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I ONI C TAGS FOR SYNTHESI S OF COLI GORI BONUCLEOTI DES

Rel at ed Applications

This application clains priority to U S. Provisional Application
No. 61/602373 filed February 23, 2012 and International PCT
Application No. PCT/CA2011/000950 filed August 23, 2011, both of

whi ch are hereby incorporated by reference in their entirety.

Field of the Invention

The i nvention rel at es to t he chemi cal synt hesi s of
ol i gonucl eoti des, in particul ar ol i gori bonucl eoti des, in
particul ar solution phase synthesis.

Background of the Invention

The demand for synthetic oligonucleotides has grown exponentially

as genome sequencing, functi onal genoni cs, and PCR-based
detection nmet hods consune enor nous quantities of DNA
ol i gonucl eotides. |In addition, the potential success of new DNA-

and RNA- based therapeutic platfornms (such as antisense and si RNA
gene silencing strategies) currently undergoing clinical trials
could result in an unprecedented demand for short synthetic DNA

and RNA nol ecul es.

RNA interference (RNAi) as potential therapeutics represents a
fundanentally new way to treat human di seases [ Manoharan, Curr

Opin. Chem Biol. 8, 570-579 (2004)]. However, achi eving
targeted tissue and cellular delivery, stabilization in vivo, and
cost effective large scale synthesis of RNA are significant
bottl enecks in the devel opnent of RNAI technol ogy. The reality
of mainstream RNAi based therapeutics is rapidly approaching and
the demand for these conpounds on | arge scale nmay soon exceed the
capability of manufacturers. Therefore, there is a need to

devel op synthetic strategies enabling RNA oligoners to be
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synt hesi zed rapidly, in high purity and/or in a cost efficient,

| arge scal e synthesis.

Current methods for DNA and RNA synthesis rely on stepw se
addition of nononeric phosphoranmidite units on solid supports
[Caruthers, M H et al. Mthods in Enzynology 154, 287-313
(1987); Al varado-Urbina, G et al. Science 214, 270-274 (1981)].
Chain elongation from 3 - to 5 -end is preferred, which is
achi eved by coupling of a nucleoside unit having a 3'-phosphorus
(I'11) group (in its activated form to a free 5 -hydroxyl group
of another nucleoside unit. As solid support, 500 to 1000 A
controlled pore glass (CPG support or an organic polyner
support, such as primer polystyrene support PS200, can be used.
Chain elongation begins by cleavage of the 5 -0 dinethoxytrityl
group with an organic acid, thus liberating a nucleophilic 5'-
hydr oxyl group. This termnal nucleophile is then allowed to
couple to a protected nucleoside 3'-O phosphoram dite nononer in
the presence of an activator. In the case of RNA synthesis
suitable protection of the 2 -hydroxyl group is required. Any
unreacted 5 -hydroxyl groups are acetylated in a process referred
to as ‘capping . The nost commonly used group used for this
purpose is an acetyl ester. Thus, ‘capping’ wth acetic
anhydride esterifies any unreacted 5'-hydroxyl groups and halts
the accunmulation of by-products. The newy created phosphite
triester 3',5'-linkage is then oxidized to provide the desired
and nore stable phosphate triester. This process is repeated
until an oligoner of the desired | ength and sequence is obtained.
Cl eavage of the oligomer from the solid support and renoval of
the protecting groups fromthe sugars, phosphates and nucl eobases
provides the desired target oligoner, which is then separated
from shorter failure sequences by ion exchange high pressure
liquid chronmatography (HPLC), ion-pair reverse phase HPLC, or
pol yacryl am de gel electrophoresis (PAGE). The full length
oligoner is then characterized by mass spectronmetry. Meanwhile a

| arge number of DNA oligomers can be synthesized in parallel on
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DNA m croarrays or “gene chips” [Ransay G, Nature Biotechnol ogy
16, 40-44 (1998)].

The sanme iterative nmethod may be applied toward the synthesis of
DNA and RNA oligonucleotides in solution, for exanmple as
described recently by Donga et al. using ionic soluble supports
[e.g. Donga, RA et al., J. Og. Chem 71, 7907-7910 (2006);
Donga, R A et al., Can. J. Chem 85, 274-282 (2007)]. The use
of ionic soluble supports allows for selective precipitations of
the growi ng oligonucleotide over all other reagents used in the

ol i gonucl eoti de synthesis cycl e.

To date, there have been many attenpts to design protecting
groups and nethods that enbody the conditions required for the
construction of high quality oligoribonucleotides [for reviews,
see Beaucage, S. L. Curr. Opin. Drug D scov. Devel. 11, 203-16
(2008); Reese, C. B. Oganic & Bionolecular Chemistry 3, 3851-
3868 (2005)]. In fact, for many years, RNA synthesis has been
regarded as far nore conplicated than DNA synthesis because of
the difficulty in finding a conpatible 2 -protecting group that
(a) affords high step-wise coupling vyields, (b) is stable
t hroughout chain assenbly, and (c) can be renoved selectively at
the end of synthesis without phosphodi ester bond isomnerization or

degr adati on.

The nost widely wused 2 -protecting group is the 2 -0Ot-
but yI di et hyl si | yl ( TBDWVEB) group [Qgilvie, K. K et al .
Tetrahedron Letters 15, 2861-2867 (1974)]. This protecting group
is removed at the end of RNA chain assenbly in the presence of
fluoride ions. O her silyl ether based protecting groups
described for the protection of nucl eosides are triisopropylsilyl
(TIPS), nmethyldiisopropylsilyl (MJIPS), cyclic alkylsilyl and
other silyl groups [Qgilvie, KK et al. J. of Carbohydrates,
Nucl eosi des, Nucleotides 3, 197-227 (1976); Damha MJ, Qgilvie
K. K (1993), d i goribonucl eoti de synt hesi s: t he silyl-
phosphoram dite nethod. In: Protocols for digonucleotides and

Anal ogs: Synthesis and Properties, Mthods in Ml ecular Biology
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(Agrawal S, ed.) Vol. 20. Totowa, NJ: The Humana Press Inc. pp

81-114]. Anong these, TIPS protection has been described
primarily for 5’ - O-nononet hoxytrityl N2- i sobut yryl guanosi ne
derivatives as the 2° and 3 -OTIPS isoners are nore readily
separated from each other by silica gel chromatography [ Damha
MJ, Oilvie KK (1993), digoribonucleotide synthesis: the
silyl -phosphoramidite nmethod. In: Protocols for Qigonucleotides
and Analogs: Synthesis and Properties, Mthods in Ml ecular
Biology (Agrawal S, ed.) Vol. 20. Totowa, NJ: The Humana Press
Inc. pp. 81-114; Danha, MJ. 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
favor the TBDMB protecting group, which has been used the nost
conpared to other protecting group for RNA synthesis. Coupl ed
with the phosphoranidite condensati on-procedure, 2’ - O TBDMS
mononers have allowed a highly efficient synthesis  of
ol i goribonucleotides [Qgilvie, KK et al. Proc. Natl. Acad.
Sci ence (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 wdely recognized ability to
undergo 2'-to0-3" isonerization under the influence of protic
solvents, nucleophilic catalysts, or basic conditions. For
exanple, the TBDMS group nigrates from the 2 to O3 position
(and vice versa) in the presence of either nmethanol, imdazole,
pyridi ne/water, or aqueous ammonia, thereby generating a m xture
of nucleoside 2 and O3’ silyl regioisoners [Qgilvie, K K and
Entwistle, D. W Carbohydrate Res. 89, 203-210 (1981); Qgi | vi e,
K. K (1983) Proceedings of the 5th International Round Table on
Nucl eosi des, Nucleotides and Their Biological Applications,
(Rideout, J.L. et al. eds.), Academic, London, pp. 209-256);
Danha MJ, Qgilvie K K (1993), digoribonucleotide synthesis:
t he silyl -phosphoramidite met hod. I n: Prot ocol s for

A igonucleotides and Anal ogs: Synthesis and Properties, Methods
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in Mlecular Biology (Agrawal S, ed.) Vol. 20. Totowa, NJ: The
Humana Press Inc. pp. 81-114].

Silyl isonerization is characteristic of other Osilyl ether
protecting groups. O TIPS derivatives of wuridine and 7-
deazaguanosi ne also undergo isonerization in nmethanol, albeit

nore slowy than their O TBDMS counterparts [Qgilvie, K K et al.
J. or Carbohydrates, Nucleosides, Nucleotides 3, 197-227 (1976);
Seela, F. and Mersmann, K., Helvetica Chimca Acta, 76, 1435-
1449(1993)]. 5" - O Mononet hoxytrityl - N2-i sobutyryl -2 -O TIPS
guanosi ne undergoes isonerization under ethanolic ag. ammonia
conditions to give a mxture of 2'/3 -TIPS regi oi somers whi ch can
be separated by chromatography. This provides a nethod to
convert (recycle) nore of the unwanted 3 -isonmer into the nore
usef ul 2' -isoner [ Damha M J, Qgi l vie K. K (1993),
A i goribonucl eotide synthesis: the silyl-phosphoram dite nethod.
In: Protocols for digonucleotides and Analogs: Synthesis and
Properties, Methods in Mlecular Biology (Agrawal S, ed.) Vol.
20. Totowa, NJ: The Hurmana Press Inc. pp. 81-114].

2’-0Silyl groups do not normally mgrate to 3" in dry aprotic

sol vent. When these conditions are strictly adhered to it is
possi bl e to prepare 2'-Osilylated ri bonucl eosi de-3' -0
phosphoramidite derivatives in regiosonerically pure form

[Mlecki, J. et al. Nucleosides & Nucleotides, 8, 463-474 (1989);
Scaringe, S.A et al. Nucleic Acids Res., 18, 5433-5341 (1990)].
This is clearly an inportant requirenent as the presence of even
traces of the 3 -Osilyl regioisomer will inpact on the quality

and bi ol ogical activity of the desired RNA sequence.

Many other protecting groups for the 2 -hydroxyl position have
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 & Bionolecular Chemstry 3, 3851-3868 (2005)]. RNA
synt hesi s usi ng nononer s cont ai ni ng t he 2’ -
triisopropylsilyloxynethyl (TOM group, the 2'-acetal-Ievulinyl
group, and the 2'-0O bis(2-acetoxyethoxy)nethyl (ACE) group, have
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been reported to yield higher coupling efficiency, because these
protecting groups exhibit lower steric hindrance than the 2'-
TBDMS group [for a conparative study, see Lackey, J.G et al. J.
Am Chem Soc. 131, 8496-8502 (2009)]. Like the TBDVS group, the

TOM protecting group is renoved using fluoride.

In all cases the synthesis of oligoribonucleotides is an
el aborate nmultistep process, which entails assenbly of the
ol i gonucl eotide chain typically from nononeric phosphoramdite
building blocks (e.g., 5 -0Odinethoxytrityl-Nprotected-2'-0
tert-butyl di methyl silyl-nucl eosi de-3" - O phosphoram dites),

deprotection of the base |abile nucleobase protecting groups
(e.g., benzoyl, isobutyryl, acetyl, phenoxyacetyl, Ilevulinyl,
etc), cleavage from the support (e.g., glass beads or

pol ystyrene), followed by renmpoval of the 2’ -hydroxyl protecting
gr oup.

The generation of oligoribonucleotide blocks is nore difficult
due to the presence of the 2'-hydroxyl group and the protection
it requires, thus this line of research has also |agged far
behi nd t hat of DNA bl ocks. Nevert hel ess, there have been several
reports describing the synthesis of RNA through block coupling
condensation reactions. | kehara and co-workers coupled RNA
trimer and tetramers using the phosphotriester nethod to give 30%
yield after several days [Chtsuka, E. et al. J. Am Chem Soc.
100, 8210 (1978)]. Werstiuk and Nielson reported the coupling of
an RNA tetraner and an RNA pentanmer affording the desired
nonanucl eotide RNA sequence in 50% vyield after 16 days
[Werstiuk, E.S., Neilson, T. Can. J. Chem 54, 2689 (1976)]. Van
Boom and co-workers condensed an RNA tetramer and an RNA decamer
in 58% vyield in a 3.5 days reaction [van Boom J.H et al. Trav.
Chim Pays-Bas, 97, 73 (1978)]. Qgilvie and co-workers described
t he synthesi s of 5" - O nononet hoxytrityl-2'-Otert-
butyl di methyl silyl -3 -0O1evulinyl ri bonucl eosi de nononers and
their use in the assenbly of a hexadecauridylic acid via the
phosphodi chl oridite procedure [Nenmer, MJ, and Qgilvie, K K,
Can. J. Chem 58, 1389-1397 (1980)].

6
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Sol i d-phase RNA synthesis is carried out al nost exclusively using
nmononeri ¢ phosphoram dite synthons. Gven the efficiency of the
phosphoram dite chemistry, it is highly desirable to have access
to block (dimer and triner) phosphoranmidites for RNA synthesis,
as these would pernit |onger chain extensions at each step during
chain assenbly, significantly shortening the time required for

synt hesi s.

However, while solid-supported synthesis overcones the limtation
of purification by allow ng excess reagents to be washed away,
it can be quite restricting in ternms of scale. Wile it is true
that current |arge scal e nethods of producing oligonucleotides in
the kilogram scale utilize solid phase approaches, the nechani cal
requirements for this type of manufacturing are very specialized
and costly. Therefore, an ideal nethod of |arge scale synthesis
is in solution. In attenpts to overconme this lintation, a
variety of soluble polyner-based supports have been devel oped
[Gavert, D. J., Janda, K D. Chem Rev. 97, 489-509 (1997)].
These however suffer from their own limtations such as poor
| oadi ng, unfavorable atom econony, and the reliance on
tenperature cycling to solvate/precipitate the soluble support.
Some uni que perfluorinated “supports” have been reported that are
covalently attached to a desired nolecule and hence adhere to
long <chain fluorocarbon derivatized silica. They can be
sel ectively renoved by perfluorinated solvents. This is a very
efficient process, but requires many specialized and expensive
materials [Horvath, |I. T., Rabai, J. Science, 266, 72-75. (1994);
Studer, A et al., Science, 275, 823-826, (1997)].

It is also desirable therefore to have inproved nethods for

sol uti on phase RNA synthesi s.

Summary of the Invention

Met hods for the synthesis of blockmer (dinmer, trinmer, tetraner,
etc.) ribonucleotides that have applications in the synthesis of

RNA t hrough bl ock coupling reactions are described herein. These
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buil ding bl ocks allow |onger chain extensions at each coupling
stage of RNA synthesis, significantly reducing the total nunber
of steps required in the synthesis of a target RNA oligomner.
Additionally, the block <coupling strategy disclosed herein
produces crude RNA oligonmers that are nore readily separated from
shorter failure sequences. The procedure is illustrated by the
synthesis of UpU, ApA, and UpUpU blocks and their use in the
assenmbly of oligoribonucleotide chains via a phosphoramdite
coupling nethod. The discl osed conmpounds and processes benefit
two critical aspects of siRNA manufacturing: speed, and purity of

a target oligoner

In another aspect, nethods for the synthesis of blockner (diner

trinmer, tetraner, etc.) deoxyri bonucl eoti des t hat have
applications in the synthesis of DNA through block coupling
reactions are described herein. These building blocks allow
| onger chain extensions at each coupling stage of DNA synthesis,
significantly reducing the total nunber of steps required in the
synthesis of a target DNA oligoner. Additionally, the block
coupling strategy disclosed herein produces crude DNA oligomers

that are nore readily separated fromshorter failure sequences.

There are provided herein nethods for the synthesis of ionically
tagged linkers for, but not Ilimted to, the synthesis of
ol i gori bonucl eoti des, ol i godeoxyri bonucl eot i des, ol i gopepti des
and oligosaccharides, which can be orthogonally cleaved in the
presence of all other standard protecting groups. Tag-1i nker
conbi nations provided herein rmake it possible to grow
ol i gonucl eotides in solution using stepwi se iterative couplings,
utilizing the ionic properties of the tags to selectively
precipitate a growing oligonucleotide at each step, in order to
renove coupling reagents and reactants. Tag-1inkers enable
renoval of a synthesized oligonucleotide from solution at any
point in the synthesis, to produce a free 3'-O hydroxyl, 2'-TIPS
protected oligomer, without any isomerisation of the 2'-Osilyl
protecting group. This can be utilized for, but not limted to,

converting an oligonmer (dimer, triner, tetraner, etc.) into
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bl ock- phosphor ani di t es. These building blocks enable |[|onger
chain extensions at each coupling stage of RNA or DNA synthesis,
significantly reducing the total nunmber of steps required in the
synthesis of a target RNA or DNA oligoner. Additionally, the
bl ock coupling strategy produces crude RNA or DNA oligoners that
are readily separable from shorter, wundesired sequences that
arise during synthesis. It is also envisioned that, in sone
enbodi ments, tag linkers can be used in place of standard ester
protecting groups, to provide both a nmld cleavage alternative as
well as a neans to selectively precipitate a desired nol ecul e and

circunvent the use of costly and tinme consum ng chromat ography.

In one aspect, there is provided a conpound of fornmula (I1):

O OR
Rpo—?:O
© n
L E) B
OR3 OTIPS
(1)

wher ei n
nis an integer from1l to 19;

R, is a protecting group;

R; is selected fromH, a protecting group, or ORp
Rs is selected fromH, or a protecting group
R, is a protecting group

Ris lower alkyl, or the N(R, noiety is a cyclic al kylamne, or

a substituted cyclic al kyl am ne, preferably norpholine;



B is a nitrogen-containing base;

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

other B, R, and R,, respectively.

10



I n anot her aspect, there is provided a process for preparing a

compound of formula (I11):

O OR;
RpO—IT':O
© n
L E) B
OR; OTIPS
(1)

wher ei n

nis selected from1, 2, or 3;

R, is a protecting group;

R; is selected fromH or a protecting group;
Rs is a protecting group;

R, is a protecting group;

B is a nitrogen-containing base;

wherein each B, R, and R, nay be the sanme or different from any

other B, R, and R,, respectively;
the process conprising the steps of:
a) condensi ng a phosphoramidite of formula (I111):
O ORy
RpO-P
N(R)2
(ren)

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

11
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R is lower alkyl, or the N(R, noiety is a cyclic
al kyl am ne, or a substituted cyclic alkylam ne,

preferably norpholine;

with a nucl eoside of fornmula (I1V):
HO o.B
OR3 OTIPS
(1v)
wherein B and R; are as defined above; and

b) oxi di zing the product of step (a) to produce the conpound
of formula (I1) where nis 1, and B, R, R, R, and R, are as

defi ned above; and
c) where n>1, the process further conprising:

(i) deprotecting the term nal —ORs group of the
product of the previous step to forma free 5 -CH

group;

(i) condensi ng the product of step (i) wth a
phosphoram dite of forrmula (111), wherein B, Ry,
Rs, R,and R are as defined above, and each B, R,
Rs, R,and R may be the sane or different from any
other B, R, Rs, Ryand R respectively;

(iii) oxidizing the product of step (ii);
(iv) repeating steps (i)-(iii) n-2 tines;
to formthe conpound of formula (I1).

In an aspect, there is provided herein an ionic tag |inker

conmprising a gamma ketoester noiety, an ionic noiety and a

12
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i nker . In one enbodinent, the ionic tag linker has the

structure of formula (K)

C3'—0O

® o

O  y-ketoester linker ionic moiety

(K.

The linker may be, for exanple, alkyl, glycol or functionalized
al kyl. In sone enbodi nents, alkyl is ClL to C6 alkyl. The ionic
noi ety may be, for exanple, an inidazoliumor phosphoni um group.
In sonme enbodi nents, an ionic noiety conprises a halide, for

exanpl e an ionic noiety may conprise Br, O~ or |-

It should be understood that an ionic noiety in an ionic tag
l'inker of the invention may conprise any salt, such as but not
limted to a phosphoniumsalt, an imdazoliumsalt, etc. Mny
salts are known in the art and are within the capacity of a
skilled technician. Further non-limiting exanples include organic
salts conprising a heterocyclic or substituted heterocyclic

guat ernary nitrogen-containing organic cation, a heterocyclic or
substituted heterocyclic quaternary phosphoni um cont ai ni ng
organic cation, or a heterocyclic or substituted heterocyclic
trival ent sul fonium containing organic cation; and an ani on

bal anci ng the charge on the organic cation. In a nore particul ar
enbodi ment an organic cation is selected fromthe group

consi sting of N-substituted pyridine and 1, 3-di substituted

i m dazol e. An ani on bal ancing the charge on the organic cation
may be sel ected fromthe group consisting of ", Br', BF4",
PF6", SbF6", CuCl 2", | and AICI4". O her suitable anions could
al so be used and are well within the capacity of a skilled

t echni ci an.

In an enbodi ment, an ionic noiety in an ionic tag |inker of the

invention is a zwitterionic phosphoniumsalt of Fornula I:

13
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RI
(T

Ph—Pg

Ph

Formula [

wherein: nis Oor 1; Ris Hor SO;7; R is selected fromthe
group consisting of C-Cy alkyl, GC,-Cyp al kenyl, GC,-Cyp al kynyl,

G- Co cycl oal kyl, phenyl, substituted phenyl, benzyl and C;-Cyp

al koxycarbonyl; R is CX; when nis 0; and X is selected fromthe
group consisting of F, d, Br and |I. For exanple, the

zw tterioni c phosphoniumsalt nmay have the foll ow ng structure:

Ph

[

Ph—P
®

Ph
S04

S04
COOMe

Ph—F5
Ph

14
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Ph—P5
FPh
S04
or
?Br,;
Ph—P5
Fh
SOy

In an enbodi nent, a gamma ketoester noiety is cleavable with

hydr azi ne.

I n anot her aspect, there is provided herein an ionic tag |inker
conprising a photol abile noiety, an ionic noiety and a |inker.
The photol abile noiety may be, for exanple, a nitrobenzyl
derivative. In an enbodinent, the ionic tag |inker has the

structure of fornula (P):

NO, CHj

x

ionic moiety  linker nitrobenzyl derivative

o (P);
wherein Xis Nor O

The linker may be al kyl, glycol or functionalized alkyl. In sone
enbodi ments, alkyl is Cl to C6 alkyl. The ionic noiety nay be an
i m dazol i um or phosphoni um group. In one enbodi nent, the

photol abile noiety is cl eavabl e by photol ysis.

In some enbodi nents, ionic tag |inkers provided herein are

orthogonal Iy cl eavable. In further enbodinments, ionic tag linkers

15
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are attached to the terminal 3'-hydroxyl of an

ol i gori bonucl eoti de or ol igodeoxyri bonucl eotide. lonic tag
linkers may be sel ectively cleavabl e under conditions which do
not cl eave other oligoribonucleotide or oligodeoxyribonucleotide
protecting groups. lonic tag linkers nmay al so be cleavabl e under
condi ti ons which do not cause isonerisation of, e.g., ternina

oligoribonucleotide 2'-O-silyl protecting groups.

In an enbodinment, an ionic tag linker is selected from

@
BF,
0
Lf@/\/\/\/\(m
\—/ o}

VG
SIS SN

d

Br
PVS s
o
g
X O
O

, wherein X is selected from NH and

O

I n anot her enbodi nent, an ionic tag linker is selected from

16
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O
\
BF x‘N+ JD
|
\\.,,-' N\/f’“mvﬁ“%v\,\f’“‘v J\ OR

PhS SPh

compound (17); compound (25); compound (32); compound (43);
conpound (55); compound (57); conmpound (23); conpound (56);
compound (54); compound (76); conpound (7); conpound (8);
compound (9); conpound (15); conpound (16); conpound (19);
compound (70); conmpound (80); compound (82); and conpound (10).

In an enbodi nent, an ionic tag |inker conprises a di ethoxy group
or a dithiophenyl group. In a particular enbodi nent, an ionic tag
i nker conprises a dithiophenyl group and a phosphoniumsalt. In
anot her enbodi nent, an ionic tag |linker conprises a dithiophenyl
group and an imdazoliumsalt. In yet another enbodinent, an
ionic tag linker conprises a diethoxy group and a phosphoni um
salt. In a further enbodinment, an ionic tag |inker conprises a

di et hoxy group and an im dazoliumsalt.

I n ant oher aspect, there are provided herein conpounds of formula

(rn):

17
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R501 o. B

O OR
RpO-P=0
© n
L 5 B
OR3 OTIPS
(1)
wher ei n:
nis an integer froml to 19;
R, is a protecting group;
N(R),
. . E—P\
R; is selected fromH, a protecting group, ORp |, and an

ionic tag |linker provided herein;
Rs is selected fromH, and a protecting group;
R, is a protecting group;

Ris lower alkyl, or the N(R), noiety is a cyclic al kylamne or a

substituted cyclic al kyl am ne, preferably norpholine; and
B is a nitrogen-containing base;

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

other B, R, and R,, respectively.

In an enbodinment, nis 1, 2, or 3. In another enbodinent, R; is
_N(iPr)2

s

ORp and Rs is a protecting group. In yet another enbodinent,
N(R),

R; is \ORIO; Rs is selected from DMIr or MMIT; R, is selected
fromnethyl (M), 2-cyanoethyl (CNEt), ortho-chlorophenyl (o-

18
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d Ph), and para-chl orophenyl (p-CPh); Ris selected from

i sopropyl, methyl, and ethyl; and B is a nucl eobase protected on
at |l east one nitrogen by a suitable N-protecting group. 1In a
still further enbodinent, Ris isopropyl. In another enbodi nent,
a N-protecting group is selected from |evulinyl, acetyl,

di fluoroacetyl, trifluoroacetyl, isobutyryl, benzoyl, 9-

fl uor enyl net hoxycar bonyl, phenoxyacetyl, dinmethylformam di ne, and
N, N- di phenyl car banat e.

In some enbodi ments, Rs;is substituted with an ionic tag |inker
~_N(R)2

provi ded herein. In enbodinents, Ry is "ORp or a prot ecting

group, and may or may not be substituted with an ionic tag |inker

provi ded herein. |n another enbodi nent, the protecting group is

a levulinyl group (Lev), or is an ionic tag |inker provided

herein, e.g., an ionic tag linker conprising a ganma ket oester

nmoi ety or an ionic tag |linker conprising a photol abile noiety.

I n anot her aspect, there are provided herein processes for
preparing conpounds disclosed herein. 1In an enbodi nent, a

compound has the structure:

R501 o. B
O ORy
RpO—P=0
© n
- -'B
0
OR3 OTIPS
(1)

wher ei n:
nis selected from1l, 2, and 3;

R, is a protecting group;

19



R; is selected fromH, a protecting group and an ionic tag |inker

provi ded herein;
Rs is a protecting group;
R, is a protecting group; and
5 B is a nitrogen-containing base;

wherein each B, R, and R, nay be the sanme or different from any

other B, R, and R,, respectively;
and a process conprises the steps of:
a) condensi ng a phosphoramdite of forrmula (111):
NS
O OR;
RpO—FI>
10 N(R)2
(rer)

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

R is lower alkyl, or the N(R, noiety is a cyclic
al kyl am ne, or a substituted cyclic alkylam ne,

15 preferably norpholine;
with a nucl eoside of fornmula (I1V):
HO o. B
OR3 OTIPS
(V)
wherein B and R; are as defined above; and

20 b) oxi di zing the product of step (a) to produce the conpound
of formula (I1) where nis 1, and B, R, R, R, and R, are as

defi ned above; and
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c) where n>1,

the process further conprising:

(i) deprotecting the term nal —ORs group of the

product of the previous step to forma free 5 -CH

group;

(ii) condensi ng the product of step (i) with a
phosphoram dite of formula (111), wherein B, Ry,

Rs, R,and R are as defined above, and each B, R,
Rs, R,and R may be the sane or different from any

other B, R, Rs, R,and R respectively;
(ii1) oxidizing the product of step (ii); and

(iv) repeating steps (i)-(iii) n-2 tines;

to formthe conpound of formula (I1).

In an enbodi men

protecting grou

t, R is H |In another embodinent, R; is a

p, and the process further conprises: d)renoval of

the R; protecting group. In an enbodi nment, the protecting group

is a levulinyl

group is an ion

I n other enbodi
phosphityl ati on

compound of for

(Lev) group. In another enbodi ment, the protecting

ic tag linker provided herein.

ments, processes of the invention further conprise
of the product of step (b) or (c) to forma

mula (ll1a):
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R501 B

(I) OTIPS
RpO-P
N(R)2
(I'1a)
wherein n, B, R, Rs, R,and R are as previously defined.

Processes may al so conprise phosphitylation of the product of
step (d) to forma conpound of forrmula (lla):

R501 B

(I) OTIPS
RpO—P
N(R)2

(I'1a)

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

In an enbodiment, R, is TBDVS;, Rs; is selected from DMIr and MMIr;
R, is selected from nethyl (M), 2-cyanoethyl (CNEt), ortho-
chl or ophenyl (o-d Ph), and para-chlorophenyl (p-GPh); R is
selected fromisopropyl, nmethyl, and ethyl; and B is a nucl eobase

protected on at |least one nitrogen by a suitable N-protecting
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group, wherein the N protecting group is selected from
I evulinyl, acetyl, difluoroacetyl, trifluoroacetyl, isobutyryl,
benzoyl , 9-f | uor enyl et hoxycar bonyl , phenoxyacet yl ,
di met hyl f or mam di ne, and N, N-di phenyl carbamate.

In further aspects, there are provided herein nethods for
synt hesi zing an ol i gonmer, the nethods conprising:(a) attaching an
ionic tag linker provided herein to a first nononer unit; (b)
contacting the first mnonomer unit with at |east one further
nmononer unit at reaction conditions to provide an oligoner
conprising from2 to 30 nononer units; and (c) cleaving the ionic
tag linker fromthe oligoner to provide the free oligoner. In an
enbodi rent, the oligoner is an oligopeptide, an oligosaccharide
or an oligonucl eoti de. In a particular enbodi nent, t he
ol i gonucl eotide is an oligoribonucl eotide. In another enbodi nent,

t he ol igonucleotide is an ol igodeoxyribonucl eoti de.

In one enbodi ment, there is provided a nethod for synthesizing an
ol i gori bonucl eotide, the nethod conprising: (a) attaching an
ionic tag linker provided herein to a first ribonucl eoside at the
terminal 3'-hydroxyl; (b) contacting the first ribonucleoside
with at |east one further ribonucleoside at reaction conditions
to provide an oligoribonucleotide conprising from 2 to 30
ri bonucl eosi des; and(c) cleaving the ionic tag linker from the

ol i gori bonucl eotide to provide the free oligoribonucl eoti de.

In some enbodi nents, nethods provided herein further conprise a
step of isolating an oligoner, oligoribonucleotide or

ol i godeoxyri bonucl eoti de before cleaving an ionic tag |inker from
t he ol igoner, oligoribonucleotide or oligodeoxyribonucl eotide.

For exampl e, an oligoner, oligoribonucleotide or

ol i godeoxyri bonucl eoti de may be isolated by precipitation, based

on ionic properties of an ionic tag |inker.
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I n anot her aspect, there is provided herein a ribonucl eosi de
having attached at its 3 -hydroxy an ionic tag |inker provided
her ei n.

In yet another aspect, there is provided herein a
deoxyri bonucl eosi de having attached at its 3’ -hydroxy an ionic

tag linker provided herein.

Bri ef Description of the Draw ngs

Figure 1 shows a 3*WP-NVR spectrum of conmpound (30) (4 P-
di astereoners) in CD;CN.

