. 49(s, 1P) 150.85(s, 1P)151.40(s, 1
P)151.43 (s, 1P) ; HRMS (ESI) Mf% C%S N7017P2Si 2Masscal c. 1333. 53,

0 N&O

enzene was again

OH OTBDMS
(29

[5’ -DMTr-2‘ TBDMS-rU] - [3/ -p (OMe) -57]-[rU-2’'TBDMS-3’-Lev] (23)
Compound (5) (1.55 g, 3.39 mmol) was dissolved in 26 mwlk of THF
(0.15M) with 2eq of DCI. To this stirring solution (3.21 g, 3.90
5 mmol) of phoshoramidite (7) was added all at once and allowed to
stir at room temperature for 2h. The reaction was monitored by
TLC (5%MeOH in DCM) and after 2 hours the reaction was complete.
At this point 10eq of tert-butyl hydroperoxide was added and
allowed to stir for 20min, until all the phosphite triester was
10 converted to the phosphate, as monitored by TLC (5% MeOH in DCM)
observing a more polar spot appear. The solution was condensed
to approximately 10ml and then dissolved in ethyl acetate and
extracted with 5% sodium sulfite (x2) and brine (x1). The
organic layer was dried and condensed and put on a short column

15 (0>5% MeOH in DCM). Yield: 3.12 g (84%).

H NMR (500 MHz, ACETONITRILE-d,) & ppm 0.05 - 0.17 (m, 6 H) 0.88
- 0.97 (m, 11 H) 1.97 (dt, J=4.95, 2.54 Hz, 1 H) 2.03 (s, 1 H)
2.12 (d, J=2.45 Hz, 2 H) 2.53 - 2.64 (m, 2 H) 2.72 - 2.79 (m, 1
H) 3.39 - 3.48 (m, 2 H) 3.51 - 3.55 (m, 1 H) 3.56 - 3.61 (m, 1 H)
20 3.63 - 3.66 (m, 1 H) 3.70 (d, J=11.25 Hz, 1 H) 3.77 (s, 1 H) 3.78
- 3.82 (m, 4 H) 4.03 - 4.13 (m, 1 H) 4.13 - 4.26 (m, 2 H) 4.29 -
4.36 (m, 1 H) 4.41 (dt, J=13.88, 5.53 Hz, 1 H) 4.47 (t, J=4.89



25f ound: 1356.67 (M+Na). 103 O (NHDMITON O O OTBDMS 0 (23) O OTBDVS
MeO-P=0 2 "NH O O N O OH OTBDVS (24)

(5i - DMIT -\R0BBRMB4176) - [ 3' - p(OWR) -5 ] - (r U- 2" TBDMS- 3' - Lev] PC2R)A2Qamopesnd ( 5)
(1.55 g, 3.39 nmml) was dissolved ini# nL of THF (0.15M with 2eq of DCl .
To this stirring solution (3.21 g, 3.90 5 mmol ) of phoshoramdite (7) was
added all at once and allowed to stir at roomtenperature for 2h. The

reaction vvaﬁzlnnpi%)orzp‘d,aby L& (2%0VEDH;) ny [IEM- andiafiher1 2uhosra te
reaction was conplete. At this polnt 10ec1 of tert-butyl ydg er oxi de was
added and aftowed Hzo sti P f 6r320Mfdy, drft |9'a|5|-2fhélzph§sﬁﬂite' rigs er was

10 convert eg-10 2thes phvosphat ex) as 7mondt ar-ad4byrzlLT @596 M3OHdL nTECHp
observing a_nore o%arysgcgé 37299 p ghgss}? ut2i QN Wesy c_or%dgglsglg t0 g
nd’t hen di ssi : ] )

appr oxi mat ef§ _130 ssol Ved 'in et'hyl "acetate and extracted with
5% sodi usn salfé te 1»2) (mndibrine @R1)y. 7TTHe Okganiie Ma§er (dfas Jat? &t and

condensed agd, put,on a shory Lol umg 13( 045% el i n1pCMmr Yi@hd:

N ) . Mr Yi@hd:miZ,12 g
849% . I H NEP" %‘50 MHz, ' ACETONI TRI LE-d3) 5 . 05 - H)
(84% ACETO(NITRILE—d3) 5 ppm 0.47 (s, 2 P) %9?70'(2,5 1 19)';11111&@ (gs ) 0.88

for CsH,sN,0.4PSi,; calcd: 1192.4509, found: 1215.32 (M + Na'}.

10 [5'—DMTr-2'TBDMS-rU]-[3’-p(0Me)—5’]-[rU-2'TBDMS] (24)
Compound (23) (1.26g, 1.06mmol) was dissolved in minimal amounts
of ACN, just enough to get it into solution. It was then treated
with ten equivalents (21ml, 10.6mmol) of a 0.5M hydrazine hydrate
solution in 3:2 pyridine:acetic acid that was prepared

15 immediately before the reaction. The reaction mixture was
allowed to stir for 10min before it was chilled to 0°C in an ice
bath and ten equivalents (0.728ml, 10.6mmol) of 2,4-pentanedione
which was allowed to stir for an additional 5min before the
reaction was diluted with MTBE and extracted x3 with ammonium

20 chloride (5%w/v) and once with cupric sulfate, and once with
brine. The sample was then dried over MgSO, and condensed to
dryness. The sample was put on a short column and run with MeOH

0>5% in chloroform. Yield: 1.20g (95%) (impure).

!H NMR (400 MHz, ACETONITRILE-d;) of major component & ppm -0.11 -

25 0.07 (m, 7 H 0.07 - 0.25 (m, 7 H) 0.80 - 0.94 (m, 20 H) 1.84 -
2.05 (m, 3 H) 2.07 - 2.31 (m, 6 H) 2.48 - 2.70 (m, 3 H) 2.75 (m,
3 H) 3.33 - 3.54 (m, 3 H) 3.66 - 3.85 (m, 10 H) 4.15 - 4.41 {m, 6
H) 4.47 (t, J=4.89 Hz, 2 H) 4.73 - 4.99 (m, 2 H) 5.00 - 5.24 (m,
2 H) 5.37 (dd, J=8.22, 1.57 Hz, 2 H) 5.42 - 5.54 (m, 1 H) 5.64

30 (d, J=7.83 Hz, 1 H) 5.72 - 5.91 (m, 3 H) 6.80 - 6.98 (m, 5 H)
7.24 - 7.40 (m, 8 H) 7.40 - 7.57 (m, 4 H) 7.68 (dd, J=8.22, 5.09
Hz, 2 H) 9.30 (br. s., 3 H); P NMR (81 MHz, ACETONITRILE-d;) &
ppm 0.49 (s, 1 P) 0.58 (s, 1 P) 0.74 (s, 1 P) 0.78 (s, 1 P) };
Mass calcd: 1094.41, found: 1117.42 (M + Na’).



0.97 (m 11 H) 1.97 (dt, j=4.95 2.54 Hz, 1 H) 2.03 (s, 1 H 2.12 (d,
J=2.45 Hz, 2 H) 2.53 - 2.64 (m 2 H 2.72 - 2.79 (m 1 H 3.39 - 3.48 (m 2
H 3.51 -wB.26B/@m761 H) 3.56 - 3.61 (m 1 H) 203.63 - 3P6G/qAm1L0bds03. 70
(d, j=11.25 Hz, 1 H) 3.77 (s, 1 H 3108 3.82 (m 4 H 4.03 - 4.13 (m 1 H

4.13 - 4.26 (m 2 H) 4.29 - 436 (m 1 H 4.41 (dt, j=13.88, 5.53 Hz, 1 H)
4.47 (t, J=4.89 104 Hz, 1 H 4.78 - 4.84 (m 1 H 4.85 - 4.912 (m 1 H)
5.24 (t, J=4.89 Hz, 1 H) 5.37 (dd, J=8.19, 5.26 ¢z, 1 H 5.59 (dd, J=12.23,
8.07 Hz, 1 H) 5 77o(d J=4. 40[?%,1 1H 5.81 (d (J4.65 H, 1 H) 5.87 (dd,
J=13.94, 5.38 Bed *84(m 2 PYTOR7 M2 7.42 (m 11 H) 7.42 -
7.49 On, 1|—|)Ho ’?de \'Y' §§§ 1 .20 - 9.36 (m 2 H); 31P
NVR (81 MHz, A | TR LE- fpem 0. 47 (s, 010FBPM@ 67 (s, 1 P); HRVS
(ESI) for c%%‘iﬁf‘?‘? i2 ¢ OB 92 4500yeck 215.32 (M +
10(5'.-DMIr-2'TB -rUl EX¥eC JK&e) - 5' 1- Eru—Zl?DE)!\aﬂ]g(M) Conpound (23)

(1. 26g, 1. 06n’m)l} was di ssol ved in mninmal am)ﬁf_z of ACN, just enough to
get it into solution. It was fghen treat Wirdomsd e valents (21m,

10. 6rmol ) of a 0. 5M hydr azi nq;:hydrat olution in 8: 2 pyridine:acetic acid

that was prepared 15 i i atei'p before the read®®on. The reaction m xture
was allowed to stir for 10 before it was chilled to OCin an ice bath
and ten equivalents (0.728 ,oﬁﬂwﬁmml) of 2, 4-pent anedi one whi ch was
allowed to stir for an @ggl,boon 5mn before the reaction was diluted with
MIBE and extracted x3 with la nhm 20 chl oride (5% v) and once with
cupric sulfate, and once wt |ﬂe. The sanple was then dried over MySO4
and condensed to dryness. gl S g was put on a short colum and run with
MeOH 045% in chloroform Yield: 1. Q g (95% (inpure). IHNW (400 MHz,
ACETONI TRI LE-d3) of major conponent 5 ppm-0.11 - 25 0.07 (m 7 H) 0.07 -
0.25 (m 7 Hynth8QGs €eds (fqgr 202¢) and4 (27 EBremidgnH)cad O - those (m 6
H 2.48 - %5@ %i88a (@B Sotbordaddzs) Sakd «zm 3 H 3.66 - 3.85 (m
10H)415-1-°§£f98S 23 (?Arﬁ)ou 73-499(m2H)
5.00 - 5.24 537(dd J822 157 (m 1 H
5.64 30(d, J[g7 @ﬁTIHZ -BOMS-sUI (37 R (Qle) rp] éHﬁﬁ GLE% 5 %%B’ésﬁrﬁ%% 7.24 -
7.40 (m s8 Hompods (11) 5(1) (zmg4oH)so7mn6>8 (el dis&R2d Hn (O OHaL & H}‘HIQ 30
(br. s., PN TR Ed;ﬁ?n PM G A49{S ol Plnd- 58 (s,
1P 0. 74 (;Po 1§ qNH‘Z Cﬁg%ﬂs ‘:J’Q 3894, 47 oo 20 (M
+ Nat). 1058000t0(nM-Q(4I76h€£L)01{390Imm°D)1 oﬂamrmhkr%mo”ﬁsmoaé#ﬂ?,,A 0
OTBDMBO OTB% LIQ &ce and allowed to stir at room temperature for 2h. The

reaction was monitored by TLC (5%MeOH in DCM) and after 2 hours

10 the reaction was complete. At this point 1l0eq of tert-butyl

hydroperoxide was added and allowed to stir for 20min, until all

the phosphite triester was converted to the phosphate, as

monitored by TLC (5% MeOH in DCM) observing a more polar spot

appear. The solution was condensed to approximately 10ml and

15 then dissolved in ethyl acetate and extracted with 5% sodium
sulfite (x2) and brine (x1). The organic layer was dried and

condensed and put on a short column (0->5% MeOH in DCM). Yield:
0.50 g (88%).

gy NMR (500 MHz, acetone) & ppm 0.04 - 0.23 (m, 13 H) 0.80 - 0.96
20 (m, 19 H) 1.99 - 2.14 (m, 7 H) 2.54 - 2.70 (m, 3 H) 2.72 - 2.94
(m, 4 H) 3.46 - 3.63 (m, 3 H) 3.73 (d, J=11.25 Hz, 2 H) 3.78 -
3.95 (m, 8 H) 4.13 (d, J=3.67 Hz, 1 H) 4.16 - 4.22 (m, 1 H) 4.23



MeO NO-PO2(NH I OR 01)(7)0O(.NHO NO O (XNH DMIO O TTO TBDMSO 0 (26)
OrBDVS 0 MeO-P=0 ANH O O N O TBDMSO OH (27) Synthesis steps for (26) and
(27) wer ewoderntizemb to those previously described for cecpaards/p@s) and
(24). [5i-DMIr-2'-TBDVS-rU] - (3" -p(Ovy6 5' ] -(rU-2' -Lev-3' -TBDMS] (26) 5
Compound (11) (0.23 g, 0.50 mmvl) was dissolved in 5.0 nL of THF (0.15M
with 2 eq of DCI (0.12 g, 1.0 nmol). To this stirring solution (0.476 g,

0 579 nmol ) _of . qahqshof afyl di 2 { ). s0asn,added 4aalsh ats.oncémarsdHal 4 dged to stir

roomte erature f Th actign ni tored, by, T OH in
and a??e? 2("hoar§{ 15qt *he rgei%(gt‘Ccingvvgiva?:orgD 5 g; %“pt ﬁ'l gppéo%ré:\/bmeq of
tert butyl hydr oper exHiles véss -added @ndSaH! oVNe?(P to7s¥?r (ff,08 BOnTré4 until all

t he phosphi gﬁ/’ estze;I V\/;;\swcqgvedr-_tsegﬁ@ztherh@s@a@e J§§ ovortfor e by TLC
(5% MeOH in ob serV| ng a nore polar spot ap he sol uti on was
condensed t 3- &ppioxinhtd gZIM)aHdB%LS(dt heén® di’'s BB! vled{ A% e]tah;ﬁ’ Tackt'ate and

extract ed %tg ) P%.5 QRIRUTS 8 Uik , t%cﬁi‘&)lﬂ@ﬂ}:hﬂ ne dpnld.adhes, 0ngani €. dsayer was
dried and condensed and put on a short colum (045% MeOH in DCM . Yield:

882 g (88%(s, MPINWR (500 MHz, acetone) 8 ppm0.04 - 0.23 (m 13 H) 0.80 -

[5/-DMTr-2’-TBDMS-xU] - [3/ -p (OMe) -5’1 - [rU-3’ -TBDMS] (27)
Compound (26) (0.210g, 0.176 wmmol) was dissolved in minimal
10 amounts of ACN, just enough to get it into solution. It was then
treated with ten equivalents (3.52 mL) of a 0.5 M hydrazine
hydrate solution in 3:2 pyridine:acetic acid that was prepared
immediately before the reaction. The reaction mixture was
allowed to stir for 10 min before it was chilled to 0°C in an ice
15 bath and ten equivalents (0.18 mL, 1.75 mmol) of 2,4-pentanedione
which was allowed to stir for an additional 5 min before the
reaction was diluted with MTBE and extracted x3 with ammonium
chloride (5%w/v) and once with cupric sulfate, and once with
brine. The sample was then dried over MgSO, and condensed to
20 dryness. The sample was put on a short column and run with MeOH

0 2 4 % in chloroform. Yield: 0.162g (85%).

'Y NMR (500 MHz, ACETONITRILE-d;) & ppm -1.93 - 0.51 (m, 13 H)
0.88 - 0.96 (m, 11 H) 1.89 (s, 3 H) 1.97 (dt, J=5.07, 2.48 Hz, 1
H) 2.03 (s, 1 H) 2.21 (s, 3 H) 3.41 - 3.48 (m, 1 H) 3.50 - 3.67

25 (m, 2 H) 3.78 (m, J=1.47 Hz, 4 H) 3.98 - 4.29 (m, 4 H) 4.34 (dd,
J=5.62, 3.18 Hz, 1 H) 4.48 (t, J=5.01 Hz, 1 H) 4.67 - 5.15 (m, 2
H) 5.39 (dd, J=8.19, 1.83 Hz, 2 H) 5.62 (t, J=8.19 Hz, 1 H) 5.76
(dd, J=12.84, 4.28 Hz, 1 H) 5.85 (br. s., 1 H) 5.89 (t, J=5.87
Hz, 1 H) 6.23 (br. s., 2 H) 6.91 (dd, J=8.93, 3.30 Hz, 4 H) 7.13

30 - 7.41 (m, 5 H) 7.41 - 7.59 (m, 2 H) 7.71 (t, J=8.07 Hz, 4 H)
9.78 (br. s., 3 H); *P NMR (81 MHz, ACETONITRILE-d;) & ppm 0.48
(s, 1 P) 0.57 (s, 1 P) 0.73 (s, 1 P) 0.79 (s, 1 P).



20 (m 19 H 1.99 - 2.14 (m 7 H 2.54 - 2.70 (m 3 H 2.72 - 2.94 (m 4
H 3.46 - 3.63 (m 3 H 3.73 (d, J=11.25 Hz, 2 H) 3.78 - 3.95 (m 8 H 4.13
(d, J=3.6¥oMai2/k4ty 4.16 - 4.22 (m 1 H 4.23 106 - 4. BET(aN202/06)95¢. 35 -
4.50 (m 2 H 4.51 - 4.70 (m 3 H 4182 - 507 (m 2 H 5.19 - 5.40 (m 3
H 5.48 - 5.64 (m 2 H 5.86 - 6.00 (m 3 H 6.83 - 6.96 (m 5 H 7.20 -
7.39 (m 8 H) 7.44 - 7.53 (m 2 H) 7.57 (d, J=8.07 Hz, 1 H) 7.65 (d, j=8.07
Hz, 1 H 5 7.86 (d, J=8.31 Hz, 1 H 7.82 (d, J=8.07 Hz, 1 H) 10.13 (br.
s., 3 H; 31P NMR (81 M{z, ACETONITRILE-dO 8 ppm0.48 (s, 1 P)o0.68 (s, 1

Pj. [5 -DMIr-2'-TBDVS-rU -[3' -p(Owe)-5"]-[rlk 3" - TBDMG] (27) und (26)
(0.210g, 0.176 mmol) was dissol ved i nypNni NgP,10 amount sMBE AGNC j ust
enough to get it ioto solutiegn. It was t treated with te gui val ent s

(3.52 nmL) of a 0.?‘ hydr azignet hydrate sol uti in 3:2 pyridi nwpmgetic acid
t hat was pr epao N%néredi'oa fhAﬁbef ore the_re;gg“f%on_ﬂjﬁ rﬂax:—gimnw xture was

allowed to stir 10 'm 7 O(TagDorSe it Wit %:ﬁ)l II gl to 0OC in aé icéiﬂS bat h
and ten equi wal entss@. 18 F °X° 75 mol ) ndopent anedi one WAi)eR was
allowed to sti\ngo"’fh@_p,)zan addi®ional 5 mn be the reactih wasombhat ed

with MIBE and extracted x3 w th ammoni um cffP';EﬁTP%S ( 5%/ v)(H%rﬁd once with
cupric sulfate, and once with brine. The sar(r'dl e was then drfed2®ver MySH
and condensed to 20 dryness. The sanple was put on a short colum and run

ACETON TR LB a0 e o ) e o L HL. 1 80 (

- pm - 1. -. 0. m . 0, - 0, m : s,
3 H 1.97 (dt F°i“':%{)t6?,te<k.sﬁ’§“ﬂz?“ f%réhof?’é%r‘*'(%,dlie kbﬂz?‘él"‘o(gs, %‘Jﬁ‘“'dé?m -
3.48 (m 1 H).08.5Q) , 671255 &m 1. d)md1782( ry) Jid. &tkpitrdile) (BcO8 - 4. 29
(m 4 H .4 =5, .48 He, 4.48 L5 JHL 4, 67 -
5.15 (m 2 %)%‘é%g ‘%’&%, gég%?gl%", T.Zféﬁa‘ﬁ;?dé é&)fg%‘z i té 9%123)8_‘%]?91:%, 'H) 5.76
(dd, J=12.84int4l @l lireagents BeyS Jigsoleed. 1IM)a Hegorite vgsseBrhep2'1 H)

6.23 (br. s.pppdsHlude8di éjcta)JFﬁ-sQ%,, 3. 30 kg1, 4 W) ed) bas3Qissolfedlidm 5 H)
7.41 - 7.59 (m 2 H 7.71 , J=8.07 Hz, 4 S., : 31P NWR

(81 Mz, ACEPONFTRPEE-ASE) g%}i?pnf‘él.%éo(ls,"fl %Qtifgf?ggd(gfr“i‘iitﬁ) g?%t{l%? 1 P)
0.79 (s, 1 Rannulf¥zd B14Wily DMAENWABe HOnBo (the 61STIBDVEh MR N(éldB2de NH
DMION 6QLOO This mixture was allowed to stir for 20 min before a TLC was run
(10% MeOH in DCM) showing complete consumption of the amidite.
tert-Butyl hydroperoxide (6M in decane, 5.3 mL, 5 eq) was then
added to the solution and allowed to stir for another 20 min. The
sample was then diluted with MTBE and extracted x3 with a 5%
15 aqueous solution of sodium sulphite and once with brine. The
mixture was then dried over magnesium sulphate and evaporated to
dryness. The sample was then purified by silica gel
chromatography using 0-4% MeOH in DCM as eluting solvent to give
the pure product in reasonable yield (Note this was a difficult

20 column as the starting nucleoside had similar polarity to the

oxidised dimer): 3.7 g (68%) (impure).

'H NMR (400 MHz, ACETONITRILE-d;) & ppm -0.11 - 0.07 (m, 7 H) 0.07
- 0.25 (m, 7 H) 0.80 - 0.94 (m, 20 H) 1.84 - 2.05 (m, 3 H) 2.07 -
2.31 (m, 6 H) 2.48 - 2.70 (m, 3 H) 2.75 (g, J=6.26 Hz, 3 H) 3.33
25 - 3.54 (m, 3 H) 3.66 - 3.85 (m, 10 H) 4.15 - 4.41 (m, 6 H) 4.47
(t, J=4.89 Hz, 2 H) 4.73 - 4.99 (m, 2 H) 5.00 - 5.24 (m, 2 H)
5.37 (dd4, J=8.22, 1.57 Hz, 2 H) 5.42 - 5.54 (m, 1 H) 5.64 (4,
J=7.83 Hz, 1 H) 5.72 - 5.91 (m, 3 H) 6.80 - 6.98 (m, 5 H) 7.24 -



NH O OrBDVs Ol MeO-P=0 O I(NH O-6 O N O OH OTBDVS (24)
O N,"NHO DMTO 0 0 OrBDVMS MeO-P=0 O (NH O O Nr' o MeO-0 OTBDMS -p
(1-Pr)21(e6)20124@477OMIT - 2' - TBDMS-r U] -[ 3' - p(OWe) - 5' | - (r U- PCTAB2MBJ00¢Rd) A
concentrated solution of phosphoramdbge (7) (4.40g, 5.35mvol, 1.01 eq),

DCl (1.25 g, 10.6 mol, 2 eq) in acetonitrile (ACN, 5 26.5nL) were added to
a flaned dried flask and allowed to stir until all reagents were dissol ved.
In a separatesveasels the7 2o -TBDMS muchkepsides( 3¢d( V=9.22. 5..89 Hamwl2 1.0

eq) was dissolved in 20 nL of _ACN,,_The sol utj.on i d i di te was
then cannul & ed- 31 offty (drop- W se) ©i Hﬁ% ?%11e 4&&5%13%%%%%&#6@&0% de. 10
This mxture.vas(sal howed.vo &,in Por 20 mn before a TLC was run (10% MeOH
in DCM show ng conpl ete consunption of the amdite. tert-Butyl

hydroper oxi dg. (GM1_9. 08EMEE 712 (3 Mi(om) E5)] -Wes-1-Nespmeided-t o the sol ution
and allowed to stir for another 20 mn. The sanple was then diluted with
MIBE and5exmeskylgdrogphetiamhdites %2l aqueous sol ution of sodi um sul phite and

once Wt hdbrdomﬁoun'ﬁhelzﬂi X{317@ was.dhemoly i v @Nesormgnesi umenl phasey and
Chr ot ogr afg- uLiHey PBEURAEDLIT e Do S BFOT] AGCBoTEnE T 21 8 ¥ pure
product in reasoaetine ofi &l ¥-diNeberddyilsmives mtwlfpﬂlbgplt!tqnaQQd@xolthinrHée t he
"Lars" 9, e SOF, e Q0B S\ k) Ll DX s R o
H) 0.0710 (3 eq, 1.867 ml). The reaction was monitored by TLC (5% MeOH in
DCM) . Excess amidite ran <close to the newly formed
phosphitylated dimer, but once the reaction was worked up the
quenched product had a much lower polarity. Once the reaction
was complete, 1.5h, the reaction mixture was diluted with ethyl
15 acetate pre washed with sat. NaHCO;, it was then extracted once
with a solution of 5% NaHCO; and x2 with brine. The organic
phase was dried with MgSO,, condensed to dryness, co evaporated
with toluene (x2). With the methoxy phosphate protecting group
there was no worry of internucleotide phosphate deprotection on
20 column under basic conditions therefore triethylamine can be used
to quench the silica as a typical phosphoramidite purification.
The compound was purified by 1% triethylamine 49% DCM 50% ethyl
acetate. Yield 3.701 g (87%)

4 NMR (500 MHz, ACETONITRILE-d,) of major component. & ppm 0.01
25 - 0.20 (m, 10 H) 0.78 - 0.96 (m, 15 H) 1.11 - 1.32 (m, 12 H) 1.83
- 2.0l (m, 6 H 2.20 (s, 4 H 2.59 - 2.74 (m, 2 H) 2.78 (s, 1 H)
3.37 (d, J=7.34 Hz, 2 H) 3.41 - 3.54 (m, 3 H) 3.63 - 3.75 (m, 4
H) 3.76 - 3.88 (m, 7 H) 4.01 - 4.24 (m, 3 H) 4.25 - 4.41 (m, 4 H)
4.41 - 4.63 (m, 2 H) 4.73 - 4.88 (m, 2 H) 4.95 (s, 1 H) 5.32 -
30 5.39 (m, 1 H) 5.48 - 5.70 (m, 2 H) 5.77 - 5.97 (m, 3 H) 6.75 -
6.94 (m, 4 H) 7.17 - 7.38 (m, 7 H) 7.42 - 7.49 (m, 2 H) 7.49 -
7.58 {(m, 1 H) 7.60 - 7.76 (m, 2 H); *P NMR (81 MHz,

ACETONITRILE-d;) & ppm 0.50 (s, 1 P) 0.64 (s, 1 P) 0.83 (s, 1 P)



- 0.25(m 7H 0.80- 0.94(m 20H 1.84 - 2.05 (m 3 H 2.07 - 2.31 (m
6 H 2.48 - 2.70 (m 3 H 2.75 (q, J=6.26 Hz, 3 H) 3.33 25 - 3.54 (m 3 H)
3.66 - 3.8b620my02406H) 4.15 - 4.41 (m 6 H) 4.47 (t, J=4PBI/dAZp11R0b9504. 73 -
4.99 (m 2 H 5.00 - 5.24 (m 2 H 5187 (dd, j=8.22, 1.57 Hz, 2 H) 5.42 -

5.54 (m 1 H 5.64 (d, J=7.83 Hz, 1 H 5.72 - 5.91 (m 3 H 6.80 - 6.98 (m
5H 7.24 - 108 7.40 (m 8 H) 7.40 - 7.57 (m 4 H 7.68 (dd, J=8.22, 5.09
I(ﬂz, 2H§ 880§b(s 3. p)315) ;1434R, NWRp( 81s1VHe, (ACETQN TiR2LEsd8), & ppm 0. 56

s, 1P S P

[5' - DMIT-2' 1780V FU L B3 -p(OMe)-5']-[rU-2' - TBDIVB] 3-5

nmet hyl phosphoram dite (25) Conpound (24) (3.70 g 3.43 mmol ) was di ssol ved
in 10.0nl of dry THF. The nucl eotide sol ution was added drop Wse over 20
mn to a solution of N, N-diisopropylamn no) y| phosphonam di cf(li'ﬁl ori de
2.5eq (1.694 g, 1. %9 n, 8.57 mmoi) rllg di ropyl et hii! N18(3 eq,
1.867 m ). The reaginHONn vvas m)nl tored 5% MeOH i n Excess
am dite ranghese a hei'_h eva]leﬁormad pho itylated diner, ?blRTBQJ\ﬂfce t he
reacti on was wo t n@h_d—f'od tOTaMS a muth | mewer= pol(grl ty. Once

the reaction wasl<C lwgt h, the meaetdoon O xture was dlg Nihi t h
ethyl 15 acetatespfe washe®"@"PR sat. Na f(Nﬂ" was then ext 8 once
with a sol uti ¥ of(A9e NaHCOB and x2 with “OThe organic p paas dried
with MySO4, cond€hsed to dryBess, co evaporyréd with tol USRerx2). Wth the

met hoxy phosphate protecting group there wa 9?16 Sworry of Rt h"’&’cl eoti de
phosphate deprotection on 20 colum under basic conditions therefore

triethylam ne can be used to quench the sjlica ?ras a ?/p%gﬁ phosphoranmi dite
puri ficati ort3’ TP ShpERIVE -tk BUrP fM8d By 188 é['ttﬁé/ e 49% DCM 50%
et hyl acet atze.coficehttkaled0toJut(iBE %ot 1 IdhdbfRia0dd ez , (TACEFONI TRI LESd3 of

' 0 20 1 7§ 1 11
"5 U 5oy 18, 0t (41 1 %o teh A g B hepnd
2.78 (s, 1 HACB, 3% .(sahL) Jure3Adied H) f3angd -drieg4fYapk 3ndy)aldogs tca 75 (m

4 H 3.76 - 1§ r(trpl Zlf')re%ggﬂts whrd4iEbidd) ﬂn%’ssé é‘ra‘ua (&8sl tﬁe4 41 -
4.63 (m 2 4. 73 - 32 -

5.48 - 5.70 {'nff1Es PBUC%e?SFde 51@7%71993 H(3°6‘m‘7‘:? 2 86@)4 kil dﬁsﬁ%sl"‘?g‘ff‘ ;D 38
(m 7 Hpo7. 43 mL708%EM (ndtdl) f6r49A-nicle8s{dg al shhlY.&lunt 7of/ @HENVaAL H) ;
flg) Nwlfogmc?'ggéd ?‘%ET%;! l}g%(glg%m 281 B SoFi)“EQ‘ﬁf?ll‘iéza%% ?geglsg)(s
152. 11 (s, ]anﬁ’)ilte Owads LienDMEOD41lat:d slowly (drop -wige) into the flask
with the nucleoside. This mixture was allowed to stir for 20 min
before a TLC was run (10% MeOH in DCM) showing complete
15 consumption of the amidite. tert-Butyl hydroperoxide (6M in
decane, 5.3 mL, 5 eq) was then added to the solution and allowed
to stir for another 20 min. The sample was then diluted with MTBE
and extracted x3 with a 5% aqueous solution of sodium sulphite
and once with brine. The mixture was then dried over magnesium
20 sulphate and evaporated to dryness. The sample was then purified
by silica gel chromatography using 0-4% MeOH in DCM as eluting

solvent to give the pure product in 82% yield (3.7 g).

3p NMR (81 MHz, ACETONITRILE-d;) & ppm 0.57 (s, 1 P) 0.81 (s, 1
P).



0 0 OTBDMS MeO-P=0 0 CLNHO" O NO CH OTIPS (29) 01 -1 1(T DMION O O
0O OrBDVMS MeO-P=0 NH O N O MeO, O ()TIPS p, (i-Pr)2N (30)

(5' - DMIT -\RO-2080YBr76 UL- 13" -p(OVve) -5' ] -(rU-2' -TIPS] (29) PcAv@anoantssat ed
solution of phosphoramdite (7) (4.401@,5.35 mol, 1.01 eq), DC (1.25 g,
10.6 nmol, 2 eq) in acetonitrile (ACN, 26.5n) were added to a flamed dried
flask and allowed to stir until all reagents were dissolved. In a separate
vessel the RasdldRIcnucleoss daisclBdurdl. 9059 .5330mmal) . 1. 0Oeq) was di ssolved in
10 20 nL of ACN (note: for rA nucleoside a small amount of THF was added
due to solubility issues). The solution of activated am dite was then
cannul ated slowy (drop-wise) into the flask with the nucl eoside. This

m xture was allowed to stir for 20 min before a TLC was run (10% MeOH in
DCM show ng conpl ete 18 consunption ofgthe amdite. tert- It_lyl

hydr operoxi de (6Min d ci‘me, 5.3 i, 5[&1@.) was theng\@dded lhﬁ t he sol ution
and al |l owed to sewmmof or NaAot her 28%xi B.N"F@e sanpl e Ot Qiluted with
MIBE and extracted X jth & 580 aqu sol Ttioff of sod sul phite and
once with brine. Thegmorbone W@ orped over magnesiPurdTBRMSul phat e and
evaporated to dryness, The sanple S then purified Nsp-9Ebi cQ gel

chr omat ogr aphy usiMe§ 0O4-£9 MeOH i n I&NJI\:gJ1 s eluting solventl to [gh¥e the pure
product in 82%yvyield 8.7 g). 31P N ?81 MHz, ACETONI T 3P 8 ppm 0.57
(s, 1 P) 0.81 (s, 1 WD 2012/024776PCT/ CA2011/00095G 110

O OTIPS
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o)
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Q OTBDMS OTBDMS
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| MeO-P=0
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O OTPS
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OMe (30) (29)

[5’ -DMTr-2/ TBDMS-xU] - [3” -p(OMe) -5’] - [rU-2’ -TIPS-3'-Lev] (28)

5 DCI (1.08 g, 9.18 mmol, 2 eq) was added to a 30 mL ACN solution
of the phosphoramidite (7) (5.66 g, 6.89 mmol, 1.5 eqg) and the
nucleoside (15) (2.289 g, 4.59 mmol, 1.0 eq). The mixture was
allowed to stir for 20-30 min until the starting nucleoside was
completely consumed. One equivalent of tert-butanol (0.5 mL) was

10 added to quench any remaining active amidite (this helps with the
next purification step as the quenched amidite becomes less polar
and easier to separate from the desired dimer). Five equivalents
of tert-butyl hydroperoxide (6 M; 3.06 mL) were added and the
resulting mixture allowed to stir for an additional 15 min until

15 all of the phosphite triester was consumed (TLC analysis with 10%
MeOH in DCM). The sample was then diluted with MTBE and
extracted x3 with a 5% solution of sodium bisulphite and once
with brine. The mixture was then dried over magnesium sulphate

and condensed to dryness. The sample was then purified by column



Mass calc. 1137.36 Mass found. 1159.53 (MtNa+). O (NH HODMIO ..(NHN O 0 O
N 00 0 011 PSO OTBDVS 1 MeO-P=0 0 O1(NH (150 O NO O ()TIPS O (LT1 DMION

00 OTBDNB2M2M2P=8 O (NH ' O N O OTIPS (i-Po2N F( OChmefBMN2001/004956 |
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chromatography (0-75% gradient of ethyl acetate in hexane).
vield: 5.29 g (93%).

3p NMR (81 MHz, ACETONITRILE-d;) & ppm 0.39 (s, 1 P) 0.81 (s, 1
P).