Det ai | ed Description

The present disclosure relates generally to the field of
ol i gonucl eoti de synthesis, and provides conpositions and nethods
for the synthesis of RNA and DNA In sone enbodi nents, novel

dimer and triner blocks are provided for the synthesis of RNA or

DNA ol i gonucl eotides on solid supports. |In another enbodinment, a
tetraner block is provided. In yet another enbodiment, | arger
bl ocknmers are provided (e.g. 5-, 6-, 7-, 8-, 9-, 10-, 11-, 12-,
13-, 14-, 15-, 16-, 17-, 18-, 19-, or 20-ners). In further
aspects, ionic tags for liquid phase synthesis and nethods for
liquid or solution phase synthesis of ol i goners, e.g.,

ol i gopeptides, oligosaccharides, oligonucleotides, particularly

RNA ol i gonucl eoti des and al so DNA ol i gonucl eoti des, are provided.

In a standard oligonucl eotide synthesis cycle, chain elongation
begins with the selective cleavage of the 5 -0 dinethoxytrity

(DMTr) group by an organic acid (e.g. TFA), liberating a free 5'-
hydr oxyl group. This term nal nucleophile is then allowed to
couple to a protected nucleoside 3'-O phosphoram dite nononer in
the presence of an activator. In the case of RNA synthesis,
suitable protection of the 2 -hydroxyl group is required to
prevent side reactions. Any unreacted 5 -hydroxyl groups are

acetylated in a process referred to as ‘capping’, in order to
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prevent elongation of short-ners. The nost common cappi ng
strategy utilizes acetic anhydride to produce an acetyl ester
“cap”. Thus, ‘capping’ esterifies any unreacted 5’ -hydroxyl
groups, and prevents the accunul ation of by-products. The newy

created phosphite triester 3',5'-linkage 1s then oxidized to

produce the nore stable phosphate triester. This process is
repeated until an oligoner of a desired |length and sequence is
obt ai ned. Cl eavage of the oligoner from a solid support, and

renoval of all protecting groups from the sugars, phosphates and
nucl eobases, provides the desired target oligonmer, which is then
purified from shorter undesired sequences by ion exchange high
performance |iquid chromatography (HPLC), ion-pair reverse phase
HPLC, or polyacrylamde gel electrophoresis (PAGE). A full
length oligomer is then characterized by nmass spectronetry. For
hi gh throughput synthesis applications, a very large nunber of
DNA or RNA oligoners can be synthesized in parallel on DNA and
RNA m croarrays or “gene chips” [Ransay G, Nature Biotechnol ogy
16, 40-44 (1998)], although these nethods are currently limted
to the piconolar scale [Sriram Kosuri et al . Nat ur e
Bi ot echnol ogy, 28,1295-1299 (2010)].

Unli ke a TBDMS group, ACE and TOM protecting groups are not shown
to mgrate to vicinal hydroxyl groups in the presence of mild
base or aqueous polar protic solvents. Whil e both overcone the
i sonerisation problem possessed by TBDVMS groups, only ACE
protecting groups are orthogonal (with respect to cleavage) to
all other protecting groups used in standard ribonucleoside
protection. This is a property that is highly desirable in RNA
synthesis. A TOM protecting group, like nobst silyl protecting
groups, is fluoride | abile, whereas hydrazi ne hydrate buffered in
pyridine acetic acid will selectively renove the gamma-keto ester
of the acetal Ilevulinyl ester (ALE) protecting group, wthout
cleaving the dinethoxytrityl, N benzoyl, nethoxy-phosphate or
silyl protecting groups used in standard oligoribonucleotide

synt hesi s.
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More recently, we have shown 2'-O- TIPS protecting groups can be
used as an alternative to 2'-O-TBDMS. This allowed for cleavage
of the 3 -hydroxyl protecting group, levulinyl, or ALE using
buffered hydrazine hydrate, without isomerisation of the 2'-TIPS.
This was previously determned to be prohibitive with the TBDVB
group when cleaving 3'-hydroxyl protecting groups on
ri bonucl eotide dinmer and trimer blocks, as isonerisation was
found to occur and separation of one regio-isoner over the other
was not possible. The sane effect could be achieved with TOM
protecting groups, but the cost and availability of TIPS-chloride
makes it a superior choice. This led to the production of
isonmerically pure “block” ribonucleotide phosphoram dites and
their utility during solid supported oligo synthesis, resulting
in higher overall yields, fewer coupling steps, and sinplified

purification protocols, as described herein.

Sol i d- supported synt hesi s over comes t he limtation of
purification by allowing excess reagents to be washed away.
Unfortunately, it can be quite restricting in ternms of scale.
While it is true that current |arge scale nethods of producing
oligonucleotides in the kilogram scale utilize solid phase
approaches, the nmechanical requirenments for this type of
manuf acturing are very specialized and costly. Therefore, an
ideal method of large scale synthesis is in solution. An
i nprovenrent over the polyner based soluble supports was
acconpl i shed with use of ionic soluble supports, first described
by Tak-Hang Chan for synthesis of carbohydrates and peptides
[Chan, T-H et al. J. Og. Chem, 70, 3251-3255 (2005); Chan,
T-H et al. Acc. Chem Res. 39: 897-908 (2006)]. Soluble ionic
tags, 1in <contrast to polyner based alternatives, can be
precipitated at room tenperature in standard, comercially
avai | abl e sol vents. These involve sinple, i nert, readily
avail abl e ionic species, and they do not suffer from | ow | oading
and poor atom econony as seen with traditional soluble supports.
This method of product isolation is therefore beneficial wth

respect to both cost and time when purifying conpounds, as it can
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ci rcunvent the use of chronmatography traditionally used to purify
organi ¢ conpounds. I oni cal ly-tagged nol ecules could open up
synthetic routes once thought to be prohibitively expensive due

to purification costs.

Using an ionic tag in place of traditional solid support, a
simlar iterative nethod of DNA and RNA oligonucleotides
synthesis on solid support, has been applied recently in solution
[Donga, RA et al., J. Og. Chem 71, 7907-7910 (2006); Donga,
RA et al., Can. J. Chem 85, 274-282 (2007)]. Use of ionic
sol ubl e supports allows for selective precipitation of grow ng
ol i gonucl eoti de over al | ot her reagents used in t he
ol i gonucl eotide synthesis cycle, significantly sinplifying
internmedi ate purification steps. This selective precipitation of
products over reagents can be used in a variety of reactions, and
has been shown to be effective as an alternative to
chr omat ogr aphy. This can be advantageous, particularly in the
context of a large scale industrial process where chronmatography
can be prohibitively expensive [Chan, T-H et al. J. Og. Chem,
70, 3251-3255 (2005); Chan, T-H et al. Acc. Chem Res. 39: 897-
908 (2006)] .

Thus, we sought to conbine a process of solution phase
ol i gonucl eoti de synthesis using a soluble ionic-tag approach to
produce bl ock nucl eotide, e.g., ribonucleotide, phosphoranmdites,
in particular to overcone at |east sone or all of the linitations

of solid phase synthesis, which can be |Iong and tedious.

Traditionally, the free 3'-hydroxyl group has been
protected/linked to a solid support by an ester bond through a
succinyl linker to a long chain alkyl amne derivatised to a
solid support. This would remain covalently bound during the
iterative stepwise synthesis of DNA, RNA, peptides or
ol i gosacchari des. This covalent bond is cleaved at the end of
the synthesis by anm nolysis, which simultaneously cleaves other
protecting groups (cyanoethyl and exocyclic am ne base protecting
groups for DNA and RNA) throughout the nolecule. A fully

27



10

15

20

25

30

35

deprotected nolecule is released in the case of DNA and peptide
synthesis, or a partially deprotected nolecule in the case of RNA
and sone oligosaccharides [Beaucage, S. L.; Herdew jn, P. Curr.
Protoc. Nucleic Acid Chem 47:13.0-13.4 (2011)]. This multi-
cl eavage event is of great utility when the full deprotection of
the final nolecule is desired, but can be troubl esone when the
desired nolecule nust retain its protecting groups for further

nodi fications or transformations post-oligomnerization.

A variety of different |inkers have now been developed for
attaching nucleosides to their solid supports. A particularly
versatile linker, Uny-linker™ is wdely used because it does not
require derivatization of a nucleoside to the support prior to
aut omat ed ol i gonucl eotide synthesis. Qher alternatives include
the QIlinker devel oped by Pon and co-workers [Pon, R T., Yu, S
Nucl eic Acids Research 25, 3629-3635 (1997)] and silicon-based
linkers, which are cleaved by a fluoride source via pyridine-HF
[Boehm T.L., Showalter, HDH, J. Og.Chem, 61 6498-6499
(1996)]. Additionally, a variety of photolabile Iinkers based on
the nitrophenyl group have been reported and used for rmany
sensitive applications [Anderson, E., et al. Nucl eosi des,
Nucl eoti des and Nucleic Acids, 22, 1403 — 1406 (2003); Pirrung,
M C et al. Og Lett,3, 1105-1108 (2001); Pfeiderer, W et al.
Nucl eosi des and Nucl eotides, 17, 1987-1996 (1998)].

A levulinyl group in the place of traditional esters at the 3'-
hydroxyl can be removed in conjunction with a 2'-TIPS protecting
group w thout isonerisation allowing for chenical nodifications
foll owi ng-chain elongation [Hassler, M H et al. Tett Lett, 52,
2575-2578 (2011); Nemer, MJ, and Qgilvie, K K, Can. J. Chem
58, 1389-1397 (1980)]. The levulinyl group possesses the sane
stability as traditional esters, but can be cleaved by mld
treatnent with buffered hydrazine. This method is conpatible
with all protecting groups used in DNA and RNA synthesis, as well
as nmany protecting groups used in classical synthetic organic
chem stry. Exceptions are any nolecul es bearing an unprotected

ket one functional group, as hydrazine will readily react to form
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a hydrazone. This is fundanental in the cleavage mechani sm of
the levulinyl protecting group. Unfortunately, a problem with
replacing the 3'-O succinyl linker with a levulinyl group is
that it is no longer attachable to a solid support. To overcone
this issue a levulinyl-like linker would have to be chemically
nodified to install functional groups that allow for coupling to

the ionic tag.

Among all previously developed Ilinkers, a photolabile Iinker
seens to offer the mldest of conditions. However no photol abile
linker was previously developed and used to release an
ol i gori bonucl eotide from the 3 -terminal position, and shown to
retain regio-isonmeric purity. Such a linker is highly desirable
and is provided herein. A NPPOC type photolabile |inker that
could be coupled to solid support provided partially esterified
ol i gori bonucl eoti des Johnsson, R et al., Bioorganic & Medicina
Chem stry Letters, 21,3721-3725,(2011)].

The options of wusing linkers which are cleaved under mld
conditions would be of particular interest to those attenpting
post synthesis nmodi fications of oligonucleotides. To our
know edge, no photolabile or Ilevulinyl-like |inkers have been
previously devel oped and used for DNA and RNA synthesis, which
are cleavable in the presence of traditional oligoribonucleotide
protecting groups, which also do not cause isonerisation of the
terminal 2'-O-silyl protecting group when the linker is cleaved

from the terminal 3'-hydroxyl.

There are provided herein nmethods which combine a process of
sol ution phase oligonucleotide synthesis using a soluble ionic-
tag approach to produce block ribonucleotide phosphoram dites.
Met hods provi ded herein are al so appl i cabl e to
ol i godeoxyri bonucl eotide (oligo DNA) synthesis. For exanpl e,
there are provided herein methods which conmbine a process of
sol ution phase oligonucleotide synthesis using a soluble ionic-
t ag appr oach to pr oduce bl ock deoxyri bonucl eoti de

phosphor ami di t es.
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Accordingly, we report herein novel linkers that can attach to an
ionic-tag and the 3'-hydroxyl of a nucleoside with the ability to
cl eave without simultaneous deprotection of any other protecting
groups, nor cause isomerization of the 2'-silyl group to the 3’'-
position. In an enbodinent, ionic tag linkers are provided
her ei n.

In one enbodi nent there is provided a conmpound of forrmula (11):

R50'

OR3 OTIPS
(1)

wher ei n
nis an integer froml to 19;
R, is a protecting group;

,N(R)2

. . g_P\

R; is selected fromH, a protecting group, and ORp ;

Rs is selected fromH, and a protecting group;
R, is a protecting group;

Ris lower alkyl, or the N(R, noiety is a cyclic al kylamne, or

a substituted cyclic al kyl am ne, preferably norpholine;
B is a nitrogen-containing base;

wherein each B, R, and R, nay be the sanme or different from any
other B, R, and R,, respectively.
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In another enbodinent, nis selected from1, 2, and 3.

_N(iPr),
é_P\

In another enbodinment, R; is ORp and R is a protecting

group.
I n anot her enbodi nent :

N(R)2
. §_P\

R is ORp |

R, is selected from nmethyl (M), 2-cyanoethyl (CNEt), ortho-

chl or ophenyl (o0-C Ph), and para-chl orophenyl (p-d Ph), preferably

nmet hyl , and
R is selected from isopropyl, nmethyl, and ethyl, preferably
i sopropyl .

I n anot her enbodi nent :
R, is TBDMVS

Rs is selected fromDMIr and MVTr, preferably DMIr; and

B is a nucleobase protected on at |east one nitrogen by a

suitable N-protecting group.

In anot her enbodi nment, a suitable N-protecting group is selected
from l evul i nyl, acetyl, di fl uor oacetyl, trifluoroacetyl
i sobutyryl, benzoyl, 9-fluorenyl nmethoxycarbonyl, phenoxyacetyl,

di met hyl f or mami di ne, and N, N-di phenyl carbamate.

In anot her enbodinent, R; is a protecting group. In yet another
enbodi ment, a protecting group is a levulinyl group (Lev). In
still yet another enbodinent, a protecting group is an ionic tag
i nker . I n anot her enbodi ment, an ionic tag linker is selected
from
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/A\/\P@ NO,
O\W}R
X (@]

, wherein Xis selected from NH and

The term “lower alkyl” as used herein refers to acyclic, straight
or branched chain alkyl groups containing from one to six
car bons. Preferred |ower alkyl groups include, for exanple,

i sopropyl, methyl, and ethyl.

Functi onal groups of conpounds disclosed herein may be protected
by a variety of protecting groups known to those of skill in the
art. A "protecting group" is used in the conventional chenical
sense to reference a group which reversibly renders unreactive a
functional group under specified <conditions of a desired
reaction. Sonme protecting groups are well known to one skilled
in the art. Exanpl es of the protection/deprotection process as
well as various protecting groups are described in Wts and
Greene, 2006, Geene's Protective Goups in Oganic Synthesis,
W ey-Interscience, New York, NY. Any suitable protecting group
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known to one skilled in the art may be used. After the desired
reaction, protecting groups may be renmpbved to deprotect the
protected functional group. All protecting groups should be
renovable (and hence, labile) under conditions which do not
degrade a substantial proportion of the nolecules being
synt hesi zed. In contrast to a protecting group, a "capping
group" pernanently binds to a segnent of a nolecule to prevent
any further chemcal transformation of that segment. It should
be noted that the functionality protected by the protecting group

may or may not be a part of what is referred to as the protecting

group.

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

of formula (I1) above and the various conpounds bel ow i ncl ude:

1. Fluoride | abil e protecting groups i ncl udi ng: t-
but yI di et hyl si | yl ( TBDWMVS) , triisopropylsilyl (TIPS);
triisopropyl oxynmethyl (TOM; cyanoethylnmethyl (CEM; 2-(4-
tol yl sul fonyl ) et hoxynet hyl (TEM .

2. Acid labile groups including acetal groups: 2' -0 bis(2-
acet oxyet hoxy) net hyl (ACE) orthoester ; 1-(2-fluorophenyl)-
4- et hoxypi peri di n-4-yl (Fpmp) ; 1- (4-chl or ophenyl) - 4-
et hoxypi peri di n- 4-yl (Cpep) ; 4- (N-di chl oroacetyl - N-
net hyl am no) benzyl oxynet hyl (4-MABOV); trityl ether groups
i ncluding dinethoxytrityl (DMIr) and nonomnet hoxytrityl
(MMIT) .

3. Reduction labile groups including: 2-tert-butyldithionethyl
(DTM; allyl.

4. Base labile groups including: I evulinyl (Lev) and acetal
| evulinyl (ALE).

5. Photol abil e groups including: photolabile groups including
nitrobenzyl groups (including 2 -nitrobenzyl groups such as

2-(2-nitrophenyl)propoxycarbonyl (NPPOC) , a-

33



10

15

20

25

met hyl ni t or pi per onyl oxycarbonyl (MeNPOC) and derivatives

t herein (i ncluding t hi oxant hone- ni t r obenzyl group
conj ugat es) and 5" - O di net hoxybenzoi ncar bonat e gr oup
(DVBOC) .

Possi bl e protecting groups for Rs for the conpounds of formula
(I'1) above and in the various conpounds below include 9-
phenyl xant hyl (pixyl or Px) and its derivatives, MMJIr, and DMIr.
Preferably, these protecting groups are used for Rs when options
1, 3, 4, and 5 are used as protecting groups for R; as noted
above.

The R, group as shown for the conpounds of formula (11) above and
in the various conpounds below may be nethyl (M), 2-cyanoethyl
(CNEt), p-nitro-phenylethyl (NPE), and para- and ortho-chloro-
phenyl (p- or o-d Ph).

Possi bl e protecting groups for the 3 -hydroxyl position (Rs for
the conpounds of formula (1l) and for the various conpounds
descri bed below) include levulinyl, and ionic protecting groups,

also referred to as ionic tag linkers. Suitable ionic tags are

known to those of skill in the art. These nay include those
described in PCT Application Publication No. WD 2006/ 096963 of
Chan, T.-H et al., the contents of which are incorporated herein

by reference in its entirety. Suitable ionic tags may include,
for exanple, imdazolium and phosphonium ionic noieties having

linkers selected fromal kyl linkers, glycol linkers, etc.
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In an enbodi nent, an ionic tag is a phosphoniumionic tag
conprising a zwi tterionic phosphoniumsalt of Fornula I|:
Rl

(fh
Ph—li'@
Ph

Formula [

wherein: nis Oor 1; Ris Hor SO;y; R is selected fromthe
5 group consisting of C-Cy alkyl, GC,-Cyp al kenyl, GC,-Cy al kynyl,
G- Cp cycl oal kyl, phenyl, substituted phenyl, benzyl and C;- Cy
al koxycarbonyl; R is CX; when nis 0; and X is selected fromthe

group consisting of F, d, Br and I. 1In another enbodi nent, the
zZzwi tterionic phosphoniumsalt of Fornmula | is:
I/Ph
Ph—FE.
®
Ph
SOy
10
Me
Ph"JI:'@

S04
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COOMe

or

SO;”

These and other zwitterionic phosphoniumsalts which nmay be

included in ionic tags of the invention are described in,

exanpl e, International

W02010/ 012096,

PCT Application Publ

i ncorporated by reference.

In one enbodi nent,

cl eavable ionic tag linker.

be in one enbodi nent

(K)

i nker:

conprising a gama ket oester

a protecting group

For exanpl e,

for

i cati on No.

the entire contents of which are hereby

is an orthogonally

a protecting group can

an orthogonally cleavable ionic tag |inker

36
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C3—-0
® ©

O v-ketoester linker ionic moiety

(K)

In another enbodinent, a protecting group is an orthogonally
cleavable ionic tag linker (P) conmprising a photol abile noiety,
e.g., a nitrobenzyl derivative, and an ionic noiety and a |inker:

ionic moiety  linker 8 nitrobenzyl derivative

(P)

Both (K)y and (P) contain an ionic noiety for wuse 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 incorporated herein by reference in its
entirety. The ionic nmoiety in (K)y and (P) is attached to a
gamma- keto ester or photol abile npoiety, respectively, through a
linker, nost sinply a short alkyl chain or a functionalized al kyl
chain of one or nore carbons. A gamma-keto noiety is cleaved
selectively with hydrazine, wher eas (P), a nitrobenzyl
derivative, is cleaved by photolysis, releasing the 3 OH group
for further functionalization. The present invention provides a
met hod for cleavage of (K) and (P), as well as phosphityl ation of
the wunblocked 3 OH to afford amdite blocks for wuse in

ol i gonucl eoti de synt hesi s.

The entity B in the compounds of formula (lI1) above and in the
compounds described below is a nitrogen-containing base,

preferably a base or a protected-base (also referred to herein as
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a “nucl eobase”). The base is preferably a purine or pyrimdine
base or analog thereof. Analogs include diamnopurine and its
derivatives, inosine and its derivatives, alkylated purines or
pyrimdines, acylated purines or pyrimdines, and thiolated
purines or pyrinmdines. Mre specific analogs include, for

exanpl e, 1-methyl adeni ne, 2-nethyl adeni ne, N6-nethyl adeni ne, N6-

i sopent yl adeni ne, 2- et hyl t hi o- N6-i sopent yl adeni ne, N, N-
di met hyl adeni ne, 8- br onpadeni ne, 2-t hi ocyt osi ne, 3-
met hyl cyt osi ne, 5- met hyl cyt osi ne, 5- et hyl cyt osi ne, 4-
acetyl cyt osi ne, 1- net hyl guani ne, 2- met hyl guani ne, 7-
met hyl guani ne, 2, 2-di met hyl guani ne, 8- br onbguani ne, 8-

chl or oguani ne, 8-am noguanine, and the like. A “protected base”

is protected on at least one nitrogen by any suitable N

protecting group including levulinyl, acetyl, difluoroacetyl,
trifluoroacetyl, isobutyryl, benzoyl, 9-
fl uor enyl met hoxycar bonyl , phenoxyacetyl , di met hyl f or mami di ne,

N, N- di phenyl carbamate, and the like. Preferably, the base is
sel ected such that the conpound of forrmula (I1) is a derivative
of adenine (A), cytosine (C, guanine (G, or uracil (U. In an
enbodi nent, where the conpound is a deoxyribonucl eotide, the base
is selected such that the conpound of formula (Il) is a
derivatice of adenine (A), cytosine (C, guanine (G, or thymne

(T).

Various aspects related to the practice of the present invention
are disclosed in PCT International Application Publication No. WD
2009/ 064115 to Sanchully Pharm Co., Ltd.; Kumar, G and Pooni an
MS. J. Og. Chem, 49, 4905-4912 (1984); Nener, MJ, and
Qilvie, KK, Can. J. Chem 58, 1389-1397 (1980). Recent
advances in RNA synthesis have been sunmarized in a review by S
Beaucage, Curr. Qpin. Drug D scov. Devel. 11, 203-261 (2008)].

The use of previously reported dimer and trinmer phosphoranidite
synthons were directed at the synthesis of RNA oligomners,
i nvol ving the use of such dinmer or trimer units only in the first
coupling reaction on solid supports (WO 2009/064115). Fol | ow ng
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coupling of one such dinmer unit, the ensuing steps involved the
excl usive coupling of nononeric phosphoramidite units until the
desired length was produced (WO 2009/064115). This discourages
the use of “various kinds of diners” for the purpose of RNA
synthesis, as this would require “long-term periods of synthesis
and high production costs.” The disclosure further enphasizes
that it “enploys just one diner or trimer species only in the
first coupling step and then conmon i nexpensive nononmer units in
the subsequent steps, which enable the lowcost, high purity

production of the nucl eotide oligoners”.

In contrast to the above disclosure, the RNA diners and triners
presently described can be used exclusively or in conbination
Wi th nononeric units. In addition to applications in solution-
phase RNA synthesis, their use can also be extended to routine
synthesis of RNA on conventional solid supports such as
controlled pore glass and pol ystyrene. In this case, the RNA
strand is assenbled by several block couplings, cleaved and
rel eased from the support after synthesis and the resulting
synthetic RNA utilized in physicochem cal or biological studies.
There are several derivatives that may be included for such bl ock
coupling reactions [see structures (30), (47) and (50) below].
The 2'-TIPS protecting group at the 3 -termni of such
structures provides unique 5 -DMIr 3’ -phosphoranidite dimer and
trimer synthons for RNA synthesis. In sone enbodi nents, the
nmet hods provi ded herein are adapted for use in solution-phase DNA
synthesis as well as routine synthesis of DNA on conventional

solid supports.

Furthernore, the 2'-TIPS protected diner and triner synthons
described herein provide several di stinct advantages over
previously reported 2'-TBDVMS 3'-phosphoram dite diner synthons
(WD 2009/ 064115). The inventors have di scovered that the use of
TIPS conpletely elimnates 2° to 3 -isonerization that occurs
with 2'-TBDVS protecting groups present in previously reported
synthons (WO 2009/064115); in fact, the present disclosure

39



teaches that when synthetic procedures are followed as described

in WD 2009/064115, that 2’'-TBDMS dinmer synthons are not isol ated

in pure form but rather as mxtures of 2 +3'-TBDMS regi oi sonmers

that are difficult (if not inpossible) to separate under the
5 specifications provided.

In an enbodi ment, nethods described herein provide isonerically
pure diner and trimer synthons in high vyields. In anot her
enbodi ment, mnethods provided herein lead to high fidelity RNA
synt hesi s. Such dinmer and triner synthons when coupled in

10 solution or solid phase, allow |longer chain extensions at each
coupling stage of RNA synthesis, significantly reducing the total
nunber of steps required in the synthesis of target RNA
oligoners, and reducing their exposure to acidic environnent.
Additionally, dimer and triner synthetic routes produce crude RNA

15 oligoners that are generally nore readily separated from the
products of failure couplings. Thus the dimer and trinmer block
approaches potentially benefit critical aspects of siRNA
manuf act uri ng: speed and purification of synthesis, and the
integrity of the desired full I[ength RNA chain.

20 In another enbodinent, there is provided a process for preparing
a compound of formula (I11):

R501 o.B
O OR;
RpO—FI’=O
© n
L N g
OR3 OTIPS
(1)

wher ei n
25 nis selected from1, 2, or 3;

R, is a protecting group;
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R; is selected fromH, a protecting group and an ionic tag

i nker;

Rs is a protecting group;

R, is a protecting group;

B is a nitrogen-containing base;

wherein each B, R, and R, nay be the sanme or different from any

other B, R, and R,, respectively;

the process conprising the steps of:

a)

condensi ng a phosphoramdite of forrmula (111):

O OR
RpO-P
N(R)2
(1)

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

R is lower alkyl, or the NR, noiety
al kyl am ne, or a substituted «cyclic

preferably norpholine;

with a nucl eoside of formula (I1V):
HO o. B
OR3 OTIPS
(V)

wherein B and R; are as defined above; and

41
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b) oxi di zing the product of step (a) to produce the conpound
of formula (Il1) where nis 1, and B, R, R, R, and R, are as

defi ned above; and
c) where n>1, the process further conprising:

(i) deprotecting the term nal —ORs group of the

product of the previous step to forma free 5 -CH

group;

(i) condensi ng the product of step (i) wth a
phosphoram dite of forrmula (111), wherein B, Ry,

Rs, R,and R are as defined above, and each B, R,
Rs, R,and R may be the sane or different from any

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

to formthe conpound of formula (I1).

In one enbodiment, R; is H.

In anot her enbodinent, R; is a protecting group, and the process

further conmprises renoval of the Ry protecting group.

I n anot her enbodi nent of the above processes, the R; protecting
group is a levulinyl (Lev) group. In yet another enbodi nment of
t he above processes, the R; protecting group is an ionic tag

linker. In still yet another enbodi nent of the above processes,

the ionic tag linker is selected from

©
BF,
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0 0 :and

Br

/\/\Pé\/\ NO,
O\n/‘i’m
X (@]
(0] , wherein X is selected from NH and
(@]
_N(R)2
| I |

In anot her enbodinent, when R; is ORp ., R is selected from

lower alkyl, or the N(R, noiety is a cyclic alkylanmine, or a

substituted cyclic al kyl am ne, preferably norpholine.

I n anot her enbodi nent of the above processes:
R, is TBDMVS;
Rs is selected from DMIr and MMIr;

R, is selected frommethyl (M), 2-cyanoethyl (CNEt), ortho-
chl or ophenyl (o-d Ph), and para-chl orophenyl (p-d Ph);

Ris selected fromisopropyl, nethyl, and ethyl; and

B is a nucleobase protected on at |east one nitrogen by a
suitable N-protecting group,

wherein the Nprotecting group is selected from

l evul i nyl, acetyl, di fl uor oacetyl , trifluoroacetyl,
i sobutyryl, benzoyl , 9-fl uor enyl met hoxycar bonyl ,
phenoxyacet yl , di met hyl f or mami di ne, and N, N- di phenyl
car banmat e.
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I n anot her enbodi ment of the above processes, Rs is DMIr, R, is

methyl, and Ris iPr.

HO HO

o5 o. B
o
o) @ BFa o)

/’\/\I/O OTIPS JQ /\/\/‘\/\(O R
o \—/ o)
K1, R =H, B=Thy

(15), B = Ura
K2, R = OTIPS, B= Ura

% /—/7 HO 5 § or "N o f
/_rp\iL M\Hms /\/\P(z\/\ N Om\/owcmps

O P4, X =NH, B=Ura
K3, B =Ura P5,X=0,B =Ura

Non Iimting exanples of the synthesis of the ionic tag linkers
and their esterification with nucl eosides are shown in Schenes 8
and 9. The ionic tag linkers of nucleosides K1, K2 and K3, |ike
the levulinyl group, require one of the nildest sets of cleavage
conditions for selective renoval fromthe other protecting groups
used in RNA synthesis, i.e., a sinple treatnent w th hydrazine
hydrate in a pyridine and acetic acid solution. Furt her nore,
their ionic nature permts precipitation based purification of
t he nucl eoside (e.g. conmpounds (61) or (62), Schenmes 8-9), or if
desired, di- and tri-nucleotides derived from such ion tagged
nucl eosi de. Schenme 8 depicts a nethodology to synthesize a 2’ -
deoxynucl eoside with a hydrazine cleavable gamm ketoester tag,

which facilitates isolation via precipitation step.

Schenme 8. Synthesis of orthogonal gamma-keto acid tag (60) and
its derivatization with a protected 2’ -deoxynucl eosi de.
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side product
o EtOH T 2
o) t
OEt oN” s o OH
(51) 52) clo ):LOH (54) (55)
(25%)

(63)

N ( N

1) BH3, THF, CgHyg o_ 0O

CH(OEt)3, EtOH « oft o ot
TSA 2) NaBOs, H,0
P 56) O 57 O
(95%) (85%)
N4 A o 170
PPhs, CBr, o_0 \—/ A@Br OEt
BrMOEt —_— \N \N
imidazole, CH,Cl, (58) o ACN \—/ (59) 0
(86%) (95%)
o)
7 ONH o)
DMTrO N/&o 7 ONH
o
° o b DMTrO 5 N/l%o
1) NaOHyq /L@MWOH OH
bt NP2 o o \/_\/
2) HCI NN (60) o l@Br )
aq —
\—=/ (100%) TBTU, NEt;, "y
ACN \—/ 61) o

(88%)
Upon selective renoval of the tag, the nucleoside (or diner or
trimer bl ock) can be converted into 3 -phosphoranidite
derivatives, by protocols described herein, that may be used in

5 bl ock condensati ons.

Several approaches can be applied to obtain the required gama-
ketoacid (60). For exanple, Schene 8 enploys a Stetter reaction
as the first step [(51) + (52) - (54)], a reaction that
10 transforns al dehydes into nucl eophiles using catalytic anmounts of
a thiazolium salt, e.g. (53), in the presence of a nmild base
(Stetter, H Angewandte Chenmie, International Edition in English
15: 639-47 (1976)). Thus 4-pentenal (51), an al dehyde attached to
an aliphatic chain termnating in an al kene, was activated as a
15 nucl eophile and all owed to undergo a M chael addition using ethyl
acrylate (52) as the electrophile. The substrates were m xed

with thiazoliumsalt (53) and dissolved in ethanol. The reaction
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m xture was heated and once it was refluxing gently, the reaction

was initiated by the addition of

t he sol vent

was renoved and the nmaterial obt

to a dichl oronet hane/ bri ne extraction f

chr omat ogr aphy.

i nvestigated for

The desired product, (54),
acyloin side-product,

the purification. The vyi el

25% (as estimated by 'H NWVR analysis of the

enough material can readily be obtained to

synt hesi s,

triethylam ne. After 18 hours

ai ned was subjected
ollowed by flash
co-eluted with an

(55), in all the sol vent systens

d was approxi nately
m xture), however,

continue with the

with the inpurity (55) becom ng easily separable after

t he subsequent step. The next step in the

to protect

4 hours was found

synthetic route was

ketone (54) as an acetal [i.e., (56)]. Refluxing for

to be adequate for this

completion and the desired product (56) was

yi el d. The product

si de- produc
appear to
reaction.

t (55) generated

reaction to reach
obtained in 90-95%

(56) was easily separable from the acyloin

in the earlier step, which did not

undergo any transformation in the acetal formation

The identity and purity of (56) were confirmed by TLC
LR- M5 and NWVR.

Wth the gammma- acet al -ester,

(56), in hand, the next step (Schene

8) was the hydroboration of the terninal

achieved using an in situ

reagent.
bor ane- THF

al kene. This was

generat ed dicycl ohexyl borohydride

An appropriate anount of cyclohexene was added to

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

i nt er nedi at

sodi um per bor at e,

2 hours at room tenperature.

e borane was achieved by the a

a mld oxidant that left th

The oxidation of the

ddition of aqueous

e ester intact, and

the reaction was continued for another 2 hours. The reaction

m xture was then extracted with ethyl acetat

e and the product,

(57), was purified by flash colum chromatography, providing a
colourless liquid in 80-85%yield, with 15-20% of (56) al so being

recover ed.

conver si on,

This reaction

even wi th | onger

never proceeded

reaction tinmes or
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anmount of the borohydride reagent generated relative to

substrate.

The primary al cohol, (57), was then m xed with triphenyl phosphi ne
and tetrabronmonethane in DCM in order to generate the terninal
brom de (58). The reaction proceeded cleanly but upon aqueous
wor kup, acetal cleavage occurred, likely due to the fornmation of
hydrobrom c acid fromthe hydrolysis of the excess reagents. The
reaction was perfornmed again in the presence of imdazole, which
neutralized any hydrobromic acid generated, and the desired
product, (58), was obtained in 79-86% yield after flash
chr omat ogr aphy. Subsequent condensati on with 1, 2-
dimethylimdazole in acetonitrile resulted in the ionic tag
linker, (59), in 95%or greater yield.

The final steps in the synthesis (Schene 8) involved the cl eavage
of the acetal and ester as well as anion netathesis of the ionic
moiety and finally derivatization to a nucl eoside. Initially
aqueous acid was used to effectuate the deprotection, followed by
anion netathesis but the mnmaterial thus derived deconposed
rapidly. Subsequently deprotection was performed via a two step
process, the first a base nediated cleavage of the ester (59)
followed by a linted acidification to protonate the carboxylic
acid and cleave the acetal. The protected material, (59), was
t hus dissolved in aqueous sodium hydroxide and allowed to react
for 16-18 hours followed by the addition of aqueous concentrated
HJ to bring the solution to approximately pH 1 and finally
drying under reduced pressure. The excess salt was renoved by
suspending the resulting solid in acetonitrile/dichloromnmethane
and filtering off the insoluble material. The product obtained,
(60), appeared pure by TLC, LR-M5 and NWMR but Ilikely still
contained a small anount of sodium chloride, which could not be
detected with these techniques. Anion netathesis at this point
also led to significant deconposition of the resulting product,
as in the acid nediated deprotection. The brom de salt, (60),

was stable upon long term storage, however, and was found to
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couple in the expected manner with a nucleoside. |In fact, using
O (benzotriazol-1-yl)-N, N, N, N -tetranet hyl uroni um

tetrafl uoroborate (TBTU) as the coupling agent achieved both the
coupling and anion exchange sinmultaneously, with the coupling
proceedi ng quantitatively and the ani on exchange confirmed by LR
Ms as an absence of bronide ions and the presence of
tetrafl uoroborate in the negative node. This product (61) was

al so stable upon I ong term storage.

Wth a derivatized nucleoside (61) in hand, the cleavage
characteristics of the orthogonal gamma-ketoester ionic tag
linker from the nucl eoside were studied and conpared to those of
the levulinyl ester protecting group, which has been used as
descri bed above to generate oligoneric building blocks and is
known to be easily renoved wi thout affecting any other protecting
groups in the nolecule. The rate of levulinyl ester cleavage
under the conditions studied was faster than that of the ionic
tag linker, wth half Ilives of approximately 0.76 and 2.82
m nutes respectively, corresponding to conplete cleavage of the
levulinyl ester in just over 5 mnutes while the tag required
al nrost 20 nminutes for full cleavage. However, even though the
tag cleaves nore slowy than the levulinyl ester wunder the
conditions studied, the normal reaction time enployed for the
cl eavage of the 3’ -hydroxyl protected levulinyl ester by
hydrazine is 20 mnutes and no degradation is observed in any of
the other protecting groups in that tinme. This indicated that
the ionic tag linker is suitable to the required task, and it is
therefore a viable route to generating oligoneric building blocks
as well.

The tag was also condensed with a 5 -ODMIr-2'-O TIPS Uridine
nucl eosi de (12) (Scheme 9) using the sane conditions enpl oyed for
the derivatization of 5 -O DMIr-Thym di ne. The 'HNVR of the
coupl ed ribonucl eoside did not appear to show any 2'-3" silyl

i someri sation.
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Schene 9. Derivatization of gamma keto-acid ionic tag |inker
(60) with ribonucl eoside (12).

0o

N0
© 0 DMTrO A
/L@MOH KOjN © TBTU. NEts /L@SWO OTIPS
~N"N + Y
N\_—_—/ (6} OH OTIPS ACN N\:/N (62) o)
(60) (12) (62%)
5
As an alternative to the gamm- ket oester |inker 60, a novel
i nker derived fromketopem |lic acid was devel oped (Scheme 10).
Scheme 10: Synthesis of orthogonal ganma-keto acid tag (70) and
its derivatization with a protected ribonucl eosi de.
o , Q Ethylene
e Gl Sy G o WW
O (63 0 H" cat 0 0 (65)
(64) 65% (2 steps)
LiOH (5eq)
% MeOH/H,0
/_/GT /@_ére_
ro Br /_/’P M\
\\L 0_0
/_/7 \\\\ [\ (68) NH, HCI HOMO
NMO — le) le) \l/
(69) j/ TBTU, NEts (67) 60%
sa% © o ACN +
[\
0.0
HOMOH
l LiOH (15eq) o] 0
MeOH/H20 (66) 40%
% /—/_ % i
S DMTrO
Fe Br fk"“"
k_v % oo, (X
I\ OH OTIPS o N ©
o_ 0 (12) [\
NMOH —_— o. O
(70) TBTU, DIPEA ) NMO OTIPS
o 0 0 45%
10 95%+ ACN o o)

Its synthesis started by treating ketopemlic acid (63) with iso-
propanol and catalytic para-toluenesulfonic acid using a Dean-
Stark trap to esterify both terminal carboxylic acid npieties,
affording (64). The use of nethanol and ethanol (instead of
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i sopropanol) in this reaction resulted in lactone formation as
the maj or product, instead of the desired diester (64).

Schenme 11: Esterification pathway (63) depends on the bul ki ness
of the al cohol’s al kyl group.

Q OR
ROH RO
/ 3 lactone
o H™ cat
HO OH R = Me, Et
(o) (63) (0] R\OI—IA
H* cat Q )
ROWJ\/\I(OR R =i-Pr
o) o) (64)

The diisopropyl ester (64) was isolated and then reacted with
et hyl ene glycol and catal ytic pyridinium para-tol uenesul fonate by
refluxing in a Dean Stark trap overnight to formthe cyclic ketal
(65) in 65% yield over two steps. Attenpts to use ethylene
glycol directly to form both the cyclic ketal and glycol ester
resulted in the wundesired 1lactone derivative (Scheme 11),
necessitating that esterification and acetal formation be carried

out in two separate steps.

Cyclic ketal diester (65 was taken up in nethanol and 5
equi valents of aqueous lithium hydroxide were added to the
reaction to preferentially hydrolyze one ester over both,
producing a mxture of conpounds (66) and (67), which were
separated in yields of 40 and 60% respectively. Coupling to the
phosphoniumionic tag (68) to the cyclic ketal nobnoester (67) was
acconmplished wusing TBTU and DI PEA in acetonitrile at room
tenperature for 6h affording conpound (69) in 84% yield. After
isolation the isopropyl ester was hydrolyzed by LiCH in
MeOH Water to afford compound (70) in nearly quantitative yield.
If in an alternative method, the diisopropyl ester (64) and (65)
were not isolated after each step, it can be imagined that the
conversion of (63) to (66) or (67) coud be achieved in one pot.
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Also, an alternative approach could be to selectively hydrolyze
conmpound (65) to the di-acid (66), and then couple this materi al
with one equivalent of the phosphonium tag (68), potentially

i ncreasing overall yield and reducing the process by one step.

The ionic tag linker (70) was then conjugated to the 3'-hydroxy
of ribonucl eoside (12) using standard coupling conditions wth
TBTU and DI PEA to afford conmpound (71) in 4 h in a noderate yield
of 45% It is envisioned that nmild acid hydrolysis of (71) would
afford K3 (Schene 12).

Scheme 12. MId acid hydrolysis of (71).

% : % X
/—/g | p@® Br NH
Br |
/_/»P\i\\ DMTrO . N/&o /_F HO N/&O
/ O
NH OO O omps  MidH0" 7
- M e HNMO OTIPS
71
K3

O O o o

The ionic tag linker of nucleoside K3 requires mld cleavage
conditions for renoval, that is, treatnment with hydrazi ne hydrate
in a pyridine and acetic acid solution. These conditions have
been shown to be conpatible with the protecting groups enpl oyed
in RNA synthesis. Furthernmore, the ionic nature of the tag
permits precipitation based purification of the nucleoside as
carried out for conmpound (71), or if desired, of di- and tri-

nucl eoti des derived from (71).

Alternatively, given that a tag containing ganma-keto ester is
orthogonally cleavable, several other routes to anal ogous
nol ecul es are al so possible. One approach to a simlar nolecule
is shown in Schene 13, and exploits the 5-bronol evulinyl derived
ylid to attach the linker to the gamma-keto ester noiety as shown
in Scheme 13 [Ronald, R C.; Weeler, C J. Journal of Organic
Chem stry 48: 138-9 (1983)]. This would also utilize nany of
the transformati ons al ready denonstrated for the Stetter approach

depicted in Schene 8. Indeed it nay even be possible to link the
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tag in a single step with this approach, since conpounds
containing the ionic nmiety and an aldehyde can be easily

pr epar ed.

Schenme 13: 5-Bronol evulinyl derived phosphoniumylid approach to
the synthesis of ion-tagged gamra- ket oaci ds.

(0]
(0]
PhaPx O\ H
+ TBSO —_— TBSO\/\/\ O\
0 o]

o}
o}
o}
HO. ol
\/M/Y ~ -— TBSO\/\/\/\WO\
o}
l o}
\ @
BrW\/\WO s &NM OH
~ e
o o}
The hydrogenation of +the resulting alkene would Ilikely be

necessary since it would be conjugated to the ketone and this
conjugated system would likely react nore slowy wth hydrazine
during the cleavage of the tag. It is understood that other ionic
tags nmay replace the dinethylinidazoliumtag 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 their entirety. Suitable ionic tags may include,

for exanpl e, phosphoniumionic tags.

Anot her possi bl e approach to the sane substrate would be to use a
nore traditional Unpolung reaction than the Stetter approach,
enploying a dithiane derived from the same aldehydes as the

nucl eophil e (Schene 14).
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Scheme 14: Dithiane Unpol ung approach.

TBSO\V//\\//\\W/H ___» TBSO SPh > TBSO
M OR
O SPh

PhS SPh

DMTO B l
\312%% “/ \ @ \
E)\ B? NQ( (o)
® D <§/N\¢/\\/A7K/\\/ﬂ\
OR
PhS SPh

The sane M chael acceptor could be used and this approach would
elimnate the conpeting self-condensation reaction observed in
the Stetter reaction [Schene 8, product (55)]. The dithiane
woul d al so serve as the ketone protecting group for the bul k of
the reaction and would likely be stable to the fluoride treatnent
enpl oyed for renoval of the silyl ether (TBM). Thi s approach
would also use many of the transformations descibed herein,
though the timng of the dithiane cleavage to |liberate the ketone
m ght be required prior to the installation of the ionic noiety,
if the reagents wused for this cleavage prove difficult to
separate from the desired product. In that case, the dithiane
could be cleaved immediately after the carbon-carbon bond

formati on and an acetal could then be install ed.

An alternative to the orthogonal |evulinyl |inker described above
is a light cleavable linker which can be renoved 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 anytine during the synthesis of bl ockers. In
combination with the 2'-TIPS protecting group there is no risk of
silyl mgration, allowi ng for the production of regioisonerically
pure bl ockrner s whi ch can be readily converted into
phosphorami di es. The synthesis of the NPPOC |ike derivative (80)
begins with a few short and el egant steps reported by Pfleiderer
[Pfleiderer, W et al. Helvetica Chemi mca Acta, 87: 620 (2004)].

53



10

15

20

Schenme 15: Synthesis of photolabile ionic tag |inker (80)
NO,

NO,
o OH
oH J
HNO3 >< H” TH
HO o o (76)
o

72 DIC, DMAP o (5 o ® 85-90%
o 2 O K| t-butanol
60%

DMF, 90°C  3h
Fmoccl | Py, DMAP

ACN

S ~
§ Fo Br O (FMOC)
A~ P{a\/\ NO, O /_/— \\\\ NO, .
N ooy O o)
o T TBTU, Py 80% TFA in DCM o @7 ©
79 ACN
O

L
o 62% (two steps) 86% (or Lev)

S

r

/__/-OzN OH

20% 4-methyl
piperidine in DMF /_/‘P\i\\
o 80)
71%
0

Fum ng nitric acid was cooled to -10°C and 4-ethyl benzoic acid

30min

(72) was added over 30 min to the sitting solution, then all owed
to stir for 30 mn. The m xture 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 (959 . The tert-butyl ester was forned using DCC and

DVAP with tert-butanol under standard conditions.

The formation of the 2-substituted propan-1-ol derivative was
achi eved as described by Pfleiderer by treating the tert-butyl
ester with para-fornal dehyde and a catal ytic anmount of potassium
tert-butoxide in an aprotic dipolar solvent, such as DMF or DMSQ,
at 90°C for 3h [Pfleiderer, W et al. Helvetica Chem mca Acta,
87: 620 (2004)]. The reaction is then quenched and neutralized
to pH 7 with 1 M HO, vyielding 85-90% of the desired product
(76). The newy forned primary hydroxyl is then protected with

Froc-d (77), an acid stable protecting group. This all ows
cl eavage of the t-butyl ester with 80% TFA in DCM w thout
deprotection of the primary hydroxyl group. Wthout Fnoc
protection, dehydration of the newy formed hydroxyl wll occur,

54



10

15

20

25

formi ng the propene derivative. As well, after the installation
of the Fmoc it is inperative that the conpound is not exposed to
sunlight or tungsten light for long periods of tine, as this
compound wi Il wundergo photolytic cleavage, as per the design of
t he nol ecul e.

The newly forned free acid was then coupled with phosphonium
ionic tag (53) with TBTU in ACN and wapped in alumnumfoil for
8h which afforded the tagged species (79) in a noderate yield of
65% which can be easily separated from any starting material by
col um chromat ogr aphy. Next, the Fnoc group was renoved under
standard conditions by treatnment with 20% 4-nethyl pi peridine in
DMF for 2h, vyielding conpound (80) in good yields. Although no
protecting group can be renoved at the primary alcohol, this
compound shoul d be kept in the dark at all times. This is due to
the fact that it was observed that sone degradati on does occur
over tine, albeit nmch nore slowy than when the Fnobc was

present .

The previous synthesis of the light labile linker is somewhat
long and requires the use of an expensive transient protecting
group, Fnoc. In an attenpt to shorten the synthesis we were able
to avoid protection, deprotection, and re-protection of the
carboxylic acid noiety, while increasing overall yields. This was
acconplished by directly conjugating a nodi fied phosphoni umi onic
tag (68) containing a primary amne in place of the hydroxyl
group, creating an am de bond in conpound (81) (Scheme 16). This
was achieved as described for the synthesis of (80) (Schene 15)
usi ng TBTU and triethylam ne as coupling reagents, producing (82)

in 35%vyield (unoptim zed).

Scheme 16: Short synthesis of photolabile ionic tag |inker (82)
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<Z % ZZ o
P/@_ér@_ TBTU, NEts /_F Re & NG
/_f_\\\\ HO — LWLH
0

ACN N
81)
NH, HCI (
68 2
(68) (73) 8% 3
%, e
H OH 0 K
P® Br NOz
OH DMSO, r.t.
H 12h

N
(82)

35%
I n another enbodinment, there is provided a process for attaching
an ionic tag linker (82) to a ribonucleoside, affording a
building block, (85) or (86), for further elaboration into
ol i gonucl eoti des. The general nethod for carrying out the
conjugation is shown in Schenme 16, and involves phosgenation of
an ionic tag linker followed by its attachnment to the 3’ -hydroxyl

group of a nucl eosi de.

Thus, phosgenation of (80) or (82) was carried out by a nodified
procedure from Eckert, H Auerweck, J. Org. Process Res. Dev. 14:
1501- 1505, (2010), and is outlined in Scheme 17. Det ai | ed
experimental procedures for generating phosgene from tri phosgene
and phenanthridine are described in the Experinmental section

(Exanpl es).
Schenme 17: Conjugation of nucl eoside (12) to photol abile ionic

tag linker.
fJ\NH
DMTrO /&

N~ O

%/_/'OzN OH © §/\/\ O
Q (12)
OH OTIPS ~Teo Q

Phosgene, NO;
\\‘\ generated from triphosgene O\n/o OTIPS
c Py X o}
(80) X = ACN ca. 65%

O @5x=0
(82X = (86) X = NH

A solution of nucleoside (12) in acetonitrile was added directly
to mxture of DI PEA and the phosgene generated above, and all owed
to stir for 8 h at room tenperature. After addition of ethy

acetate, the mxture was washed with sat. NaHCO; and brine, and
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precipitated in MIBE to renove excess (unreacted) nucl eoside and
DI PEA. The resulting precipitate was further purified by colum
chr omat ography i n DCM MeOH.

Nucl eosi des such as (86) have a nunber of applications. They can
serve as starting materials for the synthesis of dinmer or triners
or larger oligonucleotides requiring only a precipitation step
for isolation by virtue of the polar ionic tag linker at the 3 -
termni. Once the desired | ength has been synthesized, the 3 -
tag and all protecting groups can be cleaved yielding the free
(unprotected) oligonucleotide. Aternatively, because the 3’ -ion
tag can be selectively cleaved wi thout deblocking all other
protecting group on the heterocylic bases or sugar-phosphate
backbone, it provides a novel neans for preparing protected
ol i gonucl eoti de bl ocks containing a 3 -hydroxyl group that can be

further elaborated to a 3’ -phosphoramnidite derivative.

These processes are exenplified in the synthesis of the
tetranucl eotide rAGCU starting from nucl eoside (86) (Schenes 18
and 19). Reactions were carried out in the dark by wrapping the
reactions flasks with alumnumfoil, to avoid premature cl eavage

of its ionic photol abile tag.

Schene 18: Synthesis of ion-tagged rCpU (90) from nucleoside
(86).

DMTrO. Cythe
o Y DMTrO- O_Cythe
Meo. O OTBDMS 0 OTBDMS
R
\ MeO-P=0
o~ DMTrO Ura N\< @8) ¢ S
o Ura
A~ B NO \w o /K /_/_ k © 7
0 O OTIPS NO
% A 1. DCl RO g 2 o. _O OTIPS
HN fo) 2. t-Butyl hydroperoxide \\LH \g/
N
O (86)

o (90)

3'-Tagged-uridine (86) was detrityl ated by addi ng 3%
trifluoroacetic acid in DCM and allowing the mxture to stir for

5 mn. Addi ti on of methanol ensured quenching of the trity
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cation, preventing the re-tritylation of the 5 -hydroxyl group.
The crude product was then precipitated in MBE to renove
DMIr Ove, and/or DMIr OH. The compound was then filtered over
celite, collected in DCM and re-purified by colum chronmat ography
affording P4 in 95% vyield. The synthesis of diner rCpU (90)
from P4 was carried out by coupling with rC phosphoramdite
mononer (88) in the presence of 4,5-dicyanoi m dazole (DCl), and
the resulting solution was allowed to stir at room tenperature
for 3 h. Ten equivalents of tert-butanol was added to quench
excess phosphoram dite, followed by 10 eq of tert-butyl
hydroperoxide (1 nmL of a 6 M solution in decane) to oxidize the
i nternucl eoti de phosphite triester to the nore stable phosphate
triester. The reaction was then concentrated to an oil, taken up
in mniml amunts of dichloronethane (DCM, and precipitated in
MIBE to renpbve all excess reagents. The precipitation process
was repeated if the presence of any quenched phosphoram dite was
detected by TLC. Tagged rCU diner (90) was isolated in 95%yield
(0.63 q). The above process was repeated as described above

using the appropriate phosphoranmidites until tetranmer (92) was
obtai ned. Full experinental procedures and characterization are

provided in the Experinmental section (Exanples).

Scheme 19: Sel ective photocl eavage of orthogonal phosphoniumtag
from tetramer (91), affording protected DMTr-rGACU-3'OH (92).
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O OTBDMS
MeO—P=0 O OTBDMS
5 Ade®? MeO—P=0
o e} ° AdeB?
(|3 OTBDMS tag is precipitated
MeO—P=0 UVA and removed O OTBDMS
| by filtration |
o MeO—P=0
0_Cyt"®  ACNiwater |
i ? 15 min, r.t. (6] A
Cyt™¢
o OTBDMS K °© 7
Moo o OTBDMS
| |
% o 0 MeO—-P=0
o ra !
oy °
. o, 0 Ura
OH OTIPS

/_Fp\i\\Br o\n/o OTIPS
H o)

o (01)
Tetraner (91) was dissolved in 1
and transferred into a quartz c
i nside a photoreactor with stirri

within 15 nmin (TLC analysis).

(92)

m. of wet ACN (1200 ppm of H,O,

uvette.

ng.

The cuvette was placed

The reaction was conpl et ed

The m xture was concentrated to

about half volune and the cleaved tag renoved by precipitation
with nmethyl t-butyl ether (MIBE). The desired tetramer was
found in the MIBE solution, which was collected after

concentrating the solution to dryness.
(92),
provide the 3 -phosphoram dite derivative (93)

(92 mo). Phosphityl ati on of

for RNA synthesis via bl ock coupli

Schene 20:
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Isolated yield was 95%
as described previously,
t hat

can

is suitable

ng.

Synthesis of a tetraneric phosphoram dite derivative.
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(92) OH OTIPS

DMTrO
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0O
O OTBDMS

MeO—P=0

3'-phosphitylation

d i gonucl eoti de Synt hesi s.

I n anot her enbodi nent,

an N-ner oligonucl eoti de,

there is provided a process for

sai d process conpri sing:

5 a) condensi ng a phosphoramidite of formula (lla):
R501 o.B
O OR;
RpO-P=0
@)
(I) OTIPS
RpO—P
N(R)2
(Ira)
wher ei n
nis an integer fromoO to 19;
10 R, is a protecting group;

Rs is a protecting group;

R, is a protecting group;

60

(93)

preparing



R is lower alkyl, or the N(R, noiety is a cyclic
al kyl am ne, or a substituted cyclic alkylam ne,
preferably norpholine;

B is a nitrogen-containing base;

5 wherein each B, R, and R, may be the same or different
fromany other B, R and R, respectively;

W t h

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

wher ei n <:> is selected froma solid support or
10 an ionic support, or

5-OH)nj—
(b’) a conpound of formula ( )Pd LT___<:>

wherein "%N is a nucl eosi de/ ol i gonucl eoti de chai n bound
to the solid support or the ionic support via the

functionalized linker L and having a free 5 -CH group;

15 b) oxi di zi ng the product of step (a) to forma conpound of
formula (VII1):

(V1)

wher ei n
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y is 0 or 1;

n, B R, Rs Rp,@, L, and Nare as defined above; and
c) optionally,

(i) deprotecting the termnal 5 -ORs group of the
5 product of the previous step to forma free 5" -
OH group;

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

phosphoranmidite of formula (11a)

R501 B

(I) OTIPS
RpO-P
N(R),
10 (11a)

wherein n, B, R, R, R, and R are as defined
above, and each n, B, R, Rs, R, and R may be the
same or different fromany other n, B, R, R, R,

and R, respectively;
15 (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 forma bound N-ner oligonucleoti de.

In another enbodinent, y is 1 and N is a nucl eosi de.
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In yet anot her enbodi ment , i:: B é is

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

preparing an N-ner oligonucleotide, said process conpri sing:

a) condensi ng a conmpound of forrmula (11b):
R501 o.B

O OR

RpO—FI’=O
© n

L e B

OH OTIPS
(I1b)
wher ei n

nis an integer fromoO to 19;
R, is a protecting group;
Rs is a protecting group;
R, is a protecting group

B is a nitrogen-containing base;
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wherein each B, R, and R, nay be the sanme or different

fromany other B, R and R, respectively;
with

a functionalized linker L bound to an ionic support @

oxi di zi ng the product of step (a) to forma conpound of

fornmula (IX):

5
b)
10
c)
15

O OR
RpO-P=0
O

L _n
\@

(l) OTIPS
L

©

(1X)

wher ei n

n, B R, Rs Rp,@, and L, are as defined above; and

(i) deprotecting the termnal 5 -ORs group of the
product of the previous step to forma free 5" -
OH group;

(ii) condensing the product of step (i) with a
phosphoranmidite of formula (11a)
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R501 B

(ID OTIPS
RpO—P
N(R)2

(I'1a)

wherein n, B, R, R, and R, are as defined
above, and R is lower alkyl, or the N(R, noiety is a
cyclic alkylam ne, or a substituted cyclic al kyl am ne,
preferably norpholine; wherein each n, B, R, Rs, and
R, my be the same or different from any other n, B,

Ri, Rs, and R,, respectively;

(iii) oxidizing the product of step (ii); and

(iv) optionally repeating steps (i)-(iii);
to forma bound N-ner oligonucleoti de.

I n anot her enbodi ment of the above processes, n is selected from
0, 1, 2, or 3.

In yet another enbodi ment of the above processes:

R, i s TBDMVS;

Rs is selected from DMIr and NMMIr;

R, is selected fromnethyl (M), 2-cyanoethyl (CNEt), ortho-
chl or ophenyl (o-d Ph), and para-chl orophenyl (p-d Ph);

Ris selected fromisopropyl, nethyl, and ethyl; and
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B is a nucleobase protected on at |east one nitrogen by a

suitable N-protecting group,
wherein the Nprotecting group is selected from

| evul i nyl, acetyl, di fl uor oacetyl , trifluoroacetyl,

5 i sobutyryl, benzoyl , 9-fl uor enyl met hoxycar bonyl ,
phenoxyacet yl , di met hyl f or mami di ne, and N, N- di phenyl
car banmat e.

In still yet another enbodi nent of the above processes:

Rs is DMIr;

10 R, is nethyl; and
Ris iPr.

In another enbodinment of the above processes, the processes

further conpri se fully deprot ecting t he bound N ner

oligonucleotide to yield a free Nner oligonucleotide. In
15 anot her enbodi ment of the above processes, the N-ner
ol i gonucl eotide has a length from 4-100 ribonucleotides. In yet
anot her enbodi nent of t he above processes, t he N- mer

ol i gonucl eotide has a length from 4-100 deoxyri bonucl eoti des.

I n anot her enbodi nent of the above processes, ::: B é is

20 sel ected from

66



10

15

20

25

o] , wherein X is selected from NH and
O

In yet another enbodinent, there is provided an oligonucl eotide

prepared by the above processes. In one enbodinent, the
ol i gonucl eotide prepared by the above processes is an
ol i gori bonucl eoti de. I n anot her enbodi ment, the oligonucl eotide

prepared by the above processes is an oligodeoxyri bonucl eoti de.

Suitabl e solid supports for use in the above-nenti oned processes
are known to those of skill in the art and may include controlled
pore glass (CPG or Ilong chain alkylamne CPG (LCAA-CPG;
pol ystyrene, polyvinyl, and the |ike.

Sui tabl e ionic supports are also known to those of skill in the
art. These may include those described in PCT Application
Publication No. W 2006/096963 to Chan, T.-H et al., the

contents of which are incorporated herein by reference in its
entirety. Suitable ionic supports may include, for exanple,

i m dazol i um and phosphoniumionic salts.

Functionalized linkers (“L” in formulae (VIII) and (I1X)) are
usually attached to solid/ionic supports to space out the
oligonmer from the surface of the support, and suitable I|inkers
are known to those of skill in the art. The nobst conmobn ones
used with CPG (controlled-pore glass) and highly cross-1inked
pol ystyrene (PS) solid supports are |ong-chain alkylamnes that
are further functionalized with a succinyl, oxalyl, hydroqui none-
O O-diacetic acid ("Qlinker'), or universal linkers |ike those
described in US Patent No.: 6,770,754; European Patent No.:
1404695; Cuzaev, A P. et al. J. Am Chem Soc., 125, 2380-2381
(2003). OGther options for linkers are disclosed in Pon, RT. et
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al . Nucleic Acids Research, 25, 3629-3635 (1997), the contents of
whi ch are incorporated herein by reference in its entirety.