5 [5'-DMTr-2’-TBDMS-rU]-[3’-p(OMe)-5’]-[rU-Z’-TBDMS] (29)
To a solution of (28) 9.53g (7.71 mmol) in ACN (10 mL) was added
77 mL (5 eq) of 0.5 M hydrazine hydrate in pyridine/acetic acid
(3:2) and the resulting mixture allowed to stir for 20 min. The
reaction was worked up by cooling the reaction mixture to 0°C in
10 an ice bath and adding 5 eq of 2,4-pentanedione (3.96 mL, 38.6
mmol) to quench excess hydrazine. At this point, the mixture was
removed from the ice bath and allowed to stir for an additional
10 min at room temperature. The mixture was diluted with MTBE or
ethyl acetate and extracted x4 with 5% ammonium chloride to keep
15 the aqueous medium slightly acidic, then once with brine to
remove any residual ammonium chloride. Then the mixture was
extracted twice with 3% aqueous CuSO, solution (to mop up excess
pyridine) then once with 1% EDTA and 10% NaCl to remove any
regsidual copper from the organic layer. The organic layer was
20 then dried with magnesium sulphate and condensed to dryness.
This mixture was then purified by column in ethyl acetate/hexanes

(0-75% gradient). Yield: 8.25 g (94%).

Y NMR (300 MHz, ACETONITRILE-d;) & ppm 0.09 - 0.15 (m, 6 H) 0.87

- 1.20 (m, 40 H) 1.94 - 2.00 (m, 1 H) 2.10 - 2.20 (m, 2 H) 3.44
25 (br. s., 3 H) 3.67 - 3.79 (m, 12 H) 4.04 - 4.23 (m, 5 H) 4.28 -

4.35 (m, 2 H) 4.38 - 4.48 (m, 2 H) 4.81 - 4.90 (m, 1 H) 5.38 (4,

J=8.21 Hz, 1 H) 5.64 (d, J=8.20 Hz, 1 H) 5.81 - 5.91 (m, 2 H)

6.90 (d, J=7.91 Hz, 5 H) 7.24 - 7.37 (m, 9 H) 7.41 - 7.52 (m, 4

H) 7.71 (dd, J=8.20, 2.64 Hz, 1 H) 9.62 (br. s., 1 H) *'P NMR (81
30 MHz, ACETONITRILE-d;) & ppm 0.58 (s, 1 P) 0.83 (s, 1 P).



DMION O O OrBDMS MeO-P=0 0 1( NH ' O N O HO OTI PS (29)
[5'-DMIr-2" TBDMS-rU -[3' -p(OWve)-5"]-[rU-2' -TIPS-3'-Lev] (28) 5 DCl (1.08 g,
9. 18 nmolwo2oexp4ivas added to a 30 nL ACN sol ution of tireTxspoomm dite
(7) (5.66 g, 6.89 nmmol, 1.5 eq) and tihe nucl eoside (15) (2.289 g, 4.59
mmol, 1.0 eq). The m xture was allowed to stir for 20-30 min until the
starting nucl eoside was conpletely consuned. One equival ent of tert-butanol
(0.5 nL) was 10 added to quench any remaining active amdite (this hel ps
with the next. Dkl bhcaidons- sieRsasp (ome) oyrangheck -anrdsit-a-becones | ess pol ar
and easier to separate fromthe de5| red diner). Five equivalents of
tert-butyl H‘?H’i%‘}?@PGR‘i‘?fém(Lél‘f\ﬂ 3%6 nL) were added and the resul ting
m xture allowed to stir for an additional 15 mn until 15 all of the
phosphi t e t i, Bsbirsopaspylansomecth tELCizrialysiB i o108 M0 i AnBHCME  The
sampl e was thep dijluted Ml MIBERACERALACt d 43 dibLh 8. 5560 §PI Wezon of
ce

sodi um bi sul phlte an w th br he m xture was then dried over
nmagnesi um sekdghdt e afd sebnee ad t@fd?ﬁlrfé'slé”rl%efoéfaﬁplféwm}a%m’ttﬁén Pirified

by col um 0,202/ G247 78RETAGAR02d4 0009R0 yhtll chymenakograppy df0- 756

gradi ent of ethyl acet ate i n hexane ield 2 9 N 81 MHz,
ACETON TR LEG&B?ZQ&IlBﬁmSG %9“{‘% dJlss.Igglv c¥81 (S’I‘%e %1%&( ’\32@) (?51 01 Nﬁoﬂ,

5[ 5' - DMIT - 2' 4. EBOMp- rikdls- [tBéLn pddahﬁ) d5re}c,=t[1|yUt<2 tHBDWBl ufi2®) afd semwichtied on of
(28) 9.53g (, 71an9dlt1 g BQ%Lryw% D1 &k eF Qebe M

hydrazi ne hy§fat® PROpYHS ﬁl ne acetl c and the resulting mxture
al | oned 100 siviernf@rt 20 Ydqm tFhRENEEHES | oﬁhﬁ\/a%l"\ﬁﬁﬁ(é&fsubhﬁy ddovFshgithe

reaction m xtugpe, tl\prQCof e 1a£bét%€e batr and1addétigeSmes: ok prewashed

2, 4- pent anedi one (3.96 niL 8.6 t o guench exces h% azin this
point, the ribEUPREURREET STASHER hl'll"é‘ﬁ]i’ S ER 1APKS AT g\“l‘ W10 for an

addi ti onal 1 aMieht Bdcteaom tierpanat Na€L sBlet i txiar ehevasorgiel wi g hMltlh MIBE or
ethyl acetatg and ext [ag t ed Xﬂasvﬁ%h%nS%r?ggDQiﬁ{n rﬁa@n%rsﬁ.grﬁ El?l[h‘i%.@g ingthe

aqueous medi scﬁgﬁﬁﬁy $di € €n once Wt ime to renbve any resi dual
anmoni ums hl airiddesedHen driree . xt Ghe WatbusRt v t@Ent Wiless Wit AR 3%EHaeous

CusO4 sol utign, (Eo @ppgﬁ EXE eSS Wi LG L) i NSt @N6Em Vb therl %EDEMoand 10%

NaCl to renpve any resi copper fromthe organic_|ayer. The. organic
|ayer was 2gam1nesy -78°C) The ggt was filtered oxger Celltééﬁ and collec% Q

with DCM. The solution was evaporated and the resulting solid
purified by column chromatography. The column was first loaded
20 with 3% triethylamine in hexanes. The sample was then dissolved
with 17% hexanes, 3% triethylamine, 80% DCM and loaded on the
column. The compound was eluted with 0-10% ethyl
acetate/DCM/3%triethylamine. Yield: 3.5 g (67%).

31p NMR (81 MHz, CHLOROFORM-d) & ppm 0.59 (s, 1 P) 0.77 (s, 1 P)
25 1.09 (s, 1 P) 1.14 (s, 1 P) 151.25 (s, 1 P) 151.38 (s, 1 P)
151.99 (s, 1 P) 152.05 (s, 1 P).



25 thendriedw th magnesi unsul phat eandcondensedt odryness. This m xture was
then purified by colum in ethyl acetate/hexanes (0-75%
gr adi ent )wuizel 2287785 g(94% . 114 NVR(300 MHz, ACETONI TRI PET®N2611m00050
0.09-0.15(m 6 H0.87 -1.20(m 40H) 1. 9412. 00(m 1H) 2. 10- 2. 20(m 2H) 3. 44
(br.s.,3H)3.67-3.79(m 12H) 4. 04- 4. 23(m 5H) 4. 28-
4.35(m 2H) 4. 38-4. 48(m 2H) 4. 81- 4. 90(m 1H) 5. 38(d,
J=8.21Hz, 1H) 5. 64(d, j =8. 20Hz, 1H) 5. 81-5. 91(m 2H) Q
6.90(d, j=7.91Hz, 5H) 7. 24-7.37(m 9H) 7. 41-7.52(m 4 ¢ } Qﬂi;',
H) 7. 71(dd, j =8. 20,2.?4Hz,1|—|) 9.62(br.sg, 1H 3ukmdlR(EY 30h o
ACETONI TRI LE-d3) EI{ ffpm 0.58 (s,,,1 \AD. 83 (s, Y. 112 § Ooteoms

S[3 - p(OVe) - B [ T U- 2'Med RG] CTERMS nnéoh'JopEB horamnidite
(30) N, N-Di i sopropydrasmeoni um t et r az citecete ( 1ok ol , 2. 41 Z bi s
(N, N-di i sopr opydoardonod et hyl phosshs-ne §14. 1 nmol, 3.69 Q) 5 added to
26.8nmL of ACN. Affer (S¥irring for f Mﬁhinutes, the m xture WayMsoni cat ed
for 0.5h untilgythe otity of ¢he azolide salt had dﬁsspbv . The
di mer (29) (4,Q1 loTPY}. 566 g,)kwa%q REF added directly to tdis{88l ution
and soni cated for fagsaddi tional 8hg famally the m xture was a dto stir
10 overnight at roomtenperature. The m xture was then di f'"th ei t her
MIBE or ethyl acetate (the ethyl acetate nust be prewashed wot#®sat urated
sodi um bi carbonate to renove residual acetic acid) and extracted with a 10%
NaCl sol ution,x en.once Wi kh bl ne yThe Hipgagi r, was then dried
wth mgnesi@m’iﬁé‘%ﬁﬁpg_ ndpiépeeo%dgnrsrgdgt oﬂ(rifgyﬂeg'sel.v?¥ﬁle) m xture was then
taken up i n Qumpbwed (@ADUMR-298f DEM amel)preeidiispated iR T 6f R 8fter to
renmove am nes, ({8QorodPEe RPLMNAS (Tt QL RUET afl d11eTM 2kl srakl ested with
DCM The sol ution was evaporated and the resultiqg solid purifﬂe%}ﬁg col um
chr onat odr afifin Fhe" AAMGnAL WERCH WREt 29%8ded DD T 206 S éF‘ﬂ?Alzf Te in

hexanes. The.gaapi&s Was drheslldiasdokuedprbdeds 1% hepaaesd 8% rarethgt ami ne,

80% DCM and | oad h | . _Th i - o et hyl
acet at e/?)?:l\/! 7 rggtﬁ%éﬁghg? ﬂl‘rggls&[:“p e.g'%gp%%/or\.@a-s Sgé}%’%gﬂlm% ?DBC% %,.%i{ =
CHL OROFORM dJoaBeppon G 581¢my. 1Ty WMy Fag swashe) off5 wigh Hexangs And the (s, 1
P) 151.25 (s.,51.R01 12L 38udcw witiPhed@de kst alePdedl32: 05, (8e grddhce 113

10 was eluted with 80% ethyl acetate. Yield: 3.88 g (97%).

'y NMR (400 MHz, ACETONITRILE-d,) & ppm -0.08 - 0.13 (m, 8 H) 0.75
- 0.95 (m, 13 H) 0.96 - 1.10 (m, 27 H) 1.20 (s, 1 H) 1.78 - 1.91
(m, 1 H 1.91 - 2.04 (m, 2 H) 2.07 - 2.32 (m, 5 H) 2.52 - 2.71
(m, 3 H) 2.71 - 2.97 (m, 4 H) 3.70 - 3.87 (m, 7 H) 4.22 - 4.40
15 (m, 6 H) 4.41 - 4.63 (m, 4 H) 4.70 - 4.87 (m, 2 H) 5.15 (ddd,
J=14.18, 5.38, 3.13 Hz, 2 H) 5.23 - 6.21 (m, 4 H) 5.67 - 5.95 (m,
6 H) 7.59 (dd, J=8.22, 5.09 Hz, 2 H) 7.85 (dd, J=8.22, 2.74 Hz, 3

H) 9.50 (s, 1 H) 9.46 (s, 2 H).

[5’-DMTr-2’ -TBDMS-xU] - [3’ -p (OMe) -5’] - [rU-2’-TBDMS] - [3' -p (OMe) -
20 5']-[rU-2'-TIPS-3'-Lev] (48)

Compound (31) (3.88g, 4.16mmol) was dissolved in 15ml of THF with
2eq of DCI (0.982g, 8.32mmol). Immediately phoshoramidite (7)
(4.10g 4.99mmol) was added to the solution and allowed to stir at
room temperature for 2h. The reaction was monitored by TLC (5%

25 MeOH in DCM) and after 2 hours the reaction was usually complete.
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At this point 10 eq (2.5 ml of a 6 M solution in decane) of tert-
butyl hydroperoxide was added to solution and allowed to stir for
20min until all the phosphite triester was converted to the

phosphate, as monitored by TLC (5% MeOH in DCM) observing a more

polar spot appear. The solution was condensed to approximately

10ml and then dissolved in ethyl acetate and extracted with 5%

sodium sulfite (x2) and brine (x1). The organic layer was dried

and condensed and put on a short column (0>5% MeOH in DCM)

yielding 6.10 g of (48) (88%).
o 0
o
NH NH
ka f*NH Ekx
o | DMTO. N0
DMTrO N pmTro, N*0
O OTBDMS W O OTBOMS
y ot O OTBDMS veo—po 9
—p— eQ—P=
MeO T (0] | iH MeO—F\’=O ((ENH l (LiH
N { 0 NTO
o ol . % o NS0 0
OTBDMS O OTBDMS
? OM G OtBOMS veo—beo O
MeO—P=0 eQ—P=
0 Py
N0 I N0
o 0 0y ointo 0
0 OTIPS
O OTIPS o rips MeO~
O {48) (49) (PN (50)

[5’ -DMTr-2’ -TBDMS-xU] - [3’ -p(OMe) -5'] - [rU-2° -TBDMS] - [3' -p (OMe) -
(49)
levulinyl protected

5']-[rU-(2'-TIPS]

The sample (48) (6.01 g 3.64 mmol) was

dissolved in minimal amounts of ACN, just enough to get it into
(36.4 ml, 18.2
3:2

solution. It was then treated with 5 equivalents

mmol) of a 0.5 M hydrazine hydrate solution in

pyridine:acetic acid that was prepared immediately before the

reaction. The reaction mixture was allowed to stir for 10min

before it was chilled to 0°C in an ice bath and 5 equivalents

(1.87ml, 18.2mmol) of 2, 4-pentanedione was added which was

allowed to stir for an additional 5min before the reaction was

diluted with MTBE and extracted x3 with ammonium chloride (S%w/v)

and once with cupric sulfate, then once with a 1% solution of

EDTA in 10% NaCl (w/vol) and lastly once with brine. The sample

was then dried over MgSO, and condensed to dryness. The sample



DMTTr OC) OTBDMS (i-Pr)21'1(7) O N (NH O (NHDMITrOO OTBDVS 0
Nbp-P:O Ak NOOO OTBDM5S MeO-P =0 0 (NHO O )r (:) OTIPS (48) 0

[2' - TBDVBVOUp122@4779( OVe) -5' ] - [rU-2' - TI PS- 3' - Lev] (31) Compauado(128)9505. 29g,
4.28 mol ) was dissolved in 75nL of DGM and 3% trifluoroacetic acid (TFA)
(vol/vol) and allowed to stir for

was re-suspended in chloroform, loaded on a column and eluted

with ethyl acetate:hexanes 0->80%. Yield: 5.58 g (98%).

3p NMR (81 MHz, CHLOROFORM-d) & ppm -0.52 (s, 1 P) 0.27 (s, 1 P)
0.40 (s, 1 P) 0.44 (s, 1 P) 0.64 (s, 1 P) 0.71 (s, 1 P) 0.83 (s,
5 1 P) 0.94 (s, 1 P).

[5'-DMTr-2'-TBDMS-rU]-[3’—p(OMe)-5’]-[rU-2'—TBDMS]-[3'-p(OMe)-
5']-[rU-2'-TIPS]-3'-methylphosphoramidite (50)

N,N-Diisopropylammonium tetrazolide 3.6eq (2.52 g, 14.7 mmol) and
bis- (N,N-diisopropylamino)methylphosphine 3.5 eq (3.76 g, 4.11ml,
10 14.3 mmol) were added to 27.3 mL of DCM. After stirring for a
few minutes, the mixture was sonicated for 0.5 h until the
majority of the tetrazolide salt had dissolved. The trimer
(49) (6.433 g, 4.09 mmol) was then added directly to this solution
and sonicated for an additional 8 h; finally the mixture was
15 allowed to stir overnight at room temperature. The mixture was
then diluted with either MTBE or ethyl acetate (the ethyl acetate
must be prewashed with saturated sodium bicarbonate to remove
residual acetic acid) and extracted with a 10% NaCl solution x2
then once with brine. The organic layer was then dried with
20 magnesium sulphate and condensed to dryness. The mixture was
then taken up in minimal amounts of DCM and precipitated in
petroleum ether to remove amines (-78°C) . The precipitate was
filtered over Celite™ and collected with DCM. The solution was
evaporated and the resulting solid purified by column
25 chromatography. The column was first loaded with 3%
triethylamine in hexanes. The sample was then dissolved with 17%
hexanes, 3% triethylamine, 80% DCM and loaded on the column. The
compound was eluted with 0-10% ethyl acetate/DCM/3%triethylamine.
Yield: 5.433 g (76%).

30 3!P NMR (81 MHz, CHLOROFORM-d) & ppm -1.19 (s, 1 P) -0.71 (s, 1 P)
-0.09 (s, 1 P) 0.23 (s, 1 P) 0.32 (s, 2 P) 0.64 (s, 1 P) 0.74 (s,
2 P) 0.79 (s, 1L P) 0.86 (s, 1 P) 0.93 (s, 1 P) 1.08 (s, 1 P) 1.15



5 5mn then 20nl of MeOH was added. The sol ution was i nmedi ately condensed
to an oil and the process was repeated wi th another 25nml of DCM TFA. The
sanpl e wasothexn2eEé suspended in DCM and | oaded on a colamrcA20hieno®EM was
washed off with hexanes and the tritdm®l was eluted with hexanes: et hyl
acetate 50: 50, the product 10 was eluted with 80% et hyl acetate. Yield:
3.88 ¢ (97%. 11.1 NWR (400 MHz, ACETONI TRILE-d3) 8 ppm-0.08 - 0.13 (m 8

H 0.75 - 0.@5 én@ 3132H) éJ 96p) 11301@6(&1 270)Hr58. 20 (65,1 P)HL51.088 (s, 1. 91

(m 1 H 1.91 - ( 2 271(m3H)
2.71 - 2.974/ h53H)°° ‘S/'o1 %38‘3? %?n( %)P) Ts3° 57HZ1 40113%3 (m 6 H 4.41 -
4.63 (m 4 H 4.70 - 4.87 (m 2 H 5.15 (ddd, J=14.18, 5. 38, 313Hz 2 H)
5.23 - 6.21 Symthdsid SE6UPU SAPLrEm Db (Hhe 7 mOce@ke Jdgscribed (g HHO 2 H)

7.85 (dd, 1%0%564211;4Hz 3 H 9.50 (s, 1 H 9.46 (s, 2 H).
[ 5i - DMIT - 2° rUT-[3 -p(OMe)-5']-[rU 2" - TBDVE] - [ 31- p(OVE)

205 U 2'-Tl PS- 3 Co d (3 (3. 88
di SSLI \[/red3 i rthgﬁﬁo@F“l‘f‘iﬁ'—‘l V\{Gt) )éeﬁsrrg?ou%cﬁs(‘a% Yg24°° g° %dfr%gf)) %01\/\/% Pately

phoshor am didfe (8Y)o (4. 001 A9 89mvDl )inwas rlddeddty AdNe sThist moxtwrdwas | owed

to stir at rgom te ert%tagﬁrE for %Qt ﬁ;I'hcgzn rtqj%ctrbg%%@ Slrijﬁlktm}&qnlgyw LC (5%

25 MeOH in ter our e reaction | ete. 114
At this pointhenQ r@qd(szscg'\fﬁfﬂ of B0 eIV &l AN o1t hiel ameFo 1Pér9f=)uf’yl

hydr oper oxi dgen\Q@&@l(g@ggrg%lgol ytdon, and; AldhgVeth tsom§t bf Ar w2drddaesnti |l all
the phosphite tiiester was converted to the p hosghate as noni tor ed by TLC

(5% MeOH O n Tx39) “abSaFGRiRf 4y noPieeBspdI B ERHIPEIFR A THEBET MG %hC was
condensed t camppkOdgEayeBy mlONl e thefurdi seel wetdowad eichydtiacebat enand

extracted with 5% dlumslflte(xz nd brdne (x1) r yer was
dried and co?‘no’l‘éﬂ’nse%lqandS dt*Th "5°sho o% adcg u[rsmé](184gl%1\7§ Egtg % %yllngl di ng
6. 10 g Of (48  BEW Lodife {chieh DM@ 0o rOFBDNG 8BS MUILRCNM: (G tOr 0T BORS

Me0-13="0 - Ng—rl\inlt’ 61‘1%( 6k nd mixeuwTWES &e&éﬁad by the addition of 5 mL of

15 a 2M Na,S,0; solution. This mixture was then put on the rotovap
and concentrated to a gum. The gum was re-suspended in ethyl
acetate and extracted with NaHCO; (x3). The organic layer was

dried with MgSO, and concentrated to dryness.
Spectral data was taken at this point, before purification.

20 The sample was then purified by column, ethyl acetate:hexanes
0>60% to yield 1.04 g (65%) of material that contained a mixture
of inseparable 3'/2' regioisomers and other phosphorus containing

impurities, presumably the 3'-3' linked moiety.
3p_NMR of crude material (see Figure 3A):

25 3'p NMR (81 MHz, ACETONITRILE-d;) & ppm -1.83 (s, 1 P) -1.49 (s, 1
P) -1.42 (s, 1 P) -1.17 (s, 1 P) -1.11 (s, 1 P) -0.77 (s, 1 P)
8.53 (s, 1 P) 8.61 (s, 1 P) 8.65 (s, 1 P) 9.00 (s, 1 P).

3'P_NMR of purified dimer (20) (see Figure 3B):

3p NMR (81 MHz, ACETONITRILE-d;) & ppm -1.59 (s, 1 P) -1.42 (s, 1
30 P) -1.31 (s, 1 P) -1.19 (s, 1 P) -0.79 (s, 1 P) -0.70 (s, 1 P) -
0.61 (s, 1 P).



0 (111-1 DMITON 0 O OrBDMS 10 MeO-P =0 I(NH N-1;) O O DMIrO O OTIBDWVS
O MeO-P= ONH N,"0 O 0 OTBDVMS MeO-P=0 O (NH O isr'o MeO, p,0 OTI PS

(1-Pr) 21 wWo(2612)024776 PCT/CA2011/000950

[5' -DMIT-2'-TBDVS-r U] - (3' - p(Owe) - 51] 14T U- 2' - TBDVS] - ( 31- p( Ovk)
51-[rU(2'-TIPS] (49)

NHBz NHBz
/N N /N I SN
DMTrO N I /) DMTrO <N /)
N TBDMSCI, AgNO;, 0 N
Pyridine/THF .48 h
OH OH OH OTBDMS
37 38
NHBz
N
N
/4 l /)
DIPEA, THF DMTrO o NT™N
—_————
Cle ,OMe

P O OTBDMS
YN\( MeO—P
N
e
5'-DMTr-2'-TBDMS-N-benzoyl-adenosine (38)
5/ -DMTr-N-benzoyl-adenosine (37) (12.3 g, 18.25 mmol) was
5 dissolved in dry THF (183 mL). Dry pyridine (5.92 mL, 73 mmol)
and AgNO; (4.03 g, 23.73 mmol) were added and stirring was
continued for 5 min. Once almost all AgNO, dissolved, TBDMSCl
(3.57 g, 23.73 mmol) was added all at once and the resulting
cloudy milky solution was stirred at room temperature for 12h.
10 The reaction mixture was filtered into 5% NaHCO; solution to
avoid deprotection of DMT. The reaction mixture was extracted
with DCM, evaporated and purified through column chromatography

to give the product (7 g, 49%).

'H NMR (400 MHz, CDCl,) & 8.97 (s, 1H), 8.74 (s, 1lH), 8.23 (s,

15 1H), 8.03 (d, J = 7.8, 2H), 7.65-7.18 (m, 12H), 6.82 (d, J = 8.7,
4H), 6.11 (d, J = 5.4, 1H), 5.03 (t, J =5, 1H), 4.36 (4, J =
3.8, 1H), 4.29 (4, J = 3.1, 1H), 3.78 (s, 6H), 3.54 (m, 2H), 1.61
(br s, 1H), 0.84 (s, 9H), -0.01 (s, 3H), -0.15 (s, 3H).

3¢ NMR (300 MHz, acetone) & 158.64, 145, 142.56, 135.92, 132.74,
20 130.14,128.55, 128.3, 128.1, 127.71, 126.74, 113.01, 88.64,



The | evulinyl protected sanple (48) (6.01 g 3.64 mmol ) was dissolved in

m ni mal anounts of ACN, just enough to get it into 15solution. It was then
treat ed wohoR/egqusval ents (36.4 m, 18.2 muol) of a 0. BCWIdazdrizpnigse
hydrate solution in 3:2 pyridine: acetli® acid that was prepared i medi ately
before the reaction. The reaction mxture was allowed to stir for 10mn
before it was chilled to OCin an ice bath and 5 equivalents 20 (1.87m,
18. 2mmol ) ofgg2344- pent:anedi ene vwaasaddemdsyhiseh2svasesalzl, oneds t o-stiyr for an
additional 5m n before the reaction was diluted with MIBE and extracted x3
wi th amoni uin®¢hl oride (5% v) and once with cupric sulfate, then once with
a 1% solution of EDTA in 10% NaCl (w vol) and lastly once with brine. The
sanpl e 25 wassI-Hemns diored..BukO, NIBO4 Cahdd cifdaned fourdt phRsE8Fhe sanpl e
WO 2012/ 024776PCT/ CA2011/ 000950 115 was re-suspended in chloroform | oaded
on a col UM angyek L edpwin fi-8bhydy1aaaimistnbexanes RAMYphobpebeanimite g
(989 . 5 @by NVR (81 MHz, CHLOROFORMd) 6 ppm-0.52 (s, 1 P) 0.27 (s, 1
P) 0.40 (s, doR) s0iddd $uF lsdPht orbdf( Sompbul} (871({<, gl P)310m83L)( was51 P)
0.94 (s, 1 P), . . gy

[5' - DMIT - 2" gfé’ﬁ@}s tq) - (3%- p(Bve) V5 isePERR AR R - TSty %‘il Sgyonamiaie

51-[r U 2' - TI @FJor34de mt% 19l phospha3amndl t eards @) 1 kppraby | etgpriapiteantfo Mtum
t.etra20| I d.e_ 236 .@%qm(nﬁl)ls_zsl 1}40Jem )mi_ﬁr.]dThe reaction was stirred at RT

bi s- (N, N-di i sopropyl am no) net hyl phosphine 3.5 eq (3.76 g, 4.11nl, 10 14.3
mol ) wet® afleled24 oh27 TBe ricoBpPlgsEM CORPHERL IO 135 nF6i"a FRWHPAUtBE, the
m xture was sei¥iGat&dny ofneld.1hch widdd (1be mBj Prd twashbdt hicH ettr aantole sal t

had di ssol ved. The triner (49 .433 g,, . 4.09 I t hen directly
to this sol uf?dRRE Tshite tﬁ%s(”ﬁ(??'n%n&&&fallﬁ &%Tagge% "f\/#%f F%%Lfrlaég?ﬁ%l%ext ure
was 15 al | oweskion &t) I Theesdqieght wsheeomrtechpelr @xuractefhwitti ¥t0he ands t hen
diluted with_gither E t et ( et she
prewashed wi Fh sé:f)ﬂ?%{[g?d g‘“{)oék?:ugﬁyljﬁsggr bvge%%t eé{%dr e%vrea%gi?%ﬁ%élmgge?i c acid)
and ext raet efillierhdaandosRacratssl ypfion EUWRet oficddwt t WPi5Ei AR The r gani ¢
layer was thep,grigehdcth 2@ rmgeesidiveauliphai® anch cosmensas e the
dryness. The m xture was then_ taken up i.n m ni mai rr%nts of DCI\/L{arnr%d

preci pi t at ed®Pi5&Er dPEANTRthel Mt TEHOTRPHRPRR ?‘5‘ O)TePHREY pFeti St at e
was filterednexflesCelrhé edpanchreolpacted pidducDChs Therifokdt bpncelasn
evaporated and the resulting .solid purifjed 5,chr gr aphy.
The col umm mégr?ﬁar%ggr?pglé/dgﬂgsvﬁﬁtlﬁa3%%[1 t rEPegﬂ%yfg%pﬁrghﬁﬁyhéxgn%’s?g @ ‘sanpl e
was then dissolved with 17% hexanes, 3%tri et hgl am ne, 80% DCM and | oaded
on the cabunfiP MR (30 Minpdaaernras® el a8 (Gt APD- 16% &1 hyr 1P) -
acetate/DCM 3% riethyl am ne. Yield:5.433 g(76% . 31P NVR(81

VHz , CHL OROFORME dispisppdr <l ul.H(&pdiy) - Ocalk@sydl .Bp599, found 971.42602.

-0.09(s, 1P)0. 23(s, 1P) 0. 32(s, 2P) 0. 64(s, 1P) 0. 74( s,

2P) 0. 79(s, 1P) 0. 86( s, 1?5923(& 1P)1.08(s, 1P) 1. 15 WO

2012/ 024776PCT/ CA20114.0 r950 116 <N l N
¢ 4
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OH OTIPS O OTBDMS THF/CHLCN (1:1), \ ¢
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MeO-P 0 NN
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(s, 2 P) 1.23 (s, 1 P) 150.66 (s, 1 P) 150.80 (s, 1 P) 151.06 (s, 2 P)
153.00 (s, 1 P) 153.06 (s, 2 P) 153.57 (s, 1 P). Synthesis of UpU diners by
t he procewonei2deswsi bed in WO 2009/ 064115 5 Phosphor am @ctracA26)1/0009588 g,
1.60 mml) was added to a solution ofti{3)(0.50 g, 1.39 nmol) in 10 nL of
dry ACN. This m xture was then concentrated to dryness on the rotovap. This
m xture was then re-dissolved in 10 nL of ACN, to which a solution of 5-
benzyl t hi ot 6§ 1 3%ek & (Q18¢ W bedz A -aHBAIIiRe 5(40) Of ACN was added. 10 This

was i medi atel y condensed on the rotoyap and,concentr at roxi mately
S Thi s PRt va) af Foved b SERLT T SHERBLER Th B one R R

cool ed to 0Gdyn pgRidiae baahA@md ddremadadd and. iMrmdgn@aq)qudumeed/\éper

m xture was added an ed f i t yge S hed by
the addition® of‘'8 r’ﬁflg OSQZIﬁQkIag%%Bd &t’?gnnﬁlﬁ%cg %Ex%n@é \C/\l;alég@tghen put

on the rcﬁowaqmlandva(somﬁeiﬁtir aldd ato @OgurﬁndTh‘élegu?ﬁ%’élﬁ*% stRpendedkyn et hyl

acetate and exffagfh gd, EM&@HgQ%omempmgt@r@aM@eﬂ ayR| MRSafdliyedsw th
MySO4 and concentr at edc’ yness. Spectral data was taken thl Hgm nt,

bef ore puri f Feugeiled. thrq'hé‘a%aﬁb}Jel Was 1PT‘|eﬁprﬁtiaFF’ert? YRS

acet at e: h?%‘@é‘ct@éﬁﬂ%ﬁbl Qryi &l dnd4noge (EpradéntTmE RGN, arkmu"lemﬂt anaaed a
m xture of i nsepara 3'[2 I ol soner nd ot he phar.u I ni ng
inpurities, PTESURBDIY S ﬁ‘éx’éure’s%afsl %ﬁ(lrdeéml?oert anogl %%Rﬁomcrz %@J%tg?e“ al
(see Figuw e 3¥tur253¥Ps NVRL(t&FefHz inACETONI 'IN:%IHEEs d3jol@tppm -te 8RVEd 1 P)

-1.49
8 53 (gs 1 ng%oéié% c‘n Ef ]131\&:%)8 g% ]IYea(:§1or11 mE)ctuxJef qv;s (éqt)rlctgéldpfv%&%%gg\’ls 1 P)

purified di nevagezeyed semdri penidis ) through %PmNNFF}(rS’TéWaPhY The
ACETONI TRI LEg£de3)-t84 Mrti-ngsgna(ﬁrla]l Ras -dochbefd ahd I Ysed i ths,nekeP)

DUPEA THE PRELE - e TR IR n Pt a5 T SR it TS

15 nucleoside 1.5 g, 12%

'y NMR (400 MHz, Acetone) & 9.40 (s, 1H), 8.68 (s, 1H), 8.41 (s,
1H), 8.12 (4, J = 7.2, 2H), 7.82 - 7.27(m, 12H), 7.03 - 6.86 (m,
4H), 6.19 (4, J = 5.1, 1H), 5.33 (t, J = 4.7, 1H), 4.55 (d, J
4.2, 2H), 4.41 - 4.28 (m, 2H), 3.87 (s, 6H), 3.61 - 3.18 (m, OH),

20 2.28 (br s, 1H), 1.25 - 0.91 (m, 21H).

3¢ NMR (300 MHz, Acetone) 6 171.17, 158.73, 151.86, 150.18,
145.16, 143.18, 135.87, 134.29, 132.61, 130.16, 128.69, 128.27,
128, 126.99, 124.95, 117.49, 113.19, 89.53, 86.38, 83.54, 75.4,
70.8, 63, 59.3, 55, 20.4, 17.4, 17.2, 13.8, 12, 0.59.

25 ESI-HRMS for C,,H.:N:;0,SiNa‘: Calcd 852.37579, found 852.37587.

2'-TIPS-N-benzoyl-adenosine (41)

Compound (40) (1 g, 1.203 mmol) was dissolved in 12 mL of DCM and

5 eq of 3% trifluorocacetic acid (TFA) (vol/vol) and allowed to

stir for 5min then a few drops of MeOH was added. The solvent
30 was evaporated and the process was repeated one more time. The

sample was then re-suspended in DCM and loaded on a column. The

DCM was washed off with hexanes and the tritanol was eluted with



39 5' -DMIr-2' - TBDMS- N- benzoyl - adenosi ne (38) 5'-DMIr- N benzoyl - adenosi ne
(37)(12.3 g, 18.25 nmmmol) was 5 dissolved in dry THF (183 nL). Dry pyridine
(5.92 nL,wo2ormmh)r6and AgNC3 (4.03 g, 23.73 nmol) were adaath2andosdsirri ng
was continued for 5 mn. Once al nost 1201 AgNC3 di ssol ved, TBDMSCL (3.57 g,
23.73 mol ) was added all at once and the resulting cloudy mlky solution
was stirred at roomtenperature for 12h. 10 The reaction m xture was
filtered inty.a% NakiGoB %@Etlidé)nsd ®oavahd gepaniectdonenfteBMuitEheoteaction
m xture was extracted with D(r[?gl evapogsa%t ed and purified through colum

chr omat ogr apHy Y02 G &St hef 5rodlict 5S¢ 75 49% . 1H NMVR (400 M—lz CDClO 6
897(s 1H), 8.74 (s, 1H), 8.23 (s, 151H), 8.03 (d, J-

7.65-7.18 (TH WRRY) (40, mﬂz(@cegone)smo A (56,18, (8,57 (& 511*4 iH’)9 (8,03 (t,
¥ s 1H), fu365(dy &=3:80 dHhud 29605 =31, aHy @78 {%.56H)

354(m2H) 161(b 1 S, ;3 15 (s,

118 86.34 8H#)735- ?5—6‘31 0. 4961 6% ‘Sés %4%6 1H85 zg* 1798, 3 5 7& SlH(’5 51

ESI - HRVB f or3 (A4HA9 I, 1267 SidNas: (Kals¢di®101320250. § 0lmd 282.0. 32986.

5' - DMIr - 2' - TBDVS- N- benzoyl - adenosi ne3' - net hyl phosphoram dite 5(39) To a

stirred THF sol ution of ganmpound (38) (7.3 g, 9.gds.mmol) was added to the

(N, N-diisopropylam thyI phosphonam dic @ §yde (5.58 nl, 27.93 mmol)
i éln L. . 46. 5[?:1/1 I)/E@ﬁ)yover 10 min. The

%@“ akp 24 eochnp ete coMEFLAReti on of

starting mat er| aI confl T /the TL OAc %m NoTR gashed with

5% NaHCO3) was addedowhsd t he Fedurti ng solt |06‘ﬁ'3vvashe 1th saturated brine

(5x100 nlL). The aguweous washes were bac x#zacted with Et0Ac and the

conbi ned Et OAc phases were dried over anhydrous MgSO4, 15 filtered and

evapor at ed under vacuumto yield a white fam The crude product was

precipitated in 20% DCM sol utions of the amdites into cold (dryNHBz

i ce/i sopropanol bath) rapidly stirred hexanes. The above prec<2 i ed

product was purified by colum chromat ography on sil imeragel t he

product (6.9 g, 78.4%pe2031P NVR (81 z Acetone) (5 1509 ( 1P),
151.29 (s, 1P). ESIn for C511- 16 PS| Ne: Cal cd 971. f ound
971.42602. 119 5 -(’ 'IHNR% N-ben - adenosi ne (40) Oprrpouné e (210

g, 14.8 mmol) V%ﬁsﬂs"bl ve in w 50 De!; 2DBu5P0pyr|M§Dﬁ oand wer e
added and stirr s comti nued 5 nin, hEdidy @), nost afl Ag

di ssol ved. TIPSP1L P85 ni, 16. 62 B MW wass- atoedsal | at O c® dNthe
resulting cloudy mlky sol uti &K s stirred at room tenperat After 12h,
TLC anal ysis revedPed there wa bga | ot of starting natefi @THSn t he
reacti on m xturgs0 So, one nore qU| vaI ent of AgNG3 and TI yas added and
the m xture was stirred for another 12 h. The reaction 10 m¢ture was
filtered into 5% NaHCO3 sol ution to avoi d deprotection of .0 The reaction
m xture was extracted with DCM evaporated and purified through col um
chromat ography. The unreacted starting material was recovered and reused
for the next tinme. Yield 2'-TIPSuyypcl eoside (40) 4.7 g, 38% andN,.’;‘gz TIPS

15nucl eoside 1.5 g, 12% N N-N
¢ <R <,
DMTrO N N/) H N :H DMTrO
) o} ® N|Pr2
Hydrazine o
hydrate, N o-R
P{l/AcOH, O OTBDMS \r NiPr, O OTBDMS
_— \ NHBz \ NHBz
RT, 10-20 min. MeO—-P=0 —  MeO—P=0
95% ] </N | \)N CH,Cl,,RT, 12h, 80% | \N
(o) N N/ O.
OH OTIPS o OTIPS

46 (i-Pr)N” OMe
47



|H NVMR (400 MHz, Acetone) s5 9.40 (s, 1H), 8.68 (s, 1H), 8.41 (s, 1H), 8.12
(d, J =7.2, 2H, 7.82 - 7.27(m 12H), 7.03 - 6.86 (m 4H), 6.19 (d, J =
5.1, 1H),wb.28R/24776J = 4.7, 1H), 4.55 (d, J = 4.2, 2H), P¢TANA20114H0880 ( M

2H), 3.87 (s, 6H), 3.61 - 3.18 (m Ody 202.28 (br s, 1H, 1.25 - 0.91 (m
21H). 13C NWMR (300 MHz, Acetone) 15 171.17, 158.73, 151.86, 150.18, 145. 16,
143. 18, 135.87, 134.29, 132.61, 130.16, 128.69, 128.27, 128, 126.99,

124.95, 117. ﬁ&mﬂ& 191895 53 ev8hingd - NF2n2dyl Adedosit. 84263, 59.3, 55,

20.4, 17.4, 17.2, 13.8, 1,059 5ESI VB _f.ar 155N[0 Cal cd
852. 37579, ffo?j’ﬁ&l%‘? 257385710 21 ?rp‘gﬁ% el?_lgd |chgdé%§?‘n% ’(Slz\fﬁ) %‘goﬂagﬁﬁd (40)
(1 g, 1.203 mnpl) was4digssal.vedndln Trel d}fSSDBMdanUl 5 éqLof0f3°76{F and
trifluoroacetic | d (TF vol /vol al | far then a

s g)e d‘?() # r?ve%mgﬁun%v\e(qo e gﬂ; ol')

few drops of wﬁ% 4d e 89 was evapor at %d "an e process
was repead edyQNeadiiise drbpRisel g St&iéphaﬂbo‘#as sbherionessospendedo | v.DAMeand

| oaded on a colum. The DCM was f wt hexane and tr| anol
was el ut ed MT?F“%ZGTZ‘FB%?V%?’C\'%&@A%MY 6&%%5% 1580‘5exam eratttl%y al(é:iet ate
50: 50; the pgoﬁueti wvasadal ut@chlwelh h 28084 ettley B Iacehat ecacyiien dnigtere,wags% 111

0
(Ng/!? \(]4—07M5-|Zs%?-‘i§1 Qiﬂ%gg]&g]-?tgl ﬂ%urllé'ﬁs %aﬁ:kgz)réﬁa_ ]I{i'b w§s 5(1%3n(1§oréd'|)aznd8 13

1 (m
1H), 4.45-4. 8hg¢ n:re@-q)mn4wgsl (:@nplgatedz '@he 11;q)act3019 glyg:LJ(rﬁ.. WEF-I) fl%t%rgd( br s,
1H, 1. 190 Qvé& Qﬁhlé%ﬁkb ‘The organic layer was washed with saturated NaHCO;,
and saturated NaCl. The compound was purified through column

chromatography.

Y NMR (400 MHz, Acetone) & 9.99 (br s, 1H), 8.66 (s, 1H), 8.6
(s, 1H), 8.54 (d, J = 6.8, 2H), 8.13 (d, J=7.3, 2H), 7.85-7.18

15 (m, 10H), 6.86 (d, J = 10.1, 4H), 6.20 (d, J = 5.7, 1H), 5.73 -
5.53 (m, 1H), 4.37-4.3 {(m, 1H), 3.78 (s, 6H), 3.62-3.3.36 (m,
2H), 3.11 - 2.52 (m, 4H), 2.16 (s, 3H), 1.29 (br s, 1H), 1.06 -
0.72 (m, 21H).

L3¢ NMR (300 MHz, CDCl,) & 206, 174.6, 171.9, 170.8, 164.89,

20 158.5, 153.2, 152.5, 152, 150.7, 149.6, 144.5, 141.9, 135.4,
135.3, 134.1, 133.5, 132.6, 129.99, 129.3, 129.1, 128.63,
128.4, 128, 127.9, 126.8, 123.6, 113.1, 88, 86.7, 82.5, 73.75,
63.1, 60.1, 55, 37.6, 31.5, 29.7, 27.8, 20.8, 17.6, 17.4, 14.1,
11.9.

25 ESI-HRMS for CsH¢NsO,SiNa': calcd 950.41308, found 950.41355.

2/ -TIPS-3'-levulinyl-N-benzoyl-adenosine (43)

Compound (42) (2.8 g, 3.02 mmol) was solvated in 12 mL of DCM and

5 eq of 3% trifluorocacetic acid (TFA) (vol/vol) and allowed to

stir for 5min, then a few drops of MeOH was added. The solvent
30 was evaporated and the process was repeated one more time. The

sample was then re- suspended in DCM and loaded on a column. The

DCM was washed off with hexanes and the tritanol was eluted with



011 OTIPS 46 9 OTIPS ,P\ (i-Pr)2N Ove 47 WD 2012/024776PCT/ CA2011/ 000950
121 5" -DMIr-2' - TlI PS-31-1 evul i nYl - N- benzoyl - adenosi ne (42) Levulinic acid
(0.21 g, wod1mmmi7y, DCC (0.371 g 1.84 nmmol) and DVAP ( @CORA2011/00080mol )
wer e dissolved in3nm. of THF and stirnegd at O C for 10 m n. Conpound (40)
(0.5 g, 0.613 nmmol) 5 was added dropwi se to the above solution slowy at O
C. The reaction mxture was slowy warnmed to roomtenperature and stirred

an additionaﬂleﬁaesﬁé&@a thetrdcd, 56 I ;r adet irRdaExt wse ¥asesl Guky @Gbangi ng
its colour to dg br QWn. TL(I‘ \/\i m)nl ed and the reaction was conpl et ed.
The reactionH*%t OFE-dgs 1158 od>18" over CeliteTM The organic |ayer was
washed with saturated NaHCO3, and saturated NaC . The conpound was purified
t hrough col uih NYRr ¢#8Q d§izapkpcls) & 9.0 (br s, 1H), 8.81 (s, 1H), 8.17 -

|HN|VR( 400M—Iz7%et N3y 59799(4”49? 1) 3666 S911Hk, 876 A g, 1ih),,8554s-5.32

1 , 2
(d,J=6.8,2H, 8. 3(429 o3 H)390(de 40.4, 12.9, 2H), 3.01 - 2.50

I

(m, 5H), 2.22 (s, 3H), 0.82 (d, J = 18.2, 21H).

®Cc NMR (300 MHz, CDCl,;) & 206.2, 172, 165, 151.9, 150.5, 150.4,
143.3, 133.3, 132.6, 128.6, 127.9, 124.1, 90.7, 85.7, 74.6, 73,
62.4, 37.57, 29.66, 27.7, 17.3, 11.7.

10 ESI-HRMS for C;;H,;;N;0,SiNa‘: calcd 648.28240, found 648.28327.

[5’-DMTr-2'TBDMS-N-Bz-rA] - [3'-p(OMe) -5'] - [rA-2'TIPS-3'-Lev] (45)
DCI (0.223 g, 1.88mmol) was dissolved in 8 mL THF/CH;CN (1:1) and
added to the amidite (39)(1.63 g, 1.717 mmol). The above mixture
was slowly added to the compound (43) (1.07 g, 1.717 mmol) in 8

15 mwL THF/CH;CN (1:1) at 0°C. The reaction mixture was slowly warmed
to room temperature. After stirring for 30 min, 10 eq of tert-
butyl hydroperoxide (6M in decane, 1.92 mL) was added to the
reaction mixture and stirred for an additional 10 min. The
reaction mixture was taken into MTBE and washed quickly with 5%

20 sodium sulfite 2 times. The organic layer was dried over
anhydrous MgSO, and subjected to column chromatography on silica
gel using eluent EtOAc & DCM (0-50% EtOAc) to get the desired ApA
dimer (2.15 g, 85%).

'H NMR (400 MHz, Acetone) 6 9.97 (m, 2H), 8.70 (s, 2H), 8.69(s

25 2H), 8.52-8.41 (m, 2H), 8.12 (d, J = 6.6, 2H), 7.72-7.13 (m,
15H), 6.94-6.77 (m, 4H), 5.64 - 5.34 (m, 2H), 5.22 - 5.04 (m,
2H), 4.62 - 4.36 (m, 4H), 3.76 (s, 9H), 3.64-3.37 {(m, 2H), 2.16
(s, J=4.9, 3H), 1.08 - 0.79 (m, 3H), 0.97 (s, 9H), 0.74 (d, J =
8.3, 18H), -0.01 (d, J= 7.9, 3H), -0.19 (d, J = 7.7, 3H).

30 *C NMR (300 MHz, Acetone) & 172.0, 170.1, 165.3, 158.7, 152,
150.7, 145, 143.5, 142.6, 135.6, 134, 132.3, 130.1, 128.6, 127.9,
126.8, 125.4, 125.1, 113.1, 88.7, 88.3, 86.5, 82.8, 82.7, 8l1.4,



5 (m 10H),6.86 (d,J =10.1,4H), 6.20(d, J =5.7,1H),5-73- 5.53(m 1H),

H), 3. 11-Wo3a(xm244p, 2. 16(s, 3H), 1. 29(brs, 1H), 1.06- 0. 7PCHCARB1/000950

1
421. 37-4.3(m 1H), 3.78(s, 6H),3.62-3.3.36(m
|

3CNVR(300 MHz, CDC13), 5206, 174.6, 11239,170.8, 164.89,

10

15

20

25

30

81.3, 77.6, 77.5, 77.2, 77.1, 73.7, 73.5, 72.8, 72.5, 67.1, 66.9,
63, 62.8, 60, 54.8, 54.4, 37.4, 25.2, 20.2, 17.7, 17.4, 17.2,
13.8, 12, -5.3, -5.8.

31p NMR (200 MHz, Acetone) & 0.97 (s, 1P), 0.78 (s, 1P).

ESI-HRMS for C6Hg3 N 00:1¢Psi,Na®: calcd 1511.59289, found
1511.59275.

[5¢-DMTr-2'TBDMS-N-Bz-rA] -[3'-p(OMe) -5'1- [xA-2'TIPS] (46)

Compound (45) (0.72 g, 0.484 mmol) was dissolved in minimum
amounts of acetonitrile (lmL/mmol). 0.5 M hydrazine (0.244 mlL) in
pyridine/acetic acid (3:2) was added dropwise to the above
reaction mixture at room temperature and stirred for 10-15 min.
The reaction mixture was cooled to 0 °C and 2,4-pentanedione
added at once (0.5 mL, 4.48mmol). The reaction mixture was warmed
to room temperature and stirred for an additional 15 min.
Reaction mixture was diluted with MTBE and washed 2 times with
ag. NH,Cl and saturated NaCl. The organic layer was dried over
anhydrous MgSO,, filtered and concentrated. The compound was
subjected to column chromatography on silica gel using eluent DCM

& EtOAc (0-50% EtAc) to get the product (0.64 g, 95%).

'Y NMR (400 MHz, Acetone) & 10.01 (s, 2H), 8.67 (d, J = 6.1, 2H),
8.54-8.46 (m, J = 2.7, 2H), 8.12 (4, J = 5.7, 4H), 7.71 - 7.08
(m, 15H), 6.87 (d, J = 8.2, 4H), 6.24 (dd, J = 8.5, 4.3, 1H),
6.13 (dd, J = 13.9, 6.5, 1H), 5.49 - 5.01 (m, 4H), 4.71 - 4.15
(m, 4H), 3.76 (s, 9H), 3.64 - 3.33 (m, 3H), 3.12 (s, 1H), 1.32-
0.8 (m, 3H), 1.13 (s, 9H), 0.74 (d, J = 3.2, 18H), -0.00 (4, J =
2.1, 3H), -0.20 (d, J = 13.0, 3H).

3lp NMR (200 MHz, Acetone) 6 1.15 (s, 1P), 0.89 (s, 1P).

3¢ NMR (300MHz, Acetone) 6 164.9, 158.77, 152, 150.5, 145.0,
143.3, 143.2, 142.6, 142.4, 135.65, 134, 133.9, 132.35, 130,
128.49, 128.3, 128, 127.7, 126.7, 125.46, 125.2, 125.1, 113,
89.42, 89.3, 88.2, 88.1, 86.4, 82.78, 82.71, 77.42, 77.38, 76.93,
76.88, 75.5, 75.2, 72.8, 72.78, 71.8, 70.9, 70.8, 67.25, 67.19,



20 158. 5, 153. 2, 152.5,152,150.7, 149.6, 144.5,141.9, 135.4, 135.3,134.1,
133.5,132. 6, 129.99, 129.3,129.1, 128.63, 128.4,128,127.9, 126. 8, 123. 6,
113. 1, 88,86.2012824856 /3. 75, 63.1,60.1,55,37.6,31.5,29.7PCT/CA2011/000950
27.8,20.8,17.6,17.4,14.1, 11.09. 124

66.97, 66.91, 62.88, 54.64, 48.45, 26.3, 25, 17.3, 17.2, 12, -
5.5, -5.9.

ESI-HRMS for C;1HgsN;01.Psi,Na*: calcd 1413.55611, found
1413.55628.

5 [5/-DMTr-2'TBDMS-N-Bz-rA] -[3'-p(OMe) -5'] - [rA-2'TIPS]-3'-
methylphosphoramidite (47)

N,N-Diisopropylammonium tetrazolide (0.67 g, 3.59 mmol) was added
to the bis(N,N-diisopropylamino)methylphosphine (1.05 mL, 3.59
mmol) in 1ml of CH,Cl,. The nucleoside (46) (0.5 g, 0.359 mmol)

10 was added to the above reaction mixture at room temperature and
stirring was continued for 12h. The reaction mixture was diluted
with DCM and washed 2 times with water and saturated NaCl. The
organic layer was dried over anhydrous MgSO,, filtered and
concentrated. The compound was dissolved in minimum DCM and

15 precipitated in petroleum ether at -78 C. The precipitated
compound was subjected to column chromatography on silica gel
using eluent 1:1 DCM & EtOAc to get the ApA dimer amidite (0.45
g, 80%).

P NMR (200 MHz, Acetone) & 153.41 (s, 1P), 153.34 (s, 1P),
20 150.96 (s, 1P), 150.65 (s, 1P), 1.20 (s, 1P), 1.05 (s, 1P), 0.92
(s, 1P), 0.86 (g, 1P).

ESI-HRMS for CygH13N;:0:5sPsi,Na*: calcd 1574 .65411, found
1574 .65406.



25ESI - HRMS for C52H61N509Si Na: cal cd 950. 41308, found 950. 41355.

2'-TIPS-3' -1 evulinyl-N benzoyl -adenosi ne (43) Conmpound (42) (2.8 g, 3.02
nmol ) wasweabwzRerei n 12 ni of DCM and 5 eq of 3% trifl rorTaacetiooowmei d
(TFA) (vol/vol) and allowed to stir flaf 5min, then a few drops of MeOH was
added. The solvent 30 was evaporated and the process was repeated one nore
time. The sanple was then re- suspended in DCM and | oaded on a colum. The
DCM was washgderddi swot holtasaanag 1gnei ddvapis ivagaol was el uted with WO
2012/ 024776PCT/ CA2011/ 000950 122 hexanes: et hyl acetate 50:50; the product
was el ut ed withhl 80¥xboet4Tyknaatat d6¢) Yiel d 1. 75 g, 93%

11. INVR(400MHz, CDC13) 69. O(brs 1H), 8.81(s, 1H), 8. 17-

7.93(m 3H), 7. ¥-Pend&faly JHEL) 5(9.1 d, J4&7mr1011H)Va6 wigkeg, gpth 3-benzyl-5-(2-

2 4.29 dd. ad@l i Rm? 1! 0 , mmo
Em 5';)1) ) 2%1?111‘!5& e%h?@ﬁd@métgﬂﬂh‘.’c gng)% Hﬁllo?c QL-25502.45 g, 9.1 mmol)

NVR( 300M8z, asélsﬁfadoecwlﬂz i%%‘y' f5i Y, f@om‘BO%en‘%l disgghyed i3s3 gL 9f)y g
128.6, 127. Ynnidfouk eBfankl .85THa rZéctﬁl.on7alxtﬁ1?ce4was'3}1.e§'ZedZ:9> pef1X/ad 17. 3,

11.7. 10ESI - HRMS f or 11- 14 X l.cd 648, 2824 648 327.
[5' - DMTT - 2' TBORE: ﬁeé?cf?&j‘mfs 6?&@{)“’35“']3 IF ‘%t % Qé ST %5) (0.223
g, 1.88ml )renasich ssetwed wan B iHuxddHF/oEHBTNouLs 1a)ndawds ddgadcededhecani dite

39)(1.63 g, 1 7 Th . Jhee
Conpound (?1330%“13%“#@3%“7 7EnE AR ERTD el FenRSa RIS PR e

react i orkomi »andr éhpaseatiowny MEFHER] WSS t66Pn beTRseAad ui. djﬂ&leF"‘%ettF‘F?‘? ng for

30 nmin, 10 egOfe feebtbal Yhidhy daper oxige (E¥khic degadie, wab A igt) owas added
to the reaction mxture and stirred for_an additi onal Ourrlger rer}i rg:actlon

m xture was TRPKRERIht B WPBES aABY waBhe 8GRI %R Swi THCBSS

pressure. The products were purified by flash column
chromatography using a hexanes/ethyl acetate gradient elution

15 system to give (54) (3.96 g, mixed with (55), app. 25% yield) as
a pale yellow oil. 'H NMR (300MHz, Acetonitrile-d;) 8= 5.99 - 5.73
(m, 1H, with acyloin impurity), 5.15 - 5.05 (m, 2 H), 5.04 - 4.93
(acyloin impurity), 4.15 - 4.06 (q, J = 7.0 Hz, 2 H), 2.76 - 2.67
(m, 2 H, with acyloin impurity), 2.67 - 2.60 (acyloin impurity),

20 2.55 - 2.48 (m, 2H, with acyloin impurity), 2.35 - 2.26 (m, 2 H),
2.20 - 2.17 (acyloin impurity), 2.16 - 2.12 {(m, 2 H), 1.99 -
1.94 (acyloin impurity), 1.21 (¢, J = 7.0 Hz, 3 H), CjH;0Na"
low resolution ESI-MS calculated: 207.10, found: 207.31.

25 Ethyl 4,4-diethoxyoct-7-enocate (56)

Compound (54) (2.0 g, as mixture with (55), approx. 5.7 mmol)
was dissolved in a 1:1 v/v mixture of ethyl orthoformate and
ethanol (6 mL) and mixed with a catalytic amount of pTSA (0.1 g).
The reaction mixture was then refluxed for 4 hours and it was

30 then cooled to 0 °C. Saturated aqueous sodium bicarbonate (20
mL) was then added along with diethyl ether (20 mL). The aqueous
phase was extracted several times with diethyl ether and then the
combined organic layers were rinsed with aqueous brine and dried

over magnesium sulphate. The solvent was removed under reduced

125



20 sodiumsulfite 2 times. The organic |ayer was dried over anhydrous MgSO4
and subjected to colum chromat ography on silica gel using eluent EtOAc &
DCM (0- 5080BvARY7760 get the desired ApA dinmer (2.15 g, P8FAA201/00d95NVR ( 400
MHz, Acetone) 6 9.97 (m 2H), 8.70 (92 2H), 8.69(s, 25 2H), 8.52-8.41 (m
211), 8.12 (d, J =6.6, 2H), 7.72-7.13 (m 15H), 6.94-6.77 (m 4H), 5.64 -
5.3 (m 211), 5.22 - 5.04 (m 211), 4.62 - 4.36 (m 411), 3.76 (s, 9H),
3.64-3.37 (d Mreddire 2. 4 ( Sthel -préd@ct 3Has 1.R8ifridd 7%y( mf13bﬁ, %bl%u;(?

9H), 0.74 : = 7.7,
3I|:|)|). BONW((%mﬁFEgraRél@tg% I & %ﬁ‘gbésf%’};ﬁyi a%s?‘H% 9&%‘%* i%szt,emﬁﬁ. 7,

145, 143.5, 44 6(56035(1636184, 9232.y3e1d30ad, a12816ur1:ez§§ ©i1126.'8, NMR5. 4,
125.1, 113.1, 88.7, 88.3, 86.5, 82 8 82. 7 WO 2012/ 024776 123

PCT/ CA2011/ Ob0RH=: 1999 =798 7752747\, 473H)7 7308 7488 15, 2 ¢9.1

66.9, 635 62¢336045458 54241{6,7 24H) 253.%,22(Dq,2Jl7770 ¥e,44 Y. 2,20 (¢, J
13.8,12,-5.3, - "588Hz, 2 H), 1.97 - 1.88 (m, 2 H), 1.79 (t, J = 7.8 Hz, 2 H),
1.53 (t, J = 8.4 Hz, 2 H), 1.16 (t, J = 7.2 Hz, 3 H), 1.06 (t, J

= 7.0 Hz, 6 H), “C NMR (75MHz, Acetonitrile-d;) §= 173.0, 138.5,
113.8, 102.0, 60.1, 55.0, 32.3, 28.7, 28.3, 27.8, 14.6, 13.6,

10 CisH,cO.Na'* low resolution ESI-MS calculated: 281.17, found:
281.13.

Ethyl 4,4-diethoxy-8-hydroxyoctanocate (57)

A 1 M solution of borane in THF (2.4 mL, 2.4 mmol) was cooled
15 to 0 °C and to it was added, dropwise, 0.47 mL of cyclchexene
(4.6 mmol). The reaction was stirred for 1 hour at 0 °C and to
the resultant white slurry was added compound (56) (0.51 g, 2.0
mmol). The reaction was allowed to warm to room temperature and
was stirred for 2 hours. After this time, sodium perborate
20 tetrahydrate (1.07 g, 7.0 mmol) and 2.4 mL of water were added.
The reaction was stirred for a further 2 hours and then the
reaction mixture was extracted with ethyl acetate several times.
The combined organic layers were dried of magnesium sulphate and
the solvent was removed under reduced pressure. The products
25 were purified using a dichloromethane/methanol gradient elution
system to give (57) (0.45 g, 81% yield) as a colourless oil.
Starting material (56) was also recovered. 'H NMR (300MHz, DMSO-
ds) 6= 4.33 (t, J=5.2 Hz, 1 H), 4.02 (q, J = 7.1 Hz, 2 H), 3.36
(m, 2 H), 3.31 (g, J = 7.3 Hz, 4 H), 2.18 (t, J = 7.7 Hz, 2 H),
30 1.76 (¢, J = 7.7 Hz, 2 H), 1.46 - 1.41 (m, 2 H), 1.40 - 1.31 (m,
2 H, 1.25 - 1.19 (m, 2 H), 1.16 (t, J = 7.1 Hz, 3 H), 1.05 (t, J
= 7.3 Hz, 6 H), »C NMR (75MHz, DMSO-d¢) 8 = 173.1, 102.4, 61.0,
60.3, 55.0, 33.2, 33.0, 29.0, 28.5, 20.2, 15.7, 14.5, Cy,H,,0:Na'*

low resolution ESI-MS calculated: 299.18, found: 299.19.



31P NMR(200 MHz, Acetone),5 0.97 (s,1P),0.78 (s,1P). 5

ESI - HRVSf or C76H931\ 13. 0016Psi 2Na+ : cal cd1511. 59289, found 1511.59275.

[ 51- DMIT -ROEBDM34 N6 Bz-1 A) - (3' - p(OWVR) - 5" ) - Er A- 21TI PS] ( 46 pCTamp2ouidoy5d5)
(0.72 g, 0.484 mol) was dissol ved in2m ni num anounts of acetonitrile

(1nL/ ol ). 0.5 M hydrazine (0.244 mL) in 10 pyridine/acetic acid (3:2) was
added dropwi se to the above reaction m xture at room tenperature and

stirred for g@Qnyi58Mibmolhes IR 8EHIHDcBhadatee (58S cooled to 0 C and
2, 4- pent anedi one added at once (0.5 nlL, 4.48mmol). The reaction m xture was

warned to I oonvhgsgaar at (879 ant soi rred forsanmaddl ti omal TExaian. wikh

Reacti on m xtu, ted MI'BE q., NHCL
and saturat eﬁrlﬁgﬁ‘\l\af?ﬁ%po}rbean(}aﬂcw erI%'\c/)va &%gggglvtéfl ks d(\rﬁﬂo%&s.| f/g 201
filtered andmgdncentr aiwlvwel@ommn@f\mds%mo@étwet o é‘@?uﬁﬁlumon

Che produnt B goolle 5008, o 5‘%%9%%3?@4&&?@%%"%’%&8% B8 %
(d Jp—6 1, 21@_)6 mn%l) 11/1() dlchloromethane (1. C?ﬂa(s)ngc)ided slowly (S l&Dn '

reaction mixture was allowed to warm to room temperature and was
stirred for 1 hour. The reaction was then quenched by the
addition of saturated aqueous sodium sulphite and extracted with

10 dichloromethane. The combined organic layers were dried over
sodium sulphate and the solvent was removed under reduced
pressure. The product was ©purified by flash column
chromatography with a hexanes/ethyl acetate gradient elution
system to yield (58) (0.49 g, 81% yield) as a colourless oil. H

15 NMR (400MHz, DMSO-ds) 6= 4.04 (g, J = 7.1 Hz, 2 H), 3.54 (t, J =
6.5 Hz, 2 H), 3.32 (g, J = 6.9 Hz, 4 H), 2.22 (t, J = 7.8 Hz, 2
H), 1.83 - 1.74 (m, 4 H), 1.47 (¢, J = 7.2 Hz, 2 H), 1.35 - 1.25
(m, 2 H), 1.18 (¢, J = 7.1 Hz, 3 H), 1.07 (¢, J = 6.9 Hz), *C
NMR (126MHz ,Acetonitrile-d;) 8 = 173.0, 102.1, 60.1, 55.0, 34.2,

20 32.5, 32.1, 28.8, 28.4, 22.0, 14.7, 13.5, C1sH,BrO,Na™* low
regsolution ESI-MS calculated: 361.10, found: 361.11.

Ethyl 4,4-diethoxy-8-(2,3-dimethyl-1H-imidazol-1-yl) octanoate
bromide (59)

25 Compound (58) (0.31 g, 0.90 mmol) was dissolved in 5 mL of
acetonitrile and mixed with 1,2-dimethylimidazole (0.13 g, 1.3
mmol). The reaction was warmed to 50 °C and stirred overnight.
The reaction mixture was then cooled to room temperature and the
solvent was then removed under reduced pressure. The resultant

30 o0il was rinsed several times with diethyl ether and then the
compound was again subjected to reduced pressure. This gave (59)

(0.38 g, 95% yield) as a colourless oil. 'H NMR (500MHz, DMSO-d,)
o= 7.63 (@, J = 2.2 Hz, 1 H), 7.60 (4, J = 2.2 Hz, 1 H), 4.09
(¢, J= 7.2 Hz, 2 H), 4.04 (g, J = 7.2 Hz, 2 H), 3.73 (s, 3 H),



8.54-8.46 (m J =2.7,2H),8.12 (d,J = 5.7, 4H),7.71-7.08 (m 1511), 6.87
(d, J=8.2,4H), 6.24(dd,J=8.5,4.3,1H), 6.13(dd, J = 13.9,6.5, 1H), 5. 49-5. 01
(m 4H), AW0Rer/ 257785 30 (m 4H), 3. 76(s, 911), 3. 64- 3. 33( M BCI)CARHANEISO

0.8(m 3H), 1. 13(s, 9H), 0. 74(d, J =3.2, 1889, 2.1, 3H),-0.20(d,J =13.0, 3H).

NVR( 200 MHz, Acetone)6 1. 15(s, 1P), 0. 89(s,
13CNVR( 300MHz, Acet one) 6164. 9, 158. 77, 152,
143. 3, 143. 2,3142. 6;,142=46 1302654 184, 238 Xs, 3 H), 2.20 (t, J = 8.1 Hz, 2

10

15

20

25

30

35

H), 1.76 (¢, J = 8.1 Hz, 2 H), 1.71 - 1.63 (m, 2 H), 1.49 (t, J =
7.6 Hz, 2 H), 1.24 - 1.19 (m, 2 H)}, 1.16 (¢, Jd = 7.2 Hz, 3 H),
1.05 (¢, J = 6.9 Hz, 6 H), C NMR (126MHz ,DMSO-ds) & = 173.6,
122.8, 121.3, 102.5, 60.7, 55.6, 48.6, 35.3, 33.2, 29.9, 29.3,
28.8, 20.8, 15.2, 14.1, 9.7, CioHisN,0,'* low resolution ESI-MS
calculated: 355.26, found: 355.28.

8-(2,3-dimethyl-1H-imidazol-1-yl) -4-oxooctanoic acid bromide (60)

Compound (59) (0.44 g, 1.0 mmol) was mixed with 1 M aqueous
sodium hydroxide (5 mL) and stirred overnight. The solution was
then acidified to pH 1 by addition of concentrated aqueous HCl.
The agueous solution was then rinsed with diethyl ether, followed
by the removal of water under reduced pressure. The resulting
solid was dissolved in a minimum of cold acetone and
dichloromethane any undissolved material was removed by
filtration. The solvent was then removed under reduced pressure
to give (60) (0.34 g, > 100% yield) as an off-white solid, likely
mixed with a small amount of sodium chloride. H NMR (400MHz,
DMSO-d,) &= 7.63 (d, J = 2.1 Hz, 1 H), 7.61 (4, J = 2.1 Hz, 1 H),
4.09 (t, J= 7.3 Hz, 2 H), 3.73 (s, 3 H), 2.61 (¢, J = 6.3 Hz, 2
H), 2.56 (s, 3 H), 2.49 (¢, J = 7.3 Hz, 2 H), 2.37 (t, J = 6.3
Hz, 2 H), 1.65 {(m, 2 H,), 1.43 (m, 2 H), C NMR (126MHz
,Acetonitrile-d;) 4 = 208.9, 173.4, 122.3, 120.9, 48.0, 41.0,
36.7, 34.8, 28.6, 27.7, 19.9, 9.2, CDHnNﬁhh'high resolution ESI-
MS required: 253.15467, found: 253.15459.

General procedure for the derivatization of (60) with
nucleosides.

Compound  (60) (0.4 mmol) was dissolved in 15% vVv/v
DMF/acetonitrile and mixed with DCC (0.6 mmol), DMAP (0.2 mmol),
and the desired 5’'-DMTr-dT or 5’-DMTr 2’'-TIPS rU (12) (0.5 mmol).
The reaction mixture was stirred overnight and was then
precipitated from MTBE. The resultant solid was removed by

filtration and recovered from the filter by dissolving it in

128

31P



128. 49, 128. 3, 128, 127. 7, 126. 7, 125. 46, 125. 2,
89.42,89.3,88.2,88.1,86.4,82.78,82.71,77.42,

76. 88, 75. W0 2812227268, 72. 78, 71. 8, 70. 9, 70. 8, 111), 1. 32- - @COGCAL)/00095P) .
150. 5, 145. 0, 132.35,130, 125.1, 113, 17 38, 76.93, 67.25,67. 19,

W2012/ 024776PCT/ CA2011/ 000950 124 66.97, 66.91, 62.88, 54.64, 48.45, 26.3,
25, 17.3, 17.2, 12, - 5.5, -5.9.

ESI - HRVBf or CL115, 1.8 N1 001 4fpsi @i%ne abacﬁ 144325 6iderf QuUaGcdt pBebRfiZBand
5(5' - DMIT- 21 TBDVS- N-Bz-r A] - [ 3" -

met hyl phosphdfafreitergs 7l eréﬁ |t§‘5f)? o‘b‘!/ Hh%ﬁf‘%ﬂ?‘%"?ttpazol e “BEREY o,
3.59 mmol ) washaddedcé 0 agheol sEdNmdi tesopf Dpydobnra) ned hylcphersphioe (1. 05

m., 3.59 mol |n . of CH2C12. The nuc ) 383 &mol ) 10
was added t FCRE"EHSVe %eacqﬁggﬂlcmpﬁaure at %?%%?ncgvié%pgé%%rl gman St}:l‘l‘l ng

was cont isnuechdf othel 2lsolddTe rwaet iremovadkt urdemasedidedt eprsfisthe DCM ARl washed
2 times wt r}ggﬁ.@% lfngoﬁ@ ugad egh&!‘?adms;gleregr gﬁpl Qcét%lﬁ@frﬂ@zs gkd ednover

anhydr ous tered and concentrated was di ssolved in
mi ni num DCI\/I%ﬂ@t%n pfe6c PEPEERIGALEH Hert HTBEm %3[1H€Y’ rigtby 7éleratpypg and

preci pi t at edf&gquu ngh W@cﬁet%ﬂbtﬁ@bed t’l'CheC eburantc hJa@srr&k@gr aphyvedn uadéi ca gel
using eluent 1:1 DCM & Et OAc to (g A? q: s ile Oiégﬁg §0@@.
31P NVR ( 200F99Mzed AFSEEWEY tosY %3 li_hLe( esi ?Afi agg%] é‘EC?eO )17 7§i88% 96 (s,
1P), 15065 (i®1d41P), 1.20 (s, 1P), 1.05 (s, 1P), 0.92 (s, 1P), 0.86 (s,
1P) . ESI - HRVSf or C78/ 1103N11015Psi 2Na+: cal cd1574. 65411, f ound

(61) ‘H NMR (500MHz, DMSO-d¢) & = 11.37 (s, 1 H), 7.59 (d, J =

2.1 Hz, 1 H), 7.57 (4, g = 2.1 Hz, 1 H), 7.49 (s, 1 H}, 7.39 -

7.36 (m, 2 H), 7.34 - 7.30 (m, 2 H), 7.29 (t, J = 7.1 Hz, 2 H),

7.25 - 7.19 (m, 5 H), 6.90 - 6.85 (m, 4 H), 6.17 (dd, J = 5.9 Hz,

15 1 H), 5.25 (d, J = 6.3 Hz, 1 H), 4.08 (¢, J = 7.1 Hz, 2 H), 4.01

(dd, J = 3.5 Hz, 1 H), 3.72 (s, 6 H), 3.71 (s, 3 H), 3.33 - 3.27

(m, 1H, and H,0), 3.22 - 3.17 (dd, J = 7.2, 3.3 Hz, 1 H), 2.69

(¢, J = 6.1 Hz, 2 H), 2.60 (s, 3 H), 2.55 - 2.44 (m, 8H, and

DMSO), 2.53 (dd, J = 8.1, 5.4 Hz , 1 H), 1.72 - 1.61 (m, 2 H),

20 1.48 - 1.42 (m, 2 H), CuHsN,0.'* high resolution ESI-MS required:
779.36506, found: 779.36526.