As not ed above, the npiety ::: L may be sel ected from

o) ,and orthogonally cl eavable ionic tag

| i nkers such as

S
BF /_F
H O
\ﬁ/\/\/‘\/\n}a Nm/\)l\/\”/h‘%
—N
\—/ o | 0 O , and
S
Br
/\/\Pé\/\ NO,
KL om/%
X (@]
o] ,wherein X is selected fromNH and O

The utility of the dinmer and trimer synthons descri bed herein was
tested through the solution phase synthesis of a decanucl eotide,
5’ - r UUAAUUAA- dTT- 37, and t he solid phase synt hesi s of
ol i gonucl eot i des of uridi ne and n xed uri di ne/ adenosi ne
conposi ti on. The decaner was constructed by coupling of the
previously synthesized diner amdite bl ocks UpU (30) and ApA (47)
(shown in Schenes 1 and 6) with a dTpdT dinmer attached to a novel
t et raal kyl phosphoniumion tag (Schene 21).
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In an enbodi nent, the present invention relates to nethods for
synthesis of oligoners, including but not Iimted to

ol i gopepti des, oligosaccharides and oligonucl eotides (e.g.,

ol i gori bonucl eoti des, ol igodeoxyribonucl eotides), in solution
using cleavable ionic tag linkers provided herein. 1In a further
enbodi nent, the present invention relates to ionic tag |inkers
for use in chenical synthesis of oligomers, including but not
limted to oligopeptides, oligosaccharides and oligonucl eoti des,
the ionic tag |inkers being capable of being cleavabl e under
condi ti ons which do not cleave other oligoner protecting groups.
In an enbodinent, the ionic tag |inkers are orthogonally

cl eavabl e. lonic tag linkers of the invention are conpatible
with the various synthetic methodol ogi es generally applied in
organi ¢ synthesis. Moire specifically, ionic tag linkers are
conpatible with the various synthetic nethodol ogi es generally
applied in the synthesis of oligoners, including but not limted
to oligopeptides, oligosaccharides and oligonucl eotides (e.gqg.

ol i gori bonucl eoti des, ol igodeoxyribonucl eotides). Furthernore,
particularly but not exclusively in the case of

ol i gori bonucl eoti de synthesis, ionic tag linkers must not induce
i sormeri zation of other protecting groups when cl eaved. Mbdreover
solubility of ionic tag linkers is, in an enbodi nent, not

i nfluenced by a growi ng oligopeptide, oligosaccharide or

ol i gonucl eoti de chain, such that separation and purification
procedures beconme unduly conplex. In an enbodi ment, separation
and purification procedures are sinplified using ionic tag
linkers of the invention, and may invol ve washing steps with

aqueous and/ or organi ¢ sol vents.

In an enbodi ment of the present invention, the ionic noiety in an
ionic tag linker of the invention is an organic salt conprising a
het erocyclic or substituted heterocyclic quaternary nitrogen-
contai ning organic cation and an ani on bal anci ng the charge on
the organic cation. In another enbodi nent an organic cation is
selected fromthe group consisting of N-substituted pyridine and

1 ,3-disubstituted i mdazole and the anion is selected fromthe
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group consisting of d, Br, BF4, PF6, SbF6, CuCl 2, and Al Cl 4.
G her ionic nbieties are known in the art, and are within the
capacity of a skilled technician. Furthernore, it is within the
capacity of a skilled technician that an anion nmay al so be an

organi ¢ anion, non-limting exanples of which include CHCO,
CFC0O,, CHSO,, and CF3SO..

In an enbodi nent, a substrate (reactant) attached to an ionic tag
linker is soluble in polar organic solvents and can undergo

i qui d- phase reaction. After conpletion of the reaction and
evaporation of the solvent, excess reagents can be renoved by a
| ess polar organic solvent in which an ionic tag |inker is not
sol ubl e. Inorganic reagents and/or side products can be renoved
by precipitation or by washing with aqueous solution. A sequence
of reactions can be repeated to give nore conpl ex structures.
Finally, a product can be detached and then separated from an
ionic tag linker by organic solvent extraction. Substrates
attached to an ionic tag Iinker are expected to largely retain
their reactivity analogously to traditional solution based
reactions. Progress of reactions is readily nonitored and

anal yzed by standard spectroscopi c techni ques.

In some enbodi nents, purification of products is achieved sinply

by precipitation of an attached ionic tag |inker.

In summary, the present invention describes a viable route for
the synthesis of regioisonerically pure diner and trinmer RNA
phosphoram dites that couple with sinmlar efficiency as nononeric
phosphoram dite units. The met hod increases the overall yield
of the target oligoribonucl eotide sequence by decreasing the
nunber of coupling steps required for chain assenbly and has the
potential of significantly sinplifying the final purification of
RNA sequences. The present invention also denonstrates that
dimer and trimer synthons can be utilized either in solution or
sol i d- phase in conjunction with nonomer synthons in the final
stages of chain assenbly, affording n-2 or n-3 failure sequences

that are nore readily resolved. Diner and trinmer am dite bl ocks
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will likely find use in the |arge scale solution (or solid)-phase
synthesis of siRNA drugs. It should be understood that nethods

provi ded herein are also applicable to DNA synt hesis.

In addition, novel solution phase approaches to synthesis of
ol i gopepti des, oligosaccharides and ol i gonucl eoti des, supported
by ionic tag Iinkers, are described herein. lonic tag linkers

and nmet hods for |arge scal e sol ution-phase synthesis are

provi ded.
EXAMPLES
o) 0
HO \H/\)J\/\”/OH iso-propanol O\[(\)J\/\[(O
o o p-TSA cat. \r o) o) j/
(63) (64)

Di i sopropyl 4-oxohept anedi oate (64)

4-ketopemlic acid (63) (10 g, 57.4 mmol; purchased from Si gma-
Al drich) was suspended in 50 nL of isopropanol and 50 nlL of
benzene. Catalytic anount of p-toluene solfonic acid was added
to the mixture and brought to reflux using a Dean Stark trap to
renove the water produced. Once the volune had decreased to
approximately 50 nL in the flask, another 50 nL of 50:50
Benzene: i so- propanol was added and further reduced to
approxi mtely 30 mi. The mixture was then taken up in ethyl
acetate and extracted with NaHCO; (x3) and once with brine. The
organic layer was dried with MSO, and condensed to dryness
yielding pure (64): 14.2 g (95%.

'H NVMR (300 MHz, CHLOROFORM-d) & ppm 1.06 (d, J=6.45 Hz, 12 H)
2.39 (t, J=7.00 Hz, 1 H 2.60 (t, J=6.70 Hz, 4 H 4.72 - 4.89 (m
2 H '8C NWR (75 MHz, CHLOROFORMd) & ppm 21.57 (s, 1 C) 28.13
(s, 3C 28.13 (s, 3 C 36.92 (s, 3 C 67.66 (s, 1 C 171.90 (s,
2 O 206.82 (s, 1 O CiH,,ONa' |ow resolution ESI-M cal cul at ed:
258. 14, found: 281.21.
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[\
\‘/OMO\’/ Ethylene glycol OMO
O O PPTS \I/ S 5 j/
(64) (65)

Di i sopropyl 3,3'-(1, 3-di oxol ane- 2, 2-di yl ) di propanoate (65)
Compound (64) (0.55 g, 2.1 mol) was solvated with 5eq of
ethylene glycol (0.58 nL, 10.5 nmol), 90 nL of dry toluene and
catalytic amount of pyridinium para-toluene sulfonate. Thi s
m xture was refluxed at 140°C replacing the toluene 3 tines and
finally allowing the reaction to reflux overnight. The m xture
was then distilled to approximately 30 nmL, renoved from heat and
diluted with DCM and extracted with sat. NaHCO; (x2) then water
(x3) to renobve any excess ethylene glycol. The product was
purified by colum chronatography (DCM MeCOH, 100:0 > 95:5).
Isolated yield: 0.41 g (65%.

'H NMR (500 MHz, CHLOROFORMrd) & 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 NWR (126 MHz, CHLOROFORM
d) & ppm 21.59 (s, 1 C) 29.02 (s, 1 C) 32.07 (s, 1 C) 64.94 (s, 1
C 67.23 (s, 1 C 67.26 (s, 1 C 109.84 (s, 1 O 172.56 (s, 1 O
CisHheOsNa'* low resolution ESI-MS calculated: 302.17, found:
325. 0.

o_ 0O o. O o__0O
oMo MeOH/H,0 HOMOH . HOMO\[/
\’/ 0 0 j/ LiOH (5eq) 0o o) [e) O

(65) (66) (67)
3- (2-(3- hydr oxy- 3- oxopropyl ) -1, 3-di oxol an- 2-yl ) propanoi ¢ aci d
(66) and 3-(2-(3-isopropoxy- 3-oxopropyl) -1, 3-di oxol an- 2-

yl ) propanoic acid (67).

Compound (65) (1.3 g, 4.3vmmol) was solvated in 2.5 nL of MeOH to
which was added 5 eq of LiOH (0.51 g, 21.5 mol) in 2.5 nL of
wat er . This mxture was allowed to stir for 6h until all
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starting material was consuned. The solution was brought to
neutrality by the addition of 1 MHO in MOH.

This mxture was purified by colunm chronatography (DCM MeCOH,
100: 0 - 90:10). Isolated yield of (66): 0.35 g (40%. Yield of
(67): 0.68 g (60% .

(66)

'H N\R (300 MHz, METHANOL-d;) & ppm 1.94 (t, J=8.20 Hz, 4 H) 2.33
(t, J=7.30 Hz, 15 H) 3.94 (s, 26 H 'C NWR (75 M4z, METHANOL-d,)
o ppm 28.19 (s, 1 C) 31.82 (s, 1 C) 64.77 (s, 1 C) 109.81 (s, 1
C 175.90 (s, 1 O CyHyOLi* low resolution ESI-M cal cul ated:
218. 07, found: 224.12.

(67)

'H N\R (500 MHz, METHANOL-d;) & ppm 1.22 (d, J=6.36 Hz, 6 H) 1.87
- 203 (m 4 H 2.23 - 2.3 (m 4 H 3.5 (m J=5.14 Hz, 3 H)
3.67 (m J=5.14 Hz, 3 H) 4.89 - 500 (m 2 H C NWR (126 Mz,
METHANCOL-d4) & ppm 7.75 (s, 1 C) 20.72 (s, 1 C) 28.80 (s, 1 C)
31.81 (s, 1 C 60.87 (s, 1 C 62.94 (s, 1 C 67.60 (s, 1 O 72.13
(s, 1 C 109.92 (s, 1 C 173.40 (s, 1 ©O 176.73 (s, 1 O CpHQh
| ow resol ution ESI-M cal cul ated: 260.12, found: 259.03.

— - % ~o
HO 0.0 P/@_éfi TBTU, NEt, /_/’ Ro Br
SO RS
6 S ACN ” o
(67) (68) ~NH, HCI (69) M j/

Tributyl (3-(3-(2-(3-isopropoxy-3-oxopropyl)-1, 3-di oxol an- 2-

yl ) pr opanami do) pr opyl ) phosphoni um br oni de (69)

Compound (67) (0.3 g, 1.1 mml) was solvated in 1.5 nL of ACN
followed by TBTU (0.39 g, 1.2 nmmol), 2.5 eq of triethylamne
(0.38 mM) and phosphonium ionic tag (68) (0.45 g, 1,2 muol).
This mxture was allowed to stir for 4h wuntil the starting
material (67) was conpletely consunmed. The reaction mxture was
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diluted with ethyl acetate and extracted with 5% NaHCO, x2 and
once with brine. The organic layer was dried and concentrated
and purified by colum chromatography. DCM MeCH 100:0 —-> 95:5.
Isolated yield: 0.54 g (84%.

'H NMR (300 MHz, CHLOROFORMrd) & ppm 0.91 (t, J=6.74 Hz, 9 H)
1.06 (d, J=6.45 Hz, 6 H 1.25 (s, 6 H 1.38 - 1.59 (m 11 H 1.80
- 195 (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., 5H 3.94 (s, 6 H 4.72 - 4.89
(m 1 H GCyHsNOP™ low resolution ESI-Ms cal cul ated: 502. 36,
found: 502. 36.

Vs

@Br

/_F \\L MeOH/H,O P\ﬁir

LIOH (15eq)

M T MOH

(69) o) 95%+ o)
(70)

Tri butyl (3-(3-(2-(3-hydroxy-3-oxopropyl)-1, 3-di oxol an- 2-
yl ) propanam do) propyl) phosphoni um bromni de (70)

Compound (69) (0.25 g, 0.4 nmol) was solvated in 2.5 nL of MOCH
to which was added 10 eq of LiOH (0.1 g, 4 mmol) in nL of water.
This mxture was allowed to stir for 3h wuntil all starting
mat eri al was consunmed. The solution was brought to neutrality by
the addition of 1M HO in MOH. This mxture was purified by
col um chromat ography (DCM MeCH, 100:0 - 90:10). Isolated yield
of (70): 0.20 g (95%.

'H NMR (300 MHz, CHLOROFORMrd) & ppm 0.91 (t, J=6.74 Hz, 9 H)
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 CuHs;NQP" low resolution ESI-M
cal cul ated: 460.31, found: 460. 30.
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% 0 & 0
el fki* I~ LK
DMTrO o P® DMTrO N0
\\L O/_\O \%Oy TBTU, DIPEA /—F \\L I ;0:
NH

0]

0
MOH © OH oTes ACN NMO TIPS

O (70 o (12) 7 o) ¢

5'-DMTr-2'-TIPS-3'-[tributyl (3-(3-(2- (2-carboxyethyl)-1,3-

di oxol an- 2-yl ) propanamni do) pr opyl ) phosphoni um brom de] (71)

To a solution of conpound (70) (0.2 g, 0.37 mml) in ACN (1 nlL)
was added TBTU (0.19 g, 0.6 nmol), triethylanine (0.5 nL) and
compound (12) (0.42 g, 0.6 mmol). The resulting mxture was
allowed to stir for 12 h until the starting material (70) was
conpl etely consuned. The reaction mxture was diluted with ethyl
acetate and extracted with 5% NaHCO, x2 and once with brine. The
organic layer was dried and concentrated, taken up in mninal
anmounts of DCM at precipitated in 100 m of MIBE, filtered over
Celite© Isolated yield of (71): 0.20g (45%.

'H NVR (300 MHz, CHLOROFORM-d) & ppm 0.91 (t, J=6.74 Hz, 9 H)1.02
- 1.59 (m 38 H 1.96 - 2205 (m 7 H 2.15 - 2.30 (m 9 H 2.40
(t, J=7.03 Hz, 8 H 3.37 - 3.40 (m 4 H 3.78 — 3.94 (br. m 17
H 4.15 (d, J=2.77 H, 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 GCsHesNsO,PSi ' | ow
resolution ESI-M cal cul ated: 1144.64, found: 1144.7.

NO,
HNO4

HO — > HO

(72) (73)

3-Nitro-4-ethyl-benzoic acid (73)

Fum ng nitric acid (90% (150 m) was cooled with stirring to -
10°C and 4-ethyl benzoic acid (72) (30 g, 0.2 noles; Signma-
Aldrich) was added slowly over 30min directly into the sitting
solution (1.33 mmol/mM of (72) to fumng nitric acid). The

m xture was then allowed to stir for 30mn after addition was
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compl et e. The m xture was then poured over approximtely 600 g
of crushed ice to quench the reaction. The product forned a
white ppt which can be filtered over a sintered glass funnel.
The excess ice nelted by washing the product with water. The
sanple was then re-crystallized fromethyl acetate/hexanes. Two

rounds of crystallization were prefornmed. Yield: 37.2 g (95%.

'H NVR (500 MHz, CHLOROFORMtd) & ppm 1.33 (t, J=7.58 Hz, 3 H)
2.99 (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 2C NWR (126 Mz,
CHLOROFORMd) & ppm 14.62 (s, 1 C) 26.38 (s, 1 C) 126.37 (s, 1 C)
128.29 (s, 1 © 131.67 (s, 1 C 133.87 (s, 1 C 144.85 (s, 1 O
149.36 (s, 1 O 170.40 (s, 1 O GCyHNO,Na'* |ow resol ution ESI-M
cal cul ated: 195.05, found: 218. 2.

NO,
NO, \( NO2
NH
OH
o)
= . ><o
HO - . N
— 0
o) DIC, DMAP o)

(73) (74) (75)

tert-Butyl 3-nitro-4-ethyl-benzoate (75)

Compound (73) (19.65 g 0.10 noles) was solvated in 500mM of THF
(0.2 M followed by 1.15 eq (10.14 g, 0.15 noles) of
di i sopropyl carbodi m de. This nixture was allowed to stir for 5nin
followed by 1.5 eq of tert-butanol (17.9 nL) and catalytic
anmounts of 4-(di nethyl ani no) - pyri di ne. The mixture was all owed
to stir for 60 h before the reaction was conplete. The reaction
was diluted with diethyl ether and filtered to renmove the
dii sopropylurea (DI U) and condensed to dryness. The m xture was
solvated in ethyl acetate and extracted with 5% NaHCG;. The
product was separated from (74) by col unm chromat ography (sol vent
system hexanes: DCM 100: 0 -0:100). Yield of (75): 15.1g (60%;
yield of (74): 30%

(74)

'H NWR (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
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Hz, 2 H 3.80 (dgq, J=13.88, 6.70 Hz, 1 H 4.44 (quin, J=6.74 Hz,
1 H 6.49 (d, J=7.91 Hz, 1 H) 7.40 (d, J=8.20 Hz, 1 H 7.67 (dd,
J=7.91, 1.76 Hz, 1 H 8.02 (d, J=1.76 Hz, 1 H *C NWR (75 Mz,
CHLOROFORMd) & ppm 14.80 (s, 1 C) 20.75 (s, 1 C) 22.04 (s, 1 C)
26.12 (s, 1 C 42.96 (s, 1 C 49.54 (s, 1 C) 76.63 (s, 1 Q 77.05
(s, 1 CQ 77.48 (s, 1 © 123.13 (s, 1 C 130.76 (s, 1 ¢ 131.52
(s, 1 C 135.78 (s, 1 C 141.49 (s, 1 O 148.95 (s, 1 O 153.60
(s, 1 ©O 168.67 (s, 1 C CiHsN3O,Na'* low resolution ESI-M
cal cul ated: 321.16, found: 344.23.

(75)

'H NMR (300 MHz, CHLOROFORMrd) & ppm 1.26 (t, J=7.47 Hz, 3 H)
1.57 (s, 11 H 2.91 (q, J=7.33 Hz, 2 H 7.40 (d, J=7.91 Hz, 1 H
8.08 (dd, J=7.91, 1.47 Hz, 1 H) 8.38 (d, J=1.47 Hz, 1 H 'C NWR
(75 MHz, CHLOROFORM d) & ppm 14.70 (s, 1 C) 26.18 (s, 1 C) 28.05
(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 O 131.12 (s, 1 O 131.18 (s, 1 O 133.23 (s, 1
O 143.00 (s, 1 C 149.12 (s, 1 C 163.56 (s, 1 O CyH;NONa
| ow resolution ESI-M cal cul ated: 251.11, found: 274. 32.

NO, NO,
o) | | o _DMF.90°C OH
%OY©)+ H)J\H + | OH + | O K 3h 4"0)‘/@)\/
o) o)

(75) (76)

tert-Butyl 4-(1-hydroxypropan-2-yl)-3-nitrobenzoate (76)

Compound (75) (10.5 g, 41.7 mml) was solvated in 19 nL of DWW
(2.2M to which 1.5 eq (1.88 g) of paraformal dehyde was added
followed by a solution of potassiumtert-butoxide (0.12 eq, 0.56
g) in tert-butanol (5.7 nm). This mixture was allowed to stir at
room tenperature for 10 min before being brought up 90°C for 3h.
The mixture was then acidified to neutrality by the addition of a
1M HO nonitored by a pH neter. This mxture was then diluted
with sat. NaCl and ethyl acetate (x2). Compound (76) was
purified by columm chromatography in DCMethyl acetate 100:0
290:10. VYield: 9.4 g (85%.
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'H NMR (400 MHz, ACETONI TRILE-d;) & ppm 1.41 (d, J=7.03 Hz, 3 H)
3.80 (sxt, J=6.88 Hz, 1 H 4.49 - 4.67 (m 2 H 7.40 (d, J=7.91
Hz, 1 H 8.08 (dd, J=7.91, 1.47 Hz, 1 H) 8.38 (d, J=1.47 Hz, 1 H)
BC NWR (75 MHz, CHLOROFORMd) & ppm 17.35 (s, 1 C) 27.96 (s, 1
C 36.57 (s, 1 ¢ 67.01 (s, 1 C 82.27 (s, 1 CQ 124.77 (s, 1 O
128.50 (s, 1 O 131.04 (s, 1 O 131.06 (s, 1 Q 132.81 (s, 1 O
142.62 (s, 1 C) 150.41 (s, 1 ©C 163.58 (s, 1 C) CuHisNOGNal* | ow
resolution ESI-M cal cul ated: 281.12, found: 304.02.

g OH O NO,
+01(©)v . c\go PZCDNMAP +o o\([)(o .Q

(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
(x3) and solvated in 97 nL of ACN (0.2M and 2eq of pyridine
(3.13 nL, 38.7 mol). Froc-Cd  (5.0g, 19.33 mol) was added
directly to solution and was allowed to stir for 16h in the dark,
covered with alumnum foil. The reaction went to conpletion by
TLC. The solution was extracted (x3) with 5% amoni um chl ori de
and once with brine and purified by columm chronatography
Hex/ Et Ac 100:0 > 75:25. Isolated yield: 8.19 g (86%.

'H NVR (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 - 453 (m 2 H 7.27 - 7.34 (m 2 H
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) 2C NMR (126 Mz, ACETONI TRILE-d;) 5 ppm
-0.10 (s, 1 © 0.06 (s, 1 C 0.23 (s, 1 C 0.40 (s, 1 C 0.56 (s,
1C 073 (s, 1 C 0.8 (s, 1 C 16.83 (s, 1 C 27.30 (s, 1 O
27.32 (s, 1 C 33.47 (s, 1 C) 46.64 (s, 1 C 68.89 (s, 1 C 70.90
(s, 1 C 82.13 (s, 1 © 117.34 (s, 1 C 120.06 (s, 1 C) 124.56
(s, 1 C 124.87 (s, 1 C 124.90 (s, 1 © 127.17 (s, 1 C 127.18
(s, 1 C 127.81 (s, 1 C 127.83 (s, 1 C 128.87 (s, 1 C 131.72
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(s, 1 C 132.75 (s, 1 C 141.03 (s, 1 C 141.17 (s, 1 C 143.50
(s, 1 C 143.55 (s, 1 C 150.42 (s, 1 C 154.54 (s, 1 C) 163.26
(s, 1 O CuH,gNONa'* low resolution ESI-MS calcul ated: 503. 19,
found: 526.41.

o m/@)v y° .Q BONTEARDC 1o Y(j)v T

30min 0
o (77) (78)

4- (1- (Fnoc) 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 nL) and allowed to stir for 30mn,
until all starting naterial had been consuned. The sanpl e was
then evaporated to dryness on the rotovap and purified by colum
chromat ogr aphy, Hex/EtAc 100: 0 -> 60: 40. Isolated yield: 6.09 g

(779 .

'H 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 - 446 (m 4 H 7.28 - 7.36 (m 2
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 (d, J=1.71 Hz, 1 H) 11.69 (br. s., 1 H *BC
NWVR (126 MHz, CHLOROFORMtd) & ppm 17.58 (s, 1 C) 33.71 (s, 1 C)
46.62 (s, 1 C) 70.08 (s, 1 O 71.14 (s, 1 C) 76.80 (s, 1 O 77.05
(s, 1 O 77.31 (s, 1 © 120.06 (s, 1 C 125.10 (s, 1 O 125.11
(s, 1 © 126.16 (s, 1 C 127.16 (s, 1 © 127.17 (s, 1 O 127.91
(s, 1 © 127.93 (s, 1 C 128.87 (s, 1 © 129.00 (s, 1 © 133.71
(s, 1 C 141.26 (s, 1 ©C 141.27 (s, 1 O 142.82 (s, 1 O 143.14
(s, 1 C 143.20 (s, 1 © 150.39 (s, 1 © 155.00 (s, 1 O 169.79
(s, 1 O GCusHoNOY low resolution ESI-MS calcul ated: 447.13,
found: 446.0.

79



10

15

20

25

30

(53) °© (78) le) (79)

5% . §w o C
/_J—Kii;H Hom/[ijJ\JDjfo 'Q!» Tii;w*/\Jxkgiijii;J\“ojfo |l%!>

Phosphoni um tag 4- (1-(Froc) propan-2-yl)-3-nitrobenzoate (79)

Compound (78) (3.726 g, 8.33 mmol) was solvated in half the
solvent (ACN Py, 28 nlL:1.25 nmL) to which was added a sol ution of
t he phosphoniumtag (53) (3.86 g, 9.16 mmol) in the other half of
the solvent, followed directly by TBTU (4.0 g, 12.5 mmol). The
solution was allowed to stir overnight and by norning the
reaction was conplete (12 h), and was concentrated to half
sol vent volune then extracted with ethyl acetate and 5% NaHCO;
(x3) and once with brine. The organic |layer was dried with MSO,
and condensed to dryness. The conpound was then precipitated in
500 nL of MIBE to renove the excess pyridine and TBTU byproduct.
The precipitated white goo was filtered and collected over
Celite®© then purified by colum chronatography, DCM MeCH 100:0 -
92:8. Isolated yield of (79): 5.52 g (86%.

'H NV\R (300 MHz, CHLOROFORMd) & ppm 0.81 - 0.99 (m, 8 H) 1.35
(d, J=7.03 Hz, 3 H 1.38 - 1.61 (m 11 H 1.99 - 2.38 (m 8 H
2.66 (br. s., 2 H 3.54-3.83(m 3 H 4.10 - 4.41 (m 5H 7.21
- 7.44 (m 4 H 7.57 (dd, J=10.11, 8.06 Hz, 3 H) 7.72 (d, J=7.33
Hz, 2 H 8.55 (d, J=1.76 Hz, 1 H 8.70 (dd, J=8.20, 1.76 Hz, 1 H)
BC NWR (75 MHz, CHLOROFORMd) & 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 O
23.81 (s, 1 C 24.01 (s, 1 C 33.40 (s, 1 C 46.62 (s, 1 C 69.91
(s, 10 71.36 (s, 1 C 76.67 (s, 1 C 77.09 (s, 1 O 77.52 (s, 1
O 119.96 (s, 1 O 124.31 (s, 1 ©C 125.21 (s, 1 C 127.18 (s, 1
©O 127.83 (s, 1 O 128.61 (s, 1 C 131.93 (s, 1 C 133.41 (s, 1
O 139.59 (s, 1 O 141.19 (s, 1 C 143.27 (s, 1 C 143.33 (s, 1
O 150.18 (s, 1 C 154.87 (s, 1 C 165.19 (s, 1 O *P NWR (81
MHz, CHLOROFORM d) & ppm 35.07 (s, 1 P) CaoHssNOPY" | ow resol ution
ESI - M5 cal cul ated: 690. 30, found: 690. 35.
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AT, - — OaN
o0.__0O 20% 4-methyl
\ﬂ/ piperidine in DMF

0] 0]

(79) (80)
Phosphoni um tag 4- (1- hydroxypropan-2-yl)-3-nitrobenzoate (80)

To conpound (79) (6.408 g, 9.29 nmnol) was added a 20% sol uti on of
4-met hyl pi peridine in DVF (20m). After 2 h the reaction was
conplete by TLC and the solution was evaporated to dryness, then
taken up in DCM and precipitated in 500m of MIBE to yield 3.09 ¢
of (80) (71%.

'H NVR (400 MHz, CHLOROFORMrd) & ppm 0.91 (t, J=7.03 Hz, 11 H)
1.26 (d, J=7.03 Hz, 3 H) 1.38 - 1.59 (m 13 H 1.98 (d, J=7.03
Hz, 2 H 2.11 - 2.28 (m 7 H 2.36 - 2.51 (m 2 H 3.40 - 3.59
(m 3 H 3.64 - 3.82 (m 2 H 7.51 (d, J=8.21 Hz, 1 H) 8.22 (d,
J=8.21 Hz, 1 H) 8.26 (s, 1 H GCyxHsNOPY" |low resolution ESI-NMS
cal cul ated: 468.28, found: 468. 28.

\ s L

R®
P@ Br TBTU, NEt3 /_F \\\\

(68) NH2 HCl (73) 81) i

Tri butyl (3-(4-ethyl-3-nitrobenzam do) propyl ) phosphoni um  brom de
(81)

To a solution of 3-nitro-4-ethyl-benzoic acid (73) (3.15 g, 16.1
nmmol ) and diisopropylethylanmine (4 eq, 11.25 m) in ACN (30 ni)
was added conpound (68) (1.3 eq, 20.9 mml) and TBTU (1.3 eq,
6.74 g, 20.9 mol). This mxture was allowed to stir for 12 h.
The dark brown solution was concentrated to a viscous oil, and
taken up in DCM and precipitated in 500 m of MIBE The solid
was collected and re-purified by silica gel colum chromat ography
(DCM MeCH, 100:0 —> 85:15) eluting as very dark yellow oil.
Isolated yield: 7.07 g (84%.
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'H NMR (500 MHz, CHLOROFORMrd) & ppm 0.90 (t, J=6.97 Hz, 9 H)
1.24 (t, J=7.46 Hz, 3 H 1.35 - 1.56 (m 12 H 1.96 (d, J=8.07
Hz, 2 H 2.05 - 2.19 (m 7 H 2.25 - 2.38 (m 2 H 2.78 (s, 2 H
2.87 (q, J=7.34 Hz, 2 H 3.60 (q, J=5.79 Hz, 2 H) 7.40 (d, J=8.07
Hz, 1 H 7.78 (t, J=5.50 Hz, 1 H 8.07 (d, J=8.07 Hz, 1 H 8.37
(s, 1 H C NWR (126 Mz, CHLOROFORMd) & ppm 13.21 (s, 1 C)
14.61 (s, 1 CO 18.17 (s, 1 C 18.56 (s, 1 ¢ 23.33 (s, 1 O 23.37
(s, 1 C 23.76 (s, 1 C) 23.88 (s, 1 C 25.97 (s, 1 C) 38.57 (s, 1
C 76.77 (s, 1 C 77.02 (s, 1 C 77.28 (s, 1 © 123.82 (s, 1 C
131.09 (s, 1 C 131.47 (s, 1 C) 132.89 (s, 1 C 141.77 (s, 1 ©
149.21 (s, 1 C) 165.48 (s, 1 C CuHiN.OP* low resol ution ESI-MS
cal cul ated: 437.29, found: 437.30.