(62) 'H NMR (500MHz, DMSO-d¢) 6= 11.47 (s, 1 H, H3), 8.22 - 8.16

(m, 1 H, DMT), 7.72 - 7.70 (br. s, 1 H, H6), 7.69 - 7.68 (m, 1 H,

tag CH=CH), 7.63 - 7.60 (m, 1 H, tag CH=CH), 7.60 - 7.58 (m, 2 H,

25 DMTr), 7.58 - 7.56 (m, 2 H, DMTr), 7.36 - 7.27 (m, 2 H, DMT),

7.26 - 7.18 (m, 2 H, DMT), 6.91 - 6.84 (m, 4 H, DMTr), 5.87 (d, J

- 6.8 Hz, 1 H, H1’), 5.49 (dd, J = 2.0, 5.9 Hz, 1 H, HS5), 5.16

(¢, J = 2.3 Hz, 1 H, H3'), 4.64 (t, J = 6.2 Hz, 1 H, H2'), 4.06

(¢, J = 7.4 Hz, 2 H, NCH,), 3.73 (s, 6 H, DMT OCH;), 3.70 (s, 3

30 H, tag NCH;), 3.29-3.15 (m, water and H5'&5”), 2.70 (t, J = 6.7

Hz, 2 H, tag CH,CH,COO), 2.63 - 2.58 (m, 3 H, tag CH,CN,), 2.55
(m, DMSO and tag CH,CH,COO and tag NCH,CH,CH,CH;), 2.54 - 2.45 (m,
5 H), 1.73 - 1.61 {(m, tag NCH,CH,CH,CH, and 10% impurity), 1.49 -
1.35 (m, tag, NCH,CH,CH,CH, and 10% impurity), 1.28 - 1.13 (m,



1574. 65406. WD 2012/ 024776PCT/ CA2011/ 000950 125 Synt hesis of orthogonally
cl eavabl e tags. Ethyl 4-oxooct-7-enoate (54) 4-Pentenal (51) (3.8 g, 45
nmol ) waswoizred2wi’eh 3- benzyl-5- (2- hydroxyet hyl) - 4- et rgridazamalooasm
chloride (53, 2.45 g, 9.1 mvl) 5 and3@thyl acrylate (52, 9.0 g, 90 mmol)
and dissolved in 22 nL of anhydrous ethanol. The reaction m xture was
heated to ref lux and then triethylamne (7.6 nL) was added to begin the
reaftho? Thep ﬁ?ﬁgIIO@ gyxtu$ﬁgma$mfe§ huxed, f.av,0L8ihohtgh anebolasichen

cool e 0 roomtenperature & Ved under reduced pressure
10 and the EEAHT FFIHXTr &% W EEEncﬁﬂSpengegg?n ‘di chl or onet hane gnd

extracted with brine. The organlc | ayer was dried over nagnesi um sul phate

and the sol vent wasOrenoved under reduced pressur The roducts wer e
purified by mmﬁf%kviﬂ¢uﬁjﬁmmodﬁﬂﬁ uﬁy acetate
gradi ent el uti 15system to gpwsAachd) (3.196 nlxed 55), app. 25%

yield) as a pal®% ydfdow 8il. IH NVR (300Mz, AcetGH)trlle d3) 5= (m1H with

acyloin inmpurity),5.15 - 5.05(m2 H), (ach0|n impurity),4.15- 4.06(q,J =
7.0 Hz,2 H), Dﬁs@ﬂr®y@442°xmepﬁarﬁ§ioﬂt@354 (m 2 H wth acyloin

| mpur | ty)S’ % @cétop%quc(é‘&yd O('6'3) i n?d” L), 4 2845155 purehaABd( m:om?ﬂlg\mt h
acyloin inpurity 2.20 - 2.17 éﬁc%Tfl ur ty)
2.16 - 2.12 P(lwl;rlgh H)waq Wpenée 41‘& aé?zl BF nof np 8PRHPRD ? $ £7
205') 3101%11&%%@@& + I%afuangzﬁm Wrio0A: ESH ﬁVBoE@érIbulsatledncZ@EldOwas‘ cudddd

Et 4, 4-di et hoxyoct - 7- enoat e 56 o} 4). ( as
nndmewtﬁ?ﬁﬁmﬁﬂ%ﬂm ?%%h\MSlsg(gmb@%ﬁ}k%H %weof
et hyl ort hofssmeetetandwater produced. Once the volume had decreased to

10 approximately 50 mL in the flask, another 50 mL of 50:50

Benzene: iso-propanol was added and further reduced to

approximately 30 ml. The mixture was then taken up in ethyl

acetate and extracted with NaHCO, (x3) and once with brine. The

organic layer was dried with MgSO, and condensed to dryness

15 yielding pure (64): 14.2 g (95%).

ly NMR (300 MHz, CHLOROFORM-d) &6 ppm 1.06 (d, J=6.45 Hz, 12 H)
2.39 (£, J=7.00 Hz, 1 H) 2.60 (t, J=6.70 Hz, 4 H) 4.72 - 4.89 (m,
2 H) ¥C NMR (75 MHz, CHLOROFORM-d) & ppm 21.57 (s, 1 C) 28.13
(s, 3 C) 28.13 (s, 3 C) 36.92 (s, 3 C) 67.66 (s, 1 C) 171.90 (s,

20 2 C) 206.82 (s, 1 Q) C15H,,0Na'* low resolution ESI-MS calculated:
258.14, found: 281.21.

[\
\r \n/\/“\/\n/ Y Ethylene glycol o\n/\o)&\n/o
PPTS N\T/ o o \T/’
(64) (65)
Diisopropyl 3,3'-(1l,3-dioxolane-2,2-diyl)dipropanocate (65)
Compound (64) (0.55 g, 2.1 mwmol) was solvated with Seq of
25 ethylene glycol (0.58 mL, 10.5 mmol), 90 mL of dry toluene and
catalytic amount of pyridinium para-toluene sulfonate. This
mixture was refluxed at 140°C replacing the toluene 3 times and

finally allowing the reaction to reflux overnight. The mixture



ethanol (6 nL) and m xed with a catal ytic ambunt of pTSA (0.1 g). The

reaction mxture was then ref luxed for 4 hours and it was 30 then cool ed
to 0 C. Ssounmted77aqueous sodi um bi carbonate (20 nL) wa®crlanoaddedoal ong
with diethyl ether (20 nL). The aquedds phase was extracted several tines
with diethyl ether and then the conbined organic |layers were rinsed with
aqueous brine and dried over nmagnesi um sul phate. The sol vent was renoved

under reduced, V2Q43EOPARTCBCIAEAZIA0095 G 26ops e ik en and bea pr oduct
was purified by flash colum chromatogra usi n% (2 P éethw acetate
gr adi ent syéiléH’f?‘% withe DEB I £8E2G S %92@% ) MREC EsT6FT . 111
NVR ( 500MHz, :PMS@odbpenose5.88Y -exmedl (fhylend) ,gkycob. - The8®rpduct? ¥hs 5

4.03 (q, J = 0 ( 7.8 Hz,
2 H, 1.97 P“flgée?n?yz%““i %‘@‘(O?‘lat"%rapz“i 8&%2 ‘éezd;?—o 12002§3_§ 9%\]5)— 8.4 Hz,
2 H), 1.56 (fsoldted Tidldz,0.31H) (65306 (t, J = Hz, 13c NMR ( 75MHz,
Acetonitrile-d3) 8= 173.0, 138.5, 113.8, 102. 0 60 1, 55 0 32.3, 28.7,
28.3, 27.8, ‘H4npR lﬁ)&,MH&OQM@éMdv IéowpmesodajtddonJESI}GIVEﬂzcaIlzuHat ed:
281.17, found:__281.1 Et h t oxyoct a ) 1M
sol ution of ]bgrsaﬁg “i Tli(é %ZZ isnﬁg g % ﬁnb h%v/vgé é%olclesg 255?706( g‘éc g?\d to it
was added, dhopwese(dt). 4¥12ﬂ53of60§ﬁcIH@he8<éﬁe“G4NlﬁR nti3k ) MHZLh EHR@REORMN was
stirred for n hg, r gsul t ant bt SLukr gaes @dded
6%?03@38259%%9{?25%&3&@32“@@ AVBS

conmpound (5 e reaction was Iovved to warmto room
t enper atifr e And7weS i Ared §70r6 2(hodr §) WH-&¢ thi & £ n¥/2-$bdiUmlpEt borat e
20 tetrahydr@te d 4207 thw 7rOsdMBlidn angbi2ud rdalefilariser yer.eraddetsindThe
reaction was stirred for a further 2 hours and then the reaction m xture
was extractetPWlth ethyl acetate several tines. The conbined organic |ayers
were dried of magnesi um sul phate and the sol vent was renoved under reduced
pressure. The products 25 were purified using a dichl oronethane/ net hanol
gradient elution systemto give (57) (0.45 g, 81%yield) as a colourless
oil. Starting material (56) was al so recovered. 114 NWR (3Q0Miz, DVSO- dO

= = 5 P A O rod <
6= 4.33 (t, Y@Moﬁp nqeomc(quWOHz Hpm/&}wr

0 LiOH (5eq) o
(65) (66) (67)
15 3-(2-(3-hydroxy-3-oxopropyl) -1,3-dioxoclan-2-yl) propanoic acid
(66) and 3- (2- (3-isopropoxy-3-oxopropyl) -1,3-dioxolan-2-

yl)propanoic acid (67).

Compound (65) (1.3 g, 4.3vmmol) was solvated in 2.5 mL of MeCOH to
which was added 5 eq of LiOH (0.51 g, 21.5 mmol) in 2.5 mL of
20 water. This mixture was allowed to stir for 6h until all
starting material was consumed. The solution was brought to

neutrality by the addition of 1 M HCl in MeOH.

This mixture was purified by column chromatography (DCM:MeCH,
100:0 > 90:10). Isolated yield of (66): 0.35 g (40%). Yield of
25 (67): 0.68 g (60%).

(66)

H NMR (300 MHz, METHANOL-d,) & ppm 1.94 (t, J=8.20 Hz, 4 H) 2.33
(¢, J=7.30 Hz, 15 H) 3.94 (s, 26 H) **C NMR (75 MHz, METHANOL-d,)
& ppm 28.19 (s, 1 C) 31.82 (s, 1 C) 64.77 (s, 1 C) 109.81 (s, 1



m 2 H, 3.31 (g, J =7.3 Hz, 4 H, 2.18 (t, J =7.7 Hz, 2 H, 301.76 (t,
=7.7Hz, 2 H, 1.46 - 1.41 (m 2 H, 1.40 - 1.31 (m 2 H, 1.25 - 1.19
m 2 H),wo.2e8/024776J = 7.1 Hz, 3 H), 1.05 (t, J = 7.3 HeCcT&AMW11/00830 NVR
75MHz, DMBO-d6) 5= 173.1, 102.4, 61163 60.3, 55.0, 33.2, 33.0, 29.0, 28.5,
0.2, 15.7, 14.5, Cl4H2805Nal + | ow resol ution ESI-Ms cal cul ated: 299. 18,
found: 299.19. WD 2012/024776PCT/ CA2011/ 000950 127 Et hyl

8- br ono- 4, 4-di ghBoxy ogd, anoat)e d,2g9.1.EoMeundé st Dord OB IEMB Ml qulasad xedwi t h
tri phenyl phosphi ne (0. 80 g, 3.0 mmol ) and i m dazole (0.20 g, 2.9 nmol) and
di ssol ved i #2880 foP i c,zﬁrlo?'%met hane. The solution 5 was cooled to 0 C and
a solution of carbon tetrabromde (0.85 g, 2.6 mmol) in dichloronethane
(1.5 m.) wastéddded slowy. The reaction mixture was allowed to warmto room
tenperature and was stirred for 1 hour. The reaction was then quenched by

t he additi orfHORME AtSQP atiterd  HETIPNGE - dod P upes H-Bhi td dnRf- %(tHIZacﬁég wi-8h 10

di chl or orget har%mﬂ@,]q conhi nedyorgamL fayer s V\@rga_; did, eg=over ssodsun)

sul phate ‘and the so vent was renoved under reduced l_ﬁr%ssure The Eroduct

was purified ] frasFricatufh chidndt 8Yraphywith A HexinB¥R et ¥y "Heet at e
gradi ent el Wd@ANGY-, £M tpayizehd (58)1 (cO 49. @z &l %iyicel d3.=s @&, col ourl ess

o5 e, 2 i3t d o5 o Botte S oS 20 g O Byt s

74 (m 4 Hs, 1.4y 10,93 &, 712CHzJ,7324®-|)(,s 1138 -178.2% (sm 1 CHC:HL048 (t, J
. 6 cetonitrile-d3)

i 173 , 1]8%1 Iescg]dl %Enslﬂél iy gl?ﬁiate@czso IVRE £ 120 My 0AC

2032.5,32.1, 28. 8, 28.4,22.0, 14. 7,13.5, C14H27Br 4Nal+ | ow resol uti on ESI-Ms

cal cul ated: 361.10, found: 361.11. Ethyl

4, 4-di et hoxy-8-(2, 3-di net hyl-1H i m dazol - 1-y1) octanoate brom de (59)

25Conpound (58) (0.31 g, 0.90 %’[ﬂ) was di ssolved{in 5 nL of acetonitrile

r

NA/‘\ a—

all = o

and m xed with 1,2-dinethylim (0.13 g, 13 The reaction was
warmed to 50 C angr‘étl rred ove Thg o 3 Rt ure was then cool ed
to roomtenpso \gg+sol e under freduced
pressure. The esultan 3 vvas ri nsed AsBver al vato Qh et(pyl et her
and then the conpdetlhd was agai né8ubj¥eli®ed to redu(ﬁ@d pr ?r/gave
(59) 5

Tributyl (3- (3- (2- (3-isopropoxy-3-oxopropyl) -1,3-dioxolan-2-

y1l) propanamido) propyl) phosphonium bromide (69)

15 Compound (67) (0.3 g, 1.1 mmol) was solvated in 1.5 mL of ACN
followed by TBTU (0.39 g, 1.2 mmol), 2.5 eq of triethylamine
(0.38 ml) and phosphonium ionic tag (68) (0.45 g, 1,2 mmol).
This mixture was allowed to stir for 4h until the starting
material (67) was completely consumed. The reaction mixture was

20 diluted with ethyl acetate and extracted with 5% NaHCO; x2 and
once with brine. The organic layer was dried and concentrated
and purified by column chromatography. DCM:MeOH 100:0 2> 95:5,
Isolated yield: 0.54 g (84%).

H NMR (300 MHz, CHLOROFORM-d) & ppm 0.91 (t, J=6.74 Hz, 9 H)
25 1.06 (d, J=6.45 Hz, 6 H) 1.25 (s, 6 H) 1.38 - 1.59 (m, 11 H) 1.80
- 1.95 (m, 7 H) 2.15 - 2.30 (m, 9 H) 2.18 (t, J=7.03 Hz, 8 H)
3.28 - 3.44 (m, 2 H) 3.84 (br. s., 5 H) 3.94 (s, 6 H 4.72 - 4.89



(0.38 g, 95%yield) as a colourless oil. 1H NVR (500MHz, DVSO-dO 8 = 7.63
(d, J =2.2 H, 1H), 7 60 (d, J . 2.2 Hz, 1 H, 4.09 (t, J =7.2 Hz, 2 H) ,
4.04 (g, Wo=oiv@4He, 2 H), 3.73 (s, 3 H, 128 3.31 (q, paTEECAR0A/00I9504 H),
2.56 (s, 3 H, 2.20 (t, J =8.1Hz, 23H), 1.76 (t, J =8.1 Hz, 2 H, 1.71 -
1.63 (m 2 H), 1.49 (t, J =7.6 Hz, 2 H, 1.24 - 1.19 (m 2 H, 1.16 (t, J
= 7.2 Hz, 3 H, 1.05(t, J =6.9 Hz, 6 H, 13C NWR (126MHz ,DVMSO-d0 8 =

173 6, 5 12218, 1124. &, H QDD 66w 7redfiubiodt BESI-M35. dia,lca&tzd 29$09,39. 3,
28.8, 20.8, 15.2, 14. 16 9.7, C 9H35N2041+ | ow resolution ESI-Ms cal cul at ed:
355. 26, four@™%550383€:g_ (2. 3-di met hyl- 1H i mi dazol - 1- y1) - 4- oxooct anoi ¢ aci d
brom de (60) 10Conpound (59) (0.44 g, 1.0 mmol) was mxed with 1 M aqueous
sodi um hydroxide (5 nL) and stirred overnight. The solution was then
acidified to pH 1 by addition of concentrated aqueous HClL. The aqueous

sol ution mas t en rinsed with diethyl ether, foll¢owed by the renoval of

wat er under ced—pressure. The resulting 15 solNd dissolved in a
m ni mum of coId até:ﬁne and di chl or omet hane any un Vséfsved mat eri al was

removed by fi on The sol vent masm&ﬂ&garennv reduced pressure
to give (60) > Wbyleld) as;gHn&LT - Ifhely m xed
with a small am)unt % cbl o |de(§H}11 NI\/R(400 d0oh= 7. 63
(d, J = 2.1 Hz, 1 H,I7.61 (dIJFE 21Hz 1 H, 409(t Hz,2H)
3.73 (s, 3 H), 261(9,J(69;6%Hz, H, 2.56 (s, 3 H), ,"( = 7.

|(-|32L26M-|z ’5A<2:e??%ﬁi(‘w’r€]3 ER) éégzh‘é%‘z?% ]"fggﬁ‘wﬂgl? )dﬁﬁ#fgﬁ'gg] o2 41, o13C

2536. 7, 34. &1)2801ﬁana®1d3) propol) thosphauiizrobngade (M gh resol ution ESI- MS
reqU|red 253. 15467, found: 253.15459.
Compound (69) (0.25 g, 0.4 mmol) was solvated in 2.5 wmL of MeOH

to was added 10 eq of LiOH (0.1 g, 4 mmol) in mL of water. This
mixture was allowed to stir for 3h until all starting material

10 was consumed. The solution was brought to neutrality by the
addition of 1M HCl in MeOH. This mixture was purified by column
chromatography (DCM:MeOH, 100:0 => 90:10). Isolated yield of
(70): 0.20 g (95%).

'y NMR (300 MHz, CHLOROFORM-d) & ppm 0.91 (t, J=6.74 Hz, 9 H)

15 1.25 (s, 6 H) 1.38 - 1.59 (m, 11 H) 1.96 - 2.05 (m, 7 H) 2.15 -
2.30 (m, 9 H) 2.40 (t, J=7.03 Hz, 8 H) 3.28 - 3.44 (m, 2 H) 3.84
(br. s., 5 H) 3.94 (s, 6 H) C,HNOsP*” low resolution ESI-MS
calculated: 460.31, found: 460.30.

o]

% o o % S %
o Br DMTrO (;L,go Re Br DMTFO NAO
™\ 0 TBTU, DIPEA —\ o
0_0 R _— 0_0

NMOH OH OTIPS ACN NMO oTIPS

20 0 (70) o (12) 1) 0 0



General procedure for the derivatization of (60) w th nucl eosi des.
30Conpound (60) (0.4 mmol ) was dissolved in 15%v/v DMF/ acetonitrile and

m xed w twoRER/2@776 nmol ), DMAP (0.2 mmol ), and the desiPCeaARIHDNIGSOdT or
5'-DMIr 2'-TIPS rU (12) (0.5 mmol ). The reaction m xture was stirred

overni ght and was then precipitated from MIBE. The resultant solid was
renmoved by 35 filtration and recovered fromthe filter by dissolving it in
129 acet oni tghi.brr-bheTsrd -dent cxsdaty (v ed(1decarbestyetityIp-2s3ure and t he
resul ting sqlbﬁoymzt_mopanénﬁddbp:l‘dpmwmdpanmtandrwashéd(W)t h dilute
aqueous sodiumtetrafluoroborate to achieve ion netathesis. The or an| C
phase was driced 89kitivagREsFamrestd ptife (8 2 Che’ sBIVent® @& rénBVed under
reduced pressur gaaddbersmsuld.ant gsobidl mms) t,heméh}@&a&ni/:mj insaeei orndril e
and the solution was precjpitated from ol I owe b filtrati and
recovery 5i n SFBPHH t F5¥e. (OTAE Sol Jeht I\g ‘t heh'S &ove I%/?n xtt}lg%lugg%l
pressure to allekédthe sasi rfed uaggedntmlcltﬂxesmdertlm%@age%aﬂo okl "Was (61)
11-1 NIVR (500 6 3 : 7. 57
(d, 3 NH{it C?nszt%n % lj%x H% é@:‘lgé r@xtu%%a?as( Qn.lu]te% Ju“% eti]n7/f|)

2 H, 7. 29 (etcetéte: ahdlektraczefwith, 5% NaHFO] or2( apd IR, WJe“-fgermee 8§h?m 4

|'|)1 6.17 (ddcrgétnlé ? w]aé d%lk!%mﬁi Zc%r{c@ntlgatedG gak‘gn ljp H)n rﬁhn@.&ait J =
7.1 Hz, 4.01 % L rﬁ%s

3.33 - 027 FRAUDF§, OfarRTMHEB) Pre%*PQEateds 15&71?%“1 J’f M¥B t3ige OYeﬂ) '2.69
(t, J = 6.1 ¢dmitdeH) 1531604 9iefd KE, (RA)550-2@ 445¥m 8H, and DMSO), 2.53
(dd, J = 8.1, 54Hz,1H) 1.72 - 1.61 (m 2 H, 201.48 - 1.42 (m 2 B),

%g% 1:5|1:\14a5|\9/|1?1 (%Ig cgg?ﬁgmg@dz;éq%bﬁ eod9177t9 %650764 Hfzouéldﬁ) 173‘% 3?5&6
DMD), 7.72 - %.B9 (br 25 E)1LHS HOP; 0769 - 6%1(% iw f“ag9GH: 0 7.63 -

[ OO 1M 3 BEGY, o uD% T 58, i HuZS M1, 00T (B8 “?6-(2‘ 84
(m 4 H1DVI®), 4515876(0|J—32 27 gHB, HL By #163141*)4 657%"(0&11* 532'L 099 9 g,
411 56 |(“i3) 35 35 (1T4» J.9% 2z3 Ha) )éd'd 753(4)6, (4, 64 H)t 5.4k %s6.2 Hiz5.99 Hd3H1230) ’
: , = S (%43

tag NCH3), SJ?GQ 3§ j“L% (]‘mH’)V\/Elt%ej)r2 aﬁd9 5* }9 ? %gMTt g 7 ﬁ?2123( 842‘ t ag
CH2CH2C00), 2.83 -(m,2 58 H)m 7 37H, dagJ@-B?@NZl)IZ, 2155{ (nﬁ?ssmguaﬁdl td@w

CH2CH2C00 and 2 ol O 11 € 45f0(1mi 114k 7. 1. 73 - 1.61 (m
tag NCH2CH2 a%;%%ﬁ%gé%ﬁ? 1. zfél -4 35 (m tag, NCH2CH2CH2CH2 and

10% inmpurity), 1.28 - 1.13 (m 130|rrpur|ty) 0.99 - 0,90 (m 9 H),
C52H69N4BA0Si | + hi gh resol ution ESI-M5 required: 937.47775, found:
937. 47680. Di i sopropyl 4- oonrcl)ept anedi oat e 54-ketopemlic acid (63) (10

9. (64)

HNO3

HO -

(72) (73)

3-Nitro-4-ethyl-benzoic acid (73)

Fuming nitric acid (90%) (150 ml) was cooled with stirring to -
10°C and 4-ethyl benzoic acid (72) (30 g, 0.2 moles; Sigma-
25 Aldrich) was added slowly over 30min directly into the sitting
solution (1.33 mmol/ml of (72) to fuming nitric acid). The
mixture was then allowed to stir for 30min after addition was
complete. The mixture was then poured over approximately 600 g
of crushed ice to quench the reaction. The product formed a

30 white ppt which can be filtered over a sintered glass funnel.



57.4 mmol ; purchased from Sigma- Aldrich) was suspended in 50 nL of

i sopropanol and 50 nL of benzene. Catal ytic anmount of p-toluene solfonic
aci d was woddet/ke776he m xture and brought to ref | ux usiPog/Ga2Da000980ar k
trap to renove the water produced. O18® the vol une had decreased to 10
approximately 50 nmL in the flask, another 50 nL of 50:50

Benzene: i so- propanol was added and further reduced to approximtely 30 ni.
The m xture was then taken up in ethyl acetate and extracted w th NaHCC3

(x3) and ongg w.ih brige r Layeyr dhded, Wit RSOt and
condensed tq‘%a e}r{féesssS é‘TI'gﬁ'eend; kgﬁ?’e""%h é’%’ hev\@ﬁrog 95 ; Iﬁ NVR (300 MHz,

CHL OROFORM @)amglqamqqsltm [y Cﬁwﬁahlslzrqf faom grhyl ?@eff‘t@/fe’faﬁ? ‘H,™P H 2.60
(t, J.6.70 Hounds B dr/dat1fzQohMer? Bletcd@edIVR v(iébd Miz,. 2 GHLOREFORM d) 5
ppm 21.57 (s, 1 C) 28.13 (s 3C) 28.13 (s, 3C 36.92 (s, 3C 67.66 (s, 1

C) 171.90 206, 1H £ b 66 {
oAl cul at edz(s’ésﬁ‘%l@of"ou 2chiforghofal- &1 3 pASNaLS L oW 50585 uih o B

65) Dii sopropyl
3,3 - (1, 8- di2oR8| dae- I=D-58i ﬁ?)ndlzpr}ﬁp&néét éd(6§78 EImpGund (yH(’M)8 ‘0. 58%g, 2.1
mol ) was sqLyaped whihgpeq eff 85setdyl eoe 1l ywepll (). 58 mur LGeSMAED] ), 90

mL of drytoluene and catal yti c ampunt o yr|d|n| I
sul fonate. THLERATSRMGAL WRE™Y EF- 62 :g%d af: 14088 é?)l aci Eaf%hgi? g ugn%) 3 tinmes

and finally jalsl @w ng tthe) remctironst a raaf 1Byxd7o0Mer ni gt 14¥h%5 nisxt 4re 131
was then distil % %to&a%)r Xj nat el I_éggm@ %\‘ST ved fr e eat o.and1digd ut ed
‘e

with DCM and “éx sat . en water (x3) to renove any
excess etohylcaieugdimﬁol 1957196, pfodct 2V -puri fi ed by col um chromat ogr aphy
(DCM MeOH, 100:0 4 95:5). 5lsolated yield: 0.41 g (65%. NVR (500 MHz,
CHLOROFORMtd) 6. ppm 1.05 (d, j=6.36 Hz, 12 H 1.78 (t, j=7.58 Hz, 15 H)
2.16 (t, J=7.58 Hz, 15 H) 3.76 (s, 15 H) 4.82 (dt, J=12.53, 6.33 Hz, 8 H)

"C NMR (126 Mz, gHLOROFORMd) 6ppm 246,59 (s, 1 C§%29.02 (s, 1 C) 32.07
(s, 1 O 64 94 (3.°} oB7.23 (81 1AC) 67526 (£ 1 O 109.84 (s, 1 O
172.56 (s, 1.0 H2606 I+ | owTesof ufli on ESP al cul ated: 302. 17,
found: 325. 0% 5 0

3-(2-(3-hydroxy- 3- oxoprDbCp?/NT‘)’ 1, 3- di dxol an- 2- Yl)pro an0| cacid
(66) and3- ( 2- ( 3- i @opr opoxy- 3- oxopr opy 1§21, 3- di oxol &h-

tert-Butyl 3-nitro-4-ethyl-benzoate (75)

Compound (73) (19.65 g 0.10 moles) was solvated in 500ml of THF
15 (0.2 M) followed by 1.15 eg (10.14 g, 0.15 moles) of
diisopropylcarbodimide. This mixture was allowed to stir for 5min
followed by 1.5 eq of tert-butanol (17.9 mL) and catalytic
amounts of 4-(dimethylamino)-pyridine. The mixture was allowed
to stir for 60 h before the reaction was complete. The reaction
20 was diluted with diethyl ether and filtered to remove the
diisopropylurea (DIU) and condensed to dryness. The mixture was
solvated in ethyl acetate and extracted with 5% NaHCO;. The
product was separated from (74) by column chromatography (solvent
system: hexanes:DCM 100:0 -0:100). Yield of (75): 15.1g (60%);
25 yield of (74): 30%.

(74)

¥ NMR (300 MHz, CHLOROFORM-d) & ppm 0.94 (d, J=6.45 Hz, 6 H)
1.26 (t, J=7.47 Hz, 3 H) 1.39 (d, J=6.74 Hz, 6 H) 2.91 (g, J=7.33
Hz, 2 H) 3.80 (dg, J=13.88, 6.70 Hz, 1 H) 4.44 (quin, J=6.74 Hz,



yl ) propanoi c acid (67). Conpound (65) (1.3 g, 4.3vmmmol) was solvated in 2.5
m. of MeOH to which was added 5 eq of LiOH (0.51 g, 21.5 nmmol) in 2.5 nL of
20 wat er .wbi2e1zm2xt7are was al lowed to stir for 6h until a&Ci/GRaritaoosso

mat eri al was consuned. The sol uti on wds8 brought to neutrality by the
addition of 1 MHCL in MeOH. This m xture was purified by colum

chromat ography (DCM MeOH, 100:0 4 90:10). Isolated yield of (66): 0.35 g
(40% . Yield @f 2X67h; SLHO819u4,6Q% f&@) (a1 17-NIVRo (1BO0 1Mz, 7 METHANOL- dO 6

m1.94 (t, |=8.20 Hz 3 (t 3 5. H) s "C
NVR (75 I\/I(-lz Mﬁdedﬁzﬁk%ﬁ{%% % ‘77& %}H%I é él’%@j(s’i ﬁﬁzH), 1 Q
109. 81 (s, ZbHLdlﬁ@?Cﬁ)d a5 Ym(s4.8D C, 09m4@6us| (b o Peadh ¥ i Gn ESFL

<1:al2;ul(gt egl 62%32 E %d}f §§4g5121 &)674)9 4411 SNNB&S% Mﬂz,s NETéiANGJ_osM) Ppm

(m J=5.34 Hs, 3 FI) B 6P (M 9=9. M3H%3 SBH)1 38930 5. ée (JméZIIgI)l Iﬁ:%c
(126 Mz, MELHANCE, dfla)s 6sppén 45 {543 @ 21)c7521€18 95l @) 28c)8As6s60 1 C)
31.81(3, 1C 60. 87 62, 94(s N gf CC)OZEls:il(lg 10
109. 92 (s, SC) 178) 4 6%557 SC) 478 7§16{*§N3 &) ¢fy1 5568%‘11 Torf5w

resol uti on EShcliteal:cubatied: £A6: 1244 2ound: 259. 03.
Tributyl(3-(3-(2-(3-isopropoxy-3-oxopropyl)-1, 3-di oxol an- 2-

y1) propanani do) pr opyl ) phosphoni um brom de (69) 15 Conpound (67) (0.3 g, 1.1
mmol) was solvated in 1.5 nL of ACN followed by TBTU (0.39 g, 1.2 mml),

2.5 eq of trk]e‘_> hyl am ne (0.38 m) and phosphoniumionic tag (68) (0.45 g,
1,2 mml m xt ure was aIIovved to stir for 4h until the starting

mat eri al (67 was conpletely cons 'I}m r eac m xt s 20.diluted
with ethyl afef¥Re! é&‘g P@&r&@f@%@ Fld)5 l\%q—ribéKEXZ ahd%ﬁcg vin\ﬁthgb??ne The
organi c | ayer.svagsdried)andiconcentt.asedz arkd Hpu? i40 éd, bfETcoL Uiy 1 H)
chr omat ogr aphy, 00; §4595: 5.1 goggt@d ﬁglﬂ; 0. 5f & (&4%r 111
NMVR (300 lszQ O&Q%N?% 0% oo 0. o1 (0292674 9

(75 MHz, CHLOROFORM d)y 6 ppm 14 70 (s, 1 C) 26 18 (s, 1 C) 28.05

15 (s, 1 C) 76.64 (s, 1 C) 77.06 (s, 1 C) 77.49 (s, 1 C) 82.13 (s, 1
C) 125.42 (s, 1 C) 131.12 (s, 1 C) 131.18 (s, 1 C) 133.23 (s, 1
C) 143.00 (s, 1 C) 149.12 (s, 1 C) 163.56 (s, 1 C) Cy;H;,NO,Na™

low resolution ESI-MS calculated: 251.11, found: 274.32.

NO, NO,
OH
0 . (0,8 _DMFs0C
><o T ' 3n ‘I’O
fe) (o]

20 (75) (76)
tert-Butyl 4- (1-hydroxypropan-2-yl)-3-nitrobenzoate (76)

Compound (75) (10.5 g, 41.7 mmol) was solvated in 19 mL of DMF
(2.2M) to which 1.5 eq (1.88 g) of paraformaldehyde was added
followed by a solution of potassium tert-butoxide (0.12 eq, 0.56
25 g) in tert-butanol (5.7 mL). This mixture was allowed to stir at
room temperature for 10 min before being brought up 90°C for 3h.
The mixture was then acidified to neutrality by the addition of a
1M HCl monitored a by a pH meter. This mixture was then diluted

with sat. NaCl and ethyl acetate (x2). Compound (76) was



25 1.06 (d, J=6.45 Hz, 6 H) 1.25 (s, 6 H 1.38 - 1.59 (m 11 H 1.80 - 1.95
(m 7H 2.15- 2.30 (m 9 H 2.18 (t, J=7.03 Hz, 8 H 3.28 - 3.44 (m 2 H)
3.84 (br.we.2p1202763.94 (s, 6 H 4.72 - 4.89 133 (m 1PHI/CA20HEBNMG6131+

| ow resol ution ESI-M cal cul ated: 502386, found: 502.36. r---1/_

MeDl FUH20[ - O 01 JOHO5nD/---\ NHO O -r-NH 90+ 09)0 (79) 5
Tributyl(3-(3-(2-(3-hYdroxy-3-oxopropyl)-1, 3-di oxol an-2- y1) propanam do)
propy! )phOSQJ&QQkH%H bwnkgﬁunwoah&%ap%mghpfsah (Rv25t1951 Oacderau®l hovas
solvated in of Hto was added 10 eq of LiOH (0.1 g, 4 mmol) in nL
of water. Th‘?%orhoxt uFelfas® & 1ISowBef )0 stir for 3h until all starting
material 10 was consuned. The solution was brought to neutrality by the
addi ti on of ‘EBMMHCL(40n WEOHACERPNITRIXEuhE depppdr-tli &l By7e¢®t dim 3 B

chr onmat ogr aphy( IVEJOIgI sl QR 01490, 14@) - LS@;I %edzymﬁlﬂmf (d,7Q=7. @1 20 ¢
(95% . 11-1 NWMR (300 CHL CROEORM moggt 74 Hz, H 15
1.25 (s, 5% H§z:1138 8. 98563d(mf- 191H)114 @ZL 2%5 8(3f | H5(-12415HZ' 3 %b (m 9
H 2.40 (t, 3ch@3 (K8, vz HcuBoR&orM3d¥4s (ppm 27H)s 3(s841(hy.28.96 8sH)13. 94

(s,6H)CZ4H47NQSP1+Io | uti nE Icultd 60, 3 ound:

460. 30, 13£75P6pMr (521 ITFPL ol (5 1but%lyl%/§%€ 2g’c&r2%02ye€ﬁﬁ F) 82 3-

di oxol an- 2- y1:|2)8p50pem,am d¢o) ps oy )pho‘sphoriﬁmmeor(@m tef) (TR2)8Tol=a doFUtion of
conpound (70 7 1) (N ({ S @ 0. g, 0.6
mol ), triet yI am ne ]Océ nE?ml (5 ?ﬁpoﬂsﬁ?% g@ 1‘1‘5’ QGEBE&NQ 18?. The
resul tirig miseseletiws Eﬁl[ﬂﬁﬁ/v@élt?@asfr?iir 783132 fﬁ’“ﬁﬁt |3I°4t Pe- starting materi al
(70) was conpletely consuned. The reaction m xture was diluted wth ethyl
acetate and extracted with 5% NaHCO3 x2 and once with brine. The organic

|l ayer was dried and concentrated, taken up in nmininmal 10 amounts of DCM at
precipitated in 100 m of MIBE, |Itered over Celitec. Isolateg=yw eld of
(71): 0.20g (45%.

NO,
O O
Lo e Y©)V Y
(o] (o]
o ACN
0

78) @

tert-Butyl 4-(1-(F-moc)propan-2-yl)-3-nitrobenzoate (77)

Compound (76) (5.38 g, 20.2 mmol) was co-evaporated with pyridine
15 (x3) and solvated in 97 mL of ACN (0.2M) and 2eq of pyridine
(3.13 mwL, 38.7 mmol). Fmoc-Cl (5.0g, 19.33 mmol) was added
directly to solution and was allowed to stir for 16h in the dark,
covered with aluminum foil. The reaction went to completion by
TLC. The solution extracted (x3) with 5% ammonium chloride and
20 once with brine and purified by column chromatography Hex/EtAc

100:0 = 75:25. 1Isolated yield: 8.19 g (86%).

Y NMR (500 MHz, ACETONITRILE-d;) & ppm 1.30 (d, J=7.09 Hz, 3 H)
1.60 (s, 9 H) 3.65 (sxt, J=6.94 Hz, 1 H) 4.19 (t, J=6.24 Hz, 1 H)
4.23 - 4.34 (m, 2 H) 4.39 - 4.53 (m, 2 H) 7.27 - 7.34 (m, 2 H)
25 7.41 (t, J=7.46 Hz, 2 H) 7.53 (d, J=7.34 Hz, 2 H) 7.62 (d, J=8.31
Hz, 1 H) 7.80 (d, J=7.58 Hz, 2 H) 8.13 (dd, J=8.19, 1.59 Hz, 1 H)
8.28 (d, J=1.71 Hz, 1 H) '*C NMR (126 MHz, ACETONITRILE-d;) & ppm
-0.10 (8, 1 C) 0.06 (s, 1 C) 0.23 (s, 1 C) 0.40 (s, 1 C) 0.56 (s,
1C 0.73 (s, 1 C) 0.89 (s, 1 C) 16.83 (s, 1 C) 27.30 (s, 1 C)



| H NVR (300 MHz, CHLOROFORMd) 5 ppm 0.91 (t, J=6.74 Hz, 9 H)1.02 - 1.59
(m 38 H 1.96 - 2.05 (m 7 H) 2.15 - 2.30 (m 9 H 2.40 (t, J=7.03 Hz, 8
H) 3.37 -w8.24/2m764 H) 3.78 - 3.94 (hr. m 17 15 H) 4rtFqadpiijoe@®ses7 Hz, 1
H 4.63 - 4.67 (m 1 H 5.31 (dd, J=33814, 2.96 Hz, 1 H 5.40 - 5.46 (m 1
H 5.42 (s, 1 H 5.99 (d, J=6.32 Hz, 1 H) 6.87 - 6.93 (m 4 H 7.27 - 7.37
(m 7 H 7.41 - 7.45 (m 2 H 7.75 (d, J=8 . 3 0 Hz, 1 H C63HI5N3012PSi | +
| ow resol ut i,enz ESls-, MB @al3gu.hat@d 11344666y dsounct) Fadeh 7s, 20 ©) 707R) (73)

3N|tro4ethyl benzoi ¢_aci ) .F g nitr (999, (A5 was
cool ed with §titrfhfad31 gﬁ' a]ncf?S lé?hnay{' (ﬁénéokg gfcdlg 3% Cé qzmogsz nol es;
Si gma- 25 Al@richy) ves. avzzldezj gl oW y24over (30ri 1¢) dﬂ?'éclﬁl ysv n3e dht Hé7s3r9£t| ng

solution (1. 33 Empl |]? 2)l tcp fanrigRg (DI toricg @gé & fghelr@xtlgﬁe-;g/vas t hen
allowed to stlr for gmnater i tion was cong ete. The m xture was then
t

poured over (@pptofi rigel§ 600 1gcbf1‘b1r @3hé8 it d2HuendR theé®r d4ét?dn. The
product forned a 30 M te pEpt 1\/\/@» ctlsa:a@ fos f1i Id)eneﬂ savae a1 sé)ntigsezk gl ass

funnel . 135 e excess ice t r. The
sanpl e was t{fenlr é—’—)cFy%%TPI’Wazedl‘?wr orrﬁsdva%ﬁona%é I(¥?Se/‘f’1ae 05?1 té’}i T\I/]\S/é)\g?{l)%nds of
crystal |l i zatdoppawerg .preforned. Yield: 37.2 g (95% . 111 NNR (500 MHz,
CHLOROFORM d) ppm 1. 33 (t, J=7.58 Hz, 3 H) 52.99 (q, J=7.58 Hz, 2 H) 7.52
(d, J=8.07 Hz, 1 H 8.23 (dd, J=8.07, 1.71 Hz, 1 H 8.58 (d, J=1.71 Hz, 1
H "C NWR (126 MHz, CHLOROFORMd) ,5 ppm 14.62 (s, 1 C 26.38 (s, 1 ©
126.37 (s, 1 O (s, 1 C 133.87 (s, 1 ©C 144.85 (s, 1 O (s, 1.6
COHONO4ANal + | ow resol ution ESlL-MS 10cal cul ated: 195. 05 found: 8. 2.
tert-Butyl 3- nltro 4 ethyl-

nzoate (75) 2 o. © .
.Q 80% TFA in DCM HO\(©)\/ WO]/ Q
’_*' 30min

0 (78)

10 n

4-(1- (Fmoc)propan-2-yl) -3-nitrobenzoic acid (78)

Compound (77) (8.9 g, 17.7 mmol) was directly solvated in a
solution of 80% TFA in DCM (50 wmlL) and allowed to stir for 30min,
until all starting material had been consumed. The sample was

15 then evaporated to dryness on the rotovap and purified by column
chromatography, Hex/EtAc 100:0 = 60:40. Isolated yield: 6.09 g
(77%) .

¥ NMR (500 MHz, CHLOROFORM-d) & ppm 1.43 (d, J=6.85 Hz, 3 H)
3.86 {(sxt, J=6.80 Hz, 1 H) 4.32 - 4.46 {m, 4 H) 7.28 - 7.36 {(m, 2
20 H) 7.41 (t, J=7.58 Hz, 2 H) 7.57 (dd, J=6.97, 4.52 Hz, 2 H) 7.65
(d, J=8.07 Hz, 1 H) 7.76 (d, J=7.34 Hz, 2 H) 8.29 (dd, J=8.07,
1.71 Hz, 1 H) 8.53 (&, J=1.71 Hz, 1 H) 11.69 (br. s., 1 H) *C
NMR (126 MHz, CHLOROFORM-d) & ppm 17.58 (s, 1 C) 33.71 (s, 1 C)
46.62 (s, 1 C) 70.08 (s, 1 C) 71.14 (s, 1 C) 76.80 (s, 1 C) 77.05

25 (s, 1 C) 77.31 (s, 1 C) 120.06 (s, 1 C) 125.10 (s, 1 C) 125.11
(s, 1 C) 126.16 (s, 1 C) 127.16 (s, 1 C) 127.17 (s, 1 C) 127.91
(s, 1 C) 127.93 (s, 1 C) 128.87 (s, 1 C) 129.00 (s, 1 C) 133.71
(s, 1 C) 141.26 (s, 1 C) 141.27 (s, 1 C) 142.82 (s, 1 C) 143.14
(s, 1 C) 143.20 (s, 1 C) 150.39 (s, 1 C) 155.00 (s, 1 C) 169.79



Compound (73) (19.65 g 0.10 noles) was solvated in 500nml of THF 15 (0.2 M
followed by 1.15 eq (10.14 g, 0.15 noles) of diisopropyl carbodi mde. This

m xture waie 2aidmwed to stir for 5mn followed by 1.5 eqPafi/daentisioessanol
(17.9 nL) and catal ytic anounts of 4-18di net hyl am no)-pyridine. The m xture
was allowed to stir for 60 h before the reaction was conplete. The reaction
20 was diluted with diethyl ether and filtered to renove the

di i sopropyl yiea 1( DkU) candne ondens ek A udi desst -MEhealkexiaved: wag 7sod vat ed in
ethyl acetate and extract ‘ed with 5% NaHCOB. The product was separated from
(74) by col d*H*¢hr¥éfaf ogr aphy (sol vent system hexanes: DCM 100: 0 40: 100).
Yield of (75): 15.1g (60%; 25yield of (74): 30% (74) IH NWR (300 Mz,
CHLOROFORM d) 6 ppm 0.94 (d, J=6. H26H)126(tJ747Hz 3H)139

(d, j=6.74 Hz,\6 2.91 (g, |=7. 2 H 3.80 (dg,~J=13.88,[6) 70 Hz, 1
444(qU|n =5. 74 Hz, 3%(110 491(BTdJ7/\9“HzN@H)7

J=8.20 Hz, L{?(Kdd = , Hzo P Hy 8. 02 ( '.-»Q

13C vaR(75|sz 6ppm14 80"'s, 1 © (s,°1 C 22.04

(s, 1 O 26.12%s, 1 O 42. 96’°(s 1 C 49.54 (s, 1 C)°76. 63%s, 1 O 77.05
5 (s, 10 77.48 (s, 1 0 123.13 (s, 1 O 130.76 (s, 1 O 131.52 (s, 1 O
135. 78 (s, IpHoppHSiudIt4{s 4-11O)FmbéBpBpaps2-yll)Cp-1iBIobn{aatel (1Y) 168. 67 (s,
1 © G 6H23N304Nal + | ow resol ution ESI-M cal cul ated: 321.16, found:

344.23. X0( T®mp é&ndl MG (GQG/zts/Hzg,, GHe ORQMERM dds Ss@pmat2a26n( hald=¢hd7 Hz, 3

1.57 (s, 11 7.9 1 H._8.08
I(_?:Id J= 7(31 SOJ}Val?t HS:ACNI% ¥ §§* %d25 J“’*%%?"”Hfh I’g didfé m“?%owﬁéf

CHL OROFORM tBhe( Eh@smﬁoihﬂuﬂ(laés,(sﬂ) Qp. 26.9189 (15 mmoo) i28t06 tBefshalf Gf 76. 64

(131 1202577 qf)(sié‘i enfg {3310}‘1%33&?% % 8%)' 11% éé)s( 143%0%25% %018) 13{5‘9 2 (s,

1C 163 56 Sutio) was 3 ELLFNRUNEP+ atow ressh ightonaEs| PN waRERd atBe:

) g )

251.11, “% %Zén3%ast%&\pféttey| (Zr (dy hydhOX¥RE ORBAcAYA}ed- Bbt HAbenzoat e
(76) Corrpoun 2431 7 mml was solvated in 19 iqtag NDl-'x)\ﬂ: (2.2M
to which 1. 5sce1cre(1& 881@)6 ePaPRFRHER dBHy USRS atRfater SPForéd VB Ca

sol ution of patasssWickewitbwroxé de 760.dyaate Diykb @5 dried wieht Mdaw, anol
(5.7 nmL). This, mXx owed to stir at .ro ULE r.10 mn
before bei ng®Ht 6’88& stfﬁmgﬁcf%fynFsﬁ Se “RIXT Elti ew%ﬁsttht% Hpﬁltegcé#ég?"{egdl%
neutrality byod he addﬂﬂtBEomoofer@vﬁlvtlHCkmaﬂti tryrédice pdaTPH wpepPeeducthi s

(76) “wast w0 o157 13 TRHEY d85117000888 147 b [Tt By oo

chr omat ogr ap®si iite® DAMre phyl £ igdebrt @0 1UY0: Thro0ataqyapRy o | RFM:¥eQH §0PgSog. 11.1

NMR (400 IVHZQZ/%CETEN].L%EE%Im of @B'Snlslélz §dised¥7. 03 Hz, 3 H) 3.80 (sxt,
J=6.88 Hz, 1 40(d J=7.91 5 Hz, 1H)8.08(dd,

J=7.91, 1.47, - rsng%q,g%s (::chirlo&% ‘g?d)Hz@ %’30 VB ( 7§ Mz

CHLOROFORM d) 36.57 (s, 1 6) 67 01 (s,
1 C 82.27 ($4. 17=(z)0121:nz,773 Es, 11383) IL2815 (511 ¥)C}- 981, @438s(m1 8CH) 131, 06
(s, 1 Opd32 85 (8: 1 Q) 2142.8624(53.3:Qn 15041 9, 12 G 163558 (211 O
Cl41-13. 9NOBNal + | ow 1dreso| ution ESI-MS cal cuI at ed %81 fou_nd 304. 02.

- 7.44 (m, 4 H) 7.57 (dd, J=10.11, 8.06 Hz, 3 H "(d, J=7

Hz, 2 H) 8.55 (d, J=1.76 Hz, 1 H) 8.70 (dd, J=8.20, 1.76 Hz, 1 H)

3Cc NMR (75 MHz, CHLOROFORM-d) 6 ppm 13.35 (s, 1 C) 17.68 (s, 1

C) 18.59 (s, 1 C) 19.22 (s, 1 C) 23.55 (s, 1 C) 23.62 (s, 1 C)

25 23.81 (s, 1 C) 24.01 (s, 1 C) 33.40 (s, 1 C) 46.62 (s, 1 C) 69.91

(s, 1 C) 71.36 (s, 1 C) 76.67 (s, 1 C) 77.09 (s, 1 C) 77.52 (s, 1
) 119.96 (s, 1 C) 124.31 (s, 1 C) 125.21 (s, 1 C) 127.18 (s, 1
) 127.83 (s, 1 C) 128.61 (s, 1 C) 131.93 (s, 1 C) 133.41 (s, 1
C) 139.59 (s, 1 C) 141.19 (s, 1 C) 143.27 (s, 1 C) 143.33 (s, 1
)

30 C) 150.18 (s, 1 C) 154.87 (s, 1 C) 165.19 (s, 1 C) *'P NMR (81



(76)(77) tert-Butyl 4-(1-(F-noc)propan-2-yl)-3-nitrobenzoate (77)

Compound (76) (5.38 g, 20.2 nmol) was co-evaporated with pyridine 15(x3)
and sol vaveaoizn2@7e6nm. of ACN (0.2M and 2eq of pyri di nePC3/CA20mm000838. 7
mmol ). Frmoc-C (5.0g, 19.33 nmol) wad4edded directly to solution and was
allowed to stir for 16h in the dark, covered with alumnumfoil. The
reaction went to conpletion by TLC. The solution extracted (x3) with 5%

T oMt 00T apiy. ot BLAG 10D 0. 175 25 T ol arad sierd; B 50 5 (8% 114

chr omat ogr ap x/ Et | sol ated yie g :

NVR (500 MHZ" SyIAEEETﬁ%nG’r‘ 99570 6 PphPHSE0% (Y 3%=7. 09 Hz, 3 H) 1.60 (s, 9 H)
3. 65 (sxt, J6.94Hz, 1H 419(t J=6. 24 Hz, 1H) 423-4.34(m 2 H
4.39 - 4.53 (m 7.27 - 7.34 (m 2 H 25 7.41 (t, J=7.46 Hz, 2 H) 7.53
(d, J=7.34 Hz, H)762(d J— 31 Hz, 1 H) 7.80 ( J758Hz,H2H)8.13

(dd, J=8.19, SHE, W8, H . J=1. 7t He~1 H) 8" MHz,

ACETONI TRI LEd3) 86 ppm -0 1306 ) 0. 064k 1 C) 2=(1 C) 0.40 (s,
1C 0.56 (s, 1 o (s, 9 (e;p,eridimeir@)va16/ETF&Lk Sop 27 30 (s, 1
C) 138 27.32 (s, 33. 4 (s 1C 46.64 (s, 1 C) 68.99 (s, 1 O 70.90

(s, 1 0 82.13 (s, 4 C) 1#yY.34 (s, 1 O 120.06 (s, 1@ 124.56 (s, 1 O
124.87 (s, 1 C 124.90 (s, 1 C 127.17 (s, 1 C 127.18 (s, 1 C 127.81 (s,
1 G 127.83 ﬁ&spﬂox@m@%gg GTA ((I.Shyd]ro dophn{Z- ﬁ)(—§»nﬁtrgi>e&z’i?a 5de. 1 0
141.03 (s, 1 C 141.17 (s, O] 0 (s, I C 143.55 (s, l CD 150 42 (S

1 C 154.54 1 C 9H2 | f ESI - M5

cal Ztul at eSg é%§o%5g}r1‘d03§9)2 208 8 ; % ?J\Q?as aa—dedow EE%S ol J:Poql o§

4-(1- (Fnoc)pwpahm:w)m@um timo etz gRemBci d AfX8y Compchnd reIdioh8wesg, 17.7
mol ) was dif&ghbye S§) vakeghd b §9id{tlbﬁnwélsf &Q;@&Ftéd'eo%@%é@ iy and

allowed to stir for 30mn, until all starting material had been consuned.
The sanpl e WeAKED5UP Heh DX A5Gk BF%‘HLPtlBaEﬁ‘dyﬁés% B Phe'TESt BY AR I 8f i ed by
col um chr onzt qgoaphys) Hex/ Et Ac 100: 0 60:40. Isolated yield: 6.09 g (77%.
11.1 NMR (500 MHz, CHLOROFORMid) 6 ppm 1.43 (d, J=6.85 Hz, 3 H) 3.86 (sxt,
J=6. 80 "izo 11HH)qMﬁ Zoc lvﬂ{'z46cﬂlf.@RCﬂ=‘Ok’DI a7 ?68ppm 3@1((9 %_300:§")Hz 41 (-15

J=7.58 Hz, Q& : H) 5 (d 8.07 ke,

7.76 (d I=71 F 1, é 1r1)038Hze {d%? 1J38 071 ¥ 7w Hi3 H) 1 98 53 (&7 9%1 71
(s 10 335 %b“* 23 16065 (5 3 6 7008 (5, 1O T1AL (5010 76,80
s, : S S

(s, 10 77.05 5% % ) 7%2 é“ Js’ 91 c%ll%c 5841 He ot 158137 (&) 1 0
125.11 (s, 170 21262161(8 4. 28) s27116>(sz,sHaNc@yl*lzaw1fes(cautiozc)Esnzms91 (s,
10 127,9 Q4.1 7 ( C 00 (s, 1 C 133.71 (s, 1 O 141.26
(s, 10 141&?‘?“% ty; %?8%&32 g%“‘%d )‘?LS%)% 143.14 (s, 1 C) 143.20 (s, 1 O
150.39 (s, 1 C) 155. oo (s, 1 0 169.79 139

.
oS s

(68) N"'2 HCI ° 73 @81) !

Tributyl (3- (4-ethyl-3-nitrobenzamido)propyl) phosphonium bromide
(81)

20 To a solution of 3-nitro-4-ethyl-benzoic acid (73) (3.15 g, 16.1
mmol) and diisopropylethylamine (4 eq, 11.25 ml) in ACN (30 mL)
was added compound (68) (1.3 eq, 20.9 mmol) and TBTU (1.3 eq,
6.74 g, 20.9 mmol). This mixture was allowed to stir for 12 h.
The dark brown solution was concentrated to a viscous oil, and

25 taken up in DCM and precipitated in 500 ml of MTBE. The solid



(s, 1 C C251420N071- |l ow resolution ESI-M cal cul ated: 447.13, found:

446. 0. Phosphoni um tag 4-(1-(Fnoc) propan-2-yl)-3-nitrobenzosts (78)
Conmpound Wwo&p12(@4786 g, 8.33 nmol) was sol vated i n hal f PClIaEAR01 1000850

(ACN: Py, 28 mL:1.25 nL)to which was adided a sol ution of the phosphoniumtag
(53) (3.86 g, 9.16 mol) in the other half of the solvent, followed
directly by TBTU (4.0 g, 12.5 mml). The solution was allowed to stir

over ni ght angshyomydtieddatd1@e 1urigacd irn sWascL aaP! &18mh %ﬁhat@gﬂpws
concentrated to half sol vent _vol une then extracted vvlth et}(%1 8acet ate and

5% NaHCO3 ( x FMaMeP oncE %%t hebr8i5né5) TRV oM FartT Yeyer s ¥ Wth MySos
and condensexrkciated yiess: 7The gorsgeund was then precipitated in 500 nL of
MIBE to renove the excess pyridine and TBTU byproduct. 15 The precipitated
white goo was filtered and collected over Celite(c) then purified by colum
chr omat ogr apHy NMRCIVE Me 0¥ z1 0 CHDORPEPRME) | & aprat € 99i ék d éﬂFG ®79¥z,595R) g
(86% . 111 %4(390 M‘V%Cﬁ'!: )s 6.1 ppM( Qlési-z “H) 1936“(‘31 8r4d.0%. 35 (d,

j=7.03 Hz, 3 H 1.38 - % 2? 99- AI_’? 0/2.66 (br. s.,
2 H 3.54 - B¢.83 ’(”m2§5H)%1 omr47 4 end 3872‘1“?) 478 iS4 2H1) 7. 57
(dd, J=10.113.¢8. 06 I-J&7 &hbz 727D (3d60J(-E17 335HB 2, H) 8. o dqg, JLF_'b % Hz, 1

15 35 (s, ‘17 %588 o/ 1500 (4 & hg o T o i Dass-2 "1

23.62 (s10 1 @, 25}931&1»(»@ 12€)MEZL o:mpsomgyc)i ) 38. ﬂﬁn(sz 21 Gp, 46 62 (s, 1

C 69.91 (s, ) (41436 ( & O &Y.

0 119. 96 (314 f§0)57124@§1fg( éJ’ gg *ghad, %6 A é) 2%2:}g %s(l% )%27 b3
(s, 1 O 128(s11(S) 2B-T% (31199 ?é 84 © 13@) 2%-9%, (51 ©)C)138:5D (53,11 O
141.19 (s, 1c)Cpeld3. 257 (15c 1730)02143 3B d)s7718306), 156 L&3(sz &,Ch &p4. 87
(s, 1 O 165,19 % g 1 140 Mz CHLCRG:CRMd%; 6, ppm 35.07
(s, 1 P) c40t18 N@in+CI o@zxf’lrégol tibrf ESPZNE (&K clil Bt ¢ 690301 Fbund:
690. 35. Phospivwoniums,t agch- 1615 g di ©xyipicopanE 2N Y1t o readenzontrsI(89) 5 To
compound (79 6,408, 9 | ). dded a 20% sol uti on of

4- et hyl pi pegré}1 [ netel%n ﬁ/fgf (20 '511.(1)'A¥\?§er3%2 h the reaction was conpl ete by
TLC and the solution was evaporated to dryness, then taken up in DCM and
precipitated in 500ml of MIBEyto i eId 3.09 g of (80) (719% . 10l E NWR (400

MHz, CHLOROFOR pme 9l ( —Jj—gf E03 Lz, 11 H 1.26 (d, J=7.03 Hz, 3 H)
138-159(m 98(dJ 03 Hz, 52.11 - 2.28 (m 7 H 2.36 -
2.51 (m 2 H) (m BMSH)”3 64 @ (m“°22 H7.51 (d, J=8.21 Hz,
1 H 8.22 (d ) 8.6 ( IJIjD 1+ | ow resol ution

ESI - M5 15cal cuI at)e 28 f ound: 468 28y N

Tributyl(3-(4-et hyl-%- ni trobenzam' do) propyl ) phogsphoni um brom de (81)
Tributyl (3- (4- (1-hydroxypropan-2-yl) -3- nitrobenzamido) propyl)

20 phosphonium bromide (82)

To a solution of compound (8l) (3.56 g, 6.89 mmol) dry DMSO (13.8
mL), was added para-formaldehyde (2.leq, 0.43 g, 14.4 mmol).

This mixture was sonicated for 20 min till all of para-

formaldehyde dissolved. The resulting mixture was treated with
25 1.5 eq of potassium tert-butoxide (1.16 g, 10.3 mmol). The
reaction turned a dark purple immediately. The reaction was
allowed stir for 12 h at room temperature. The reaction was

monitored by MS, showing the disappearance of the starting
material. The reaction was treated with 1M HCl in MeOH to bring
30 to neutrality at which point the reaction was precipitated in

diethyl ether, and then in DCM. This last precipitation step



20To a solution of 3-nitro-4-ethyl-benzoic acid (73) (3.15 g, 16.1 nmol)
and diisopropylethylamne (4 eq, 11.25 m) in ACN (30 nL) was added
conmpound We&p1Am@4B6eq, 20.9 mmol) and TBTU (1.3 eq, 6. 72CH/CA2011D009%0] ) .
This m xture was allowed to stir for 142 h. The dark brown sol ution was
concentrated to a viscous oil, and 25 taken up in DCM and precipitated in
500 mM of MIBE. The solid WD 2012/024776PCT/ CA2011/ 000950 141 was

col | ected angtpaeatsd | thedpbyaust! i fGamgainreatdsdn d1aopeigaaRfye .( DCvhd/e0H,

100: 0 85:15) el.uting as ver) rk vellow oil. lsolated vield; 7.0 849 .
510 MR BOFREECt DR R R s ¥Rttt ragte  RSHALEEAAbY ogifioy Tof {24
J=7.46 Hz, 3nH)TEBA3Buffer St (ware#?2 (b .:96CNd80I2B. B7 26z802 HjsRaBbd- 2. 19
(M 7 H 2.25.442.38 (M32,H) 2.78 (s, 2 H 2.87 (q, J=7.34 Hz, 2 H 3.60
(g, J=5.79 Hz, §‘|—§' 7.2}) (d, J=8.07 Hz, 1 H 7.78 (t, J=5.50 Hz, 1 H) 8.07
d, J=8.07 Hz, .1 837 10 (s, 1 11C NVR (126 NHz L OROFORM: d) 6,
|(opm 13. 27 (sH TM’?:)FQ‘&OAP. é“fz(ng(WRé)FO%@dh%( gpm 10 %‘)4 18.0588(??’ ? & zls?éé (s, 1
C) 23.37 (s,(d G728 6,(3, 5l 1Cps23. 8F9 Iy, 11OH)25.99 (&, J25Qs 38,57 (s, 1

Q) 76.77 (S,:1.Che 77,02 ( 77,28 ( C 82 (s, 31, 09 (s,
10 131.47 ?)5,2&9 9 153 By %51912%* 1zf1‘.§979"(’s,E %’23'%51}9.4%19%’5,]1 P o)

165. 48 (s, 13-CF R4MEZ2NP0O3R1+2|BHw3resaol Gt Bbn"ESP-IE 7cal cif-ate®: 21487, 29,
found: 437.30.y) g.22 (4, J=8.21 Hz, 1 H) 8.26 (s, 1 H) 8.45 (br. s., 1 H)

Tri butyl(3-(4-(1-hydroxypropan- 2-%%4) - 3-ni trobenzam do) pr op¥l ) 20
phosphori®um bf CNHRdE‘7E8§]¥ TEEEORYGT Gh dPRonpotthd S8l €l 31565,(56. B9 mol )
dry DVSO (13)8 123 v&s 1addeds par asf ornmal deshygde (§2.11ax, 20.48 @, 14cd mmol ).
This m xture oni.c f.qr 20._m il |1 .0 r af or mal dehyde

di 'seol ved. THS Pelin fi gée%'f?uﬁse' \%/anlsjpt%ée'g%e Wit ’%’3’1% qu I(%fg)po@%a%%i um
tert-butoxide.(1. ¢6 7,-620(3 o)) 77THe react iCOn7T Urindd, al dar k2put3pl(e,

i medi atel y. The [eacl o0 wagalipwed stirr of of3318gh At ;rgpm L epperat yre. The

reaction was nonitored \% M5, show ng the di sappearance of the starting
mat eri all> THE r88ctd oif whsCh RE4t 3 Wt B DM HCIMR n (e &R t CHPRATPRYOAL o
neutrality af pphi e poi(al it be €eROLbAN Was PERALPidraEed-nd di eihykqget her,

and then in 4I%g\4307h£o%n!i§s£67pr3§gl pitation step

B 0

o |
OH L (k NH
P/5f_02N ACN P/@__/——OZN 0~ Cl DMTrO o N/&o
/._F \\‘\ Ph ’ /_f \\\\ (12) < j
X generated ?rzgrﬁ?sphosgen M OH OTIPS
) > o DIPEA
= 80) X=0
X=NorO (éz) X =NH f:i; §==?\IH _
DMTrO Ura
A~ 0
~/"Fe NO,
O\H/O OTIPS
X 0]
0 62%
(85) X=0
(86) X =NH
20 5'-DMTr-2'-TIPS-3'-( tributyl (3- (4- (1-hydroxypropan-2-yl) -3-

nitrobenzamido)propyl) phosphonium bromide) ~uridine (86)

A two necked flask containing the triphosgene and phenanthridine

was connected to a distillation head and condenser. The

142



WO 2012/ 024776PCT/ CA2011/ 000950 142 separated the product from unreacted
par a- f or mal dehyde. The product was purified by reverse phase chronmat ography,
usi ng 100woldhidEadBuf fer in water (pH 7): ACN 80: 20 4 2@c3@A20=abedsed
yield: 1.3 g (35%. 51H NVR (400 MHz 14LHLOROFORMd) 6 ppm 0.84 - 0.98 (m 9
H 1.26 (d, J=7.03 Hz, 3 H 1.38 - 1.59 (m 11 H) 1.98 (d, J=5.86 Hz, 2 H)
2.09 - 227 (m 6 H 2.34 - 250 (m 2 H 3.39 - 3.49 (m 1 H 3.53 (d,
J=5.47 Hz, Zréd)e13u€g4 e‘nd3 Qltﬁén c&ldéhszr S,Jas( @:ttdagedzjtoHén 1\mx|ﬁ3n1% %Zal(ad

J=8. 21 Hz, @6 I—Q % h H%: h Ig

CHLOROFORM cfj™ C;S’ﬁ 3b138a(§ Yll‘i?/ Staps’ (Pgthyt )C‘i%ie&ée kheq ‘@ngﬁe% (s,

1 O 23.61 (thatlwks PZhdm8eds,The Gpt@3n BF (e émn@h123tfae&> (v&s tofs)ec86d 68 (s,

10 5006( 1 ) 9 4 54 (s,
10 124.73 (&7 1%)ae 1%%’%& founél:b&@i‘g flf%k &’1% %%3%’8 ‘%"9“ Z’%f 144. 51
(s, 1 15 C)a1§©004@1€(® bYlacylr}lMezBC%@nelb@h 31PA1NNPPG{18P8MEE OICHICGROFORM d)
26§Pgﬁ035f 07 %&tgés Fz)er@2é&%HZQéPértshoy\égt%s%égdeenwﬁ% VB Gakepd at ede

oun
205" - DMTT - 1n6HkP8f3$hftF*iﬂf§@t PEERY L1085 N BYPSEBTRh- )15 - 380G needle
ni t r obenzam gakprepytq @r@@aho&hwm dndo frivd ePpublieds Nén (z&&)leé\ t wie nEeked fl ask
containing the triphaos e and IE)J]ﬁ_ena thri.di ne \NZ C?Jg‘P cted tg
distillation He&d n(fln cFeﬁs%? e o 0 M 2 X GO0 Tros0Y88 143
recei vi ngp engsegif tbheormrutenrser semdabubichad tioo aal - angtD #0& neacpleart(lllat;ool ed
by a dry Tcejacehene Hakhlp copdense . the. POTENs, Lhalosan Rraduaed. The
bott om of the ammon trap was connected to a three neck ro ottom
flask with alsthethgapl whi &hseeend ngedde capt etllsy V@Sdrlylsﬁé‘@daclétténéhﬁat h.

Al open ne%&t@.f o Ot RELEANE WBEEI FE alyBLoPNel, I RBILIS @REad VEARPadnW t h
Tefl on tape e neck of the three necked flask was punctured with a 20G

needl e attacted™t8 &% Y8R 1Me artiRREITIULePS 9 Ssdt iYL t # 1FFst was
enpty anuk t h@qes—leﬁemchdmet awaﬁd meaeedl twil .90fggonat ubmighvvaﬁoﬂr& uged to
connect the s bubbl er to a 9 | h,20G, nee | vy Jgpserted
into a satur a]?é% Ut on sot %a r%m g g)rl?%nghﬁ‘ano A sté%l 7d’ needl e
and tube vvaspqutr@em@dthﬂt @V@hé:lsveptcé OIPthSHénWEBhanOIAf'QEISO@IQumlhydlaéi(l de,
whi ch acted as; 2,48 WRsi Qublie aan”PnJé%QQe HB@' B %Bﬁ‘de(njs;LﬁZ fh t§e33

mmol ) and cat. 15 phenant hridi ne were heated at whi ch™point the
tri phosgene wetlgan%rﬁ}agb} vaﬁte&hﬁﬁep%ﬁén%rﬁﬁi‘r@a’i‘n%f GAESP &S PRREBERNG t he

evol uti ogp of tiphRsgene: grpraAbl edhe3QwBl Reckrll fugmh@&mﬂ@; wag prssgened and
phosgene had_ begun onder%ms%al n the receivi nﬂéf ask. At this @0' nt .a

bal | oon of aforr WiES ptt 4 CHPRUGASt AT a o Teh PRI e fREd
fl ask, pushisiprary @indsgeitey,gas daetbhetcdrdemseionnd da@ehclli.ng soliubi on.