L, e
NO e
/_/’P\jir 2 DMSO, rt. Fo Br NO, OH
q S
12h H
N N

81 (82)
(81) S

0]

Tri butyl (3-(4-(1-hydroxypropan-2-yl)-3- ni t robenzam do) pr opyl )
phosphoni um br oni de (82)

To a solution of conpound (81) (3.56 g, 6.89 mmol) dry DMVSO (13.8
m.), was added para-formal dehyde (2.1eq, 0.43 g, 14.4 mmol).
This mxture was sonicated for 20 mn till all of para-
f or mal dehyde di ssol ved. The resulting mxture was treated with
1.5 eq of potassium tert-butoxide (1.16 g, 10.3 mmol). The
reaction turned a dark purple imrediately. The reaction was
allowed to stir for 12 h at room tenperature. The reaction was
nmonitored by M5, showing the disappearance of the starting
material. The reaction was treated with 1IM HO in MeOH to bring
it to neutrality at which point the reaction was precipitated in
diethyl ether, and then in DCM This last precipitation step
separated the product from unreacted para-formal dehyde. The
product was purified by reverse phase chronatography, using 100
nmnv TEAA buffer in water (pH 7): ACN 80:20 -> 20:80. I sol at ed
yield: 1.3 g (35%.
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'H NV\R (400 MHz, CHLOROFORMd) & 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 - 2.27 (m 6 H 2.34 - 2.50 (m 2 H 3.39 - 3.49 (m 1 H
3.53 (d, J=5.47 Hz, 2 H) 3.64 - 3.81 (m 2 H) 7.51 (d, J=8.21 Hz,
1 H 8.22 (d, J=8.21 Hz, 1 H) 8.26 (s, 1 H 8.45 (br. s., 1 H
BC NWR (75 MHz, CHLOROFORMd) & ppm 13.38 (s, 1 C) 17.65 (s, 1
C) 18.43 (s, 1 © 19.05 (s, 1 © 23.61 (s, 1 C 23.68 (s, 1 O
23.78 (s, 1 C 23.99 (s, 1 C 36.68 (s, 1 O 50.06 (s, 1 O 66.17
(s, 1 C 76.69 (s, 1 O 77.11 (s, 1 O 77.54 (s, 1 C 124.73 (s,
1 C 128.38 (s, 1 O 129.42 (s, 1 C) 133.08 (s, 1 O 144.51 (s, 1
C) 150.43 (s, 1 C) 164.33 (s, 1 C 3P NWR (81 MHz, CHLOROFORM d)
& ppm 35.07 (s, 1 P) CasHiuNoOWP | ow resol ution ESI-Ms cal cul at ed:
467. 30, found: 467.31

n (o}

b B

/_Jf‘sz OH 0N 0~ ¢l | pmTro | N/L*o

/o ACN o

- . P®
\\\\ Phosgene, /J \\\\ 12) OH OTIPS
X generated from triphosgen X
3 0 DIPEA
- (80) X= 0 L i}
X=NorO (82) X = NH (83) X= 0 ~
(84) X = NH

DMTrO

Ura
A~ 0
~"Pe k ;

NO,
Oﬁfo OTIPS
X o}

¢} 62%
(85) X=0

(86) X =NH
5’ -DMTr-2'-TIPS-3'- (tributyl (3- (4- (1-hydroxypropan-2-yl) -3-
ni t robenzam do) propyl ) phosphoni um brom de) -uri di ne (86)

A two necked flask containing the triphosgene and phenant hridi ne
was connected to a distillation head and condenser. The
receiving end of the condenser was attached to an ammonia trap
and cooled by a dry ice/acetone bath to condense the phosgene
that was produced. The bottom of the anmmonia trap was connected
to a three necked round bottom flask with a stir bar which was
al so cooled by a dry ice/acetone bath. Al open necks of round

bottonms were seal ed by fresh septa wapped with Teflon tape. One
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neck of the three necked flask was punctured with a 20G needl e
attached to a tygon tube and two bubblers in series; the first
was enpty and the second contained mneral oil. Tygon tubing was
used to connect the second bubbler to a 9-inch 20G needl e that
was fully inserted into a saturated solution of sodi um hydroxide
i n nmethanol . A second needle and tube was inserted into the
septa of the nethanolic sodi um hydroxi de, which acted as a vent
up into the fume hood. Triphosgene (1.87 g, 6.33 mmol) and cat.
phenanthridine were heated to 90°C, at which point the
tri phosgene nelted and solvated the phenanthridine catalyst,
pronoting the evolution of phosgene gas. After 30 mn, al
tri phosgene was consurmed and phosgene had begun condensing in the
receiving flask. At this point a balloon of argon was punctured
through the septa on the two necked flask, pushing any phosgene
gas to the condenser and quenching sol ution. Once phosgene had
st opped condensing, an acetonitrile solution of (80) (1.06 g, 1.9
mmol ) was added dropwise to the stirring phosgene, then renoved
from the dry ice/acetone bath after 10 mn. The reaction was
stirred for 2 h at roomtenperature. Next, argon gas was passed
over the whole apparatus and al so bubbled through the reaction
m xture into the methanolic sodi um hydroxi de to renove and guench
t he excess phosgene. NOTE: a very low flow from a balloon was
used at first to ensure the phosgene was quenched. Once all
phosgene was renoved, DI PEA (4 nlL) was added to the mixture to
guench the HA produced in the reaction wth phosgene and
compound (82).

A solution of nucleoside (12) (1 eq, 1.35 g, 1.9 mmol) in ACN (3
nm.) was added directly to the above nmixture, and the resulting
solution allowed to stir for 8 h at room tenperature. The
solution was diluted with ethyl acetate and extracted with sat.
NaHCGO; (x3) and once with brine. The mixture was precipitated in
300 nL of MIBE to renmpve excess nucleoside and Dl PEA The
resulting precipitate was then purified by colum chromat ography
(DCM MeCH 100: 0 - 90:10) to afford 1.32 g of (86) (62%yield).

84



'H NMR (300 MHz, CHLOROFORMrd) & ppm 0.82 - 1.16 (m, 34 H) 1.34
(dd, J=6.89, 2.20 Hz, 3 H 1.38 - 1.63 (m 15 H 2.05 (br. s., 2
H 2.11 - 2.31 (m 12 H 2.67 (br. s., 1 H 3.39 - 3.53 (m 1 H
3.57 - 3.72 (m 3 H 3.78 (s, 7 H 4.08 - 438 (m 2 H 4.59 -
5 469 (m 1H 5.16 - 5.33(m 2 H 5.63- 576 (m 1 H 6.00 (dd,
J=5.27, 2.05 Hz, 1 H 6.81 (dd, J=8.79, 1.47 Hz, 4 H 7.15 (d,
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) GCsHyN;OsPSi** | ow resolution
10 ESI-MS cal cul ated: 1195.61, found: 1195. 60.

| on-tagged synthesis of tetramer rGACU from nucl eosi de (86)

DMTrO CytAC DMTrO
o ~N o CytAc
Meo. ,O OTBDMS 0 OTBDMS
P
\ —pP=
DMTrO Ura N Meo Z °©
P/\/\ © + /K o Ura
/\/\ @ Br@ NO, H K3 (88) /_/—
o. O OTIPS ~ NO
% \ﬂ/ 1.DCI R® g° 2 o. O OTIPS
HN 0 2. t-Butyl hydroperoxide \ \[(
H (0]
N
O (86)
o (90)

DMTrO Gua®™
O

5 (91)

15 Reactions were carried out in the dark by wapping the reaction

flasks with alum numfoil.

85



10

15

20

25

30

35

5’/ -OH-2'-TIPS-3'- (tributyl (3- (4- (1-hydroxypropan-2-yl)-3-

ni t robenzam do) propyl ) phosphoni um brom de) - uri di ne (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 addi ng nethanol
to quench the trityl cation. The reaction was then concentrated
to an oil taken up in mnimal anmounts of DCM and precipitated in
MIBE to renove dinmethoxytritanol. The conpound was filtered over
celite, collected in DCM and purified by colum chronmatography
(DCM MeCH, 100:0 -90:10%. Isolated yield of K3: 0.37 g (95%.

'H NMR (500 MHz, ACETONITRILE-d3) & 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,
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 (d, 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
(d, J=8.31 Hz, 1 H 8.39 (t, J=1.71 Hz, 1 H) 9.17 (br. s., 1 H)
13C NWVR (126 MHz, ACETONITRILE-d3) & ppm -0.16 (s, 1 C) 0.17 (s, 1
C 0.34 (s, 10 0.36 (s, 1 O 0.50(s, 1 C 0.52 (s, 1 C 0.54
(s, 1 C 0.67 (s, 1 C 0.83 (s, 10 11.91 (s, 1 O 11.93 (s, 1
0O 12.57 (s, 1 © 15.13 (s, 1 © 15.52 (s, 1 O 16.93 (s, 1 ©
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 O 22.84 (s, 1
C) 22.88 (s, 1 C 23.45 (s, 1 C 23.57 (s, 1 C 33.49 (s, 1 O
33.64 (s, 1 C) 61.34 (s, 1 C 61.37 (s, 1 C) 64.62 (s, 1 C) 64.76
(s, 10 71.11 (s, 1 O 71.31 (s, 1 © 73.49 (s, 1 O 76.99 (s, 1
C 77.10 (s, 1 C 82.99 (s, 1 C 87.73 (s, 1 C 87.76 (s, 1 O

102.64 (s, 1 C 102.66 (s, 1 C 117.32 (s, 1 C 124.83 (s, 1 O
124.86 (s, 1 C 129.10 (s, 1 C 129.32 (s, 1 C 129.84 (s, 1 O
129.85 (s, 1 C) 133.06 (s, 1 C) 133.08 (s, 1 C 140.43 (s, 1 O
140.46 (s, 1 C) 141.68 (s, 1 C) 141.82 (s, 1 C 150.41 (s, 1 O
150.53 (s, 1 C) 150.81 (s, 1 C) 150.83 (s, 1 C 154.10 (s, 1 O
154.15 (s, 1 C) 162.65 (s, 1 C 164.03 (s, 1 C 164.04 (s, 1 O

CuaHiaNyOPSi ** 1 ow resolution ESI-MS cal cul ated: 893.48, found:
893. 50.
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Synthesis of rCpU (90). Conpound K3 (0.37 g, 0.38mpl) was dried
by two co-evaporations of dry toluene:DCM on a rotovap before
pl aced under high vacuum K3 was dissolved in 15 nl of ACN
containing 2 eq of DCl (0.982 g, 8.32 mmol ). Imediately after,
phoshoram dite (88) (0.51 g 0.57 mol) was added, and the
resulting solution was allowed to stir at room tenperature for 3
h. M5 analysis indicated that the reaction was conplete (no
starting material K3 present). Ten eq of tert-butanol was added
to quench excess phosphoranidite, followed by 10 eq of tert-butyl
hydroperoxide (1 nL of a 6 M solution in decane), and the
resulting mixture allowed to stir for 20 nmin wuntil all the
phosphite triester was converted to the phosphate, as nonitored
by M5. The reaction was then concentrated to an oil, taken up in
m ni mal amounts of DCM and precipitated in MIBE to renove all
excess reagents. The precipitation process was repeated if the
presence of any quenched phosphoramidite was detected by TLC
Tagged dinmer (90) was isolated in 95% vyield (0.63 g9).
CosHi2oNoO1P,Si ,* | ow resol ution ESI-MS cal cul ated: 1670.77, found:
1670. 73.

The above process was repeated as described above, using the
appropriate phosphoramidites till tetranmer (92) was obtained.
Internmedi ates isolated were characterized (data shown in Table 7
bel ow) .

Table 7. Characterization of DMIT-r GACU-tag and internedi ates

Step Compound 5'-2>3' Mass cal. (mz) Mass found (mz)

1 DMIr-rCU-tag (a) 1654. 77 1654. 71

2 DMIT-rCU-tag (b) (90) 1670. 77 1670. 73

3 HO r CU-t ag 1368. 63 1368. 59

4 DMTr - r ACU-t ag (a) 2215. 95 1119.46 (M + Na)/2
5 DMTT - r ACU-t ag (b) 2231. 95 1127. 44 (M + Na%)/2
6 HO r ACU-t ag 1929. 82 1929. 80

7 DMTr - r GACU-t ag (a) 2645. 06 1334.11 (M + Na%)/2
8 DMTr - r GACU-t ag (b) (91) 2661. 05 1341.94 (M + Na)/2

Tag I'ight |abile phosphoniumtag.

(a) phosphite triester; (b) = phosphate triester.
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DMTrO Gua
DMTrO Gua™
? OTBDMS
MeO—P=0 O OTBDMS
5 Ade®? MeO—P=0
o e} ° AdeB?
(|3 OTBDMS tag is precipitated
MeO—P=0 UVA and removed O OTBDMS
| by filtration |
o MeO—P=0
0_Cyt"®  ACNiwater |
15 min, r.t. (6] A
K 7 Cyth°
o OTBDMS \Q\/
Moo o OTBDMS
|

l
0 U MeO-P=0
fo) ra (I)
/_cha g N2 o\ﬂ/o OoTIPS
\\\\H )
0

(o1

o Ura

OH OTIPS

(92)

Phot ocl eavage of orthogonal phosphonium tag from tetranmer (91),

affording protected DMTr-rGACU-3'OH (92)

Teramer (91) (0.120 g, 0.042nmmol) was dissolved in 1 nL of wet
ACN (1200 ppm of H,O, and transferred into a quartz cuvette (no
frosted sides) containing a small stir bar. The cuvette was
pl aced inside a photoreactor for 15 min with stirring. The
reaction appeared conplete (TLC analysis). The mixture was
concentrated to about half volume and the cleaved tag

precipitated in MIBE (25 nlL) and filtered to afford a white

powder . The desired tetraner was found in the MIBE sol ution,
whi ch was collected after concentrating the solution to dryness.
I sol ated yield: 0.092g, 0.00403 mol (95%.

FURTHER EXAMPLES. Syntheses of lonic Tags, for liquid synthesis.
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DMTrO | A DMTrO Nko
T o N @] o
O OTBDMS o OTBDMS
MeO F|> 0 i MeO Fl’ o) i
eO-P= eO-P=
S o
© o N0 o N ©
o)
© o O OTIPS NO o. O OTIPS
XY . T
0 o2 0

wher e:

Y is any cationic atom or organic nol ecul e;

X is any anionic atomor organic nol ecul e; and
nis any integer fromO to 10.

Schene 1
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i i EtOH \/\)W \/\)J\(\/\
WJ\ H \)J\OEt ° N 4\5 N Ets
W @ o© =L __oH @ ®

(25%)
(3)

o

WWOEI CH(OE)3, EtOH \/30)@\[(0& 1) BH3, THF, CgHyo /\/EO)QOE\W
—_— —_—
HO
TSA 2) NaBOs, H,0
@ ° . ® o @ o
(95%) (85%)

A e

N EtO_ OEt

EtO_ OEt EtO_ OEt
PPhs, CBry —. J\®/\/\MOB
OEt OEt
HO/\/\M Br/\/\X/\ﬂ/ N

imidazole, CH,CI ACN
@ O 2z ®) o) ©)
(86%) (95%)
e) €]
A@%OB D NaOHaq LﬁM{OH
NN 2) HClI (10)

_ ©) ) HClag 0o
\=/ o (100%) o

N0
) 1) o
/L@Br on o N"70  TBTU, NEts - o]
—_—
~N"IN ® 0
\—/ (10) o] OH ACN NN
\—/ (12) o

(88%)

Several approaches can be applied to obtain the desired gama-
ketoacid (10). For exanple, Schene 1 enploys a Stetter reaction
as the first step [(1) + (2) - (4)], a reaction that transforns
al dehydes into nucleophiles wusing catalytic anmounts of a
thiazolium salt, e.g. (3), in the presence of a nmld base
(Stetter, H Angewandte Chenmie, International Edition in English
15: 639-47 (1976)). Thus 4-pentenal (1), an al dehyde attached to
an aliphatic chain termnating in an al kene, was activated as a
nucl eophile and allowed to undergo a M chael addition using ethyl
acrylate (2) as the electrophile. The substrates were mxed with
thiazolium salt (3) and dissolved in ethanol. The reaction
m xture was heated and once it was refluxing gently, the reaction
was initiated by the addition of triethylamne. After 18 hours
the solvent was renoved and the material obtained was subjected
to a dichloronmethane/brine extraction followed by flash
chr omat ogr aphy. The desired product, (4), co-eluted with an
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acyloin side-product, (5), in all the solvent systens
investigated for the purification. The yield was approxi mately
25% (as estimated by 'H- NVR analysis of the mxture), however,
enough material can readily be obtained to continue with the
synthesis, with the inpurity (5) becomng easily separable after
t he subsequent step. The next step in the synthetic route was
to protect ketone (4) as an acetal [i.e., (6)]. Refluxing for 4
hours was found to be adequate for this reaction to reach
conpletion and the desired product (6) was obtained at 90-95%
yi el d. The product (6) was easily separable from the acyloin
si de-product (5) generated in the earlier step, which did not
appear to undergo any transformation in the acetal formation
reaction. The identity and purity of (6) were confirmed by TLC,
LR- M5 and NWVR

Wth the gamma-acetal -ester, (6), in hand, the next step (Schene
22) was the hydroboration of the term nal alkene. This was
achieved using an in situ generated dicyclohexyl borohydride
r eagent . An appropriate anount of cyclohexene was added to
borane-THF at 0 °C and allowed to react for one hour, then (6)
was added to the resultant slurry and the reaction was allowed to
proceed for 2 hours at room tenperature. The oxidation of the
intermedi ate borane was achieved by the addition of aqueous
sodi um perborate, a nild oxidant that left the ester intact, and
the reaction was continued for another 2 hours. The reaction
m xture was then extracted with ethyl acetate and the product,
(7), was purified by flash colum chronatography, providing a
colourless liquid at 80-85% yield, with 15-20% of (6) also being
recover ed. This reaction never proceeded further than 85%
conversion, even with |onger reaction tinmes or an increase in the
amount of the borohydride reagent generated relative to

substr at e.

The primary alcohol, (7), was then mixed with triphenyl phosphi ne
and tetrabronmonethane in DCM in order to generate the terninal
brom de (8). The reaction proceeded cleanly but upon aqueous

wor kup, acetal cleavage occurred, likely due to the formation of
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hydrobrom c acid fromthe hydrolysis of the excess reagents. The
reaction was perfornmed again in the presence of imdazole, which
neutralized any hydrobromic acid generated, and the desired
pr oduct, (8, was obtained at 79-86% yield after flash
chr omat ogr aphy. Subsequent condensati on with 1, 2-
di met hyl i mi dazole in acetonitrile resulted in the ionic tag, (9),

in 95% or greater yield.

The final steps in the synthesis (Schene 1) involved the cl eavage
of the acetal and ester as well as anion netathesis of the ionic
moiety and finally derivatization to a nucleoside. Initially
aqueous acid was used to effect the deprotection, followed by
anion netathesis, but the material thus derived deconposed
rapidly. Subsequently the deprotection was perforned via a two
step process, the first a base nediated cl eavage of the ester (9)
followed by a linted acidification to protonate the carboxylic
acid and cleave the acetal. The protected material, (9), was
t hus dissolved in aqueous sodium hydroxide and allowed to react
for 16-18 hours followed by the addition of aqueous concentrated
HJ to bring the solution to approximately pH 1 and finally
drying under reduced pressure. The excess salt was renoved by
suspending the resulting solid in acetonitrile/dichloromnmethane
and filtering off the insoluble material. The product obtained,
(10), appeared pure by TLC, LR-M5 and NWR but Ilikely still
contained a small anount of sodium chloride, which could not be
detected with these techniques. Anion netathesis at this point
also led to significant deconposition of the resulting product,
as in the acid nedi ated deprotection. The brom de salt, (10),
was stable upon long term storage, however, and was found to
couple in the expected manner with a nucleoside. |In fact, using
O (benzotriazol-1-yl)-N,N,N , N -tetranet hyl uroni um

tetrafl uoroborate (TBTU) as the coupling agent achieved both the
coupling and anion exchange sinmultaneously, with the coupling
proceedi ng quantitatively and the ani on exchange confirmed by LR

M5 as an absence of bromde ions and the presence of
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tetrafl uoroborate in the negative node. This product (12) was

al so stabl e upon I ong term storage.

Wth a derivatized nucleoside (12) in hand, the cleavage
characteristics of the orthogonal ganmma-ketoester ionic tag from
the nucleoside were studied and conpared to those of the
levulinyl ester protecting group, which has been used as
descri bed above to generate oligoneric building blocks and is
known to be easily renoved w thout affecting any other protecting
groups in the nolecule. The rate of levulinyl ester cleavage
under the conditions studied was faster than that of the ionic
tag, wth half Ilives of approximately 0.76 and 2.82 mnutes
respectively, corresponding to conplete cleavage of the |evulinyl
ester in just over 5 minutes while the tag required alnobst 20
m nutes for full cleavage. However, even though the tag cl eaved
nore slowy than the Ilevulinyl ester under the conditions
studied, the normal reaction tine enployed for the cleavage of
the 3 -hydroxyl protected l|evulinyl ester by hydrazine was 20
m nutes and no degradation was observed in any of the other
protecting groups in that tinme. This indicated that the ionic
tag is suitable to the required task, and it is therefore a

viable route to generating oligoneric building blocks as well.

Schene 2

(0]
0 ﬁLNH

I
. o - ﬁﬁ DMTrO o N/go

J\®B/r\/\)J\/\WOH ’ (o) N" 7O TBTU NEty @B P

e —— r
<N k 7‘ /L@N\)Wo OTIPS
ACN ~NN

\—/ (10) Y OH OTIPS \:\J 14 O

(13) (62%)

The tag was also condensed with a 5 -ODMIr-2'-O TIPS Uridine
nucl eosi de (13) (Scheme 2) using the sane conditions enpl oyed for
the derivatization of 5 -O DMIr-Thym di ne. The HNWVR of the
coupl ed ribonucl eoside did not appear to show any 2’'-3" silyl

i someri sation.
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Schene 3

EtO_ OEt P(n-Bu)s ® FIOSOF  omt
OEt — » /\/\X/\H/
BrM (n-Bu)3Pe
ACN B 0
(8) o} r (15)
(86%)
o)
o FIOL OB gt 1. IMHCI HO_ O
(n-BU)sPM R (-BUSP
Br (15) 6} - Na (eq) Br (16)

N o
EtO. OEt 0 0
o ogt  NaOH (seq) ®/\/\)d
(n-Bu)sP (n-Bu)sPg

MeOH/H,0
Br (15) 0 Br (17)
On column

To install an alternative ionic tag in place of the imdazolium
tag outlined in scheme 1, the alkyl bromde (8) was sinply
5 treated with 1.5eq of tributyl phosphine at 65°C for 6h producing
t he phosphoni um tagged conpound (15) quantitatively, which was
i sol ated by precipitation in net hyl tert-butyl et her.
Unfortunately, the sane procedure of sinmultaneous ketal and ester
hydrol ysis, used in schenme 1, led to the undesired cyclic hem -
10 lactone (16), and if only the ester was renoved and purified,
compound (17) was isol ated. In either case attenpts of
conjugation to a nucl eoside (13) as described in schene 2, using
bot h TBTU and DCC proved to be difficult, yielding only 5-10%the

desired nucl eosi de conj ugat e.

15 Schene 23
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HO \H/\)J\/\[(C)H iso-propanol \’(\)W
p-TSA cat. \( Y

o} o] 98%
(18) (19)
O / \
o_ O
\(OMO\’/ Ethylene glycol O\H/\)</\H/O
o o E—— \'/ \‘/
PPTS 0 9556 O
(19) (20)
R WW AT Mﬁr M T
LiOH (1.5eq) 35% 45%
(20) (21) (22)
® 0
O/ O\ ® O (n-Bu)3P Br
-Bu)3R
HO\H/\)V\H/OW/ + (n-Bu)sR Br DCC, DMAP \\\\ [\
T = o_ O
o o) ACN NH o
NH3Br j/
(22) (23) o 87% o)
(24)
®0

CRC]

(n-Bu)sR Br (n-Bu)3R Br
\\L MeOH/H,O (4:1) \\L I
WW j/ LiOH (10eq) NMOH

(24) o) quant. o)
65% (isolated)

(25)

The diethyl ketal derivative used in the routes described above
is too labile and allows internolecular cyclization, inhibiting
any coupling to a nucl eosi de. Thus, a 1, 3-di oxol ane derivative
was used as a nore stable derivative. The synthesis (schene 23)
started by treating ketopemlic acid (18) with iso-propanol and
catalytic para-toluenesulfonic acid using a Dean-Stark trap to
esterify both termnal carboxylic acid noieties, affording (19)
at 98% vyield. The use of nethanol and ethanol (instead of
i sopropanol) in this reaction resulted in |lactone formation as
the maj or product, instead of the desired diester (19).

Schene 4: Esterification pathway (19) depends on the bul kiness

of the al cohol’s al kyl group.
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H* cat Q )
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@) (19) @)

The diisopropyl ester (19) was isolated and then reacted with
et hyl ene glycol and catal ytic pyridinium para-tol uenesul fonate by
refluxing in a Dean-Stark trap overnight to formthe cyclic ketal
(20) in 65% yield over two steps. Attenpts to use ethylene
glycol directly to form both the cyclic ketal and glycol ester
resulted in the wundesired |I|actone derivative (Schenme 3),
necessitating that esterification and acetal formation be carried

out in two separate steps.

Cyclic ketal diester (20) was taken up in nethanol and 4
equi valents of aqueous Ilithium hydroxide was added to the
reaction to preferentially hydrolyze one ester over both,
producing a mxture of conpounds (21) and (22), which were
separated in yields of 35% and 45% respectively. Coupling the
phosphoniumionic tag (23) to the cyclic ketal nonoester (22) was
acconplished wusing DCC and DVAP in a pyridine/acetonitrile
m xture (50:50) at room tenperature for 6h affording the
phosphoni um t agged conpound (24) in 84%yi el d. After isolation,
the isopropyl ester was hydrolyzed by LiOH in MOH Water to
afford conmpound (25) in nearly quantitative yield. After colum
chromat ography (MeOH/DCM 0 —210% in 1% AcOH) the yield was
reduced to 65% likely due to the phosphonium tag's affinity to
the silica.

Schene 5
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The ionically tagged species (25) and NaBr were taken up in
nmet hanol to exchange any acetate ion that had exchanged
previously during silica gel purification. If this step were
ski pped, a significant anount of acytelated nucl eoside forned
upon reaction with conmpound (13). The ionic tag (25) was then
conjugated to the 3'-hydroxy of ribonucleoside (13) using
standard coupling conditions with DCC and DVMAP to afford conpound
(26) in 4 hin a noderate yield of 74%

Renoval of the cyclic ketal was achieved by treatnment with either
80% AcOH in water or 5eq of Pyridinium p-tolunesulfonate in
50: 50 acetone:water at 80°C over 4 days. The majority of the
ketal was rempved over this tine; wunfortunately, there was
significant renoval of the TIPS group under these conditions as
well. The reaction mxture was neutralized with saturated sodi um
bi carbonate and extracted with a brine bicarbonate m xture then
columed to yield 38% of the detritylated conpound (27).

To overconme sone of the limtations described above, a thioketal
was used over the traditional cyclic dioxal ane approach as shown
in Schene 6. Thi ophenol and compound (19) were treated wth
boron trifluoride eitehrate to afford conmpound (28) in 92%vyi el d.

Next, nono hydrolysis of conmpound was achieved by treatnment of
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(28) in MeOH water (4:1) and with 0.2eq of NaOH at 0°C drop w se
over 30mn. The reaction was allowed to stir at zero for 30mn
then the ice bath was renpved and the solution was allowed to
warm up to roomtenperature. The reaction mxture was condensed
to renove the nethanol and a portion of the water. To the
solution was added ethyl acetate and 1M HO to isolate a
significant amount of starting material and the desired product,
compound (30) in 85% yield (in reference to the NaCH added).
The ability to perform HO workups in this synthetic route was a
significant inprovenent over using the acyclic and cyclic ketals
previously, as the thioketals are much nore tolerant to acidic
condi ti ons. The phosphonium ionic tag was then conjugated to
compound (30) under standard coupling conditions of DCC, DVMAP in
pyridi ne:acetonitrile (50:50) to afford conpound (31) in good
yield, 87% Next, the ester of conpound (31) was hydrolyzed with
5eq of NaOH in nethanol/water to afford conmpound (32) in near

gquantitative yield after an HO extraction in ethyl acetate.

Schene 6
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*in reference to NaOH

Wth conmpound (32) in hand the nucleoside conjugation was
5 achieved, again with the use of DCC and DMAP to afford the
nucl eosi de conjugate (34) in noderate vyield. Unf ortunately,
there was significant byproduct formed (33) which could not be
completely separated by silica gel colum chromatography.
Attenpts to reduce the formation of this by the addition of nore
10 DMAP, and the use of other coupling reagents, such as TBTU, HATU
and CWPlI, proved unsuccessful. Conversion of the carboxyl to the

acid chloride may be a useful alternative.

Schenme 7
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The thioketal was then renoved by treatment of conpound (34) wth
silver nitrate and nolecular iodine in 80% THF/ water resulting in
a mxture of tritylated and detritylated naterial. Wen the sane
reaction was attenpted in the presence of sodium bicarbonate, a
very different product was observed. In this case, the C5
t hi ophenyl derivative (35) was forned in noderate yields via
el ectrophilic addition of iodine to G5 followed by substitution
by thiophenol. In another deprotection strategy, NBS was used as
a source of bronmonium ion to cleave the thioketal. I nst ead,
however, brom nation of the C5 position occurred to produce (36)
as the nmjor product. The use of collidine in place of sodium
bi carbonate in the silver nitrate/iodine nethod reduced the
formation of the G5 thiophenyl derivative to alnost nothing.
Anot her effective approach that nmnimzed nodification at G5
involved diluting the solution of (34) while increasing the
anmount of silver nitrate and iodine used. The absence of any
base produced a mixture of tritylated and detritylated naterial,
whi ch underwent conplete detritylation to afford (27) (Schene 7).
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The material from collidine treated silver nitrate-iodine
hydrol ysis of the thioacetal, compound (37) Schene 24, was taken
and treated with 3% TFA in DCM with 2.5eq of triethylsilane to
guench the trityl cation for 10nin, then 20 nL of toluene was
added foll owed by concentration on rotovap. The sanple was then
taken up in acetone and precipitated fromnethyl tert-butyl ether
(MIBE) producing an undesired conmpound (38) in 95% yield. Thi s
was |likely due to the dehydrating conditions <created by
condensing the TFA and toluene together. The experinent was
repeated without the toluene concentration, but rather a direct
precipitation into MIBE. Simlar results were obtained, 60% of
compound (38), the rest being the desired product (27).

Schene 24

Q |

HO
NH o N ©
@ o | IS
(n-Bu)sR Cl DMTrO 3% TFA in DCM
N Yo o= I

0 2.5 eq triethylsilane O OTIPS
U a Ny
NMO OTIPS 0

o) @GN o
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Schenme 25
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Compound (27) derived fromthe hydrolysis of the thioketal in the
absence of base, which also renoved the trityl protecting group
was coupled w th p-nmethoxy-rU phosphoramdite (39), followed by
oxi dation to produce mainly the undesired dimer nucleotide (41),
Schene 25. The reaction was nonitored by MS and clearly
t hroughout the reaction the formation of the undesired conpound
(41) was seen to increase over tine. To further identify the
reasons for the formation of the enamino ester seen in both
compounds (38) and (41), conpound (27) was treated with DCl in
anhydrous ACN and nonitored by Ms over tinme. It was clear after
2h that the acidity of DCl was enough to pronote the fornation of
t he undesired cyclic enam no product (38).

Schene 26
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The inseparable nixture of conmpound (40) and (41) in Schenme 25
was treated with 0.5M hydrazine hydrate buffered in pyridine
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acetic acid (3:2)

i sonerically pure

Schene 27
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acyclic and cyclic acetals are a poor

choice for a ketone protecting group on nucl eosi de conjugates and

that keto -

phosphor ami dite couplings,

10 27,

taken and the ketal
with

was attenpted.

t hi ophenol
compound (42)

gamma ani des

in good vyields,

are not

conpatible with
an alternative synthetic route,

st andard

schene

Compound (15) originally from scheme 3 was

was replaced with the thioketal
and

boron trifluoride

94%

103

et her at e,
The ester
easily and quantitatively by sodi um hydroxi de,

by treatnment

pr oduci ng
was hydrol ysed
and conmpound (43)



10

15

isolated by 1M HO extraction. Unlike with previous attenpts,
the ketal remained in place and no cyclisation was observed.
Coupling to the nucleoside (13) was achieved as previously
described in schene 7, acconpanied with the sane issue of
significant DCC failure product. Despite this small linmitation
the synthetic route was continued wthout optimsation. The
t hi oacetal was renoved by silver nitrate /iodine in 80% THF wat er
followed by detritylation to yield conmpound (45) in good vyield.
Phosphoranidite (39) was coupled to the free 5'-hydroxyl of (45)
for 4h and after the reaction was conplete, as nonitored by N5
the sanple was treated with tert-butanol to couple any excess
phosphoranmidite and precipitated in MIBE The sanple was then
solvated in DCM t hen oxidised to yield conpound 46 in 96% yvyi el d.

An alternative nmethod for producing ionically tagged nononers is

shown bel ow in Schene 27B

Schene 27B
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Compound (67) was dissolved in dry THF and cooled to 0°C in an
ice bath with stirring. To this solution the borane-THF was
added drop wise over 15nn at which point the ice bath was
renoved and the solution was stirred at room tenperature over 2h
until the reaction was conplete. The m xture was once again
cooled to 0°C and net hanol was added to quench. The m xture was
then concentrated to dryness and treated once nore w th nethanol
to ensure renoval of all trinethyl borate. This mixture was
purified by a columm chronatography yielding 95+% of the desired
primary hydroxyl ketal ester (I1). Compound (I11) was then
dissolved in dry DCM and triethylanmine, cooled to 0°C and
phosphorus tribrom de was added drop wi se over 10 mn and al |l owed
to stir for 1 h until the reaction was conplete as determ ned by
TLC. The mxture was diluted with ethyl acetate and extracted
twice wth saturated sodium bicarbonate and once wth brine,

followed by purification by columm chromatography affording the
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al kyl bromide in good yield of 92% Conpound (I11) was dissol ved
with mnimal anmounts of acetonitrile to which tributyl phosphi ne
was added drop wise over 10 mn. This exothernmic reaction was
then refluxed for 6h, concentrated, diluted with mninmal acetone
and triturated into vigorously stirring hexanes. The hexanes
| ayer was passed through a Celite® filter and discarded; the
remai ning goo on the filter and in the flask was pure phosphoni um
tagged compound (1V) in quantitative yield. Next, the ketal was
replaced with the nore stable and nore easily renoved thioketal
by treatnment with thiophenol and borane trifluoride etherate in
the presence of nolecular sieves for 6h at room tenperature.
This resulted in conpound (V) after purification by colum
chromat ography in 81%yield. Ester hydrolysis was performed with
a 0.2M pot assi um hydroxi de solution in a 50:50 water THF m xture.
This reaction was quenched by the addition of 1M HCO and sodium
chloride and extracted with ethyl acetate. The organic |ayer was
then washed three tinmes with brine to renove any excess HO,
dried and concentrated providing the pure acid, conpound (V).
The nucl eoside (13) was coupled to conmpound (VI) using standard
DCC conditions affording the 3' tag-linker nucleoside(VIIl) in
noderate yield of 73% Lastly the thioketal was renoved under
very mld conditions by treatnent with 20 nol % of nolecular
iodine and in a solution of nmethanol, water and hydrogen
per oxi de. This mxture was easily purified by quenching with a
10% sol ution of sodiumthiosulfite, extraction with ethyl acetate
and a short silica colum, providing the deprotected
mononer (VI11) in good yield of 85%
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Lastly, the dimer nucleotide with the 3'-tag linker (46) was
treated with hydrazine hydrate (0.5M in pyridine: acetic acid
3:2) producing the dimer nucleotide in near quantitative yield,
and the expected |inker cleavage product, observed by Ms. The
di mer nucl eotide was isonerically pure as confirmed by phosphorus

NVR.

An alternative to the orthogonal |evulinyl linker described above
is a light cleavable linker which can be renoved 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 anytinme during the synthesis of bl ockers. In
combination with the 2'-TIPS protecting group there is no risk of
silyl migration, allowing for the production of regioisonerically
pure bl ockrers whi ch can be readily converted into
phosphorami di es. The synthesis of the NPPOC |ike derivative (55)
begins with a few short and el egant steps reported by Pfleiderer

[Pfleiderer, W et al. Helvetica Chemi mca Acta, 87: 620 (2004)].
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Schenme 29: Synthesis of photolabile ionic tag (55)

NO,

OH
HNO. +°H ><
HO N o (51)

DIC, DMAP o (50 o 85-90%
o (9 0 K , t-butanol

60%

ACN

gx \ﬂm)
\“/©)(?2/A) o 80% TFAm DCM 52) o

30min

DMF, 90°C  3h
FMOCCI ‘ Py, DMAP

OH ACN
(53)

(n-Butyl)sP NO, ‘ 20% 4-methyl (n-Butyl)sP
\H O\H/O .Q Plperldlne in DMF
[e]

©Br P(n Butyl) 3‘ TBTU, Py

e © o (55)
o 62% (two steps) 71%

Fum ng nitric acid was cooled to -10°C and 4-ethyl benzoic acid
(49) was added over 30 min to the sitting solution, then all owed
to stir for 30 mn. The m xture was quenched over crushed ice
and the solid precipitate of 3-nitro-4-ethyl-benzoic acid (50)
was collected and crystallised with ethyl acetate and hexanes in
good yield (959 . The tert-butyl ester was forned using DCC and

DMAP with tert-butanol under standard conditions.

The formation of the 2-substituted propan-1-ol derivative was
achi eved as described by Pfleiderer by treating the tert-butyl
ester with para-fornal dehyde and a catal ytic anmount of potassium
tert-butoxide in an aprotic dipolar solvent, such as DMF or DMSO,
at 90°C for 3h [Pfleiderer, W et al. Helvetica Chem m ca Acta,
87: 620 (2004)]. The reaction was then quenched and neutralized
to pH 7 with 1 M HO, yielding 85-90% of the desired product

(51). The newy formed primary hydroxyl was then protected with
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Froc-d (52), an acid stable protecting group. This all ows

cl eavage of the t-butyl ester with 80% TFA in DCM wthout

deprotection of the primary hydroxyl group. Wthout Fnoc
protection, dehydration of the newy formed hydroxyl wll occur,
fornming the propene derivative. As well, after the installation

of the Fmoc it is inperative that the conpound is not exposed to
sunlight or tungsten light for long periods of tine, as this
compound wi |l undergo photolytic cleavage, as per the design of

t he nol ecul e.

The newly forned free acid was then coupled with phosphonium
ionic tag (53) with TBTU in ACN and wapped in alumnumfoil for
8h which affordws the tagged species (54) in a noderate yield of
65% which could be easily separated from any starting nmateri al
by col um chronat ography. Next, the Fnoc group was renoved under
standard conditions by treatnment with 20% 4-nethyl pi peridine in
DMF for 2h, vyielding conmpound (55) in good yields. Although no
protecting group can be renoved at the primary alcohol, this
compound should be kept in the dark at all times. This is due to
the fact that it was observed that sone degradati on does occur
over tine, albeit nmuch nore slowy than when the Fnoc was

present.

The previous synthesis of the light labile linker is somewhat
long and requires the use of an expensive transient protecting
group, Fnoc. In an attenpt to shorten the synthesis, we were
able to avoid protection, deprotection, and re-protection of the

carboxylic acid noiety, while increasing overall yields. This was
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accomplished by directly conjugating a nodi fied phosphonium i onic
tag (23) containing a primary amine in place of the hydroxyl
group, creating an am de bond in conpound (56) (Schene 30). This
was achieved as described for the synthesis of (55) (Schene 29)
using TBTU and triethylam ne as coupling reagents, producing (57)

in 35%vyield (unoptim zed).

Scheme 30: Short synthesis of photolabile ionic tag (57)

NO, (anWbP®Br
®

(n-Butyl)aP Br TBTU, NEts
HO ]

ACN 84%

(23)  NHBr (49) (56)

mmwf®w NO-
DMSO, rt.

12h
35%

(57)
I n anot her enbodinment, there is provided a process for attaching
ionic tag (57) to a ribonucleoside, affording a building block,
(58) or (59), for further elaboration into oligonucleotides. The
general nmethod for carrying out the conjugation is shown in
Scheme 31, and invol ves phosgenation of the ionic tag foll owed by

its attachement to the 3’ -hydroxyl group of the nucl eoside.

Thus, phosgenation of (55) or (57) was carried out by a nodified
procedure from Eckert, H Auerweck, J. Org. Process Res. Dev. 14:
1501- 1505, (2010), and is outlined in Scheme 32. Det ai | ed
experimental procedures for generating phosgene from tri phosgene

and phenant hridi ne are descri bed herein.
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Scheme 31: Conj ugation of nucleoside (13) to photolabile ionic

t ags.
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® o 2 (n- Butyl)3P Br
(n-Butyl)sR Br Phosgene, OH OTIPS
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X Py
- o) ACN
s, S @mxeo
(59) X = NH

A solution of nucleoside (13) in acetonitrile was added directly
to mxture of DIPEA and chloro carbonate produced from the
phosgene reaction generated above, and allowed to stir for 8 h at
room tenperature. After addition of ethyl acetate, the mxture
was washed with sat. NaHCO, and brine, and precipitated in MIBE
to renove excess (unreacted) nucl eoside and DI PEA. The resulting
precipitate was further purified by colum chromatography in

DCM MeCH

Nucl eosi des such as (59) have a nunber of applications. They can
serve as starting materials for the synthesis of dinmer or triners
or larger oligonucleotides requiring only a precipitation step
for isolation by virtue of the polar ionic tag at the 3" -termni.
Once the desired |length has been synthesized, the 3 -tag and al

protecting groups can be cleaved yielding the free (unprotected)
ol i gonucl eotide. Alternatively, because the 3 -ion tag can be
sel ectively cleaved w thout deblocking all other protecting group
on the heterocylic bases or sugar-phosphate backbone, it

provides a novel neans for preparing protected oligonucleotide
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bl ocks containing a 3 -hydroxyl group that can be further

el aborated to a 3’ -phosphorami dite derivative.

Schene 32. Synthesis of ion-tagged rUpU (60) from nucl eoside

(59).
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3'-NPPOC-tagged-uridine (86) was detritylated by adding 3%

(60)

trifluoroacetic acid in DCM and triethylsilane, all owing the
m xture to stir for 5 mn. Addi tion of nethanol ensured
guenching of the trityl cation, preventing the re-tritylation of
the 5 -hydroxyl group. The crude product was then precipitated
in MIBE to renpve DMIr OMe, and/ or DMIr CH. The conmpound was then
filtered over celite, collected in DCM and re-purified by colum
chromat ography affording a 95% vyiel d. The synthesis of dinmer
rupU (60) was carried out by coupling with rU phosphoramdite
mononmer (39) in the presence of 4,5-dicyanoimdazole (DCl), and
the resulting solution was allowed to stir at room tenperature
for 3 h. Ten equivalents of tert-butanol were added to quench
excess phosphoram dite, followed by 10 eq of tert-butyl
hydroperoxide (1 nmL of a 6 M solution in decane) to oxidize the

i nternucl eoti de phosphite triester to the nore stable phosphate
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triester. The reaction was then concentrated to an oil, taken up
in mnimal anmounts of dichloronethane (DCM, and precipitated in
MIBE to renpve all excess reagents. The precipitation process
was repeated if the presence of any quenched phosphorami dite was

detected by TLC Tagged rUpU dinmer (60) was isolated in 95%

yi el d.
Schene 33
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D ner (60) was dissolved in wet ACN (3200 ppm of H,O, in a 50n
Pyrex round bottoned fl ask. The flask was placed inside a
phot oreact or equi pped with UVB bulbs and reacted for 35 min with
stirring at a concentration of 0.01M The mxture was
concentrated to about 3m and the cleaved tag renoved by
precipitation with nethyl t-butyl ether (MIBE). The desired
diner was found in the MIBE solution, which was coll ected after

concentrating the solution to dryness. Isolated yield was 95%

Experi mental Synthesis of orthogonally cleavabl e tags.
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i i EtOH \/\)J\/\[( \/\)W
\/\)J\ H \)J\OEI ° N 4\8 N Et3
o) @ @ =L oH @ &

(25%)
(3)

O

M/\WOB CH(OE)3, EtOH \/EO)QOE\WOB 1) BHg, THF, CgHio EtO_ OEt okt
—_— _—
HO
2) NaBOj, H,0 NM
@ O PTSA © o o o
(95%) (85%)

NJ\N/ € EtO_ OEt
EtO_ OEt PPhs, CBr, EtO_ OEt \—/ /L@ Br OEt
HOWWOEt BrWWOEt —— N
imidazole, CH,Cl, ACN \_/ o)

@ o] ’ ®) 0 = 9)
(86%) (95%)

S
Br B0 OEt 1) NaOH J\
/L®/\/\)</\H/0Et ) —~ 4, NN oH
\N \N
\—/

9 2) HCl, (10) le)
® 0 K (100%) o

o \fLNH
\kaH DMTrO /§
DMTrO

o ° /& o N0
Br N” SO  TBTU, NEt S 0
/L@ /\/\)J\/\”/OH o] s
N /L®/\/\)J\/YO
\—/ (10) 0 oH N

an (88%)

Et hyl 4-oxooct-7-enoate (54)

4-Pentenal (1) (3.8 g, 45 mmol) was mxed with 3-benzyl-5-(2-
hydr oxyet hyl ) -4-net hyl t hi azolium chloride ((3), 2.45 g, 9.1 nmol)
and ethyl acrylate ((2), 9.0 g, 90 nmol) and dissolved in 22 nL
of anhydrous ethanol. The reaction mxture was heated to refl ux
and then triethylamne (7.6 nL) was added to begin the reaction.
The reaction mxture was refluxed for 18 hours and was then
cooled to room tenperature. The ethanol was renoved under
reduced pressure and the reaction mxture was then suspended in
di chl or onet hane and extracted with brine. The organic |ayer was
dri ed over magnesi um sul phate and the solvent was renoved under
reduced pressure. The products were purified by flash col um
chromat ography using a hexanes/ethyl acetate gradient elution
systemto give (4) (3.96 g, mxed with (5), app. 25%yield) as a
pale yellow oil. ™ NVR (300MHz, Acetonitrile-d;) §= 5.99 - 5.73
(m 1H, with acyloin inpurity), 5.15 - 5.05 (m 2 H), 5.04 - 4.93
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(acyloin inpurity), 4.15 - 4.06 (q, J = 7.0 Hz, 2 H), 2.76 - 2.67
(m 2 H wth acyloin inmpurity), 2.67 - 2.60 (acyloin inpurity),
2.55 - 2.48 (m 2H, wth acyloin inmpurity), 2.35 - 2.26 (m 2 H),
2.20 - 2.17 (acyloin inpurity), 2.16 - 2.12 (m 2 H), 1.99 -
1.94 (acyloin inpurity), 1.21 (t, J = 7.0 Hz, 3 H), CyHiONa'*
| ow resol ution ESI-M cal cul ated: 207.10, found: 207.31.

Et hyl 4, 4-di et hoxyoct - 7-enoat e (56)

Compound (4) (2.0 g, as mixture with (5), approx. 5.7 mmol) was
dissolved in a 1:1 v/v mxture of ethyl orthoformate and et hanol
(6 nm.) and mxed with a catalytic amount of pTSA (0.1 g). The
reaction mxture was then refluxed for 4 hours and it was then
cooled to 0 °C. Saturated aqueous sodi um bi carbonate (20 nlL) was
then added along with diethyl ether (20 nL). The aqueous phase
was extracted several times with diethyl ether and then the
combi ned organic |ayers were rinsed with aqueous brine and dried
over magnesi um sul phat e. The solvent was renoved under reduced
pressure and the product was purified by flash colum
chromat ography using a hexanes/ethyl acetate gradient system to
give (6) (1.36 g, 92% yield) as a colourless oil. 'H NWR

(500MHz, DMBO-dg) 8= 5.85 - 5.73 (m 1 H), 5.05 - 4.88 (m 2 H),
4.03 (q, J =7.2 Hz, 2 H, 3.32(q, J =7.0H, 4H, 2.20 (t, J
7.8 Hz, 2 H), 1.97 - 1.88 (m 2 H), 1.79 (t, J = 7.8 H, 2 H),
53 (t, J =8.4H, 2 H, 1.16 (t, J = 7.2 Hz, 3 H, 1.06 (t, J

[N

7.0 Hz, 6 H), '3C NWR (75MHz, Acetonitrile-d;) 8= 173.0, 138.5,
113.8, 102.0, 60.1, 55.0, 32.3, 28.7, 28.3, 27.8, 14.6, 13.6,
CiuHsONa* low resolution ESI-MS calculated: 281.17, found:
281. 13.

Et hyl 4, 4-di et hoxy- 8- hydr oxyoct anoate (7)

A 1 Msolution of borane in THF (2.4 n_., 2.4 mmol) was cool ed
to 0 °C and to it was added, dropwi se, 0.47 nL of cycl ohexene
(4.6 Mol ). The reaction was stirred for 1 hour at 0 °C and to
the resultant white slurry was added conpound (6) (0.51 g, 2.0
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mmol ). The reaction was allowed to warmto room tenperature and
was stirred for 2 hours. After this tinme, sodium perborate
tetrahydrate (1.07 g, 7.0 nmol) and 2.4 nL of water were added.
The reaction was stirred for a further 2 hours and then the
reaction mixture was extracted with ethyl acetate several tines.
The conbi ned organic |ayers were dried of magnesi um sul phate and
the solvent was renoved under reduced pressure. The products
were purified using a dichloronethane/ methanol gradient elution
system to give (7) (0.45 g, 81% yield) as a colourless oil.
Starting material (6) was al so recovered. 'H NVR (300MHz, DVSO-

dg) 8= 4.33 (t, J =5.2 H, 1 H), 402(q, J=7.1H, 2H, 3.36
(m 2 H, 3.31(q J =7.3H, 4H, 2.18 (t, J =7.7 H, 2 H,
1.76 (t, J = 7.7 Hz, 2 H, 1.46 - 1.41 (m 2 H), 1.40 - 1.31 (m
2H, 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), BC NWR (75MHz, DMBO-dg) & = 173.1, 102.4, 61.0,
60.3, 55.0, 33.2, 33.0, 29.0, 28.5, 20.2, 15.7, 14.5, CyH;sONa'*
| ow resol ution ESI-Ms cal cul ated: 299.18, found: 299.19.

Et hyl 8- brono-4, 4-di et hoxyoct anoate (8)

Compound (7) (0.50 g, 1.8 nmol ) was nm xed W th
tri phenyl phosphine (0.80 g, 3.0 mmol ) and im dazole (0.20 g, 2.9
mmol ) and dissolved in 18 nL of dichloronethane. The sol ution
was cooled to O °C and a solution of carbon tetrabrom de (0.85 g,
2.6 mol) in dichloronethane (1.5 nmL) was added slowy. The
reaction nmixture was allowed to warmto room tenperature and was
stirred for 1 hour. The reaction was then quenched by the
addition of saturated aqueous sodium sul phite and extracted with
di chl or onet hane. The conmbined organic |ayers were dried over
sodi um sul phate and the solvent was renoved under reduced
pressure. The  product was purified by flash colum
chromat ography with a hexanes/ethyl acetate gradient elution
systemto yield (58) (0.49 g, 81%yield) as a colourless oil. 'H

NVR (400MHz, DMBO-dg) 8= 4.04 (q, J = 7.1 Hz, 2 H), 3.54 (t, J =
6.5 Hz, 2 H), 3.32 (q, J = 6.9 Hz, 4 H, 2.22 (t, J = 7.8 Hz, 2
H, 1.83 - 1.74 (m 4 H), 1.47 (t, J = 7.2 Hz, 2 H, 1.35 - 1.25
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(m 2 H, 1.18 (t, J = 7.1 Hz, 3 H, 1.07 (t, J = 6.9 Hz), C
NVR (126MHz , Acetonitrile-d;) 6= 173.0, 102.1, 60.1, 55.0, 34.2,

32.5, 32.1, 28.8, 28.4, 22.0, 14.7, 13.5, CuH,BrONa'* 1ow
resolution ESI-M cal cul ated: 361.10, found: 361.11.

Et hyl 4, 4- di et hoxy- 8- (2, 3-di net hyl - 1Hi mi dazol - 1-yl) oct anoat e
brom de (9)

Compound 58) (0.31 g, 0.90 mmol) was dissolved in 5 nL of
acetonitrile and nixed with 1,2-dinethylinidazole (0.13 g, 1.3
mml). The reaction was warmed to 50 °C and stirred overnight.
The reaction nixture was then cooled to roomtenperature and the
sol vent was then renoved under reduced pressure. The resultant
oil was rinsed several times with diethyl ether and then the
conmpound was again subjected to reduced pressure. This gave (9)
(0.38 g, 95%vyield) as a colourless oil. 'H NWVR (500MHz, DNVBO- dg)
0=7.63 (d, J = 2.2 Hz, 1 H, 7.60 (d, J = 2.2 Hz, 1 H, 4.09
(t, J =7.2 H, 2 H, 404 (q, J =7.2H, 2 H, 3.73 (s, 3 H,
3.31(q, J =6.9 Hz, 4 H, 2.56 (s, 3 H, 2.20 (t, J =8.1 Hz, 2
H, 1.76 (t, J =81Hz, 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), 'C NWR (126MHz ,DVMBO-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, CioHksNO low resolution ESI-M
cal cul ated: 355.26, found: 355.28.

8-(2,3-dinmethyl -1H i m dazol -1-yl ) - 4- oxooctanoi ¢ acid brom de (10)

Compound (9) (0.44 g, 1.0 nmol) was nixed with 1 M aqueous
sodi um hydroxide (5 nmL) and stirred overnight. The solution was
then acidified to pH 1 by addition of concentrated aqueous HCO .
The aqueous solution was then rinsed with diethyl ether, foll owed
by the renoval of water under reduced pressure. The resulting
solid was dissolved in a mnimum of cold acetone and
di chl oronet hane any undissolved naterial was renoved by
filtration. The solvent was then renpved under reduced pressure
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to give (10) (0.34 g, > 100%vyield) as an off-white solid, likely
mxed with a small anmount of sodium chloride. 'H NMR (400MHz,
DVMBO dg) 6= 7.63 (d, J = 2.1 H, 1 H, 7.61 (d, J =2.1Hz, 1 H,
4.09 (t, J =7.3 H, 2 H, 3.73 (s, 3 H, 2.61 (t, J =6.3 Hz, 2
H, 2.56 (s, 3 H, 2.49 (t, 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 NW (126M
,Acetonitrile-ds) d = 208.9, 173.4, 122.3, 120.9, 48.0, 41.0,
36.7, 34.8, 28.6, 27.7, 19.9, 9.2, Ci3H:N.G high resolution ESI-
M5 required: 253.15467, found: 253.15459.

CGener al procedure for the derivatization of (10) W th
nucl eosi des.

Conpound (10) (0.4 mmol) was dissolved in 15% v/v
DM/ acetonitrile and mixed with DCC (0.6 nmmol), DMAP (0.2 nmol),
and the desired 5 -DMIr-dT or 5 -DMIr 2'-TIPS rU (13) (0.5 nmol).
The reaction mxture was stirred overnight and was then
precipitated from MIBE. The resultant solid was renoved by
filtration and recovered from the filter by dissolving it in
acetonitrile. The solvent was renoved under reduced pressure and
the resulting solid was taken up in dichloronmethane and washed
with dilute aqueous sodium tetrafluoroborate to achieve ion
net at hesis. The organi c phase was dried over nagnesium sul phate
and the solvent was renoved under reduced pressure. The
resultant solid was then dissolved in acetonitrile and the
solution was precipitated from MIBE, followed by filtration and
recovery in acetonitrile. The solvent was then renmpoved under
reduced pressure to yield the desired tagged nucl eoside in 80-90%

yi el d.

(12) 'H NMR (500MHz, DVBO-dg) 8= 11.37 (s, 1 H), 7.59 (d, J = 2.1
Hz, 1 H, 7.57 (d, J = 2.1 H, 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 =7.1H, 2 H, 7.25 -
7.19 (m 5 H), 6.90 — 6.85 (m 4 H), 6.17 (dd, J = 5.9 Hz, 1 H),
5.25 (d, J = 6.3 Hz, 1 H, 4.08 (t, J =7.1Hz, 2 H, 4.01 (dd, J
3.5 H, 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 (t, J =
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6.1 Hz, 2 H, 2.60 (s, 3 H, 2.55 - 2.44 (m 8H and DVBO, 2.53
(dd, J =8.1, 54 Hz , 1 H, 1.72 - 1.61 (m 2 H), 1.48 - 1.42
(m 2 H), CuH:N:Q™ high resolution ESI-M required: 779. 36506,
found: 779.36526.

(14) *H NMR (500MHz, DVBO-dg) 6= 11.47 (s, 1 H, H3), 8.22 - 8.16
(m 1 H Dwvr, 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,
DMIr), 7.58 - 7.56 (m 2 H, DMIr), 7.36 - 7.27 (m 2 H DM,
7.26 - 7.18 (m 2 H DwMr), 6.91 - 6.84 (m 4 H, DMIr), 5.87 (d, J
= 6.8 Hz, 1 H HLl'), 549 (dd, J = 2.0, 5.9 Hz, 1 H H5), 5.16
(t, J =2.3 H, 1 H H3), 4.64 (t, J =6.2 Hz, 1 H H2), 4.06
(t, J = 7.4 Hz, 2 H NCH), 3.73 (s, 6 H DMI OCH;), 3.70 (s, 3
H tag NCH;), 3.29-3.15 (m water and H5 &"), 2.70 (t, J = 6.7
Hz, 2 H tag CH,CH,COO), 2.63 - 2.58 (m 3 H tag CHCN,), 2.55
(m DWMSO 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% i npurity), 1.49 -
1.35 (m tag, NCH,CH,CH,CH, and 10% inpurity), 1.28 - 1.13 (m
impurity), 0.99 - 0.90 (m 9 H), GCs;HoNiO,Sit high resolution
ESI - M5 required: 937.47775, found: 937.47680.

OEt ——— » /\/\)W
BFM/\[( ACN (n—Bu)3F’@

(8) 0 Br (15) ©

(86%)

Eto CF 1. 1M HCl o—°
® OEt ® HO

Bk 2. NaOH (5 (n-Bu)sPo

Br (15) 0] - Na (5eq) Br (16)

EtO_ OEt o O
(n-Bu)3P@ (n-Bu)sPg

MeOH/H,0
Br (15) O Br (17)
On column
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tributyl (5,5, 8-triethoxy-8-oxooctyl)phosphoni um brom de (15)

Al kyl -brom de (8) (3.8g, 11.2 nmol ) was solvated in 22.4 nL of
dry ACN to which was added to 1.5eq of tributyl phosphine (3.4 g,
16.8 mmol )and was stirred at 50°C for 8h. The reaction mxture
was then concentrated to dryness on rotovap then precipitated in
hexanes to afford pure phosphoni umtagged species (15) in 93%
yield, 5.64 g.

'H NMR (300 MHz, CHLOROFORMid) Sppm 0.76 - 0.91 (m 16 H) 0.95 -
1.07 (m 10 H) 1.08 - 1.19 (m 6 H) 1.27 - 1.58 (m 33 H 1.71 -
1.89 (m 3 H 2.07 - 2.21 (m 4 H) 2.22 - 2.49 (m 15 H 3.18 -
3.39 (m 8 H 3.88 - 4.08 (m 2 H

31p NMR (81 MHz, CHLOROFORM d) & ppm 49.63 (s, 1 P)

tributyl (4-(2-hydroxy-5-oxotetrahydrof uran-2-yl)butyl)phosphoni um
brom de (16)

Conpound (15) (0.2 g, 0.37 mol) was sol vated in mninmal nethanol
approx 3 nmL to which was added 3 nL of BM HO and was allowed to
stir for 20 min, at which point the reaction was observed to be
conplete by TLC. The reaction was then neutralized by the
addition of 3 nL of 5M NaOH, then approximtly 5eq (75 ng, 1.9
mol ) of extra NaOH was added and allowed to stir for an

addi tional 30mn. The reaction was nonitored by M5 show ng
compl ete consunption of starting material. The reaction was then
neutralized with 1M HC , taken up in ethyl acetate and shaken
acidified brine to renove all excess salts, and twice with brine
to renove any excess HCO. The ethyl acetate was dried with
magnesi um sul fate and concentrated to dryness. Yiel ding conpound
(16) in 88%yield, 176 ny.

IH NMR (300 MHz, CHLOROFORMid) & ppm 0.78 - 0.97 (m 9 H) 1.45
(br. s., 17 H 1.87 (br. s., 1 H 1.97 - 2.07 (m 1 H 2.13 (m
J=9.38, 6.74 Hz, 1 H 2.28 (br. s., 8 H 2.38 - 2.72 (m 2 H)

3.40 - 3.57 (m 1 H
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tributyl (4-(2-ethoxy-5-o0xotetrahydrofuran-2-yl)butyl)phosphoni um
brom de (17)

Compound (15) (0.25 g, 0.46 mol) was solvated in mninml anount
of nmethanol, 1.5 nL, and treated with approximately 5eq (80 ng,
2.1 mmol) of NaCH and allowed to stir for 1h at roomtenperature
The reaction m xture was neutralized to pH 8 then concentrated to
dryness. The m xture was then passed through a silica col um
with 1% acetic acid and 10% MeOH DCMto renove all salts and
generate the acid formof the product. Yielding 74% of conpound
(17)

'H NMR (300 MHz, CHLOROFORMd) & ppm 0.78 - 0.97 (m, 9 H) 1.07
(t, J=7.00 Hz, 4 H) 1.45 (br. s., 17 H 1.87 (br. s., 1 H 1.97 -
2.07 (m 1 H 2.13 (m J=9.38, 6.74 Hz, 1 H 2.28 (br. s., 8 H
2.38 - 2.72(m 2H 3.23 - 3.39(m 2H 3.40 - 3.57 (m 1 H

B3C NWR (75 MHz, CHLOROFORMd) & ppm 13.41 (s, 1 C) 15.28 (s, 1
C 18.38 (s, 1 O 19.02 (s, 1 C 23.55 (s, 1 O 23.61 (s, 1 O
23.69 (s, 1 0O 23.77 (s, 1 C 23.97 (s, 1 C 28.70 (s, 1 O 31.54
(s, 1 0 32.59 (s, 10 3521 (s, 1C 42.36 (s, 1 C 55.17 (s, 1
C) 57.98 (s, 1 C 102.33 (s, 1 O 110.85 (s, 1 C 176.42 (s, 1 O
177.15 (s, 1 O

o) @)
HO MOH iso-propanol \(O\[(\)K/\H/O\r
o o p-TSA cat. le) 98% ')

(18) (19)

Di i sopropyl 4-oxohept anedi oate (19)

4-ketopemlic acid (18) (10 g, 57.4 mmol; purchased from Si gma-
Al drich) was suspended in 50 nL of isopropanol and 50 niL of
benzene. Catalytic anount of p-toluene solfonic acid was added
to the mixture and brought to reflux using a Dean Stark trap to
renove the water produced. Once the volune had decreased to
approximately 50 nL in the flask, another 50 nL of 50:50

Benzene: i so- propanol was added and further reduced to
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approximately 30 m. The m xture was then taken up in ethyl
acetate and extracted with NaHCO; (x3) and once with brine. The
organic layer was dried with MSO, and condensed to dryness
yielding pure (19): 14.2 g (95%.

'H NMR (300 MHz, CHLOROFORMd) & ppm 1.06 (d, J=6.45 Hz, 12 H)
2.39 (t, J=7.00 Hz, 1 H 2.60 (t, J=6.70 Hz, 4 H 4.72 - 4.89 (m
2 H C NWR (75 MHz, CHLOROFORMrd) & ppm 21.57 (s, 1 C) 28.13
(s, 3C 28.13 (s, 3 C 36.92 (s, 3 C 67.66 (s, 1 C 171.90 (s,
2 C) 206.82 (s, 1 O CisH,QNa'* | ow resolution ESI-M cal cul at ed:
258. 14, found: 281.21.