Once phosge%ﬁqdwggogcgfe ‘&38&%@%‘ RY, ¢/ étacﬁ% ﬁgtﬂﬂo'sgeéﬁ‘;’o%kﬁnr v(e§0)

(1.06 g, 1.9 mol ) was added dropw se to rrin sgene
renoved fronfidfe they dreel eg/@cshendratbafteer 180 mdm. THder éaeﬁm \mg 25

stirred §or Zihral fH0M hegpqro%tnUE@[ﬂpa}Jaxﬁre ar geR: JaSg¥RSyRASa8 el the
whol e apparat us and al so bubbl ed through the reaction mxture into the

met hanol i ¢ s¥HFuhPRy §PBYE APPRE2 T EhARE zi‘r]lﬁo oAt RRT ¥ S8 pRERJEAB. NOTE:
use a very |owthirew fucoaha neahbosin catodiums hydxe88 WE rehévd) Rag garacnas
quenChEd' ghe %lx!:e sh%%x ggeenev}asNOTE: use a very low flow from a balloon at
first to ensure the phosgene was quenched. Once all phosgene was
30 removed, DIPEA (4 mL) was added to the mixture to quench the HC1

produced in the reaction with phosgene and compound (82).

A solution of nucleoside (12) (1 eq, 1.35 g, 1.9 mmol) in ACN (3
mL) was added directly to the above mixture, and the resulting
solution allowed to stir for 8 h at room temperature. The

35 solution was diluted with ethyl acetate and extracted with sat.



30 renoved, DI PEA (4 nL) was added to the m xture to quench the HCl
produced in the reaction with phosgene and conpound (82). A solution of
nucl eosi awo(aRy02§eeq, 1.35 g, 1.9 nmol) in ACN (3 nl) wa3/@addadodisnect |y
to the above m xture, and the resultiimy solution allowed to stir for 8 h at
roomtenperature. The 35 solution was diluted with ethyl acetate and
extracted with sat. WD 2012/ 024776PCT/ CA2011/ 000950 144 NaHCO3 (x3) and
once W th bridigo, The) Muxd Whee Wi hpbetidi tahédnjbchuﬁQGJaﬁLpﬁaf01Ml_B&etd)1ﬁenbve

excess nucl egs| de an PEA. The resulting |tate en puified by
col umm chr onat og’?%“apg e dT"280: 54 go: @6? lde 9‘3’%? % %‘ (86)

(62% yi el d) . résultind pNeRipBEG Vs mmmdM(@lplpm @hn@@atoarap@y( m 34
H 1.34 (dd, écnﬁmg&h)l%gzg J5'2%0 310H) ed a%%ord L. &3 érBf 25)56)"0(6%%&?141927 S, 2 H)

2.11 - 2. 31 1 TR T3.39 - 3.72
(5m333(511) > Zn’?‘ é‘“%373‘@5”“7‘6 (Fﬁ‘m% ?—f?”éryéog(g%i“ 01%2 1_4 ]%? (“rznéé 1{% i;‘H) 6. 81
Ve T S B e g a5 91'3? i B B0 st 4 317 )
Hz, 1 H) 8.6, (4. RE 82%‘& k&, 122 % 6674 GPr-ss-1 B H). 3@65@%%‘4%335'1{')+ | ow

resol ution ESI-M cal cul at ed: 1195.61, found 1195 60. 15 lon-tagged
synthesis of 3tgi ramen, r GACY & o 7HICIse0si de 4.86) - DMITOGwt me DMTT Q=0 cyt Ac

meO, ,0 OrBDVSO OTBDMS | P, Me0-P=0 UraN-...< (5
4.69 {(m, 1 H) 5.16 - 5.33 (m, 2 H) 5.63 - 5.76 (m, 1 H) 6.00 (dd,
10 J=5.27, 2.05 Hz, 1 H) 6.81 (dd, J=8.79, 1.47 Hz, 4 H) 7.15 (4,
J=8.79 Hz, 1 H) 7.18 - 7.41 (m, 10 H) 7.56 (d, J=7.91 Hz, 1 H)
7.88 (dd, J=8.20, 1.76 Hz, 1 H) 8.53 (d, J=7.91 Hz, 1 H) 8.67 (t,
J=8.94 Hz, 2 H) 9.64 (br. s., 1 H) CeHyN,0,3PSi'* low resolution
ESI-MS calculated: 1195.61, found: 1195.60.

15

Ion-tagged synthesis of tetramer rGACU from nucleoside (86)

DMTrO Cyt™°
Lo vt DMTIOL oy
Meo. O OTBDMS o OTEDMS
o~ DMTrO Ura \N\< Meo—g=o
0
~"Po 5° NO; H* /\ (88) /_/— \/_0:“';“
K< o omps T K3

O\n/ 1.0CI Re g NO2 | o o Omes
HN o 2. t-Butyl hydroperoxide /—r \\LH \(f)\/
N
O (86)

o (90)



H*----j\ (88) OIPS ---.- K3 eNO2 1. DCIBrO OTIPS 2. t-Butyl hydroperoxide

WD 2012/ 024776PCT/ CA2011/ 000950 145 DMIr OG al bu 0 0 OTBDVS MeO- P=0
OAdeBz Rexotzntme4wwere carried out in the dark by w appi RgTI220T1@8CISD ONS
flasks with alum numfoil. 145

5 -0H2"-TIPS-31-(tributyl(3-(4-(1-hydroxYpropan-2-y1)-3- 5

ni t r obenzam do) propyl ) phosphoni um brom de) -uri di ne (K3) 3'-Tagged-uridine
(86) (0.49 g, 0.38 nmuwmrp wWasuwti ssolved in 3% TFA in DCM and allowed to stir
for 5 mn before adding anol to quench the trityl cation. The reaction
was then concentrated to @rP™BAM® taken up in mninal anounts of DCM and
precipitated in 10 MIBECtisOr enove di nmet hoxytritanol. The conpound was
filtered over celite, coloectaein DCM and purified by col um

chr omat ogr aphy ( DCM MeOH, 10 490:10% . Isolated yield of K3: 0.37 g
(95% . IH NVR (500 MHz, ACETOMNPYRILE-d3) 6 ppm 0.87 - 1.12 (m 15 H) 1.38
(dd, J.=6.97, 3.55 Hz, Me®4=q3.42 - 1.61 (m 6 H 1.96 (dt, 15 j=4.89, 2.45
Hz, 1 H 1.98 - 2. 07.(m 1 207 - 2.17 (m 3 H 2.22 - 2.33(m 1H
3.49 (br. s., 1 H-3.66 - 3. m 1 H 4.13 (dd, LT=13.45, 1.96 Hz, 1 H)
4.30 - 4.46 (m 2 4.57 - 9.86°""m 1 H) 5.03 (ddd, J=10.82, 5.07, 1.71
Hz, 1 H 5.70 (d, J=8.07 MQFPIOH 5. 85 (dd, j-=6.97, 4.28 Hz, 1 H 7.73 -
7.83 (m 1 H) & 27 WD 2012/ 834%76RCT/ CA2011/ 000950 146 (s, 1 C) 0.67 (s, 1
C 0.83 (s, 1 .91 (s, 1 .93 (s, 1 O 12.57 (s, 1 O 15.13 (s, 1
C) 15.52 (s, 1 1. 93 ($

C 17.11 (s,/1 ON\1y¥. @
C) 22 84 (s, 1 5C) 2#788 (s
C) 33.64 (s, 1 C 61934 (s,

5

ol €) °I8:99 (s, 1 Q) 17.00 (s, 1 Q 17.01 (s, 1
16C) 18.07 (s, 1 C) 20.64 (s, 1 C 20.67 (s, 1
, 1.0 23.45 (s, 1 C 23.57 (s, 1 C 33.49 (s, 1
1%) " 61.37 (s, 1 C) 64.62 (s, 1 C 64.76 10

Reactions were carried out in the dark by wrapping the reactions

flasks with aluminum foil.

57-0H-2'-TIPS-3'-(tributyl(3-(4-(1l-hydroxypropan-2-yl)-3-

5 nitrobenzamido)propyl)phosphonium bromide) -uridine (K3)

3'-Tagged-uridine (86) (0.49 g, 0.38 mmol) was dissolved in 3%
TFA in DCM and allowed to stir for 5 min before adding methanol
to quench the trityl cation. The reaction was then concentrated
to an oil taken up in minimal amounts of DCM and precipitated in
10 MTBE to remove dimethoxytritanol. The compound was filtered over
celite, collected in DCM and purified by column chromatography
(DCM:MeOH, 100:0 —90:10%). Isolated yield of K3: 0.37 g (95%).

'H NMR (500 MHz, ACETONITRILE-d,) & ppm 0.87 - 1.12 (m, 15 H)
1.38 (dd, J=6.97, 3.55 Hz, 1 H) 1.42 - 1.61 (m, 6 H) 1.96 (dt,
15 J=4.89, 2.45 Hz, 1 H) 1.98 - 2.07 (m, 1 H) 2.07 - 2.17 (m, 3 H)
2.22 - 2.33 (m, 1 H) 3.49 (br. s., 1 H) 3.66 - 3.79 (m, 1 H) 4.13
(dd, J=13.45, 1.96 Hz, 1 H) 4.30 - 4.46 (m, 2 H) 4.57 - 4.66 (m,
1 H) 5.03 (ddd, J=10.82, 5.07, 1.71 Hz, 1 H) 5.70 (4, J=8.07 Hz,
1 H) 5.85 (dd, J=6.97, 4.28 Hz, 1 H) 7.73 - 7.83 (m, 1 H) 8.27
20 (d, J=8.31 Hz, 1 H) 8.39 (t, J=1.71 Hz, 1 H) 9.17 (br. s., 1 H)
BC NMR (126 MHz, ACETONITRILE-d;) & ppm -0.16 (s, 1 C) 0.17 (s, 1
C) 0.34 (s, 1 C) 0.36 (s, 1 C) 0.50 (s, 1 C) 0.52 (s, 1 C) 0.54



(s,10)71.11 C)77.10(s, 1 102.64(s, 1C) 124.86(s, 1C) 129.85(s, 1C) 140. 46(s, 10)
150. 53(s, 1C) 154.15(s, 1C) (s, 1C) C) 82.99 102.66 129.10 133.06 141.68

150. 81 16808B1274BE (s, (s, 1 (s,1 (s,1 (s,1 (s,1 (s,1 @STCA201/00)95C) C) C)
C O 1C)73.49 87.73(s, 117.32(s, 129482(s, 133.08(s, 141.82(s,

(s, 1 C) 0.67 (s, 1 C) 0.83 (s, 1 C) 11.91 (s, 1 C) 11.93 (s, 1
c) 12.57 (s, 1 C) 15.13 (s, 1 C) 15.52 (s, 1 C) 16.93 (s, 1 C)
16.99 (s, 1 C) 17.00 (s, 1 C) 17.01 (s, 1 C) 17.11 (s, 1 C) 17.69
(s, 1 C) 18.07 (s, 1 C) 20.64 (s, 1 C) 20.67 (s, 1 C) 22.84 (s, 1
5 C) 22.88 (s, 1 C) 23.45 (s, 1 C) 23.57 (s, 1 C) 33.49 (s, 1 c)
33.64 (s, 1 C) 61.34 (s, 1 C) 61.37 (s, 1 C) 64.62 (s, 1 C) 64.76
(s, 1 C) 71.11 (s, 1 C) 71.31 (s, 1 C) 73.49 (s, 1 C) 76.99 (s, 1
c) 77.10 (s, 1 C) 82.99 (s, 1 C) 87.73 (s, 1 C) 87.76 (s, 1 C)

102.64 (s, 1 C) 102.66 (s, 1 C) 117.32 (s, 1 C) 124.83 (s, 1 C)
10 124.86 (s, 1 C) 129.10 (s, 1 C) 129.32 (s, 1 C) 129.84 (s, 1 C)
129.85 (s, 1 C) 133.06 (s, 1 C) 133.08 (s, 1 C) 140.43 (s, 1 C)
140.46 (s, 1 C) 141.68 (s, 1 C) 141.82 (s, 1 C) 150.41 (s, 1 C)
150.53 (s, 1 C) 150.81 (s, 1 C) 150.83 (s, 1 C) 154.10 (s, 1 C)

1

154.15 (s, 1 C) 162.65 (s, C) 164.03 (s, 1 C) 164.04 (s, 1 C)
15  C.,H,N,0,,PSi** low resolution ESI-MS calculated: 893.48, found:

893.50.

Synthesis of rCpU (90). Compound K3 (0.37 g, 0.38mmol) was dried
by two co-evaporations of dry toluene:DCM on a rotovap before
20 placed under high wvacuum. K3 was dissolved in 15 ml of ACN
containing 2 eq of DCI (0.982 g, 8.32 mmol). Immediately after,
phoshoramidite (88) (0.51 g 0.57 mmol) was added, and the
resulting solution was allowed to stir at room temperature for 3
h. MS analysis indicated that the reaction was complete (no
25 starting material K3 present). Ten eq of tert-butanocl was added
to quench excess phosphoramidite, followed by 10 eq of tert-butyl
hydroperoxide (1 mL of a 6 M solution in decane), and the
resulting mixture allowed to stir for 20 min until all the
phosphite triester was converted to the phosphate, as monitored
30 by MS. The reaction was then concentrated to an oil, taken up in
minimal amounts of DCM, and precipitated in MTBE to remove all
excess reagents. The precipitation process was repeated if the
presence of any quenched phosphoramidite was detected by TLC.

Tagged dimer (90) was isolated in 95% yield (0.63 g).

146



150. 83(s, 164.03(s, (s, 10 10 10 10 10 10 10 1 C)76.99 87.76(s,
124.83(s, 129.84(s, 140.43(s, 150.41(s, 154.10(s, 164.04(s, (s, 111111
1 1 C Gyoepia@p4my C) C) 15C44H74NA0LLPSI | + | ow resol eCram2&E81000450

cal cul ated: 893.48, found: 893.50. Sy#ihesis of rCpU (90). Compound K3

(0.37 g, 0.38mmvl) was dried by two co-evaporations of dry toluene: DCM on a
rot ovap before

CesHy,,N,0,,P,81," low resolution ESI-MS calculated: 1670.77, found:
1670.73.

The above process was repeated as described above, using the
appropriate phosphoramidites till tetramer (92) was obtained.
5 Intermediates isolated were characterized (data shown in Table 7

below) .

Table 7. Characterization of DMTr-rGACU-tag and intermediates

Step Compound 5/2>3' Mass cal. (m/z) Mass found (m/z)

Tr-rCU-tag (b) (90) 1670.77

HO-rACU-tag

1341.94 (M" + Na')/2

Tag = light labile phosphonium tag.
(a) = phosphite triester; (b) = phosphate triester.
10
DMTrO Gua™
k © ; DMTrO Gua®™
O OTBDMS koj
MeO—FI"-’O (l) OTBDMS
<‘) Ade® MeO‘TZO
\w o] Ade®?
? OTBDMS tag is precipitated '§ 0 7'
—p= VA and removed O OTBDMS
MeO 'T 0 v by filtration ]
o »  MeO—P=0
o cyt’ ACNiwater |

15 min, r.t. 0 c
O OTBDMS Koycy'A
I

o OTBDMS
|
0 MeO-P=0

Ura
%/—/— kO)‘ © Ura
o
Ro g© No2| o o0 omps k 7
/—F \\\‘ l]/ OH OTIPS

o (@1) ®2)

Photocleavage of orthogonal phosphonium tag from tetramer (91),

affording protected DMTr-rGACU-3'OH (92)

Teramer (91) (0.120 g, 0.042mmol) was dissolved in 1 mL of wet
15 ACN (1200 ppm of H,0), and transferred into a quartz cuvette (no

frosted sides) containing a small stir bar. The cuvette was



20 pl aced under high vacuum 1(3 was dissolved in 15 m of ACN containing 2
eq of DCI (0.982 g, 8.32 mmol). Imediately after, phoshoram dite (88)
(0.51 g owbzormmh)r6was added, and the resulting sol uti orChaa2aliioovwsd t o
stir at roomtenperature for 3 h. MSl1#hal ysis indicated that the reaction
was conplete (no 25 starting material 1(3 present). Ten eq of tert-butanol
was added to quench excess phosphoram dite, followed by 10 eq of tert-butyl
hydr oper oxi gdeadel Mndkea 6 Morokeddron ifvrdacane)n e tderresa tiThe m xture
allowed to stir for 20 min until all ite triest ek cewverted
to the phosphRatieClas®RGAT tdr gam@(?%ﬁy (}\T/EE %%gl?f%fgt'i onlrﬁgs%g}ﬁ%%%concentrat ed
to an oil, takemtuptéd niai retlouanpbats ofolDEy| ard prleci pileared i ROMIBE to
renove all excess.r ent s e egi pi I pMJAe§ESS WaSorEpgavkikd f the
presence of pﬁﬁf/lpcﬁgﬁ%%egﬁpmgas%h(()?%mﬁja)?t%ﬁa\/\/as detected by TLC Tg ed di nmer
(90) was5i sebudett | n DBYOpEEref (Treangy) Was149urbaiiy 1 N&B%ﬁ?j ,3%4 | ow
resol ution EgLzMGaleul atred: adh0 céhcerftaddtig H6é0sdBitidhetabbveeps ocess
was repeated as described above, usi ng t he aggggpri at e phosphoram dites
till tetrandFolad waeldbt 4i ed B 94P8r Wt afe¥ i sol ated were
characterized (data shown in Table 7 below). Table 7. Characterization of
DMIr-r GACU-tag and internedi ates Step Conpound5' 43" Mass cal . (nfz) Mass
found (n/z) DMIr- rCU tag ( a ) 1654.77 1654.71 DMr-rClJ-t tj b.(90)
1670. 77 167Qb12tagged supported RNA synthesis via dimer block

10 coupling.

0]
NH o)
LA g | { >
DMTrO N~ 0 Succinic anhydride 5
] :o:/ THF, Py, DMAP mo (95)
0
OH oH
(94)

Compound (94) (7.9 g, 14.5 mmol) was dissolved in 75 ml of THF,
150ml of pyridine and 5 ml of DMF. Succinic anhydride (7.25 g,
72.5 mmol) was added with 5% w/w, 0.12g of 4-
15 dimethylaminopyridine (DMAP). This solution stirred for 24h, then
heated to 50 °C for 4 h. The solution was then condensed and
redissolved in 400ml of dichloromethane (DCM) and extracted with
15% NaCl w/v (300ml x3) to remove excess succinic anhydride. The
organic layer was collected and dried over magnesium sulphate,
20 filtered and condensed to dryness. The crude wixture was
purified using flash chromatography with silica gel (pre-treated
with triethylamine), eluting with a DCM-MeOH  gradient
(100%DCM—>95%DCM-5%MeOH) . Yield of (95): 8.5 g (91 %).



HO - rCU t ag 1368.63 1368.59 DMIr - rACU- tag a) 2215.95 1119.44" 1+N-i
DMIr - rACU- tag (b) 2231.95 1127.44(M +Na')/2 HOrACU-tag 1929. 1

DMTr - r GAGUot2arp/2#)762645. 06 1334. 11(ir + Na)/2 PCT/CA2011/000950
149

@
DMTrO

Thy ) Thy
1 o | O/\/\p (52) o) (DMTr-dT Succ-IL)
0 . jﬁ ©
0 (95)
Om Om ////
OH DCC, DMAP (96)
CH2C|2 /,)

DMTrO

Compound (52) (12 g, 18.6 mmol) was added to a stirring solution
of (95) (12 g, 18.6 mmol) and freshly distilled
dicyclohexylcarbodiimide (DCC) (2 eq) in 100ml of dry CH,Cl,.

5 The reaction mixture was stirred for 3 days at room temperature.
TLC analysis in 9:1 dichloromethane-methanol was performed for
the disappearance of compound (95). The crude reaction mixture
was filtered to remove the precipitated dicyclohexylurea (DCU)
then condensed to reduce the volume of DCM washed with 200ml 15%

10 NaCl w/v solution (x2). The organic layer was collected and
dried over magnesium sulphate filtered and condensed to dryness.
This crude mixture was dissolved in 1:1 acetone, acetonitrile and
precipitated in MTBE for 2-3 times to afford (96) in 83% yield
(14.9 g).

15

DMTrO

Thy 0
] :O: / (DMTr-dT Succ-IL)
0}
fo) 5% CF3COOH/ACN >_\_<o o ////
Te} Br
O>f_\_< //// followed by Et;SiH A
(96) (HO-dT Succ-iL)
/K‘ (97)

Detritylation of compound (96) (2.78, 2.88 mmol) was performed by

adding 5 eq of trifluoroacetic acid as a 5% v/v solution in
acetonitrile and 5 eq triethylsilane and stirring for 5-10 min.
20 Three trifluorcacetic acid treatments were required to completely
remove the trityl group. The reaction mixture was precipitated

from MTBE ether after each trifluorcacetic acid treatment and



8 DMIT-r GACU-tag (b)(91) 2661.05 1341 .4(Mc+ lia+r ) / 2 Tag = |ight

phosphoniumtag. (a) = phosphite triester; (b) = phos '

. ; = phate triester.
DM OGuaiwo 2012/@FBBVS Me0 - P=0 AdeBz tag is precipitat ed@/didandossenovedO
OrBDMS by filtration MeO-P= 0 O 1(Lagso cl 5TBDMS MeO- P=0

10

15

20

25

finally twice to make sure that no traces of acid remained. Then
the anticipated compound (97) was characterized by 'H NMR, MS and
alternatively by TLC. After the necessary number of
detritylations were completed, the compound (97) (1.4 g, 73.3%)
was condensed into a 250 mL round bottom flask and dried on high
vacuum for a minimum of one hour to remove residual solvent, TFA
and water, as any of these will adversely affect the next
coupling step. The detritylated compound was highly hygroscopic

so it should not be exposed to air.

ly NMR (400 MHz, CD,CN) & 9.19(brs, 1H), 7.72 (s, 1H), 6.20 (44,
J = 8.6, 5.9, 1H), 6.20 (dd, J = 8.6, 5.9, 1H), 5.36 - 5.25 (m,
1H), 4.15 (¢, J = 5.9, 3H),4.02-3.98 (m, 1H), 3.75-3.67 (m, 2H),
2.69-2.55 (m, 4H), 2.37-2.03 (m, 13H), 1.89-1.76 {(m, 2H), 1.59-
1.35 (m, 12H), 0.94 (t, J= 7.1, 9H) .

13 NMR (400 MHz, CD,CN) & 173.5, 173.1, 165.1, 152, 137.4, 118.8,
g6.3, 85.8, 76.9, 65, 64.8, 62.8, 38.3, 30.3, 30.1, 27.5, 24.9,
24.7, 24.2, 22, 19.5, 19, 16.8, 16.3, 14, 13.

31p NMR (200 MHz, CD,CN) & 35.475.

ESI-MS for C,oHsoN,OsP': 585.33.

HO DMTrO

Th
Th w | y
0 y 0
;;;: NC
0
0 © !
3>—\L_< B”/Jr/ N
0 3P \T/ 7//

(HO-dT Succ-IL)
(97)

DMTr-dTpT Succ-IL

R

Amidite (98) (2.35g, 3.15mmol) and 4, 5-dicyanoimidazole (DCI)
(0.49g, 4.2mmol) was co-evaporated with benzene and dried under
vaccum for 2 hours prior to starting the reaction. The compound
(97) (1.4g, 2.1 mmol) was co-evaporated with benzene and dried

under vaccum for 2 hours. 15% v/v dimethylformamide (DMF) in

| abil e
10



ra OH OTI PS (92) Photocl eavage of orthogonal phosphoniumtag fromtetraner
(91), affording protected DMIr-r GACU-3' OH (92) Teramer (91) (0.120 g,

0. 042mmolwowar/dikwsol ved in 1 nL of wet 15 ACN (1200 ppmrcofcAdR@000%nd
transferred into a quartz cuvette (nasfrosted sides) containing a snall
stir bar. The cuvette was 148 placed inside a photoreactor for 15 mn with
stirring. The reaction appeared conplete (TLC analysis). The m xture was
concentrated to about half volunme and the cl eaved tag precipitated in MIBE

(25 m) and fdeht@red L0 @khprdag whiske Ropawater .a Theodeni reedut 8dd ager was
found in the MIBE sol ution, which was c¢oll ctgd afte% conce raglng t he
sol ution to VrFARESeOFiH ated2yMelid: aﬁ“%ﬁfé ® 08405 Mt ‘g]?f

Icgn taggedstaaﬂeatt&d the emifikienghd DRNAstht hesingei amenabb‘l'eocslolutlon wg94)
oun 9 j F f
ITp . ( rgglnferx%dD%ﬁ__ %UCCI% W@‘\?h %!yaglﬁgi Ve?‘h!anago@erq:ea.cgtlgﬁi Ml)&ﬁpgﬂ‘ 0

pyri di ne an IC an mol ) was added
with 5% W w,wa@. $Rgrnefd for B5hdirset hyl am nopyri di ne (DVAP). This soI ution
stirred for 24h, then heated to 50 C for 4 h. The solution was then

condensed angtkedipsel wedr-d, N c400mLcahiodivebl ae 1wt hane @BQY), and; exteact ed
with 15% Nad w.v (300ml x3) to rermv ex?l SS .succinic Crplh qlrlde The

organi ¢ | ayetddrds 36 18PEH afil §FitEd mEyResi Ut S Bhats, SGFTI t er ed
and condenseghidatels yaessg iEheoos uwddubitivr ethwas plirisf setlutuynngaa‘ Itheh

h t h I ,
enrome %ﬁlﬁ%%iﬁwgga S'sm' f§ %g%fgg atr?g%lmgt lemg rf\}gtgiaymﬁm RE )g_ragyg i gg(gl

9 . 10 acetone to flnal volume of about 40m1 This soluglon was
precipitated by dropwise addition to 500-600 mL of methyl tert-
butyl ether (MTBE) over about 15min. The solution was then
filtered over Celite™ to collect the precipitated dimer DMTr-d4TT
Succ IL (99). The MTBE was then condensed under reduced pressure

15 and the remaining solution was once again precipitated from ether

to recover oligomer that was dissolved in the MTBE.

After the sample was collected and condensed to dryness, the
sample was re-suspended in about 30ml of acetone and THF and
precipitated once more to ensure complete removal of excess

20 amidite before oxidation.

The phosphite triester containing oligomer was dissolved in same
amount of 15% v/v DMF in acetonitrile and 0.5 eq each of Cap A
and Cap B solution (16% N-methylimidazole in THF, and acetic
anhydride:pyridine:THF, 1:2:2 ratio) was added. The reaction was
25 allowed to stir for 10min. Make sure to only allow 10min as
longer reaction times discolour the reaction mixture to a dark
yellow/brown color. Next, 5 eq of 6M tert-butyl hydroperoxide
was added in decane to oxidize. Then it was allowed to stir for
a further 15min. This solution was then again precipitated as
30 described above, recovering the sample from the filter in a 250
mL round bottom flask. This solid compound was then placed under
a high vacuum for 15-20 min to make sure there was no residual

tert-butyl hydroperoxide or pyridine remaining.



WD 2012/ 024776PCT/ CA2011/ 000950 149 Thy O rBr 0 (96) Conpound (52) (12 g,
18.6 mmol ) was added to a stirring solution of (95) (12 g, 18.6 mml) and
freshly dwetznidedr7di cycl ohexyl carbodiim de (DCC) (2 eq) pcm/CA20nioessodr y
CH2C12. 5 The reaction mxture was stif?red for 3 days at room tenperature.
TLC analysis in 9:1 dichl oronet hane- net hanol was perfornmed for the

di sappearance of conpound (95). The crude reaction m xture was filtered to
renove the precmpi t(aﬁcedmdi cyojeahexytam,ea7¢ DCUL78hen wasndense&d tisireduce the
vol une of sh 0Qmi % 1 ol n (x2 organic
| ayer was Eg:XF\e%’te and rr%e o&é? g gn%?.gamwls%r‘? lt[lh % I tséréd gﬁgl
condensed t #5dByri®ss., Thi2s 68 tide 6fn kit @rted wabd -di sSEoRvetB in 39 14.aéét Dne,
acetonitril %1a§'d ps echpigt abgdg | o MEBE Jhior 22-83 tigmes 4o af ford (98)ein 83%
yield (14.9 % DetTitylati on of conpound (96) (278, 2.88 mml ) was
perforne§ by aéldrlr"?g95 ¥y %of 12 13f 1 uoroacetic acid as a 5% v/v solution in
acetonitrile and 5 eq triethylsilane and stirring for 5-10 mn. 20 Three
trifluoroacéts eMRC{ZbOt MEBAL MBS Vel® 4sequilr.edot o-icaepl etel y renove the
trityl group. The reaction m xture was precipitated from MIBE et her after
each triflu ac t.reatne d 5 a ke sure
that no trae.dggagﬁéa%% #%ﬁﬁﬁ Slég %}al%g 24]4a%%%:%q zlgét%cf& ‘&‘22?0%2% 9?97)
characterized by I|H NVR, M angwggsgégg}p‘rc&ely by TLC After t he necessary
nunber of d ) i e he 1.4 g, 73.3% 5
was condensgﬁwrlt#gery-loggﬁnr OURGIRQF gy @il ask Qvgrr eﬁz i gh vacuum for
a mnimum of one heyy to renmove residual” solvent, (1WA and water, as any of
these will adversely affect the next coupling step The detrityl ated

conpound Wa%)etr tylatlglgr §8Y R%)gunsdo i(59)Sh&U| d nO]'_[ liemmc’ %Vgg rt>é)rf%rmed

10 by adding 5 eq of trifluorcacetic acid as a 5% v/v solution in

acetonitrile and 5 eq triethylsilane and stirring for 5-10 min.
Three trifluoroacetic acid treatments were required to completely
remove the dimethoxytrityl group. The reaction mixture was
precipitated from MTBE ether after each trifluorocacetic acid
15 treatment and finally twice to remove traces of acid. After the
necessary number of detritylations are completed, compound (100)
(1.506 g, 97.7%) was dried on high vacuum for a minimum of one
hour to remove residual solvent, TFA and water, as any of these
will adversely affect the next coupling step. The detritylated
20 compound was highly hygroscopic so it should not be exposed to

air.

BC  NMR (400 MHz, CD,CN) 6 207.7, 173.1, 165.3, 151.7,

137.3,111.9, 111.4, 86.7, 85.7, 85.4, 83.1, 80.4, 74.9, 69.4,

68.4, 64.5, 63.9, 62.2, 55.4, 39.1, 37.1, 31, 29.8, 29.6, 24.5,
25 24.4, 23.8, 22.8, 21.6, 20.2, 19, 18.5, 16.2, 15.8, 13.6, 12.6.

3p NMR (200 MHz, CD,;CN) & 35.41, -1.67.

ESI-HRMS for C,;;HgNs0::P,": Calcd 942.40067, found 942.39979.



10NMR (400 MHz, CD3CN) 5 9.19(brs, 1H), 7.72 (s, 1H), 6.20 (dd, J = 8.6,
5.9, 1H), 6.20 (dd, J =8.6, 5.9, 1H, 5.36 - 5.25 (m 1H), 4.15 (t, J =
5.9, 3H),woQ21232986(m 1H), 3.75-3.67 (m 2H), 2.69-2.5%CtrA2dH)0009037-2. 03
(m 13H), 1.89-1.76 (m 2H), 1.59- 1186 (m 12H), 0.94 (t, J = 7.1, 9H).
151-3C NWR (400 MHz, CD3CN) a 173.5, 173.1, 165.1, 152, 137.4, 118.8, 86.3,
85.8, 76.9, 65, 64.8, 62.8, 38.3, 30.3, 30.1, 27.5, 24.9, 24.7, 24.2, 22,
19.5, 19, 16.8, 16.3, 14, 13apaBhRidNMR (200 MHz, CD3CN) 6 35.475. ESI-Ms for
C29HSON208P+: 585.33. 20 —(9A)—Anmrdtte (98) (2.35g, 3.15mml) and 4,

5- di cyanoi ni d@zdTE SuoCHL (0. 49g, 4 2mo™) waBMIv-rdfaddT8wcc-i t h (HEhzene
and dried under (egcum for 2 hours prior to starting the reaction. The
conmpound 25(97) (1.4g, 2.1 nmmol) was co-evaporated with benzene and dried
under vaccuraap@r 2nildues. (4¥5% w.wsdi et hyl o mamdde @BWF)4,i N5-dAByano

2012/ 024776PCT/ CA%Oll/ 95 1 acetonitrile ( 1l o0 _bpke a
0.06 M sol uti™AR281 %l f]gcgguc&éé i de ?OOQIE ?ﬁ a“'r%}ig}l) t%?.%v%g&%?e%f wtqgllé
sol vent was taadede t and hiziadi dides andc®C fayi t2h boprs nge?’ -FRedBboimecs &k ut i on

was transf ergl%)tqot.be ol i gPs M hdbiGanayl ac-TheAheve LeartbaentXbyge 5 was
stirred for hours. A?fer three hours, tert-butanol was nelted (mp. 250,

1 eq were add¥é@dandndsy owedE® sEer for AWHin LoP{udheh tthe 8%ce¥s’

am dite, makiR@rhi1fBmnensR ulpve) i bnekdioniThile S@kN} i 0as Wakieahes added to a
smal | dropper_funnel, rinsing the flask, 'tth A radel JEO acetone, to final
vol ume of abtut Pt 3RREETS0I R & ewﬁ‘gl%\fr &ci pi t ated By dPdpWiEe “dGGi ti on
to 500- 600 nramkfemtddyltot ertbbut yia e heanruVABERndvelre abaruil t fgn mixtThe

sol ution was_.t.hen.filt er CeliteTmto collect the precipitated diner
DMTr-dTEIHOSucSctIFEQ%gg@r. Eﬁ_% BE was then condensed under reduced pressure
15 and the renmaining solution was once again precipitated fromether to
recover ol i goiver thede wasrsli sedke@dtgnt-bhranvllBER- LAf 267C)t essaddside (Was

col | ected ang, cepd £ Qe UM RESS arddNEns Mk Bras 1668 USPERIL G JrN 1 about

30nl of acetone and THF and precipitated once nore to ensure conplete
removal of é%%bss This solution was then added to a small dropper fumnnel,

rinsing the flask with ACS grade acetone to final volume of about
15 7 ml. This solution was precipitated by dropwise addition to 60-
70 ml of methyl tert-butyl ether (MTBE) over a 15 min period.
The solid was filtered over celite. The remaining solution was
condensed under reduced pressure and again precipitated from

ether to recover more oligomer.

20 After the sample was collected, the sample was re-suspended in
about 30 ml of acetone and THF and precipitated once more to

ensure complete removal of excess monomer before oxidation.

The phosphite triester containing oligomer was dissolved in same
amount of 15% v/v DMF in acetonitrile and 6 M tert-butylhydro
25 peroxide was added in decane to effect oxidation (15 min). This
solution was again precipitated, recovering the sample from the
filter in a 100 ml round bottom flask. The solid compound was
then placed under a high vacuum for 15-20 min to ensure complete

removal of residual tert-butyl hydroperoxide.

30 The oligomer was dissolved in 15% v/v DMF in acetonitrile and 2

egq each of Cap A and Cap B solution (16% N-methylimidazole in



20 am dite before oxidation. The phosphite triester containing oligonmer was
di ssolved in sane anount of 15%v/v DMF in acetonitrile and 0.5 eq each of
Cap A andwOapi2B2subution (16% N-nethylim dazol e in THF, pamadA2681606950
anhydri de: pyridine: THF, 1:2:2 ratio) idas added. The reaction was 25 al | oned
to stir for 10m n. Make sure to only allow 10m n as |onger reaction tines
di scol our the reaction mxture to a dark yellow brown color. Next, 5 eq of
6:\/: ter fj :)ut yﬂHth?ﬁ@pﬁ?&hdﬁnm@&iadd@&ﬂdndemarme 1t »: Dxdadtigk. wathewdet - was

al | one o stir for a further 15mn. This |ut was, ;th a2 N

preci pi t at ed ' Ks r§60td‘é°§‘c?”ia%ea§naw89/e?° rseé5vfe§ﬁonlg) t g' sarrp]lse%P%lgt%n%;nhga?i | ter
In a 250 nl greenditoketionrédayskinditine sorpie daapotirl fAdse¥ hith PI28QLe® under a
hi gh vacuum o%lildlgét,zt% My 410 n%Kg Mp%uﬁ@%&l\é@@edq@aéeﬁfm%ériéﬂ tinbyt yl

hydr oper oxi de or pyrlaﬁne remai ni ng. W0 2012/ 024776 PCT/CA2011/009950 152
13C NVR( 400 avidp, mEDeeNy Bobem £3agk 1 £o-ovaResased fgGh Jepege twice an

145. 9, 136. 7, 343k 3512129 2nk28. 3. 1, ddduuf, B¢ % 86uds £85. 5h83.n8x¥5. 2,

68. 8, 64'9’64'4’64'1’56'%i48'%1m89'é5 5

reaction. Yie of

31p NMR (200 MHz, Acetone-d¢) & 35.56, 1.67 to -0.39, -0.87 to -
1.54.

10 ESI-MS for C;i4HisN1s04:P,Si,": calcd 2408.94, found 2408.93987.

DMTr-rAA-dTT Succ-L 2P CRCOOHACN 5 HO-rAA-dTT Succ-IL

followed by Et,SiH
(101) Weay s (102)

Detritylation of compound (101) (0.2 g, 0.08 mmol) was performed
by adding 5 eqg of trifluoroacetic acid as a 5% v/v solution in
15 acetonitrile and 5 eqg triethylsilane and stirring for 5-10 min.
Two trifluorcacetic acid treatments were required to completely
remove the dimethoxytrityl group. The reaction mixture was
precipitated from MTBE ether after each trifluorcacetic acid
treatment and finally twice to remove traces of acid. After the
20 necessary number of detritylations were completed, compound
(102) (0.172 g, 98%) was dried on high vacuum for a minimum of
one hour to remove residual solvent, TFA and water, as any of
these will adversely affect the next coupling step. The
detritylated compound was highly hygroscopic so it should not be

25 exposed to air.

3p NMR (200 MHz, Acetone-d¢) & 35.49, 1.68 to -0.18, -1.0 to -
1.55.

ESI-MS for Cg¢3Hi3¢N;50,0P,Si,*: calcd 2106.81 found 2106.80889.



37.5, 31.2,30,29.8, 24.8, 24.7,24,21.8,20.5,19.3, 18.8, 16.6, 5
16.1,13.9,12.9, 12.5. 31P NVR(200 MHz, CD3CN) 635.457,-1.599, -1.720.
ESI - HRVS Wono8RHE4N5017132+: Cal cd 1244. 52949, found 1P44/(328i1H00500
DMIT - dTpT Succ-1L CF3COOH ACN fol | owad by Et 3S1H (99)

5'-HO-rAA-dTT Succ-L  _"Puamdte G0 DMTr-rUUAA-dTT Suce-IL

(102) > (103)

—

Amidite (30) (0.288 g, 0.222 mmol) and 4, 5-dicyanoimidazole
(DCI) (0.03 g, 0.259 mmol) were co-evaporated with benzene and
dried under vaccum for 2 hours. The 5’'-OH-tetramer (102) (0.162
5 g, 0.074 mmol) was co-evaporated with benzene and dried under
vaccum for 2 hours. 1.48 mL of 15% v/v dimethylformamide (DMF) in
acetonitrile (ACN) was added to the DCI and transferred to the
amidite. The above solution was transferred to the oligo via a

cannula, and the resulting mixture stirred for 48 hours at r.t.

10 After three hours, melted tert-butanol (m.p. 25°C) was added (10
eq) to quench the amidite and the mixture allowed to stir for 10
min. This solution was then added to a small dropper funnel,
rinsing the flask with ACS grade acetone to final volume of about
6 ml. This solution was precipitated by dropwise addition to 60-

15 70 ml of methyl tert-butyl ether (MTBE) over a 15 min period.
The solid was filtered over celite. The remaining solution was
condensed under reduced pressure and again precipitated from

ether to recover more oligomer.

After the sample was collected, the sample was re-suspended in
20 about 30 ml of acetone and THF and precipitated once more to

ensure complete removal of excess monomer before oxidation.

The phosphite triester containing oligomer was dissolved in same
amount of 15% v/v DMF in acetonitrile and 6 M tert-butylhydro
peroxide was added in decane to effect oxidation (15 min). This
25 solution was again precipitated, recovering the sample from the
filter in a 100 ml round bottom flask. The solid compound was
then placed under a high vacuum for 15-20 min to ensure complete

removal of residual tert-butyl hydroperoxide.

The oligomer was dissolved in 15% v/v DMF in acetonitrile and 2
30 eq each of Cap A and Cap B solution (16% N-methylimidazole in
THF, and acetic anhydride:pyridine:THF, 1:2:2 ratio) was added.



HO dTpT Succ-I1L (100) Detritylation of conpound (99) (2.0 g, 1.51 mmol)
was performed 10 by adding 5 eq of trifluoroacetic acid as a 5% v/v

sol uti on wo2aéRemstrile and 5 eq triethyl silane and st iPCTiaagofignwose10 i n.
Three trifluoroacetic acid treatnentdSeere required to conpletely renove

the dinethoxytrityl group. The reaction mxture was precipitated from MBE
ether after each trifluoroacetic acid 15 treatment and finally twice to
renove tracemeOte@®iidn Ahé eﬂlrohed necessar jomubeinof Tetsr spydtdononas ar e

conpl et ed, conp Uﬂd t(agj'oozec(o g:élua%alzgf? \@@gmdéﬂeecqueelhl gh vaeyumi for a

m ni mum of éﬁ? Bur**to’ r eove r vent, TFA and water, as any of
these will aduedsedttonf fbatk t h@hﬁec;ampewbmq%ée%tteépwa?h'érad’étfﬁﬁe;ﬂ &PBY 20

conpound vas, -ORLY: G BSGQR| 2180, cbICHYRLAQOMIREDBANKGesOnide 361 7

shoul d not be éxposed to 173.1, 1
85. 4, 5 then pplaced under a 1?1.59 3 \}aﬁ::]ﬁu% £ 1372 Bhg'l.]fl 9foxll%he %gxt?’ 85.7,

reaction. Yield of (103): 99 %

3p NMR (200 MHz, Acetone-ds) & 35.56, 1.73 to -0.11, -0.87 to -
1.65

ESI-MS for C149H214N1904—,P68i4Na2+: calcd 1671.1148, found 1671.11493

10

DMTr-rUUAA-dTT Succ-lL e CFCOOACN 5 HOrUUAA-ATT Succ-IL

followed by Et3SiH
(103) Y (104)

Detritylation of compound (103) (0.24 g, 0.072 mmol) was
performed by adding 5 eq of trifluoroacetic acid as a 5% v/v
solution in acetonitrile (10-15 min) followed by 5 eq
15 triethylsilane and stirring for 10 min. Two trifluoroacetic acid
treatments were required to completely remove the dimethoxytrityl
group. The reaction mixture was precipitated from MTBE ether
after each trifluoroacetic acid treatment and finally twice to
remove traces of acid. After the necessary number of
20 detritylations were completed, compound (104) (0.21 g, 94%) was
dried on high vacuum for a minimum of one hour to remove residual
solvent, TFA and water, as any of these will adversely affect the

next coupling step.

31p NMR (200 MHz, Acetone-d¢) & 35.55, 1.62 to -0.17, -0.89 to -
25 1.59.

ESI-MS for C123H196N19045P65i4Na2+: caled 1520.055, found 1520.05007.

UpU amidite (30
rUpU amidite (30) DMTr-rAAUUAA-dTT Succ-IL

(105)

5'-HO-rUUAA-dTT Succ-IL

(104) —_—

156



83.1, 80.4,74.9, 69.4, 68.4,64.5, 63.9, 62.2, 55.4,39.1,37.1, 31,
29.8,29.6, 24.5, 25 24.4,23.8, 22.8, 21.6, 20.2,19, 18.5, 16.2,
15. 8, 13. 6W0208/024B34P NVR(200 MHz, CD3CN) 635.41, -1.67. PCT/CA2011/000950

10

15

20

25

30
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Amidite (30) (0.187 g, 0.121 mmol) and 4, 5-dicyanoimidazole
(DCI) (0.016 g, 0.14 mmol) were co-evaporated with benzene and
dried under vaccum for 2 hours prior to start the reaction. The
5/ -OH-hexamer (104) (0.125 g, 0.04 mmol) was co-evaporated with
penzene and dried under vaccum for 2 hours. 0.8 mL of 15% v/v
dimethylformamide (DMF) in acetonitrile (ACN) was added to the
DCI and transferred to the amidite. The above solution was
transferred to the oligo with cannula, and the resulting mixture

stirred for 48 hours at r.t.

After three hours, melted tert-butanol (m.p. 25°C) was added (10
eq) to quench the amidite and the mixture allowed to stir for 10
min. This solution was added to a small dropper funnel, rinsing
the flask with ACS grade acetone to final volume of about 5 ml.
This solution was precipitated by dropwise addition to 40-50 ml
of methyl tert-butyl ether (MTBE) over about 15min. The solution
was then filtered over celite to collect the precipitated oligo.
The remaining solution was condensed under reduced pressure and

again precipitated from ether to recover more oligomer.

After the sample was collected, the sample was re-suspended in
about 30 ml of acetone and THF and precipitated once more to

ensure complete removal of excess monomer before oxidation.

The phosphite triester containing oligomer was dissolved in same
amount of 15% v/v DMF in acetonitrile and 6 M tert-butyl hydro
peroxide was added in decane to effect oxidation (15 min). This
solution was again precipitated, recovering the sample from the
filter in a 50 ml round bottom flask. The solid compound was
then placed under a high vacuum for 15-20 min to ensure complete

removal of residual tert-butyl hydroperoxide.

The oligomer was dissolved in 15% v/v DMF in acetonitrile and 2
eq each of Cap A and Cap B solution (16% N-methylimidazole in
THF, and acetic anhydride:pyridine:THF, 1:2:2 ratio) was added.
The reaction was allowed to stir for 10 min. This solution was

precipitated, recovering the sample from the filter in a 50 ml



ESI - HRMS for C42H661\ 15015P2' : Cal cd 942. 40067, found 942.39979. WO
2012/ 024776PCT/ CA2011/ 000950 153 rApA am dite (47) HOdTT Succ-1L (100)
), . . - DMIrwoAMdiET776ucc- | L(101) rApA anidite (20r/qA0UH60gg) 0. 293
mol ) and 4, 5-dicyano im dazole (DChiy8 (0.04 g, 0.342 mol) were
co-evaporated with

round bottom flask. The compound collected was transferred into

a 10 mlL round bottom flask, co-evaporated with benzene twice and

then placed under a high vacuum for 2 hours for the next

reaction. Yield of (105): 98 %

5 3lp NMR (200 MHz, Acetone-d¢) & 35.6, 2.93 to -0.63, -0.89 to -
1.84.

Formula C,ooH2ssN2s061PsS1ie”

DMTr-rAAUUAA-dTT Succ-IL 5% CFCOOHACN 5 4o.rAAUUAA-dTT Succ-IL
followed by Et;SiH

(105) (106)

10 Detritylation of compound (105) (0.15 g, 0.032 mmol) was
performed by adding 5 eq of trifluoroacetic acid as a 5% v/v
solution in acetonitrile (10-15 min) followed by 5 eg
triethylsilane and stirring for 10 min. Three trifluoroacetic

acid treatments were required to completely remove the
15 dimethoxytrityl group. The reaction mixture was precipitated from
MTBE ether after each trifluorocacetic acid treatment and finally
twice to make sure that no traces of acid remained. After the
necessary number of detritylations were completed, compound
(106) (0.138 g, 99%) was dried on high vacuum for a minimum of
20 one hour to remove residual solvent, TFA and water, as any of

these will adversely affect the next coupling step.

3p NMR (200 MHz, Acetone-dg) & 35.52, 4.99 to -0.62, -0.82 to -
3.54.

Formula Ci79H,66N29050PsSic”
25

"ApA amidite (47)  DMTr-rUUAAUUAA-dTT Succ-IL

— -

5'-HO-rAAUUAA-dTT Succ-IL
(106)

(107)

—_—



benzene and dried under vaccumfor 2 hours. 5 -HO dTT Succ-1L 5 (100) (0.1
g, 0.098 mml) was co-evaporated with benzene and dried under vaccumfor 2
hours. 1.W6 202/@f7785% v/ v di met hyl f or mam de (DVF) i n aceComraoillwoSACN) was
added to the DCI and transfered to th® am dite. This solution was then
transferred to (101) via a cannula, and the resulting m xture 10 stirred
for 48 hours. After three hours, nelted tert-butanol (inp. 25C was added
(10 eq) to queacte t henanmdiite and o.hel nmmxélr eard | omeld-dicysnoimifdgrold® m n.
This sol ution S added d el 1 Hisd they flask
wi th ACS gr égg\{\lgcéé .goﬁg 6 i }1%—{) @ngﬁgangg%féé;%g% ogl%gg %M.:ﬁ T%ll?lsz,@ggl ution was
preci pi t at edirtiyd duoiewi Fecawdifokod BPBOPTYOF o GfanetE TE_FHEBut Ve et her
(MIBE) over a_lgyMidi.Reti @fbs)TfI@.’ﬁé)'dxj,d MBS frhdiherad eveafvageltited witie

remai ni ng sol ution was condensed under reduced ‘Fr esgure rg}?d fﬁg_@i%nv

pr eci pi t & edPeREBRE etNedri8d ridsTe 2Ol L6Fi oRer S 28 & t® ¥hédaipl e was
col l ected, tdigeSRHRmNRSIe &DSHE Pemdacktoni abidet (BON)Y waf atietione &hel THF
and precipitated once nore to ensuyre conplete r % f mer
before oxi dHG orfRITHE RO t &° ¢ ?%%s?%%gght ai %g;gg‘%?‘%go%%%\?\gg ngiggsol ved
in same anountaneferd®% vé \cHBVFlige adeh orennnld e TAAR® VRl FeFatiBut W%yt o 25
per oxi de vvaswaasdggdnjela decanento.£ffect oxidation (15 mn). This solution
was agai n preci pljfated, recovering the sanple fromthe filter in a 100 m
round bottom flask. The solid conpound was then placed under a hi qh vacuum
for 15-20 miAftes emsaer dovvshplnelsed efyrabPusmol edh dlral25t@r @putqded 110

hydr oper oxi dgy) +154uctds +80thRastd Granbyamidenpy rdidoned BdFstie o2 tati o)
was added. The reaction was allowed to stir for 10 rq'[n. Thi s rST$| ution was
preci pi t at ed®in-ec RS AFLEHENs ¥AHI ENFT AAEAe SPi Pt EF21h HOEBY nt"FStind

bott om f | askeinERgg ClO@UASk Gakhextsedrads ateansf epr ethalnyoleaclSbout r ound
bottom fl ask o-eyaporated wth benzen L .hen_pl. r a high
vacuum for 2° WBur sTH5r SPRE K8 YS SAGET l%.ak% gﬁ%’d%?)?pv%l%%ﬁ@&%gg&wgqﬁw (200
MHz, Acetnesa@Onl( 5£3BeB&;l tebF-HusylOetd®r (UTBE toger dbas 130Ws}- - PBef or

Cl 14Hi S4N150§}$%§i)1i; Wa&altﬁgnzll f(:.i)gtere%4 :ovfe9un9e12i4zg8 +£09328Y1ectb%the
CF3COCH ACN r-rAA-dTT_Succ-IL 5" -HO r AA-dTT Succ-IL

fol | oned by Ee3SPLEITERPLITR) ThetNTEEyVaR iCGRITHSSConpmdetI¥D) PEO°5* g, 0. 08
ol ) was pesfprnedrdnaiadsd ne15e Bsh abstdrick! sguionpetdipiastel dxoa &¥ev/ v
solution in 15 acetonitrile and 5 eq triethylsilane and stirring for 5-10
mn. Two trif?d6FB8ETetTEea2i*d°FFeat nents were required to conpletely renove
t he di net hoxytrityl group. The reaction m xture was precipitated from MIBE
ether afier eachsddmplé| vy amaetitedcind townzedt tantkyhienal | ye-tswepended r enove

traces of acid. After the 20 necessary I L QNS MEeNE
conpl et ed, cOAPHTA %%Q)Ot%@.c _e[g%eg ,a%SSW’%gddg%%%%gﬁgﬁdgﬁo \Ic/facu%m for a
m ni mum of oemssdreurotmd etemparevedsofdgaresomprener PEROXN@XIRAEPT - as any of
these will adversely affect the next coupling step. The detrityl ated

conpound wasThdé @Hogphitgy @stefpier sontdindhoubldignaer bes28iexqposddit osaaer . ' P
NVR (200 M_Eéméaﬁcn%t %@e-lgg \(r?v %491h %CthSontigri-Pe' ]a%d '61M0 trePt—'bu%yf’Shydro
25 peroxide was added in decane to effect the oxidation, and the
mixture allowed to stir for 15min. This solution was again
precipitated as described above, recovering the sample from the
filter in a 50 ml round bottom flask. This solid compound was
then placed under a high vacuum for 15-20 min to make sure there

30 was no residual tert-butyl hydro peroxide or pyridine remaining.

The above reaction was repeated one more time. Yield of (107): 96

%.

3p NMR (200 MHz, Acetone-d¢) 6 35.57, 3.1 to - 3.76.



ESI -M5 for C93HL36N15029P4Si 2+ : cal cd 2106 . 81 found 2106 . 80889 . 155
rUpU amdite (30) 5 -HO rAA-dTT Succ-I1L DMIr-rUUAA-dTT Succ-1L (102)(103)
Am dite (W0)20(2002288 g, 0.222 mmol) and 4, 5-dicyanoi m daeolea20D0)9500. 03 g,
0.259 mml) were co-evaporated with Behzene and dried under vaccumfor 2
hours. The 5 -OHtetraner (102) (0.162 5 g, 0.074 mmol ) was co-evapor at ed
W th benzene and dried under vaccumfor 2 hours. 1.48 m . of 15%v/v
di met hyl f or paphg& CDME).Ni.B,.acetpnitrile (ACN) was added to the DCl and
transferred to the amdite. The above solution was transferred to the oligo
via a cannula, and the resulting mxture stirred for 48 hours at r.t. 10
After three hours, nelted tert-butanol (mp. 25C) was added (10 eq) to
quench the am dite and the mixture &, Lovsshab@ stir for 10 mn. This
sol uti on wapmeruBaABUANIE Sued- lLﬁWﬁm rUUAALIUAA-ORE Sucedik with
ACS grade acetone to final volume of “dtout . This spbgtion was
preci pitated by dropW Q¢ addition to 60- 15 70 m of met hyl tert-butyl
ether (MIBE) over a 15 min period. The solid was filtered over celite. The
remai ni Nng s@etiiGflasasn c@fdensedunhddiotedue et r ess 9 804hdmaeRli nwas
preci pi t ated from et ey td%lrgcgvgé 0" €. OhigoBRLec icabld eho thessaopl e vas

e

collecte tpr?éfganp ewas 7 e-sus d 1n 20 about. 30 m _ of acetone and THF
and preci p| temfledionda ﬂmt@ntlér@rﬁsafl@ TEApF IS Y LHo\PRE Y SR EESNInERDner

bef ore oxi datj 9. nife W}Q%th£§fltl.ﬂbk8§c§&rlcc&ﬂicﬁlﬂ'tleagmé}{ﬂsg@%é ﬁ\ﬁﬁlldESSol ved
in sane anpbunt of 15%v/vDIVF|n ace om&rllea Mter but

per oxi de wastCaderRPLERe HecEFPVEo U1 G SGRT BT b (%o‘fﬁ n) el_hl i‘ggsol ution
was agai n precicpié at eds r eeevepitagetihe fsampl MTBEOMettherf i latfeeri neach00 ni

round bottom flask. The solid,canpound wag th e eroa fisghe vacuum
folrJ 15- 20 m'?fllfgu%ﬂ%ﬁfﬁ‘e& %or?lﬁllet gtr{%egr%?/na g rgglngigp ?Vé?étpbﬁty dHsdbevacuu

hydr oper oxi dsompThee otégorer ofiashdi ssod vedAﬁ‘FﬁIlB@}%e\//r\FCBR/FmiYn HEREBNPEri | e

and 2 30 eq gagh d ol tukRnd 1600sN netdiwl gm eegokasi n THF,
and acetic an%cr r?{oft%gﬁﬁﬂc’i%r%e %ﬁ@éea :wrpg’tl 0) @waz\l_ added. 5 156 The
reaction wasPJaCIle\E%Feld@ apd rdigd 1D A FReCPhVC sHANTEPBTRSWas ERF e RAL ed,
recovering thgs,sanple fromthe filter in a 100 m round bottom fl ask. The
conmpound col | ected was transferred into a 25 nL round bottom flask, co
evapor at wi th benzene twice and 5 then placed under a high vacuumfor 2
hours for the next reaction. Yield of (103): 99 % 31P NWVR (200 MHz,

Acet one-d0 15 35. 5 Sbl JQE tid
0149H214N190%°f196§?4|\fé‘2$e§%% scd%%?fh_’tlzl%z’r fecty 167°1f.5114g§° 1O coooeE

prepared via Ion-Supported Method.

A 5-10 mg sample of the oligonucleotide was placed in an
20 eppendorf and fully deprotected by carrying out the following

steps.

Detritylation was effected using a solution of 5% CF,CO,H in MeCN
(7.71 mL/mmol of oligo; 10-15 min, r.t.), and then adding Et;SiH
(0.79 mL / mmol of oligo; 5-10 min, r.t.) followed by
25 precipitation in MTBE. This step was repeated 2-3 times till

detritylation was complete.

Reagent for removing methyl phosphate protecting group; A= 2-
methyl-5-tert-butylthiophenol, ambient temperature, 2 h, or, B=
tert-butylamine, 50 °C, 16 h. Following demethylation, the
30 oligonucleotides were treated with 1:3 (ethanol: 29% ag. NH,OH,

v/v), r.t., 48 h, to remove N-benzoyl groups. One final step



DMTr - r UUAA- dTT Succ-IL 5/ DCF3C001- 1/ ACWE' - HO- r UUAA-dTT Succ-1L fol l owed by
Et 3S11-1 (103) (104) Detritylation of conmpound(103) (0.24 g, 0.072 mmol)
was perfowvoedidng4mddi ng 5 eq of trifluoroacetic acid asPaTE%2011006%but i on
in acetonitrile (10-15 mn) followediby 5 eq 15 triethylsilane and stirring
for 10 mn. Two trifluoroacetic acid treatnents were required to conpletely
renove the di nmethoxytrityl group. The reaction m xture was precipitated
from MIBE ethgiveafl treps easd ToOMEl dooo@c etNEe; 2¢Fd Breatlvemeland Pliud.ly twi ce
to renove traces f aC|d After the necessary nunber of 20 detritylations
wer e conpl ei‘e'd‘, rrpound (104) (0.21 g, 949%9 was dried on high vacuumfor a
m ni mum of one hour to renove residual solvent, TFA and water, as any of

these will adversely affect the next coupling ste P NWVR
(200 MHz, AFetlmedng(dgpramatsony Blzeteamrdeﬂ areo agél%ed 55 1 HEE %“é

for 0128519§hg194145?§&d4l\i§52ms CaAlE tbyl 5npaB bsorf ot dt Heb 26an@S5 G 7 gomdp

amdite (30) 5 -HQ r UUAA-dTT Succ- | L r T ucc-1L (104 105
(106) PESPFAGTR © éb%{ R§5t87°G, T %f WW‘I Eﬁ 5- di cy<(51noi 371 dgzol)e

(DA) (0.016 g, 0.14 mml) were co-evaporat ed vvlth benzene and dried under
vaccum for 2 hours prior to start the reaction. The 5' -0H hexamer (104)
(0.125 g, 0sS6Zidnpbhpe Ridgooucenpbiatyatiedits:5 benzene and dried under
vaccum for 2 hours. 0.8 nmL of 15% v/v dinmethyl formam de

acetoni tri| Sl{gONmodasicatdenstie the pe3ndend P]i“?;r°ri’§’f36‘f“}lJéac}t[g s‘fﬁfé}'ﬁﬂ‘?*‘tﬁ te. The

above sqhutisgRcas st I aos{iRl b tvaerEheueéd gGowi t bheanguthesiandotheaylesul ting
m xture stirred for 48 hours at r.t fter thre

ho te
t ert - but anolP}tFPClo8E)SRas (éaﬁedb?]ﬁy edfP t o SGLEHE thgylrlthe lfe g%%? t he
m xture all @Aedofn&dstonr ahorpdiQ edi Bloaihatemsoismq aFAwWEsnEtdedex cata sl |

dropper funnel, rinsing_ihe S t 1o dddahn vol ume of
about 5 nm. “T‘ﬁl S sdalslut ?%nn%is&%rdég;éﬂp??rzﬁgg %@gﬁog&@sﬁ&’gﬁm ti ong%}(lj -50 m

15 of net hylsuceitylbdtiykeretiRerhy,MIBE] - Gfefl a%ﬁ'{lell%l@lcﬁds'ﬁ?é sbiu@?b% vvas

then filjgered oygi5¢l it @180 Qoldastaninec oy e%pétqatregaﬁ&d ges Tohesr ewai ni ng
sol uti on was condensed under reduced gressure and g%gog% f ted from

ether to recSIBFLoRS énoPFefemeFrile (After 4 RePYHAHPE R he
sanpl e was rgwsuspandededn 20 ahauva8d rﬁhoef)hmomsandoil"Hchlng

preci pitated, once ymore 10, 80SULE CATRAES G LEMDY Alri8h S GRES: dTORIReL, Def or e

oxi dati on.
CH,C1l, (110 s). Capping of failure sequences was achieved with

20 acetic anhydride in THF and 16% N-methylimidazole in THF for (30
s) . Oxidation was done using a 3M solution of tert-

butylhydroperoxide in toluene (40 s).

This solution was prepared as described in a literature procedure
[Hartsel, S.A., Kitchen, D.E., Scaringe, S.S., and Marshall, W.S.
25 (2005). RNA oligonucleotide synthesis via 5’-silyl-2'-orthoester
chemistry. In Methods in Molecular Biology, Vol 288:
Oligonucleotide Synthesis: Methods and Applications (P.
Herdewijn, ed.) pp.33-49. Humana Press, Totowa, N.J.]: “In a 2-L
separatory funnel, shake 360 mL of 70% t-butyl hydroperoxide with
30 1.5 I, of toluene. Allow layers to separate for 30 min and discard
the bottom aqueous layer. Decant the top layer into a bottle, and
place in a freezer with a sintered glass funnel. Allow the water

to freeze, then using vacuum filtration quickly separate the



The phosphite triester containing oligonmer was dissolved in sane anount of
15% v/v DVF in acetonitrile and 6 Mtert-butyl hydro peroxi de was added in
decane t owef2beeak4mki dation (15 min). This 25 sol uti on WRETAR2D11/000950

preci pitated, recovering the sanple fisbmthe filter in a 50 mMl round bottom
flask. The solid conpound was then placed under a high vacuum for 15-20 mn
to ensure conplete renoval of residual tert-butyl hydroperoxide. The

ol i gomer wasegi&solrved ime 1% wiysVE uBimceamenchiiled dndt2ed3Fidterach of
Cap A and CaE sol ution (16%3\!—,,m3t hyl i mi dazole in THF, and acetic

anhydri de: pyrPEf 298 2t 22 Yati o) was added. The reaction was allowed to
stir for 10 couplinBht smeolwatée ordonasc pioackpindare RN eraReatiny ae18%hpl e from
the filter in_a 158. ; i5h as ks 0)Th&dC QBpP Uinek-eC @blipTéed was
transferred Tlrﬂﬁt 8§§eq§nﬁﬁ?éﬁ%%étg?%ér§mzagk, |6co)- evaporated with genzene

twi ce ané tHen Pi%®eed under a hi gh vacuum for 2 hours for the next

reaction. Yield of (105): 98 % 531P NWR (200 MHz, Acetone-d6) 6 35.6, 2.93
to -0.63, -@efBotdrtiod.d¥ 01 kgdruch act3BE8H284N29061P8S i 6+ DMIT - r AAUUAA- dTT
Succ-1L 5% CF3COOH ACN fol |l owed by Et3SH (105)(106) 10 Detrityl ation of
conmpound( 10 (0.5 . raed Ry Idgnd edcaf a
trifluoroacetic %lc]ig&g%(épeaoggégwe)égrﬁdt%imgﬁﬂg%tgget%ni ??%te (10-15 m n)

fol | oned by $olegidny | et Iogl si | Arfeetand- StherE i PRy YEbRLIcRIeRPh: ETERE R amine:
trifluoroaceli,AGiq1Lr €@t FEN! SyNERE I&qUAHIGENt O teapplaiueby foenavent he 15
di met hoxytrityl group. The reaction m xture was pgr.eﬁi it.%fqed.ghregngl,\@'BE

et her afiter @£eHa99 ifFPloFFAcOLTe SPPATE (&t RERT™and F5 nal FyStwce {0 make
sure that nq,6ReRdEOEcACId HoRPRI ML drochf tenpdrheunecessanyhnuaierapgd
detritylations were conpl et ed oun 6). (0. 138 g, % s iLed on
hi gh vacuum%SP 3 i ni Wk of afzoggdr?g Sglrr&gg(% rsé%bvéegr ggi'dﬁgﬁesl\gla\?gg?% TFA
and water, aesenyclof 18 hes€3Wi [19%dVerselrponf tevpenasaraexThe oSt ep.

31P NMR (200 A 40,864 333 _ e- QsB2, by O¢ 82 n5d.
Formul a él?ﬁ%é%ﬁZ&%&g%gg?G% 2% péot 1§ BeeoPe  hsb2 by OcBirg0 fredndd

15 distilled ethanol that was stored 3A molecular sieves and cooling

it to 0°C. Ammonia gas was bubbled through the solution with
stirring for 15min. This solution was kept over argon and stored
at 0°C on ice until use. Desilylation was achieved with neat
triethylamine trihydrofluoride (TREAT-HF) for 48 hours at room
20 temperature. The crude oligonucleotides were precipitated from
the TREAT-HF by quenching the solution with 30pL of a 3M sodium
acetate solution buffered to pH 5.5. The quenched solution was
washed away by the addition of dry, cold (-20°C) l-butanol. The
sample was centrifuged to a pellet and the butanol was decanted.
25 This procedure was repeated once more and the sample was either
immediately analyzed by HPLC or it was desalted with Nap-25

Sephadex columns from GE Healthcare.

Anion-exchange HPLC was performed on a Agilent HPLC using a
Waters Protein Pack DEAE- 5PW column (7.5 mm x 7.5 cm). MALDI-
30 TOF mass spectrometry was carried out on a Kratos Kompact III

instrument.

All references cited herein are hereby incorporated by reference

in their entireties.



rApA amdite (47) 5 -HO r AAUUAA-dTT Succ-1L DMIr-r UUAAUUAA- dTT Succ- 1L
(106) (107) 159 Amdite (47) (0.119 g, 0.121 nmmol) and 4,

5- di cyanowoizdezabsEe( DCl ) (0.012 g, 0.107 nmol) was co- evaparaabacdovdsb h
benzene and dried under vaccumfor 21bburs prior to start the reaction. The
5'- OHoctamer (106) (0.13 g, 0.03 mml) was co-evaporated with 5 benzene
and dried under vaccumfor 2 hours. 0.61 nL of 15% v/v dinethylformam de
(DVF) in acetamd:rile (ACN) was added to the DCl and transfered to the

am dite. The above solution was transferred to the oligo with cannula. The
above reaction m St f 48 hours. 10 After three hours,

nel ted tert}butg%é%ﬁ%ﬁyﬁ?%§5%§ﬁ&gg égféd (10 eq) to quench the amdite and
the m xture allowed to stir for 1Q mn. Thiis solution was then added to a
smal | dropper funnel, rinsing therfhaskowit h ACS grade acetone to final

vol une of about 5 ml. This solutign S eci pitated by dropw se addition
to 40- 15 50 m of nethyl tert-butyl thﬂBE) over about 15 mn. The
solution was then filtered over c ﬁh&gtkp collect the precipitated oligo.
The MIBE was condensed under redugdet pressufe and the remai ning sol ution
was once again precipitated from éthePo rgcover nore oligoner. 20 The
sanpl e was coll ected and condensed to dryn sB re-suspended i n about 30ml
of acetone and THF, and precipitated onc to ensure conpl ete renoval

of excess nononer before oxidation. The pbaegphifse triester containing

ol i gomer was di ssolved in sanme anount of 15%v/v DMF in acetonitrile and 6
Mtert-butyl hydro 25 peroxi de was addﬁg)in decane to effect the oxidation,
and the m xture allowed to stir for 15mn. This solution was again

preci pitated as described above, recovering the sanple fromthe filter in a
50 ml roéndvBere¥m fl ask. This solid compound was then placed under a high
vacuum for 15-20 mn to make sure there 30 was no residual tert-butyl hydro
per oxi de or npysi4H Aateqemitpbng. tdhes,above reacti on was repeated one nore
time. Yield of (107): 96 % 31P NWR (200 MHz, Acetone-d6) 35.57, 3.1 to -

3.76. 160 Foryula C238KB44NI37TPI0S i 8+

N(R)2
%—P\

R; is selected from H, a protecting group, or ORp ;
Rs is selected from H, or a protecting group;
10 R, is a protecting group;

R is lower alkyl, or the N(R), moiety is a cyclic alkylamine, or

a substituted cyclic alkylamine, preferably morpholine;
B is a nitrogen-containing base;
wherein each B, R; and R, may be the same or different from any

15 other B, R; and R,, respectively.

2. The compound of claim 1, wherein n is selected from 1, 2,

or 3.



5ACF3COOHMLN DMIT - r UUAAUUAA- dTT Succ- 1 L5" - HO r UUAAUUAA- dTT Succ-1L fol | owed
by Et3SiH (107)(108) Detritylation of conpound (107) (0.015 g, 0.0027 nmol)
was 5 perworned2byréaddi ng 5 eq of trifluoroacetic acid &sTAARY1OWIS8O0! Ut i on
in acetonitrile and 5 eq triethylsildmse and stirring for 10-15 min. Three
trifluoroacetic acid treatnents were required to conpletely renove the

di met hoxytrityl group. The reaction m xture was precipitated from MIBE
ether after each 10 trifluoroacetic acid treatnment and fin@hiy twice to
ensure conplete renoval of the acid. After the necess TWK nber of
detritylati 8ns wlie coBRPIt 6, CXdfpodURTd 2¢ 198reiD. D13 g, 9@% Rs
precipitateds andodeéethd gr@%gpeed Vac concentrator for several hours. 15
General Procedures for the Deprotection of Oigonucleotides prepared via

| on- Supported Met hod. A 5-10 ng sanpl e of the oligonucleotide was placed
in an 20 eppendo sdepy;ot ecd.ed by,garpying out the follow ng
st eps. Detr?tyla?%%n (%¥EC?§I usi ng a sol ution of 5% CF3CO2H i n MeCN

(7.71 nL/ nmol ofRoI%g@gDmbO 15 min, r.t.), and then adding Et3SiH (0.79 nL /
mrol of oligo; 5- 10mn, r.t. ) fol I owed by 25 precipitation in MIBE. This
step was repeated 2-3 tINﬁBQtI|| detritylation was conpl ete. Reagent for
renovi ng net hyl hosp rotectlng group; A= 2-

met hy1- 52t ert - bu yPFhlopﬁe anbi ent tenperature, 2 h, or, B=
tert-butylamne, 50 C, 16 h. Follomjng denet hyl ation, the 161 renoved TIPS
and TBDMS groups (NEt3.3HF, 300 AL/ Anol of oligo, r.t., 48 h).