O \
OWWO Ethylene glycol 0. 0O
ik A"} b OMO
T R TULUT
(19) (20)

Di i sopropyl 3,3'-(1, 3-di oxol ane- 2, 2-di yl ) di propanoate (20)
Compound (19) (0.55 g, 2.1 mol) was solvated with 5eq of
ethylene glycol (0.58 m, 10.5 mmol), 90 nL of dry toluene and
catalytic amount of pyridinium para-toluene sulfonate. Thi s
m xture was refluxed at 140°C replacing the toluene 3 tines and
finally allowing the reaction to reflux overnight. The mixture
was then distilled to approximately 30 nmL, renoved from heat and
diluted with DCM and extracted with sat. NaHCO; (x2) then water
(x3) to renobve any excess ethylene glycol. The product was
purified by colum chromatography (DCM MeCH, 100:0 > 95:5).
Isolated yield: 0.41 g (65%.

'H NVR (500 MHz, CHLOROFORM-d) & 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 NWR (126 Mz, CHLOROFORM
d) & ppm 21.59 (s, 1 C) 29.02 (s, 1 C) 32.07 (s, 1 C) 64.94 (s, 1
C 67.23 (s, 1 C 67.26 (s, 1 C 109.84 (s, 1 O 172.56 (s, 1 O
CisHheOsNal* low resolution ESI-MS calculated: 302.17, found:
325. 0.
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OMO MeOH/H,0 HOMOH + HOMO
\r o) o j/ LiOH (5eq) o o) o) \[/

O
(65) (66) (67)

Sy e ey St

35% 45%

(20) (21) (22)
3- (2- (3- hydroxy- 3-oxopropyl ) -1, 3-di oxol an- 2-yl ) pr opanoi c aci d
(21) and 3-(2-(3-isopropoxy- 3-oxopropyl)-1, 3-di oxol an- 2-

yl ) propanoic acid (22).

Compound (20) (2.1 g, 6.9 mvol) was solvated in 20 nL of MeOH to
which was added 1.5 eq of LiOH (0.51 g, 21.5 mol) in 5 nL of
wat er . This mxture was allowed to stir for 2h wuntil all
starting material was consuned. The solution was brought to
neutrality by the addition of 1 MHO. This mxture was purified
by col um chromat ography (DCM MeOH with 1% AcOH, 100: 0 -> 90:10).
Isolated yield of (21): 0.53 g (35%. Yield of (22): 0.81 g

(45% .
(21)

'H N\R (300 MHz, METHANOL-d;) & ppm 1.94 (t, J=8.20 Hz, 4 H) 2.33
(t, J=7.30 Hz, 15 H) 3.94 (s, 26 H 'C NWR (75 M4z, METHANOL-d,)
o ppm 28.19 (s, 1 C) 31.82 (s, 1 C) 64.77 (s, 1 C) 109.81 (s, 1
C 175.90 (s, 1 O CyHyOLi* low resolution ESI-M cal cul ated:
218. 07, found: 224.12.

(22)

'H N\R (500 MHz, METHANOL-d;) & ppm 1.22 (d, J=6.36 Hz, 6 H) 1.87
- 203 (m 4 H 2.23 - 2.3 (m 4 H 3.5 (m J=5.14 Hz, 3 H)
3.67 (m J=5.14 Hz, 3 H) 4.89 - 500 (m 2 H C NWR (126 Mz,
METHANCOL-ds) & ppm 7.75 (s, 1 C) 20.72 (s, 1 C) 28.80 (s, 1 C)
31.81 (s, 1 C 60.87 (s, 1 C 62.94 (s, 1 C 67.60 (s, 1 O 72.13
(s, 1 C 109.92 (s, 1 C 173.40 (s, 1 © 176.73 (s, 1 O CpHQ"
| ow resol ution ESI-M cal cul ated: 260.12, found: 259.03.
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O/ O\ ® O (n-Bu)sR Br
HOMO , (n-Bu)sR Br DCC, DMAP \\\\ \
0 o j/ ACN NH 0.0 o
NHBr 7/
(22) (23) 0 87% O

(24)

Tributyl (3-(3-(2-(3-isopropoxy- 3-oxopropyl)-1, 3-di oxol an- 2-
yl ) pr opanami do) pr opyl ) phosphoni um broni de (24)

Compound (22) (0.3 g, 1.1 mml) was solvated in 1.5 nL of ACN
followed by TBTU (0.39 g, 1.2 nmmol), 2.5 eq of triethylanne
(0.38 m) and phosphonium ionic tag (23) (0.45 g, 1,2 mmol).
This mxture was allowed to stir for 4h wuntil the starting
material (22) was conpletely consunmed. The reaction mxture was
diluted with ethyl acetate and extracted with 5% NaHCO, x2 and
once with brine. The organic layer was dried and concentrated
and purified by colum chromatography. DCM MeCH 100:0 —-> 95:5.
Isolated yield: 0.54 g (84%.

'H NMR (300 MHz, CHLOROFORM-d) & ppm 0.91 (t, J=6.74 Hz, 9 H)
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 - 2230 (m 9 H 2.18 (t, J=7.03 Hz, 8 H
3.28 - 3.44 (m 2 H 3.84 (br. s., 5H 3.94 (s, 6 H 4.72 - 4.89
(m 1 H GCyHsNOPY™ low resolution ESI-MS cal cul ated: 502. 36,
found: 502. 36.

® O ®0

(n-Bu)3R Br (n-Bu)3PR Br
\\Lo o/_\o MeOH/H,0 (4:1 l \\L o/—\O
YT O o eeg o

65% (isolated)
(29)
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Tri butyl (3-(3-(2-(3-hydroxy-3-oxopropyl)-1, 3-di oxol an- 2-
yl ) propanam do) propyl) phosphoni um brom de (25)

Compound (24) (0.25 g, 0.4 nmmol) was solvated in 2.5 nL of MCH
to which was added 10 eq of LiOH (0.1 g, 4 mol) in nL of water.
This mxture was allowed to stir for 3h wuntil all starting
mat eri al was consuned. The solution was brought to neutrality by
the addition of 1M HO in MOH. This mxture was purified by
col um chromat ography (DCM MeCH with 1% AcOH, 100:0 —-> 90:10).
Isolated yield of (25): 0.20 g (95%.

'H NVR (300 MHz, CHLOROFORM-d) & ppm 0.91 (t, J=6.74 Hz, 9 H)
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 CuHs;NQP" low resolution ESI-N
cal cul ated: 460.31, found: 460. 30.

0 @)

NH NH
o o C
(n-Bu)zR Br DMTrO l N)%o (n-Bu)sR Br DMTrO /g
O

NS0
\\L /7 DCC, DMAP —/ 0
NH Oy 0 + - 0, 0
M/\WOH OH OTIPS ACN NW/\H/O oTIPS

O (25 o (13) O 744 O
(26)

O
NH

® © |
(n-Bu)zP Br HO o N’go

\\L — 80% ACOH, 56h o
0 -~ NH

NMO oTIPS 80°C WWO oTIPS
s d o o)

38%

o)

NH
e I
(n-Bu)sR Br DMTrO A
0 N O

(26)
(27)

5'-DMTr-2'-TIPS-3'-[tributyl (3-(3-(2- (2-carboxyethyl)-1,3-
di oxol an- 2-yl ) pr opanani do) pr opyl ) phosphoni um brom de] (26)

To a solution of conpound (25) (0.2 g, 0.37 mml) in ACN (1 nl)
was added TBTU (0.19 g, 0.6 mmol), triethylamine (0.5 nL) and
compound (13) (0.42 g, 0.6 mmol). The resulting mxture was
allowed to stir for 12 h until the starting material (25) was

conpl etely consuned. The reaction mxture was diluted with ethyl
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acetate and extracted with 5% NaHCO, x2 and once with brine. The
organic layer was dried and concentrated, taken up in mninal
anmounts of DCM at precipitated in 100 mM of MIBE, filtered over
Celite© Isolated yield of (26): 0.20g (45%.

'H NMR (300 MHz, CHLOROFORMd) & ppm 0.91 (t, J=6.74 Hz, 9 H)1.02
- 1.59 (m 38 H 1.96 - 2205 (m 7 H 2.15 - 2.30 (m 9 H) 2.40
(t, J=7.03 Hz, 8 H 3.37 - 3.40 (m 4 H 3.78 — 3.94 (br. m 17
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) GCuHesN;OLPSIi'™ |ow
resolution ESI-M cal cul ated: 1144.64, found: 1144.7.

2'-TIPS-3'-[ (tributyl (3-(7-oxy-4,7-
di oxohept anani do) pr opyl ) phosphoni um chl oride] uridine (27)

Compound (26) (0.228 g, 0.199 mml) was solvated with 15 m of
80% acetic acid in water and first allowed to stir at room
tenperature for 6h showing alnobst no loss of the ketal, but
complete loss of the trityl group. The reaction was then heated
to 50°C for 12h which then showed about a 25% loss of ketal.
Then the reaction was placed at 80°C for 40h which then showed
al nrost conplete consunption of starting material. The nixture
was diluted with DCM and extracted with 3 portions of saturated
NaHCO;. The organic layers were dried with MySO, and concentrat ed
to dryness. The crude mixture was then solvated in mninmal
anounts of DCM and precipitated in MIBE to renove trityl and sone
cl eaved TIPS. The compound was then filtered over Celite®© and
collected with DCM The resulting mxture then had to be
purified by colum chronmatography (0-15% MeOH in DCM affording
compound 27 in noderate yield of 62% 0. 108g.

'H NVR (400 MHz, CHLOROFORM d) & ppm 0.90 - 1.13 (m 37 H 1.39 -
1.52 (m 17 H 1.78 - 1.87 (m 2 H 1.90 - 1.95 (m 1 H 2.00 -
2.03(m 1 H 2.06 - 2.25 (m 11 H 2.27 - 2.34 (m 5 H 2.44 -
2.60 (m 4 H 2.73 - 2.80 (m 2 H 3.37 (d, J=5.47 Hz, 1 H 3.68
- 3.92(m 3 H 4.16 - 4.22 (m 1 H) 4.64 - 4.72 (m 1 H 5.01 -
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513 (m 1 H) 5.62 - 5.72 (m 1 H 5.78 (dd, J=7.62, 4.49 Hz, 1
H 8.07 (d, J=7.82 Hz, 1 H 8.23 (d, J=8.21 Hz, 1 H) 8.70 - 9.11

(m 1H)

3C NMR (101 Mz, CHLOROFORMid) & ppm 12.05 (s, 1 C) 12.16 (s, 1
5 € 13.37 (s, 1 C 17.66 (s, 1 © 17.67 (s, 1 C 17.75 (s, 1 O
17.77 (s, 1 C 17.79 (s, 1 C 17.85 (s, 1 C) 18.25 (s, 1 C) 18.73
(s, 1C 21.25 (s, 1 C) 23.44 (s, 1 C) 23.50 (s, 1 C 23.55 (s, 1
C) 23.80 (s, 1 C 23.94 (s, 1 C 125.81 (s, 1 C 128.58 (s, 1 C
139.39 (s, 1 C) 143.40 (s, 1 C) 183.06 (s, 1 C) 207.78 (s, 1 O

10 3P NMR (81 MHz, CHLOROFORMd) & ppm 33.29 (s, 1 P) 33.36 (s, 1 P)
33.42 (s, 1 P) 33.51 (s, 1 P) 33.72 (s, 1 P) 33.78 (s, 1 P)

C.OH;sNsQPSi "t 1 ow resolution ESI-MS cal cul ated: 798.48 , found:

798. 51
\r M j/ Thlophenol \”/TS)QST\”/
BF3-Et,0 \( j/
(19) (28)
PhS. SPh PhS_ SPh PhS_ SPh
T e WY T ™
o) NaOH 0.2eq *59, *85%
(29) *according to NaOH (30)
® O

® 0 (n-Bu)zR Br
PhS_ SPh (n-Bu);R Br

HO OMe DCC, DMAP \\L PhS__SPh
+ - = NMOME
o) o) (23) ~NHaBr ACN
o) 0

(30) (31)

@06
(n-Bu);R Br ® 0

\\\\ MeOH/H,0 (n-BU)sP\gL
PhS_ SPh T e
My NMOH

°© @ © O (2 O
15 diisopropyl 4, 4-bis(phenylthio)heptanedi oate (28)

conpound (19) (4.69 g, 18.1 mmol) was solvated in 36.3 nL of DCM
(0.5 M followed by 4.83 nL, 2.6eq of thiophenol (5.203 g, 47.2

127



10

15

20

25

30

mmol). This mxture was cooled dowmn to 0°C in an ice bath then
treated, drop-wise, with stirring 5.75 nL of boron trifluoride
etherate (BFs-Q(Et), (6.44 g, 45.4 mol). This mxture was
stirred and allowed to slowy warm up to room tenperature over
ni ght. After 10 hours, the mixture was cooled to 0°C and
concentrated NaHCO; was added carefully to the solution quenching
the Boron trifluoride followed by DCMto dilute. The m xture was
extracted x3 with saturated sodium bicarbonate, dried with MSO,
concentrated to dryness. The conpound was purified from excess
t hi openol by colum chromatography (0 > 20% Hexanes:

ethyl acetate) yielding quantitative conversion.

'H NMR (400 Mz, CHLOROFORMid) & ppm 1.21 (d, J=6.64 Hz, 12 H)
1.78 - 2.03 (m 4 H 2.58 - 2.84 (m 4 H 4.96 (dt, J=12.60, 6.40
Hz, 2 H 7.30 - 7.45 (m 6 H 7.62 (d, J=6.64 Hz, 4 H)

13C NMR (101 MHz, CHLOROFORMid) & ppm 21.82 (s, 1 C 30.20 (s, 1
C) 32.87 (s, 1 C) 67.80 (s, 1 C 128.80 (s, 1 C 129.38 (s, 1 C
130.55 (s, 1 C) 136.83 (s, 1 C) 172.42 (s, 1 O

C5H:2OS, | ow resol ution ESI-M cal cul ated: 460.17, found: 483.23.

4, 4- bi s(phenyl t hi 0) hept anedi oi ¢ acid (29) and 7-isopropoxy- 7-0xo0-
4, 4- bi s(phenyl t hi 0) hept anoi ¢ aci d (30)

Conpound 28 (6.43 g, 14.0 mmol) was solvated in nethanol: water
4:1 200m and cooled to 0°C in an ice bath. 0.2 eq of NaCH
(0.11g, 2.8 mmol) was solvated in 10 nL of H,0 and added drop-
wi se to the above sol ution. This mxture was allowed to react
for 12h then was concentrated to renpove a significant amunt of
net hanol, then 1M HCL was added followed by ethyl acetate and
extracted x2 with 1M HCL. The organic layer was dried with
MySQO,, concentrated to dryness yielding a very conplex m xture of
compounds. After purifying each spot by col um chromat ography (0
- 30% Hexanes: ethylacetate with 1% AcOH) it was determ ned that
not all the nethanol was renoved and neither was all the HCL, as
no brine wash was done at the end and significant

transesterification of the isopropyl ester to the nmethyl ester
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was observed. The nonoester product (30) during this scal e-up
was conpletely converted to the nethyl ester product in 85%

yi el d.
(29)

'H NVR (400 Mz, DVMBO-ds) & ppm 1.45 - 2.01 (m 4 H 2.50 - 2.64
(m 4H 7.35- 7.49 (m 6 H 7.52 - 7.65 (m 4 H 12.19 (s, 2 H

13C NMR (101 MHz, DVBO-dg) & ppm 29.62 (s, 1 C) 32.78 (s, 1 O
38.81 (s, 1 C 68.19 (s, 1 C 129.54 (s, 1 C 130.05 (s, 1 O
130.44 (s, 1 C) 136.77 (s, 1 C) 174.01 (s, 1 C) 178.31 (s, 1 O

CioHoOS, | ow resol ution ESI-M cal cul ated: 376.08, found: 399.21
(30)

'H NMR (400 MHz, CHLOROFORMid) & ppm 1.82 - 2.04 (m 4 H) 2.64 -
2.84 (m 4 H 3.65 (s, 3 H 7.28 - 7.45 (m 6 H 7.54 - 7.67 (m
4 H)

13C NMR (101 Mz, CHLOROFORMid) & ppm 29.61 (s, 1 C 29.70 (s, 1
C) 32.65 (s, 1 C 32.93 (s, 1 C 51.86 (s, 1 C 66.90 (s, 1 O
128.96 (s, 1 C 129.54 (s, 1 C) 130.30 (s, 1 © 136.75 (s, 1 O
173.46 (s, 1 C) 179.34 (s, 1 C) 183.06 (s, 1 O

CoH o OS, | ow resol ution ESI-M cal cul ated: 390.1, found: 413.12

tributyl (3-(7-nmethoxy-7-o0xo-4, 4-
bi s(phenyl t hi o) hept anami do) pr opyl ) phosphoni um bromni de (31)

Compound (30) (0.5 g, 1.28 mml) 1.5eq of DCC (0.396 g, 1.92
mmol ) were solvated in 5 nL of ACN. Phosphoniumtag (23) 1.15eq
(0.62 g, 1.47 mmol) was solvated in 2 nL of dry pyridine and
added directly to the above solution foll owed by catal ytic anount
of DVAP. The reaction was allowed to stir for 6h until the
reaction was conplete by Ms. The reaction was taken up in ethyl
acetate and extracted x2 wth ammonium chloride and once wth

bri ne. The organic layer was dried with nagnesium sulfate and
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concentrated to dryness. The mixture was purified by colum
chromat ography to renpve excess tag (0 - 15% MeOH:DCM) and in
the process a significant amount of material was |lost on the
colum, vyielding 63% O0.54g

'H NMR (300 MHz, CHLOROFORMd) & ppm 0.85 - 1.05 (m 9 H) 1.36 -
1.63 (m 13 H 1.80 - 2.04 (m 7 H 2.17 - 2.35 (m 6 H 2.58 -
2.81 (m 6 H 3.30 - 3.46 (m 2 H 3.60 (s, 3 H 7.28 - 7.40 (m
6 H 7.59 - 7.76 (m 4 H) 8.51 (t, J=5.27 Hz, 1 H)

13C NMR (75 MHz, CHLOROFORMid) & ppm 13.44 (s, 1 C) 13.46 (s, 1 O
16.92 (s, 1 C 17.57 (s, 1 C) 18.59 (s, 1 ©) 19.22 (s, 1 © 21.27
(s, 1C 21.33 (s, 1 C 23.63 (s, 1 C 23.69 (s, 1 C 23.88 (s, 1
C) 24.08 (s, 1 C 29.66 (s, 1 C 30.95 (s, 1 C 31.33 (s, 1 O
32.82 (s, 1 C 33.40 (s, 1 C 39.16 (s, 1 C 39.36 (s, 1 C 51.62
(s, 1 C 67.92 (s, 1 C 128.75 (s, 1 © 129.14 (s, 1 C 130.82
(s, 1 C 136.91 (s, 1 C 173.24 (s, 1 C 173.57 (s, 1 O

CisHssNOsPS,"l ow  resol ution ESI-MS  cal cul at ed: 632. 92, f ound
632.91

tributyl (3-(6-carboxy-4, 4-
bi s(phenyl t hi 0) hexanam do) pr opyl ) phosphoni um chl ori de (32)

Compound (31) (0.5 g, 0.75 nmol) was solvated in 8 nL of MeOH to
whi ch was added 5 eq of NaOH (0.15 g, 3.7 nmol) in 2 nL of water.
This mxture was allowed to stir for 3h wuntil all starting
mat eri al was consuned. The solution was brought to neutrality by
the addition of 1M HCd. This mxture was purified by HC
extraction followed by brine x3, dried and concentrated

Quantitative recovery.

'H NVR (300 Mz, CHLOROFORMd) & ppm 0.98 (t, J=6.59 Hz, 9 H)
1.52 (br. s., 13 H) 1.88 (d, J=9.67 Hz, 3 H 2.01 (d, J=4.10 Hz,
4 H 2.08-225(m 7 H 2.49 - 2.64 (m 4 H 2.68 (t, J=6.59
Hz, 2 H 3.39 (d, J=4.40 Hz, 2 H) 7.12 - 7.21 (m 3 H 7.30 -
7.41 (m 6 H 7.65- 7.79 (m 4 H) 8.00 (br. s., 1 H
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CisHsNOPS, low resolution ESI-Ms calculated: 618.32, found:
618. 32

O

O
® o | NH
(n-Bu)zR CI DMTrO /&

| NH
DMTrO N/KO \\L o N ©
0
@ PhS_ SPh

(n-Bu), NH O OTIPS
OH OTIPS
PhS_ SPh (13) o SallNe
NMOH ®
S
DCC, DMAP (n-Bujah G N

\\L HN
PhS. SPh N>:0

NH

o @) O O

O

NH
NH ®
@ ) f‘\
(n-Bu)sP Cle DMTrO (n-Bu)sR ClI HO /&

0
fk
o N’&o 1) AgNO3 - I, o ©
brs SPh THF/H,0 (4:1) " 0
e
MO OTIPS 16h MO OTIPS

0o (34) O © (27) ©

N

5’ -DMTr-2'-TIPS-3'-[ (tributyl (3- (7-oxo0-4,4-
bi s(phenyl t hi 0) hept anam do) propyl ) phosphoni um brom de] uridine
(34)

Compound (32) (0.56 g, 0.85 mml) and 2eq of DCC (0.35 g, 1.7
mmol ) were solvated in 8 nL of ACN. To the above solution 2eq of
nucl eoside (13) 1.23 g, 1.7 mmol) was added followed by sub
stoichiometric anounts of DVAP. The reaction was allowed to stir
for 6h until all starting material was consunmed, nonitored by NS
The sanple was diluted with ethyl acetate and extracted wth
ammoni um chl oride x2 and once with brine. The organic |ayer was
dried with magnesi um sul phate and concentrated to dryness. The
m xture was then precipitated i n MIBE- Hexanes 50:50 to renmove any
unreacted DCC then purified by colum chromatography (0 > 10%
MeOH DCM affording a mxture of conpound (34) and (33) as an
i nseparable m xture in 89%vyield.
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'H NMR (400 MHz, CHLOROFORMid) & ppm 0.81 - 1.15 (m 31 H) 1.35 -
1.61 (m 13 H 1.75 - 2.06 (m 7 H 2.12 - 2.35 (m 6 H 2.50 -
2.94 (m 6 H 3.26 - 3.52 (m 4 H 3.77 (s, 6 H 4.19 (d, J=2.34
Hz, 1 H 4.66 (t, J=5.47 Hz, 1 H 5.24 (d, J=8.21 Hz, 2 H) 5.35
(dd, J=4.88, 2.54 Hz, 1 H 6.09 (d, J=5.86 Hz, 1 H 6.03 - 6.16
(m 1 H 6.81 (dd, J=8.60, 1.56 Hz, 4 H) 7.17 - 7.36 (m 17 H)
7.27 - 7.28 (m 1 H 7.59 - 7.68 (m 4 H 7.84 (d, J=8.21 Hz, 1
H 8.45 (t, J=5.67 Hz, 1 H 9.36 (br. s., 1 H

13C NMR (101 Mz, CHLOROFORMid) & ppm 12.03 (s, 1 C) 13.44 (s, 1
C 17.60 (s, 1 C 17.77 (s, 1 C 18.56 (s, 1 © 19.03 (s, 1 O
23.52 (s, 1 C 23.57 (s, 1 C 23.83 (s, 1 C 23.97 (s, 1 O 55.20
(s, 1 C 67.53 (s, 1 C) 76.95 (s, 1 C) 77.26 (s, 1 C 77.48 (s, 1
C 77.59 (s, 1 C) 87.45 (s, 1 C 113.25 (s, 1 C 113.28 (s, 1 C
127.21 (s, 1 C) 128.00 (s, 1 C) 128.83 (s, 1 C 129.25 (s, 1 O
129.95 (s, 1 C) 130.08 (s, 1 C) 130.44 (s, 1 C 130.58 (s, 1 O
134.71 (s, 1 C) 134.93 (s, 1 C 136.74 (s, 1 C 136.82 (s, 1 O
144.05 (s, 1 C 150.77 (s, 1 C) 158.64 (s, 1 C 158.67 (s, 1 C)
163.38 (s, 1 C) 172.16 (s, 1 C 172.94 (s, 1 O

Cr3Hi01NsO0PS,Si * | ow resol ution ESI-M cal cul ated: 1302.64, found:
1302.45 (DCC failure product: GCuHsNeGPS,+ resolution ESI-M
cal cul ated: 824.50, found: 824.32)

2'-TIPS-3'-[ (tributyl (3-(7-oxy-4,7-
di oxohept anani do) pr opyl ) phosphoni um chl oride] uridine (27)

Conpound (34) (0.51 g, 0.38 mmwl) was solvated in 3.8 nl of
THF: water 8:2 mixture to which 1.5eq of silver nitrate was added
(96 nmg, 0.57 nmol). A clowdy white ppt was forned. Mol ecul ar
iodine was then added (48 ng, 0.38 nmol). This mxture was
allowed to stir for 16h until all starting material was consuned.
The sanple was then filtered fromprecipitated silver iodine over
Celite© and washed with ACN. The sanple was then condensed,
resuspended in DCM and precipitated in MBE vyielding pure
compound (27) in 91%yi el d.
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0
NH
0
o LK
NH o N ©
® o | /g
(n-Bu)sP Cl DMTrO o N"No  3%TFAInDCM O;(j\w 1
i : 2.5 eq triethylsilane X
\\\\ o q y N \”/

0,
NMO OTIPS KA o 9%

37 (38)
o G 0 o2 &PH(-Bu)s

Compound (37) (0.12 g, 0.105 mmol) was sol vated/reacted directly
with 10 mL of a 3% TFA solution in DCM followed by 2.5 eq of
triethylsilane to quench the trityl cation. This reaction was
allowed to stir for 10 min before 4 nL of nethanol was added to
further quench the trityl cation. This was foll owed by 20 nL of
tol uene then the m xture was concentrated to dryness, taken up in
DCM and precipitated in MIBE yiel ding conpound (38) in 95%vyield
(62 ng, 0.1 mmol)

'H NVR (300 MHz, CHLOROFORMd) & ppm 0.78 - 1.14 (m 43 H) 1.47
(br. s., 18 H 1.66 - 1.94 (m 3 H 1.97 - 2.86 (m 20 H 2.99 -
3.23 (m 1 H 3.34 (br. s., 1 H 3.52 - 4.01 (m 3 H 4.16 (br.
s., 1 H 4.60- 480 (m 1 H 4.93 (br. s., 1 H 504 - 524 (m
1H 572 (br. s., 2 H 7.70 (d, J=7.91 Hz, 1 H 7.96 - 8.28 (m
2 H 9.20 (br. s., 1 H

13C NVR (75 Mz, CHLOROFORMd) & ppm 12.01 (s, 1 C) 12.03 (s, 1 O
12.42 (s, 1 C 13.24 (s, 1 C) 16.69 (s, 1 C 17.58 (s, 1 C) 17.68
(s, 1C 17.70 (s, 1 C 18.06 (s, 1 C 18.14 (s, 1 C 18.69 (s, 1
C 18.78 (s, 1 C 21.32 (s, 1 C 23.27 (s, 1 © 23.33 (s, 1 O
23.71 (s, 1 C 23.91 (s, 1 C) 26.89 (s, 1 C) 28.18 (s, 1 C) 28.44
(s, 1C 29.49 (s, 1 C) 32.14 (s, 1 C) 36.84 (s, 1 C 37.34 (s, 1
C 61.24 (s, 1 C 73.45 (s, 1 C) 73.66 (s, 1 O 74.04 (s, 1 O
83.52 (s, 1 C) 88.78 (s, 1 C 89.46 (s, 1 © 92.69 (s, 1 O
102.60 (s, 1 C 114.66 (s, 1 C) 118.55 (s, 1 C) 125.79 (s, 1 O
127.98 (s, 1 C 128.61 (s, 1 C) 133.49 (s, 1 C) 133.90 (s, 1 O
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141.68 (s, 1 C 141.79 (s, 1 C 150.96 (s, 1 © 163.71 (s, 1 O
163.83 (s, 1 © 170.93 (s, 1 C© 171.95 (s, 1 © 172.99 (s, 1 O
176.18 (s, 1 C) 207.81 (s, 1 O

CioH NsGPSi + low resolution ESI-MS cal cul ated: 780.47, found:
780. 58

Q NH
0]
1) p-Methoxy-rU- DMTrO

| /’t oy °
® o | NH phosphoramidite o N0
(n-Bu)sR Cl HO N/&O DCI, ACN
e P ;
e}

o (39) OTBDMS

N ol
NMO OTIPS  2) t-Butylhydroperoxide MeO—Fl’:O ' | | M
o L, b X

Y 0

®
° @ ° (n-Bu)R CI° 0

N"So
o N"o
o \\ffo OTIPS
Q N
o

Compound 41 and 42 mi xture

'H NMR (300 MHz, CHLOROFORMd) & ppm 0.07 - 0.16 (m 8 H) 0.83 -
1.05 (m 62 H 1.09 - 1.28 (m 9 H 1.33 (d, J=6.15 Hz, 18 H)
1.47 (br. s., 20 H 1.91 (br. s., 4 H 2.14 (br. s., 11 H 2.21 -
2.38 (m 6 H 2.52 (br. s., 2 H 2.64 (br. s., 2 H 3.14 (br. s.,
1H 3.21 (s, 1 H 3.27 - 3.41 (m 4 H 3.48 (d, J=7.91 Hz, 3 H)
3.66 (s, 3 H 3.62 (s, 3 H 3.78 (d, J=5.57 Hz, 12 H) 3.89 (s, 2
H 4.17 - 4.35 (m 4 H 4.50 (br. s., 3 H 4.89 (br. s., 1 H
5,13 - 5,24 (m 2 H 5.92 - 6,03 (m 2 H 6.77 - 6.87 (m 6 H
7.13 - 7.36 (m 26 H 7.51 (d, J=7.91 Hz, 1 H 7.69 - 7.74 (m 2
H 7.80 - 7.88 (m 2 H)

31p NMR (81 Mz, CHLOROFORMd) & ppm -0.91 (s, 1 P) -0.36 (s, 1 P)
33.91 (s, 1 P) 33.96 (s, 1 P)

C7H116N\NsO15P,Si >+l ow resol ution ESI-MS cal cul ated: 1516.73, found:
1516. 62

134



EtO_ OEt Thiophenol PhS_ SPh NaOH (5eq) PhS_ SPh

® OEt _MOPhena _ ® OFEt . ® OH
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(n-Bu)sP (13) < O OTIPS
) - - (n-Bu)sP
Br 43) o © e}
DCC, DMAP Br (44)
ACN
0 0

fJ\NH f‘\NH
DMTrO \ /&O HO N/&o
O 1) AgNO3 - |2 o
PhS. SPh b THF/HO (4:1) 0 b
® MO otps  ———————~ ® Mo oTIPS
(0-BuP 2) 3% TFA in DCM (n-Bu)sP
o

o]
Br (44) Br (45)
o]
| NH
o DMTrO o N/&O
| NH
HO N /go (I) OTBD:\)/IS
(6] 1) p-methoxy-rU amidite (39) MeO-P=0
o DCl, ACN © l_ NH
® O OTIPS 0 | PN
(n-Bu)gg 2) t-Butylhydroperoxide o) N™ "0
® O OTIPS
(n-Bu)gj
Br o (46)

tributyl (8-ethoxy-8-0xo0-5, 5-bi s(phenyl thio)octyl)phosphoni um
5 bronide (42)

Conpound (15) (0.82 g, 1.51 mmol) and 3eq of thiophenol (0.38 ni,
3.0 mol) were solvated with 6 nL of DCM and cooled to 0°C in an
i ce bath. Boron trifluoride etherate (0.46 nL, 4.53 mol) was
then added drop-wi se over 10 mn. The mxture was allowed to
10 stir at 0°C for 30mn then allowed to slowy warm up to room
tenperature for 4h. The m xture was then cooled to 0°C again and
guenched with saturated sodi um bicarbonate and extracted x3 with
DCM The organic |ayers were conbined, dried, and concentrated
to dryness. The m xture was then purified by chromatography (0
15 > 5% DCM MeOH) affording pure (42) in good yield, 93%
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'H NVR (400 Mz, CHLOROFORMd) & ppm 0.96 (t, J=7.03 Hz, 9 H)
1.19 - 1.28 (m 3 H 1.33 - 1.60 (m 17 H 1.73 - 1.85 (m 2 H)
1.87 - 1.98 (m 2 H 2.26 - 2.38 (m 2 H 2.39 - 2.52 (m 7 H
2.63 - 2.75 (m 2 H 4.09 (q, J=7.29 Hz, 2 H 7.24 - 7.28 (m 2
H 7.30 - 7.42 (m 5 H) 7.63 (dd, J=7.42, 1.95 Hz, 3 H)

13C NMR (101 Mz, CHLOROFORMid) & ppm 13.44 (s, 1 C 14.10 (s, 1
C) 18.59 (s, 1 C 19.06 (s, 1 C) 23.68 (s, 1 C 23.73 (s, 1 O
23.79 (s, 1 C 23.94 (s, 1 C 29.77 (s, 1 C) 32.86 (s, 1 C 36.85
(s, 1C 60.46 (s, 1 C) 67.75 (s, 1 C) 128.77 (s, 1 C) 129.04 (s,
1C 129.23 (s, 1 C 130.77 (s, 1 C 136.42 (s, 1 C 172.75 (s, 1
0

tributyl (7-carboxy-5, 5-bi s(phenyl t hi o) heptyl) phosphoni um brom de
(43)

Compound (42) (0.75 g, 1.2 nmol) was solvated with 5 nL of a 4:1
m xture of nethanol:water and added to that 5eq of NaCH (0.24 g,
6 mmol) and was allowed to stir for 2 hours. The reaction was
guenched with saturated sodi um bicarbonate, then concentrated to
renove the nethanol. The mxture was then take up in ethyl
acetate and extracted wth 1M HO once and three tinmes wth
bri ne. The organic layer was dried with nagnesium sulfate and
condensed to dryness produci ng conmpound (43) in near quantitative

yi el d.