R; i1s selected from DMTr or MMTr;

R, is selected from methyl (Me), 2-cyanoethyl (CNEt), ortho-
chlorophenyl {o-ClPh), or para-chlorophenyl (p-ClPh);

10 R is selected from isopropyl, methyl, or ethyl, preferably
isopropyl; and

B is a nucleobase protected on at least one nitrogen by a
suitable N-protecting group,

preferably the N-protecting group is selected from

15 levulinyl, acetyl, difluorocacetyl, trifluorocacetyl,
isobutyryl, benzoyl, 9-fluorenylmethoxycarbonyl,
phenoxyacetyl, dimethylformamidine, or N,N-diphenyl
carbamate.

5. The compound of claim 1 or 2, wherein R; is a protecting

20 group.

6. The compound of claim 5, wherein the protecting group is a

levulinyl group (Lev}.

7. The compound of claim 5, wherein the protecting group is an

ionic tag.



Fol | owi ng deprotection, the sanples are anal yzed by HPLC and 5
characterized by M5, and by conparison to the sane oligoners prepared via
sol i d- phawse 20pee4Mabl e 5 and Figure 17). Solid-phase A ipgomachacnide
Synthesis: Slight nodifications to thes standard phosphoram dite solid-phase
10 synthesis conditions were used for the synthesis of all oligonucleotides
(see below for details). Syntheses were perforned on an Applied Bi osystens
3400 DNA Sygt hesjinzetomiouad lofAwDh ém SGaliketednnghd Hyniditeg derdelatised to CPG
support through a succinyl linker [Damha, M J. et a/. Nucleic Acids Res.
18: 3813- 15P% (1990)] Al |l phosphoramidites were prepared as 0.15 M
solutions in acetonitrile (ACN). 4,5-D cyanoimdazole (0.25 Min ACN) was
used to activate phosphoram dites for coupling. Detritylations were
acconpl i shed wi tH23% trichl oroacetic acid in CH2Cl12 (110 s). Capping of
failure sequences*was achi eved with 20 acetic anhydride in THF and 16%
N-nmet hyl i m dazpld@ in THE{for (30 s). Oxidation was done using a 3M sol ution
of tertbutylhy peroxide™~ nol uene (40 s). Thi s solution was prepared
as described i#a Iiterature‘brdcedure [Hartsel, S. A, Kitchen, D.E.
Scaringe, S.S., and Marshall, WS. 25(2005). RNA oligonucl eotide synthesis
via 5' -silyl-2'-orthoester chemstry.ln Methods in Ml ecul ar Bi ol ogy, Vol
288: A igonucl eotide Synthesis: Methods and Applications (P. Herdew jn,

ed.) pp.33-49. \Humana Press, Totowa, N.J.]: "In a 2-L separatory funnel,
shake 360 nL of/ 70%t-butyl hydroperoxide with 30 1.5 L of toluene. Allow

| ayers to separatg B8or 30 min and discard the bottom aqueous | ayer. Decant
the top layer inflo a bottle, and place in a freezer with a sintered gl ass

funnel . All éw the Watter to fjreeze,, then using vacuumfiltration quickly
2, . . : :

separate the 162 rea r e*ice crystals using the chilled fritted

filter. Store reagent gt -20C. " upl 6hg tines were 600 sec for standard

RNA cyanoethyl am dites, The diner and triner amdites (25), (30) and (50)
wer e coupl ed 5for 1200s. Deprotection of Oigonucleotides: The

ol i gonucl eot i des re denethylated by treatment with a

sol utionof 2-net hyl -5-tert-butylthiophenol:triethylamne: acetonitrile
(1:1:3; v/ivliv) at)gpbient tenperature for 2 h. 10 C eavage fromthe solid
support was accofpNsfred with either 3:1 NHAOH EtOH for 48 hours at room

t enper at ur e, ®h sat (ratled et hanolic ammonia at 55C [Scaringe S. A et
al . Nucl ei c Aci ds~Reseapth 18, (1990)] or roomtenperature. The

et hanol i ¢ ammoni a ared digectly before use by taking freshly 15
distilled ethanol thayy was stored 3A nol ecul ar sieves and cooling it to OC.
Ammoni a gas was bubbl@d t hrough the sohetéionXwig Isedeeted dgonrdE 25 n. This
sol ution was kept over argon and stored at OC on ice until use.
Desilylation was achieved with neat triethylamne trihydrofluoride
(TREAT-HF) for 48 hours at room 20 tenperature. The crude ol i gonucl eoti des
were precipitated fromthe TREAT-HF by quenching the solution with 30AL of
a 3M sodi umaqcet athe sQlgsuh@bHEh{ esredot oclplins. 5.toThe wheerthed sol ution was
washed away by the addition of dry, cold (-20C) 1-butanol. The sanpl e was
centrifuged to arpeid espahid t he but anol was decanted. 25 This procedure was
repeated once nore and the sanple was either inmrediately anal yzed by HPLC
or it was desalt & i tshlegtr6ree NEHe MYFEHMTSYf rom GE Heal thcare.

Ani on- exchange HPLC was perforned on a Agilent HPLC using a Waters Protein
Pack DEAlr 5PW c@ urna( huSldtbaxe 7piotenied MALBIt30eTOF angs sitpeasy diefry was

carried out on a, Kigf s Komagt gldub,

preferably the N-protecting group 1is selected from

levulinyl, acetyl, difluoroacetyl, trifluorocacetyl,
isobutyryl, benzoyl, 9-fluorenylmethoxycarbonyl,
15 phenoxyacetyl, dimethylformamidine, or N,N-diphenyl

carbamate.



instrunent. WD 2012/ 024776PCT/ CA2011/ 000950 163 CLAI Ms: 1. A conpound of
formula (I11): OR3 OIl PS 5 wherein nis an integer froml1l to 19; Rl is a
pr ot ect i MyOQDTINAT76 PCT/CA2011/000950
i_VN(R)2 R3is selected fromH, a pradtecting group, or oilv ; R5is
selected fromH, or a protecting group; 10 Rp is a protecting group; Ris

| ower alkyl, or the N(R 2 noiety is a cyclic alkylam ne, or a substituted
cyclic al kyl@m nee pogp&imblosr mrpbati oe; cBiite a rriot Pogehereint dsnitAg base;
wherein each B, Rl _and, Rp g%v]l be the sane or different fromany 15 other B,
RL and Rp, T&3pedt{veld® "5 e conpound of claim1, wherein n is sel ected
from1l, 2, or 3. WD 2012/ 024776PCT/ CA2011/ 000950 164 , NOP02 3. The
conmpound of claiml1l or 2, wherein R3 isORP and R5

11. A process for preparing a compound of formula (II):
Rs01 0 B |
Q OR;
RpO—Fl’=O
° n
5 OR3 OTIPS
(I1)
wherein

n is selected from 1, 2, or 3;
R, is a protecting group;
10 R, is selected from H or a protecting group;
R is a protecting group;
R, is a protecting group;
B is a nitrogen-containing base;

wherein each B, R, and R, may be the same or different from any

15 other B, R, and R,, respectively;

the process comprising the steps of:



is a protecting group. 4. The conpound of claim1l1l or 2, wherein: Rl is
TBDVS; 5R3 is 1-P\ORp ; R5 is selected from DMIr or MMIT; Rp is

sel ect ed woamamettrgl (Me), 2-cyanoethyl (CNEt), orthochlporamzenyloogso- C1Ph),
or para-chl orophenyl (p-ClPh); 10R i d6Bel ected fromisopropyl, nmethyl, or
ethyl, preferably isopropyl; and B is a nucl eobase protected on at

| east one nitrogen by a suitable N-protecting group,

preferably the Negiaehetid RYpHssPhorhniEekest edrintim (I11) :

15l evul i nyl , acetyl, di fl uoroacetyl,trifluoroacetyl,

i sobutyryl, benzoyl, 9-fl uorenyl met goxycar bonyg,
phenoxyacetyl,dinethylfornanidine,%fﬁfﬁkﬁfﬁ?ﬁnyl car bamat e. 5. The
conmpound of claim1l or 2, wherein R3 is otecting 20 group. 6. The

conpound of claim5, wherein the protectng®Group is a levulinyl group
(Lev). 165 8.The conpound of claim RPOwherein the ionic tag is selected
from ;O N(R)2

(I11)
wherein B, R;, Rs, and R, are as defined above; and

5 R is lower alkyl, or the N(R), moiety is a cyclic
alkylamine, or a substituted «cyclic alkylamine,

preferably morpholine;

with a nucleoside of formula (IV):
HO o B
10 OR; OTIPS
(IV)
wherein B and R; are as defined above; and

b) oxidizing the product of step (a) to produce the compound
of formula (II) where n is 1, and B, R:, Ry, Rs, and Ry, are as

15 defined above; and
c) where n>1, the process further comprising:

(1) deprotecting the terminal -ORs; group of the
product of the previous step to form a free 5’'-OH

group;

20 (ii) condensing the product of step (i) with a
phosphoramidite of formula (III), wherein B, R,

Rs, R, and R are as defined above, and each B, Ry,



5, wherein X is selected fromNH or 0. 9. The conpound of any one of clains
5to 8, wherein: RL is TBDMS;, R5 is selected fromDMIr or MMIr; and 10B is
a nucl eobaseomtmet ed on at | east one nitrogen by a suipCahklAoN/EeBbect i ng
group, preferably the N protectlbhhg group is selected from

| evul i nyl , acetyl, difluoroacetyl,trifluoroacetyl,

i sobutyryl, benzoyl, 9-fl uor enyl met hoxycar bonyl ,
15phenoxyacetyl , di met hyl Ror mpandi neagrbé Nhdi phenypl diffeaamt €romlHoty  10.

The conpound of any one of. cl aj 1.to.9 rei Ny MIr, and Rp is
methyl. 11. A process fSEh%ﬁgbggTnS“aRﬁgﬁ%gﬁnge%F§%3&§1Va (11): SOR3

OTIPS (Il) wherein nis selected from1l, 2, or 3; R1is a protecting
group; 10 R3 is sel ected (tibm PrEH 2anPrdiceREPHFLgPHAFEPRELY)S a protecti ng
group; Rp is a protecting group; B is a nitrogen-containing base;

wherein each B, Rl and Rpitmy bepddtengaseeper (di-f(iefeni-2f tomsany 15 ot her B,
R1 and Rp, respectively;

5 to form the compound of formula (II).
12. The process of claim 11, wherein R; is H.
13. The process of claim 11, wherein R; is a protecting group,
the process further comprising:
d) removal of the R; protecting group.

10 14. The process of claim 13, wherein the protecting group is a

levulinyl (Lev) group.

15. The process of claim 13, wherein the protecting group is an

ionic tag.

16. The process of claim 15, wherein the ionic tag is selected

15 from:

C)
BF,

__Nj§iiA\v/\\/§L\/”\W}R
\=/ o}

H

/__/_-\\WL’H 0
Nj(\/“\/\[(‘l‘a_
O 0] ; Or



the process conprising the steps of: WD 2012/024776PCT/ CA2011/ 000950 167
a) condensi ng a phosphoram dite of formula (111): 9 ORI RpO-p N(R)2
wher ei n ByORM12/R$]76and Rpare as defi ned above; and 5R i ®Clraaeniiaiobdsh, or
the N(R)2 noiety is a cyclic al kylamise, O a substituted cyclic
al kyl am ne, preferably norpholine; wth a nucleoside of formula (1V): HO
\NS: L; 100R30TIPS (1V) wherein B and R3 are as defined above; and b)
oxi di zing the product of step (a) to produce the conmpound of formula (I1)
where nis 1, and BB Rl, R3, R5, and Rp are as 15 defined above; and c)
where n>l, the p C}%\‘Eﬁgfurther conprising: (i)deprotecting the term nal
-OR5 group of_t @ﬁ oducfp,of the previous step to forma free 5 -COH group;
20(i i) condersing bt\Be proguctl ofy stsgp (i) with a phosphoram dite of formula
(111), wherein B, R5, Rpanmd R arg as defined above, and each B,

X o)

0] , wherein X is selected from NH or O.

17. The process of claim 12, further comprising phosphitylation
of the product of step (b) or (c) to form a compound of formula

(IIa):

RsoT o) BT
Q OR;
RpO—?=O
o]
L dn g
0
Q OTIPS
RpO*?
N(R)2
(ITa)

wherein n, B, R;, Rs, R, and R are as previously defined.

18. The process of any one of claims 13 to 16, further
10 comprising phosphitylation of the product of step (d) to form a

compound of formula (IIa):



WO 2012/ 024776PCT/ CA2011/ 000950 168 R5, Rpand R may be the sane or
different fromany other B, RI, R5, Rpand R, respectively;

(1ii1) oxiwoDznrg28tie product of step (ii); PCT/CA2011/00095)
repeating steps (i)-(iii) n-2 tinmes; 13 to formthe conpound of formula
(Ir). 12. The process of claim1l, wherein R3 is H 13. The process of
claim1l, wherein R3 is a protecting group, the process further conprising:
d)renoval of the R3 protecting R%E) 10 B4 The process of claim 13,
wherein the protecting group is~a|l ewwPryl| (Lev) group. 15. The process
of claim 13, wherein the protecting g is an ionic tag. 16. The
process of claim 15, wherein the iloni @ t&f1] s selected 15from ; ;O
WO 2012/ 024776PCT/ CA2011/ 000950 1 Ojlf:\ﬂherei n Xis selected fromNH or O.
17. The process of claim 12, further npripging phosphitylation of the
product of step (b) or (c) to forma co OLBTdBof formula (ha):

Q OTIPS
RpO—?

N(R)2
(I1a)

wherein n, B, R;, Rs, R, and R are as previously defined.

19. The process of any one of claims 11 to 18, wherein:

5 R, is TBDMS;

R; is selected from DMTr or MMTr;

R, is selected from methyl (Me), 2-cyanocethyl (CNEt), ortho-
chlorophenyl (o-ClPh), or para-chlorophenyl (p-ClPh);

R is selected from isopropyl, methyl, or ethyl; and

10 B is a nuclecbase protected on at least one nitrogen by a
suitable N-protecting group,

preferably the N-protecting group is selected from

levulinyl, acetyl, difluoroacetyl, trifluoroacetyl,
iscbutyryl, benzoyl, 9-fluorenylmethoxycarbonyl,
15 phenoxyacetyl, dimethylformamidine, or N,N-diphenyl
carbamate.
20. The process of claim 19, wherein:
R; is DMTr;

Ry, is methyl; and

20 R is iPr.



9 OIl PS Rp0-17 N(R) 2 (ha) wherein n, B, Rl, 125, Rpand R are as previously
defined. 18. The process of any one of clains 13 to 16, further 10

conpri si nyophreapki7eyl ati on of the product of step (d) tecraama/omspound of
formula (ha): WD 2012/024776PCT/ CA20111/ 000950 170 9 ORL RPRO-P=0i 0 _n

B 9 OMNPS RA N(R 2 (ha) wherein n, B, RI, R5, Rpand R are as
previ ously defined. 19. The process of any one of clains 11 to 18,
wherein: 5R1 is TBDMS; R5 is selected from DMIr or NMMIr;
21. A process for preparing a compound of formula (V):
O OR
RpO-P=0
L
L q
=
(|) OR4
RpO-P=0
B -
01 o
0 ORy
RpO—?=O
© P
OR; OTIPS
(V)
wherein

5 p is selected from 0, 1, or 2;
g is selected from 0, 1, or 2;
and p+q is less than or equal to 2;
R: is a protecting group;
R; is selected from H or a protecting group;
10 Rs; is a protecting group;
R, is a protecting group;
B is a nitrogen-containing base;

wherein each B, R, and R, may be the same or different from any

other B, R, and R,, respectively;



Rp is selected fromnethyl (M),

(o-Cl1Ph), or para-chlorophenyl

met hyl ,

2- cyanoet hyl
(p- C1Ph);

(CNEt),

preferably the

N-protecting group is selected from

| evul i nyl
i sobut yryl

protecting group;

10

15

, acetyl
, bROZAYLe Os TdoupE Brlgmend axypardrany!
15phenoxyacety|
process of ¢
2012/ 024776P
formula (V):
is selected fromO, 1,

, di fluoroacetyl,trifluoroacetyl,

dinethylfornanidine or N, N- di phenyl carbanmate.

BdRert b8 B b AL Pty

process

ort hochl or ophenyl
Ris selected fromisopropyl,
owvoebtei2a77and 10B i s a nucl eobase protected on @&CTI@2811/000050

nitrogen by a suitable N-protecting gfbup,

20. The
and 20R is iPr.
preparing a conmpound of

OR3 OTI PS (V) wherein 5 p Ls selected fromO, 1, or 2; q
or 2; ane;prenis LeBg than or equal to 2; Rl is a
R3 is selected fyo oryg protecting group;
O ORy
RpO—?zo
© q
L -
o. B
0 ORq
RpO—ﬁ
NR)2
(VI)

wherein g, B, R;, Rs and R, are as defined above, and

R is 1lower alkyl, or the N(R), moiety is a cyclic
alkylamine, or a substituted cyclic alkylamine, preferably
morpholine;

with a compound of formula (VII):

HO' O B

OR; OTIPS
(VII)
wherein p, B, R;, R;, and R, are as defined above; and

oxidizing the product of step (a) to produce the compound

of formula (V).

The process of claim 21, wherein R; is H.



10 R5 is a protecting group; Rp is a protecting group; Bis a

ni trogen-contai ni ng base; wherein each B, RlL and Rp may be the sane or

di f f er entwbnomveamyecot her B, Rl and Rp, respectively; WBCT/CA2011/000950

2012/ 024776PCT/ CA2011/ 000950 172 the 1p¥ ocess conprising the steps of:

a) condensi ng a phosphoramdite of fornmula (VI): 0 OR Rp0-1? N(R 2 (VI)
Swherein g, B, Rl, R5 and Rp are as defined above, and Ris lower alkyl, or

the N(R)2 npiet yries g@o@é@sl b€ aldiyl 2 Reerein &, Sishat prateediny crbup,

%:o(l;)lllzgmong’ pr egr%Lgsé Y mor p :Lh%lolmgleis W th a conpound of fornmula (VI1): OR

c) removal of the R; protecting group.

24. The process of claim 23, wherein the protecting group is a

5 levulinyl (Lev) group.

25. The process of claim 23, wherein the protecting group is an

ionic tag.

26. The process of claim 25, wherein the ionic tag is selected

from:

10 \—/ 0

©
Br
67 o, .
0]
x T

(0] , wherein X is selected from NH or O.



100R3 QTIPS (VII) wherein p, B, Rl, R 3, and Rp are as defined
above; and b)oxidizing the product of step (a) to produce the conpound of
formul a (WP.2012102877623. The process of claim 21, wherei nPR3/1AR0HA /00095 ect i ng
group, the process further conprisindg7’€)renoval of the R3 protecting group.
24. The process of claim 23, wherein the protecting group is a 5 | evulinyl
(Lev) group. 25. The process of claim 23, wherein the protecting group is
an ionic tagy. 26rhel BeofsRCOSScIfimChaj Mu2bhernkemed ipinpeplicephit tlagies
selected fro

174 .27. Th race f_claj f o i
phosphi t yl aPPoWeoPr?%ué%pPEo- &g{é 81?) ch" QO?Tb)a %%q‘ na! 4 (e0eha 395’ Sind

ep orm a conpound of fornula
(Vva): o OTIPS RoO-Fr N(R1 2 (Va) Swherein P. g, B, Rl, R5, Rp and R are
as previously defined. 28. Tieof cesg e8f| any one of clains 23 to 26,
further conprising phosphityl ation g product of step (c) to forma
conmpound of forrmula (Va): 0 OR;
RpO—P=0
© q
? OR4
RpO-P=0
[ -
0 o)
O  ORq
RpO—I?=O
© p
O OTIPS
RpO—I"
N(R),
(Va)
5 wherein p, g, B, R;, Rs, R, and R are as previously defined.
28. The process of any one of claims 23 to 26, further

comprising phosphitylation of the product of step (¢) to form a

compound of formula (Va):



175 ORl RpO-p=0 | - 0 oR, RO -7=0 0 ?_- 9 ONPS N(R 2 (Va) wherein p,

g, B, RlL, R5, Rp and R are as previously defined. 29. The process of
any one ovocheyorg7781l to 28, wherein: 5R1 is TBDVS, R5 i #C3a&lAetigdodsoom DMTr
or MMIr; Rp is selected from mathyl (Me), 2-cyanoethyl (CNEt),

ort hochl or ophenyl (o-ClPh), or para-chlorophenyl (p-ClPh); R is selected
fromisopropyl, nethyl, or ethyl; and 10B is a nucl eobase protected on at

| east one nitrogen by a suit Jici N-protg¢ti ng group, preferably the
N-protecting group is select fr 0
| evul i nyl , acetyl, difluoroacetyl| tri r pacetyl,
i sobutyryl, benzoyl, 9-fl uor enyl net hoRyc@Rtonyl ,
RpO-P=0
© q
- O B
? ORy
RpO—P=0
[ .
0] 0
O  OR;
RpO-P=0
© p
L -
0 B
Q OTIPS
RpO—ﬁ
N(R),
(Va)

wherein p, q, B, Ri, Rs, R, and R are as previously defined.

29. The process of any one of claims 21 to 28, wherein:

5 R, is TBDMS;
Rs; is selected from DMTr or MMTr;

R, is selected from methyl (Me), 2-cyanoethyl (CNEt), ortho-
chlorophenyl (o-ClPh), or para-chlorophenyl (p-ClPh);

R is selected from isopropyl, methyl, or ethyl; and

10 B is a nucleobase protected on at least one nitrogen by a
suitable N-protecting group,

preferably the N-protecting group is selected from

levulinyl, acetyl, difluoroacetyl, trifluorcacetyl,

isobutyryl, benzoyl, 9-fluorenylmethoxycarbonyl,

175



WO 2012/ 024776PCT/ CA2011/ 000950 176

phenoxyacet yl, di net hyl f or mam di ne, or N, N-di phenyl carbamate. 30. The
process oVochwyamZ®, wherein: R5 is DMIr; 5Rp is nethyl pcarah2Riimwodser. 31.
A process for preparing an N-ner oligd&hucl eoti de, said process conpri sing:
a) condensi ng a phosphoram dite of forrmula (ha): 9 OTl PS RpO-p
1I0N(R)2 (ha) wherein nis an integer fromO to 19; Rl is a protecting
group; 15 R5 iS gndioRly&6duylg Or @ifetH3 fbBmaniging ect i og gr BUp;diBhésyl ower

al kyl, or the N( R%%) 177 B is a nitrogen-containing base; wherein each B,
RL and Rp may be“tHé&™84%%e or different fromany other B, RL and Rp,
respectively; with 5(a') a functionalized |inker L bound to a support

30. The process of claim 29, wherein:
Rs; is DMTr;
5 Ry is methyl; and
R is iPr.
31. A process for preparing an N-mer oligonucleotide, said

process comprising:

a) condensing a phosphoramidite of formula (IIa):
R50' O B
Q OR;
RpO—?=O
° n
o B
Q OTIPS
RpO—ﬁ
10 N(R)2
(IIa)
wherein

n is an integer from 0 to 19;
R; is a protecting group;

15 R; is a protecting group;
R, is a protecting group;

R is lower alkyl, or the N(R), moiety 1is a cyclic
alkylamine, or a substituted cyclic alkylamine,

preferably morpholine;



wherein G is selected froma solid support or an ionic support, or
(5-OH)NL (b'") a compound of fornula wherein (5"-HNis a

nucl eosi awbabixgamrel eoti de chain bound 10to the solid seppara2oaroovdse i oni
support via the functionalized |inken7L and having a free 5 -CH group;

b) oxi di zing the product of step (a) to forma conpound of forrmula (VII1):
9 OTIPS RRO-P=0 I 9 /ilY L (....) 15(VIII) whereiny is O or 1;

B is a nitrogen-containing base;

wherein each B, R; and R, may be the same or different

from any other B, R; and Ry, respectively;

with

5 (a’) a functionalized linker L bound to a support <:>,

wherein <:> is selected from a solid support or

an ilonic support, or

5-OH)n—
(b’) a compound of formula ( )Pd LT-__<:>

wherein © °'N is a nucleoside/oligonucleotide chain bound
10 to the solid support or the ionic support via the

functionalized linker L and having a free 5'-OH group;

b) oxidizing the product of step (a) to form a compound of

formula (VIII):

R50' O B—‘

0 OR

Q OTIPS
RpO—TZO

15 (VIII)
wherein

y is 0 or 1;



178 n, B, Rl, R5 Rp,L, and N are as defined above; and c)optionally,

(i) deprotecting the termnal 5 -0R5 group of the product of the previous
step to fwormr/eme 5 - 50H group; (ii) condensing the produabiigvosbep (i)
wi th a phosphoram dite of fornmula (hajs 9 OTlPS Rp0-1=1) N(R)2 (ha)
10wherein n, B, RI, R5, Rp and R are as defined above, and each n, B, RI,
R5, Rp and R may be the sane or different fromany other n, B, R, R5, Rp
and R, respectively; (iii) o i zing the product of step (ii); and 15(iv)
optionally repeatjmg Bf.eps RiN-(iLi )gndwitalret de defdnddsebovait anf y is 0, step
(c) is not optional; to forma bound N-nmer oligonucleotide. 179 33. The
process of %5 ai ng)&]’ﬁggl?@', wherein: RL is TBDMS; R5 is selected from DMIr
or MMIr; I's selected fromnethyl (M), 2-cyanoethyl (CNEt),
ort ho5 chl orophenyl (o-ClPh), or para-ch|oraphenyl (p-ClPh): is selected
fromisopropyl, nethyfi) ordeE’E‘Pﬁﬂc;tQﬁ?lthe terml%ais%/éo%hargld%adsfe%ﬁ? otected on
at | east one nitrogen by arsaudrabltetid pretvisotsi agemtouporm a free 5’ -
preferably the I\l-protectira)gI roup is selected from

10l evul i Ryl , acetyl , di f| uoroa e?;ﬂq,tri f 1 uor oacet yl ,

(ii) condensing the product of step (i) with a

phosphoramidite of formula (IIa)

a
R50' O B

RpO—?

10 wherein n, B, Ry, Rs, R, and R are as defined
above, and each n, B, R;, Rs, R, and R may be the
same or different from any other n, B, R;, Rs, R;

and R, respectively;
(iii) oxidizing the product of step (ii); and
15 (iv) optionally repeating steps (i)-(iii);

with the proviso that if y is 0, step (c) is not optional;

to form a bound N-mer oligonucleotide.

32. The process of claim 31, wherein n is selected from 0, 1,

20 2, or 3.



i sobutyryl, benzoyl
phenoxyacet yl, di net hyl f or mam di ne, or N, N- di phe
process oVochmyamB8, wherein: 15R5 is DMIr

deprotecting the product of step (b) or (c) t
ol i gonucl eoti de. 36. The process of any one

the Nmer ol hgonughe@ibdeshas eidiangt hoxf Bomwhet8On nucl eot i des.

process of any one of clains 31 to 36, wherei
nucle05|de 180, 38, process of any one o
p(r) Br 00 )Rhlff%&&séo 39. The process o
Whefe' n Lis selegted {diQkeq froﬂioDM'ﬁnoglﬂll\ﬁQnU

process of any one of claims 31 to .
said_ 10 ?ﬁgprE

N- nmer ollgonucleotlde
gselected fro

of formula (lib)Re 18

roc
met y

, 9-f 1 uor enyl net hoxycar bonyl ,

car banat e. 34. The

nyl

Rp i s met hylPcTamadoRR/a0e9sn Pr
35. The process of any one of clains13l to 34,

further conprising fully

0 20 yield a free N-nmer

of claims 31 to 35, wherein
37. The
nyis1landNis a

f clains 31 to 37, wherein /C
f any one of clalns 31 to 37,
cl eoti de prepared by the

41. A process for preparing an

§cya%oe%)1§lo n(@ﬁﬂt I ,n grepompoun d

5 chlorophenyl (o-ClPh), or para-chlorophenyl (p-ClPh);
R is selected from isopropyl, methyl, or ethyl; and
B is a nucleobase protected on at least one nitrogen by a
suitable N-protecting group,
preferably the N-protecting group is selected from
10 levulinyl, acetyl, difluorocacetyl, trifluoroacetyl,
isobutyryl, benzoyl, 9-fluorenylmethoxycarbonyl,
phenoxyacetyl, dimethylformamidine, or N,N-diphenyl
carbamate.
34. The process of claim 33, wherein:
15 Rs is DMTr;
R, is methyl; and
R is 1iPr.
35, The process of any one of claims 31 to 34, further
comprising fully deprotecting the product of step (b) or (c) to
20 yield a free N-mer oligonucleotide.

36.

The process of any one of claims 31 to 35, wherein the N-

mer oligonucleotide has a length from 4-100 nucleotides.

37. The process of any one of claims

and N is a nucleoside.

31 to 36, wherein y is 1



WO 2012/ 024776PCT/ CA2011/ 000950 181 0 ORL RROG-P=0 ON _,,, -n Bc2.-- OH
Ol PS wherein 5n is an integer fromO to 19; Rl is a protecting group; R5
is a protwotznrg2grieup; Rp is a protecting group; B is aPportaagamoesnt ai ni ng
base; 10wherein each B, RlL and Rp may8be the sane or different from any
other B, R1 and Rp, respectively; with a functionalized |inker L bound to
an ionic support (D, 15 b)oxidizing the product of step (a) to forma
compound of ;g0or Mihedt kXJéss 182 any one of claims 31 to 37, wherein

O—1— \OT(J%” |

39. The process of any one of claims 31 to 37, wherein

C:: L' é is selected from:

BF4 ] e \\L“ o
__Nj§i) X, N\W/\\/)L\/”\ﬂ/;%
\=—=/ o o} 0

5 , or
©
Br
/\/\Pé\/\ NO,
X 0]
e} ,wherein X is selected from NH or O.
40. An oligonucleotide prepared by the process of any one of

claims 31 to 39.

41. A process for preparing an N-mer oligonucleotide, said

10 process comprising:

a) condensing a compound of formula (IIb):



0 OTIPS (I X) wherein n, B, RI, R5 Rp,and L, are as defined above; and 5
c)(i) deprotecting the termnal 5 -0R5 group of the product of the previous

step to fwormr/eme 5 - OH group; (11 pCcrandengiongot he
product of step (i) with a 10phosphonaéni dite of fornula (ha) 9 OrTl PS
Rp0-1? N(R)2 183 wherein n, B, R, R5 and Rp are as defined above,

and Ris lower alkyl, or the N(R)2 noiety is a cyclic al kylam ne, or a
substituted cyclic al kyl anm ne, be‘f er abl y gpr phol i ne; wherein each n, B,

R1, R5, and 5Rp may be the sane o1 di nt fromany other n, B, Rl, R5,
and Rp, respectively; (iii) oxidizing roduct of step (ii); and (iv)
optionally repeating steps (i)-(iili); (}iqug'ma bound N-ner

ol i gonucl eotide. 10 42. The procesBprf'f:(Q aima4l, wherein nis selected from
0, 1, 2, or 3. 43. The process off clam 41 or 42, whereinis

OH OTIPS

(IIb)

wherein
5 n is an integer from 0 to 19;
R, is a protecting group;
Rs is a protecting group;
R, is a protecting group;
B is a nitrogen-containing base;

10 wherein each B, R; and R, may be the same or different

from any other B, R, and R,, respectively;

with

a functionalized linker L bound to an ionic support <:>,

15 D) oxidizing the product of step (a) to form a compound of

formula (IX):



selected from el/e, p e Br BF4/ /| -N N, or BP /---1-P eNO2 x
150, wherein X is selected fromNH or 0. 44. The process of any one of
cl ai rs 4iwoaod4mherein: RL is TBDMS;, R5 is sel ected fromdAehri/o009sh/Mr ;

184 Rp is selected from net hyl 18e), 2-cyanoet hyl (CNEt),
ort hochl or ophenyl (o-ClPh), or para-chlorophenyl (p-ClPh); R is selected
fromisopropyl, nmethyl, or ethyl; and B is a nucl eobase protected

on at |east one nitrogen by a gﬁsﬂitable N Jpr ot ecti ng group,

preferably the N-protecting grotp|i sssePedted from

| evul i nyl , acetyl, difluoroacetyl,tfifl cetyl,

i sobutyryl, benzoyl, 9-fl uor enyl met hoxy&ar 51 |

phenoxyacetyl,dinethylfornanidine,RQQIﬂﬂodip enyl 10carbamate. 45. The

process of claim44, wherein: R5 h; r; is methyl; and Ris iPr.
B

OTIPS

wherein

n, B, R;, Rs Rm<:>, and L, are as defined above; and

5 «¢) (i) deprotecting the terminal 5’-ORs; group of the
product of the previous step to form a free 5’-
OH

group;

(ii) condensing the product of step (i) with a

10 phosphoramidite of formula (IIa)

R50‘ O B

Q OTIPS
RpO—?
N(R)2

(IIa)



15 46. The process of any one of clains 41 to 45, further conprising fully
deprotecting the product of step (c) to yield a free N-ner oligonucleotide.
47. The pwocemsnefrcany one of clains 41 to 46, wherein POE/NIBI1/000950
oligonucleotide has a | ength from 4-18D nucl eotides. 20 48. An
ol i gonucl eoti de prepared by the process of any one of clains 41 to 47.
wherein n, B, R;, Rs, and R, are as defined
above, and R is lower alkyl, or the N(R), moiety is a
cyclic alkylamine, or a substituted cyclic alkylamine,
preferably morpholine; wherein each n, B, R;, Rs, and

5 R, may be the same or different from any other n, B,

R,, Rs, and R,, respectively;
(iii) oxidizing the product of step (ii); and
(iv) optionally repeating steps (1) -(iidi);
to form a bound N-mer oligonucleotide.
10 42. The process of claim 41, wherein n is selected from 0, 1,

2, or 3.

43. The process of claim 41 or 42, wherein ::: L' is

selected from:

— o 0] 0 , or
©
Br
/\/\
KL om/“'a
X o
15 (0] ,wherein X is selected from NH or O.
44. The process of any one of claims 41 to 43, wherein:

R, is TBDMS;

R: is selected from DMTr or MMTr;
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R, is selected from methyl (Me), 2-cyanoethyl (CNEt), ortho-
chlorophenyl (o-ClPh), or para-chlorophenyl {(p-ClPh);

R is selected from isopropyl, methyl, or ethyl; and

B is a nucleobase protected on at least one nitrogen by a

5 suitable N-protecting group,

preferably the N-protecting group is selected from

levulinyl, acetyl, difluorocacetyl, trifluoroacetyl,
isobutyryl, benzoyl, 9-fluorenylmethoxycarbonyl,
phenoxyacetyl, dimethylformamidine, or N,N-diphenyl
10 carpbamate.
45. The process of claim 44, wherein:
R: is DMTr;

R, is methyl; and

R is iPr.

15 46. The process of any one of claims 41 to 45, further

20

comprising fully deprotecting the product of step (c¢) to yield a

free N-mer oligonucleotide.
47. The process of any one of claims 41 to 46, wherein the N-
mer oligonucleotide has a length from 4-100 nucleotides.

48. BAn oligonucleotide prepared by the process of any one of
claims 41 to 47.