'H NMR (400 MHz, CHLOROFORMd) & ppm 0.85 - 1.05 (m 9 H) 1.19 -
1.42 (m 4 H 1.45 (br. s., 11 H 1.58 (br. s., 2 H 1.75 (br.
s., 2 H 1.94 (t, J=7.23 Hz, 2 H) 2.02 (d, J=1.17 Hz, 1 H 2.11 -
2.27 (m 8 H) 2.75 (t, J=7.42 Hz, 2 H) 7.18 - 7.37 (m 7 H 7.65
(d, J=7.82 Hz, 4 H)

13C NMR (75 Mz, CHLOROFORMid) & ppm 13.41 (s, 1 C) 18.19 (s, 1 O
18.82 (s, 1 C) 23.44 (s, 1 C 23.50 (s, 1 C 23.74 (s, 1 C 23.93
(s, 1C) 68.37 (s, 1 C) 76.81 (s, 1 C 77.24 (s, 1 C 77.66 (s, 1
C 128.77 (s, 1 C 129.15 (s, 1 C) 131.08 (s, 1 C 136.38 (s, 1
C) 174.83 (s, 1 O
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5’ -DMTr-2'-TIPS-3'-[tributyl (7-oxy-5,5-bis (phenylthio)heptyl)
phosphoni um broni de] uridi ne (44)

Compound (43) (0.59 g, 0.99 mmol) and 1.5eq of DCC (0.30 g, 1.48
mmol) were solvated in 9.5 nL of ACN To the above solution
1.5eq of nucleoside (13) (1.03 g, 1.48 mmol) was added foll owed
by sub stoichiometric anounts of DVMAP. The reaction was all owed
to stir for 6h wuntil all starting material was consuned,
nmonitored by Ms. The sanple was diluted with ethyl acetate and
extracted with anmmonium chloride x2 and once with brine. The
organic layer was dried with magnesi um sul phate and concentr at ed
to dryness. The mxture was then precipitated in MIBE- Hexanes
50:50 to renmobve any unreacted DCC then purified by colum
chr omat ography (0 > 10% MeOH DCM af f ordi ng conmpound (44) in 83%
yield (1.05g, 0.82 nmol)

'H NMR (400 MHz, CHLOROFORM d) & ppm 0.94 - 1.18 (m 39 H 1.32 -
1.60 (m 23 H 1.64 - 1.72 (m 3 H 1.74 - 1.84 (m 3 H 1.90 -
2.17 (m 15 H) 2.76 - 2.84 (m 2 H 3.42 - 3.51 (m 3 H) 3.79 (d,
J=0.78 Hz, 7 H) 4.10 - 4.15 (m 2 H 4.67 - 4.71 (m 1 H 5.26 -
5.30 (m 1 H) 5.40 (dd, J=5.08, 2.74 Hz, 1 H) 6.10 (d, J=6.25 Hz,
1H 6.81-6.85 (m 5H 7.21 - 7.38 (m 23 H 7.60 - 7.68 (m 5
H 7.88 (d, J=8.21 Hz, 1 H 8.61 (s, 1 H

13C NMR (75 Mz, CHLOROFORMid) & ppm 12.13 (s, 1 C) 13.38 (s, 1 O
17.68 (s, 1 C 17.85 (s, 1 C) 18.01 (s, 1 C) 18.64 (s, 1 C 23.45
(s, 1C 23.52 (s, 1C) 23.76 (s, 1 C) 23.96 (s, 1 C 25.02 (s, 1
C) 25.65 (s, 1 C 33.86 (s, 1 C 55.27 (s, 1 C 67.41 (s, 1 O
76.69 (s, 1 © 77.11 (s, 1 C 77.53 (s, 1 C 87.57 (s, 1 C
113.33 (s, 1 C 113.36 (s, 1 C 128.05 (s, 1 C 129.00 (s, 1 O
129.43 (s, 1 C 130.02 (s, 1 © 130.15 (s, 1 © 130.71 (s, 1 C
130.74 (s, 1 C 134.75 (s, 1 C 134.93 (s, 1 C 136.52 (s, 1 O
144.09 (s, 1 C) 150.66 (s, 1 C) 158.74 (s, 1 C 158.78 (s, 1 O
163.29 (s, 1 C) 172.20 (s, 1 O

31p NMR (81 MHz, CHLOROFORM d) & ppm 32.73 (s, 1 P)
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2'-TIPS-3'-[tributyl (7-oxy-5,5-bis (phenylthio)heptyl) phosphonium
brom de] uridine (45)

Compound (44) (0.76 g, 0.59 mol) was solvated in 8 m of
THF: water 8:2 mixture to which 1.5eq of silver nitrate was added
(150 ng, 0.89 mml). A clowdy white ppt was forned. Mol ecul ar
iodine was then added (75 ng, 0.59 mmol). This mxture was
allowed to stir for 16h until all starting material was consuned.
The sanple was then filtered fromprecipitated silver iodine over
Celite© and washed with ACN The sanple was then condensed,
resuspended in DCM and precipitated in MBE vyielding pure
compound (45) in 70%yield 0.326 g.

'H NVR (500 MHz, CHLOROFORMid) & ppm 0.91 - 1.10 (m 11 H 1.44 -
1.57 (m 5H 1.63 (dd, J=15.90, 8.07 Hz, 1 H 1.78 (dd, J=14.06,
6.97 Hz, 1 H 2.29 - 2240 (m 3 H 2.41 - 2.53 (m 1 H 2.56 -
2.85 (m 3 H 3.76 - 3.92 (m 1 H 3.98 (s, 1 H 4.11 - 4.19 (m
1 H 470 - 478 (m 1 H 5.18 (dd, J=4.89, 3.42 Hz, 1 H 5.75
(d, J=8.07 Hz, 1 H 5.81 (d, J=5.62 Hz, 1 H 8.00 (d, J=8.31 Hz,
1 H 867 (br. s., 1 H

13C NMR (126 Mz, CHLOROFORMid) & ppm 11.93 (s, 1 C 11.96 (s, 1
C 11.98 (s, 1 C 13.37 (s, 1 C 17.50 (s, 1 © 17.52 (s, 1 O
17.54 (s, 1 C 17.57 (s, 1 C 17.58 (s, 1 C) 17.60 (s, 1 C 17.62
(s, 1 C 17.65 (s, 1 C) 17.66 (s, 1 C 17.67 (s, 1 C 17.69 (s, 1
© 17.71 (s, 1 C 17.72 (s, 1 C 17.78 (s, 1 C 17.80 (s, 1 O
18.59 (s, 1 C) 18.77 (s, 1 C) 18.97 (s, 1 © 19.15 (s, 1 C 20.80
(s, 1 C 20.84 (s, 1 C 23.54 (s, 1 C 23.57 (s, 1 C 23.77 (s, 1
C) 23.88 (s, 1 C 24.35 (s, 1 C 24.47 (s, 1 C 28.00 (s, 1 O
30.88 (s, 1 C 36.93 (s, 1 C 41.11 (s, 1 C 61.25 (s, 1 C 73.72
(s, 1 C 73.96 (s, 1 C) 83.72 (s, 1 C 88.91 (s, 1 C 102.72 (s,
1C 141.92 (s, 1 C 150.83 (s, 1 C) 163.77 (s, 1 C 171.98 (s, 1
C) 208.11 (s, 1 O

3p NMVR (81 MHz, CHLOROFORMid) & ppm 33.08 (s, 1 P)

[5'-DMIr-2' TBDVB-uridine]-[3 -p(Owe)-5"]1-[2"-TIPS-3"-(tributyl (7-
oxy-, 5-bi s (phenyl thio)heptyl) phosphoni um brom de)-uridi ne (46)
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Compound (45) (0.326 g, 0.42 nmol) was solvated in 4.2 nL of dry
ACN. To this mxture was added 1.5eq of phosphoramidite (39)
(0.52 g, 0.63 mml) and 1.6eq of DCl (82 ng, 0.69 mmol). Thi s
m xture was stirred for 6h at room tenperature at which point an
M5 showed conpl ete consunption of starting material. 0.5 nmL of
tert-butanol was then added to the mixture to react with excess
phosphoramidite and nmake it nore soluble in the MIBE mi xture.
The mixture was then precipitated into MIBE hexanes 50:50 to
renove the excess amdite and butanol. The solid precipitate was
solvated in DCM and treated wth 0.5 nL of tert-buty
hydroperoxide in decane (5M to oxidize the internucleotide
phosphate. The mixture was then percipitaed into MIBE to renpve
t he excess peroxide, decane, DCl, and residual amdite that mn ght

remain. This afforded pure (46) in 96%yield.

'H NMR (300 MHz, CHLORCFORMrd) & ppm -0.05 - 0.20 (m 7 H) 0.86
(s, 15 H 0.89 - 1.02 (m 35 H 1.10 - 1.29 (m 8 H 1.35 (d,
J=6.15 Hz, 16 H) 1.48 (br. s., 16 H 1.74 (br. s., 2 H 2.19 (br.
s., 10 H 2.60 (d, J=14.07 Hz, 4 H 2.66 - 2.77 (m 1 H 3.20 (s,
1 H 3.27 - 3.41 (m 3 H 3.46 (br. s., 2 H 3.52- 3.71 (m 2 H
3.7 - 3.80 (m 7 H 3.89 (s, 1 H 4.05 (br. s., 1 H 4.13 (br.
s., 1 H 4.43 - 456 (m 2 H 5.06 - 522 (m 2 H 5.60 - 5.77
(m 1 H 582 - 6.05(m 2 H 6.76 - 6.87 (m 5 H 7.17 - 7.38
(m 16 H 7.41 - 7.58 (m 2 H 7.72 - 7.98 (m 2 H)

3p NMR (81 MHz, CHLOROFORMd) & ppm-1.07 (s, 1 P) -0.30 (s, 1 P)
33.31 (s, 1 P) 33.35 (s, 1 P)

CisHi1sNiOgP>Si >+ | ow resol ution ESI-M cal cul ated: 1477.72, found:
1477. 62.
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| sopropyl 3-(2-(3-hydroxypropyl) -1, 3-di oxol an- 2-yl ) pr opanoat e,
(rr).

Conpound (67) (0.334 g, 1.35 mol) was dissolved in 13.5 nL
making a 0.1M solution. This mxture was cooled to 0°C and
borane, and 1Min THF (1.75 nmL. 1.75 mml) was added drop w se.
Once the vigorous rel ease of hydrogen subsided, the ice bath was
removed and the reaction was allowed to stir for 2 hours until
the reaction was conplete as shown by TLC The nixture was
guenched by first cooling the solution back down to 0°C and
addi ng nethanol slowy until the release of hydrogen subsided.
The crude reaction mxture was then concentrated to dryness,
taken up in methanol once nore and concentrated again to ensure
renoval of trimethyl borate. The mixture was purified by colum
chromat ography 100% hexanes to 50:50 hexanes:ethyl acetate

yi el ding pure primary hydroxyl 95% 0.315 g.
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'H NVR (500 Mz, CHLOROFORMd) & ppm 1.11 (d, J=6.11 Hz, 6 H)
1.46 - 1.68 (m 6 H 1.82 - 1.94 (m 3 H 2.17 - 2.32 (m 3 H)
3.43 - 3.61 (m 2 H) 3.84 (s, 4 H 4.88 (dt, J=12.53, 6.33 Hz, 1
H)

3C NWR (126 MHz, CHLOROFORMd) & ppm 21.67 (s, 1 C) 26.85 (s, 1
0 29.14 (s, 1 C 29.69 (s, 1 O 31.90 (s, 1 O 33.68 (s, 1 O
62.46 (s, 1 O 64.91 (s, 1 O 67.52 (s, 1 O 110.69 (s, 1 ©
173.07 (s, 1 O

| sopropyl 3-(2-(3-bromopropyl) -1, 3- di oxol an-2-yl) propanoat e
(rer)

Conpound (I1) (0.32 g, 1.58 mvl) was dissolved in 10 nL of DCM
and 2 nL of triethylanmine and cooled to 0° in an ice bath. To
this solution PBrs (0.225 nL, 2.37 mmol) was added drop w se over
10mn and allowed to stir for 1 h at zero degrees until the
reaction was conplete by TLC The reaction was quenched with
saturated sodium bicarbonate diluted with ethyl acetate and
extracted with brine twce. The organic layer was dried,
concentrated and purified by a short silica plug with a 70:30

Hexanes: ethyl acetate yielding 0.45 g, 1.455 mmol of conpound
(rery.

'H NVR (500MHz, CHLOROFORMd) d = 5.01 - 4.87 (m 1 H), 3.97 -
3.82 (m 4 H, 3.36 (t, J =6.7 Hz, 2 H), 2.33 - 2.20 (m 2 H),
1.96 - 1.82 (m 4 H), 1.73 - 1.64 (m 2 H, 1.16 (d, J = 6.4 Hz,
6 H

13C NWR (126 MHz, CHLOROFORMd) & ppm 21.75 (s, 1 C) 27.20 (s, 1
C 29.12 (s, 1 © 32.11 (s, 1 C 33.85 (s, 1 C 3569 (s, 1 O

64.95 - 65.08 (s, 1 C) 67.47 (s, 1 C 110.26 (s, 1 C 172.81 (s,
1 0

Tributyl (3-(2-(3-isopropoxy-3-oxopropyl)-1, 3-di oxol an- 2-
yl ) propyl ) phosphoni um bromni de (1V)
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Compound (I11) (0.33 g, 1.06 nmmol) was dissolved with 4 nL of
ACN. To this mxture tributyl phosphine (0.53 m, 2.12 mol) was
added directly and heated to 80°C. This was allowed to stir for
6 h. The mxture was concentrated and diluted with acetone then
triturated into 250 nL of hexanes. The precipitate was filtered
and the hexanes discarded. This process was repeated once nore
and the resulting goo was pure ionically tagged compound (IV) in

near quantitative yield, 0.54 g, 1.05 mmol.

'H NWVR (CHLOROFORM d, 200MHz): & = 4.91 (quin, J=6.3 Hz, 1 H),
3.97 - 3.82 (s, 4 H, 2.56 - 2.72 (m 2 H, 2.23 - 2.55 (m 10
H, 1.66 - 1.99 (m 6 H, 1.35 - 1.61 (m 16 H, 1.08 - 1.26 (m
7 H, 0.80 - 1.02 ppm(m 12 H)

3P NWVR (81 MHz, CHLOROFORMd) & ppm 32.96 (s, 82 P)

Tri butyl (7-i sopropoxy- 7-o0xo-4, 4- bi s( phenyl t hi 0) hept yl ) phosphoni um
brom de (V)

Conpound (IV) (0.156 g, 0.30 nmol) was dissolved in 8 nL of dry
DCM wi th 5eq of thiophenol (0.193 ni, 1.52 mmol) followed by 5eq
of boron trifluoride etherate (0.157 niL, 1.52 mmol) and
approxi mately 1 gram of crushed 3 A nolecular sieves. Thi s
mxture was stirred for 12h at which point the reaction was
filtered over Celite® to renmpve the sieves. In the collection
flask was 40 niL of saturated sodi um bicarbonate. The bi phasic
mxture was transferred to a seperatory funnel and extracted
three times with bicarbonate and once with brine. The organic
| ayer was dried and concentrated; the resulting oil was purified
by precipitation in hexanes/ MIBE 75:25, resulting in pure
compound (V) in 81%recovered yield, 0.162 g, 0.24 mol .

'H NWVR (200 MHz, CHLOROFORMrd) & ppm 0.80 - 1.02 (m, 12 H) 1.08 -
1.26 (m 7 H 1.35 - 1.61 (m 16 H 1.66 - 1.99 (m 6 H 2.23 -
2.55 (m 10 H 2.56 - 2.72 (m 2 H 4.91 (quin, J=6.25 Hz, 1 H)
7.30 - 7.43 (m 5H 7.52 - 7.62 (m 4 H
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3P NWVR (81 MHz, CHLOROFORMd) & ppm 33.29 (s, 1 P)

Tri but yl (6-carboxy-4, 4-bi s(phenyl t hi 0) hexyl ) phosphoni um
brom de(VI)

Compound (V) (0.75 g, 1.19 nmol) was first dissolved in 3 nL of
THF and then was treated with 30 nmL of 0.2 M solution of KOH in
wat er: THF 50:50. This mixture was allowed to stir vigorously for
1 hour, until the hydrolysis was conplete by TLC The m xture
was acidified by the addition of 20 nL of 1M HO and excess NaC
was added as well. The organic layer was diluted with ethyl
acetate and extracted three times wth brine, dried and
concentrated to dryness. This afforded pure tagged acid,(VlI) in

guantitative yield.

'H NMR 400 MHz, CHLOROFORMd) & ppm 0.82 - 1.02 (m, 9 H) 1.28 -
1.51 (m 12 H 1.58 (br. s., 2 H 1.75 (br. s., 2 H 1.94 (t,
J=7.23 Hz, 2 H 2.10 - 2.32 (m 8 H 2.75 (t, J=7.42 Hz, 2 H)
7.27 - 7.37 (m 6 H) 7.65 (d, J=7.82 Hz, 4 H)

BC NWR (75 MHz, CHLOROFORMd) & ppm 13.41 (s, 1 C) 18.19 (s, 1
C 18.82 (s, 1 C 21.44 (s, 1 C 23.44 (s, 1 O 23.50 (s, 1 ©
23.74 (s, 1 C 23.93 (s, 1 C 30.10 (s, 1 O 32.76 (s, 1 O 36.32
(s, 1 O 68.37 (s, 1 O 128.76 (s, 1 O 129.14 (s, 1 C 131.08
(s, 1 C 136.38 (s, 1 C) 174.83 (s, 1 O

3P NMR (81 MHz, CHLOROFORMd) & ppm 32.89 (s, 1 P)

5/ -DMTr-2'-TIPS-3'-[tributyl (7-oxy-4,4-bis (phenylthio)hexyl)
phosphoni um broni de] uridine (VII)

Compound (VI) (0.294 g, 0.49 mol) and 1.5 equivalents of DCC
(0.14 g, 0.76 mmol) were dissolved in 9.5 nL of ACN To the
above solution 1.5 eq of nucleoside (13) (0.54 g, 0.76 mMmvl) was
added followed by sub stoichionetric anmounts of DVAP. The
reaction was allowed to stir for 6h until all starting material
was consuned, nonitored by M5. The sanple was diluted with ethyl

acetate and extracted with ammonium chloride x2 and once wth
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bri ne. The organic |ayer was dried with magnesi um sul phate and
concentrated to dryness. The m xture was then precipitated in
MIBE- Hexanes 50:50 to renove any unreacted DCC then purified by
col um chr omat ogr aphy (0.2 nL 10% MeOH DCM af f or di ng
compound(VIl) in 82%yield (0.48g, 0.40 nmol).

'H NMR (400 MHz, CHLOROFORMrd) & ppm 0.94 - 1.18 (m, 39 H) 1.32 -
1.60 (m 21 H 1.64 - 1.72 (m 3 H 1.74 - 1.84 (m 3 H 1.90 -
2.17 (m 15 H) 2.76 - 2.84 (m 2 H) 3.42 - 3.51 (m 3 H 3.79 (d,
J=0.78 Hz, 7 H) 4.10 - 4.15 (m 2 H 4.67 - 4.71 (m 1 H 5.26 -
5,30 (m 1 H) 5.40 (dd, J=5.08, 2.74 Hz, 1 H 6.10 (d, J=6.25 Hz,
1H 6.81-6.85(m 5H 7.21 - 7.38 (m 23 H 7.60 - 7.68 (m 5
H 7.88 (d, J=8.21 Hz, 1 H) 8.61 (s, 1 H

B3C NWR (75 MHz, CHLOROFORMd) & ppm 12.13 (s, 1 C) 13.38 (s, 1
C 17.68 (s, 1 C 17.85 (s, 1 C 18.01 (s, 1 O 18.64 (s, 1 O
23.45 (s, 1 C) 23.52 (s, 1 C 23.76 (s, 1 O 23.96 (s, 1 O 25.02
(s, 10 25.65 (s, 1 C) 33.86 (s, 1 C 55.27 (s, 1 C 67.41 (s, 1
0 76.69 (s, 1 C 77.11 (s, 1 C 77.53 (s, 1 CO 87.57 (s, 1 O
113.33 (s, 1 O 113.36 (s, 1 C 128.05 (s, 1 O 129.00 (s, 1 ©
129.43 (s, 1 © 130.02 (s, 1 © 130.15 (s, 1 C 130.71 (s, 1 ©
130.74 (s, 1 C 134.75 (s, 1 C 134.93 (s, 1 O 136.52 (s, 1 O
144.09 (s, 1 C 150.66 (s, 1 C 158.74 (s, 1 C 158.78 (s, 1 O
163.29 (s, 1 C) 172.20 (s, 1 O

3P NV\R (81 MHz, CHLOROFORMd) & ppm 32.73 (s, 1 P)

Low resolution M5, mz calc: 1231.6 found: 1231.5

2'-TIPS-3'-[tributyl (6-oxy-4-oxohexyl) phosphonium bromide]
uridine (M11)

Compound (VIl1) (1.44 g, 1.1 mol) was dissolved in 10 m of
MeOH: wat er 8:2 mixture to which 20 nol % of nol ecul ar iodine (0.06
g, 0.22 nmmol) was added. This was shortly followed by 4
equi val ents of 30% hydrogen peroxide (0.5 ni, 4.4 mmol). Thi s

mxture was allowed to stir for 2 h until all starting material
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was consuned. This mxture was first diluted with ethyl
acetate then quenched by extracting with 10% solution of sodium
thiosulfite, then brine three tines. Al though the conpound could
be purified by precipitation alone, a colum was run to ensure
the highest purity. This provided the deprotected nononer (VIII)
in good yield of 85% This reaction does yield higher results if

no col umm chromat ography is used. 1.03 g.

'H NMR (500 MHz, CHLOROFORMrd) & ppm 0.91 - 1.10 (m, 11 H) 1.44 -
1.57 (m 5 H 1.63 (dd, J=15.90, 8.07 Hz, 1 H 1.78 (dd, J=14. 086,
6.97 Hz, 1 H 2.29 - 2.40 (m 3 H 2.41 - 2.53 (m 1 H 2.56 -
2.85 (m 3 H 3.76 - 3.92 (m 1 H 3.98 (s, 1 H 4.11 - 4.19 (m
1H 4.70 - 4.78 (m 1 H 5.18 (dd, J=4.89, 3.42 H, 1 H 5.75
(d, J=8.07 Hz, 1 H) 5.81 (d, J=5.62 Hz, 1 H) 8.00 (d, J=8.31 Hz,
1 H 867 (br. s., 1 H

B3C NWR (126 MHz, CHLOROFORMd) & ppm 11.93 (s, 1 C) 11.96 (s, 1
C 11.98 (s, 1 O 13.37 (s, 1 © 17.50 (s, 1 C 17.52 (s, 1 ©
17.54 (s, 1 C 17.57 (s, 1 C 17.58 (s, 1 C 17.60 (s, 1 O 17.62
(s, 10O 17.65 (s, 1 O 17.66 (s, 1 O 17.67 (s, 1 O 17.69 (s, 1
O 17.71 (s, 1 © 17.72 (s, 1 © 17.78 (s, 1 C 17.80 (s, 1 ©
18.59 (s, 1 C) 18.77 (s, 1 C 18.97 (s, 1 C 19.15 (s, 1 C 20.80
(s, 1 C 20.84 (s, 1 C 23.54 (s, 10 23.57 (s, 1 0 23.77 (s, 1
C 23.88 (s, 1 C 24.35 (s, 1 C 24.47 (s, 1 O 28.00 (s, 1 ©
30.88 (s, 1 C 36.93 (s, 1 C 41.11 (s, 1 C 61.25 (s, 1 C 73.72
(s, 1 C 73.96 (s, 1 C) 83.72 (s, 1 C 88.91 (s, 1 O 102.72 (s,
10 141.92 (s, 1 C 150.83 (s, 1 O 163.77 (s, 1 C 171.98 (s, 1
O 208.11 (s, 1 ©

3P NWVR (81 MHz, CHLOROFORMd) & ppm 33.08 (s, 1 P)

Low resolution M5, mlz calc: 1029.6 found: 1029.5
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| NH | NH o
DMTrO o N/&O DMTrO o N/&O

HN
|
N
O OTBDMS O OTBDMS |
| 0 HoNNH, | 0
MeO_T:O ﬁNH Py:ACOH 3:2 MeO_T:O 7N
© NS0 © o
0 0 ©PH(n-Bu)z
0 Cl ®
® O OTPS OH OTIPS
(n-Bu)sP
of o (46) (47) (48)

Compound (46) (0.12 g, 0.08 nmol) was solvated in mniml anounts
of ACN, approximately 1 m, then treated with 10 eq of a 0.5 M
hydrazi ne hydrate solution in pyridine:acetic acid (3:2) (40 ny,
0.8 mml) and allowed to stir for 15 min. The reaction progress
was nonitored by M5 to confirm consunption of starting material.
At this point 10eq of 2,4-pentanedi one was added to the solution
to quench any excess hydrazine (80 ng, 0.8 mmol. The reaction was
then diluted with ethyl acetate and extracted with first a
saturated ammoni um chloride solution then x2 with a 5% solution
amoni um chloride solution, then once with brine. The organic
| ayer was dried and concentrated. The mixture was then taken up
in mnimal anmounts of DCM and precipitated in a 75/25 m xture of
MIBE/ hexanes m xture. The oily precipitate was filtered off and
the ether Jlayer was concentrated to dryness. The crude
concentrate was then purified by colum chromatography (0 2> 75%
ethyl acetate: hexanes) vyielding isonerically pure (47) in 84%

yield, 76 ng.

'H NMR (300 MHz, CHLOROFORMrd) & 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
(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 - 490 (m 1 H 5.38 (d,
J=8.21 Hz, 1 H 5.64 (d, J=8.20 Hz, 1 H) 5.81 - 591 (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)

3P NWVR (81 MHz, CHLOROFORMd) & ppm 0.58 (s, 1 P) 0.83 (s, 1 P).

146



10

15

HO

NO,

OH
HNO3 4"0H >< o o
e (51)

49 DIC, DMAP o (50) o 85-90%
o 49 60% O K , t-butanol

DMF, 90°C  3h
FMOCCI Py, DMAP

ACN

O (FMOC)

(FMOC)
Bo
O =)
aov/ TFAin DCM
(52_, A o TFAIN o (52 ©

0 30min o 86%

@Br ®

P(n-Butyl); | TBTU, Py
K/OH ACN

(53)

(n-Butyl)
(n-Butyl)zP 20% 4-methyl W
j\ p|per|dlne in DMF
O.

(54) 5 65

(0] 62% (two steps) 71%

3-Nitro-4-ethyl-benzoic acid (49_A)

Fumng nitric acid (90% (150 m) was cooled with stirring to -
10°C and 4-ethyl benzoic acid (49) (30 g, 0.2 noles; Signa-
Aldrich) was added slowly over 30min directly into the sitting
solution (1.33 mmol/mM of (49) to fumng nitric acid). The
m xture was then allowed to stir for 30min after addition was

conpl et e. The nmixture was then poured over approximtely 600 g
of

crushed ice to quench the reaction. The product forned a

white ppt which can be filtered over a sintered glass funnel.
The excess ice nelted by washing the product with water. The
sanpl e was then re-crystallized fromethyl acetate/hexanes. Two
rounds of crystallization were prefornmed. Yield: 37.2 g (95%.

'H NMR (500 MHz, CHLOROFORMrd) & ppm 1.33 (t, J=7.58 Hz, 3 H)
2.99 (g, 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 3C NWR (126 Mz,
CHLORCFORMId) & ppm 14.62 (s, 1 C) 26.38 (s, 1 C) 126.37 (s, 1 C)
128.29 (s, 1 ¢ 131.67 (s, 1 C 133.87 (s, 1 ©C 144.85 (s, 1 O
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30

149.36 (s, 1 ©O 170.40 (s, 1 O GCyHNO,Na'* |ow resolution ESI-M
cal cul ated: 195.05, found: 218. 2.

tert-Butyl 3-nitro-4-ethyl-benzoate (50)

Compound (49 _A) (19.65 g 0.10 noles) was solvated in 500m of THF
(0.2 M followed by 1.15 eq (10.14 g, 0.15 noles) of
di i sopropyl carbodi mde. This mxture was allowed to stir for 5mn
followed by 1.5 eq of tert-butanol (17.9 nL) and catalytic
anmounts of 4-(di nethyl ani no) - pyri di ne. The mixture was allowed
to stir for 60 h before the reaction was conplete. The reaction
was diluted with diethyl ether and filtered to renmpove the
dii sopropylurea (DI U) and condensed to dryness. The m xture was
solvated in ethyl acetate and extracted with 5% NaHCG;. The
product was separated from (74) by col unm chromat ography (sol vent
system hexanes: DCM 100: 0 -0:100). Yield of (50): 15.1g (60%;

(50)

'H NMR (300 MHz, CHLOROFORMrd) & ppm 1.26 (t, J=7.47 Hz, 3 H)
1.57 (s, 11 H 2.91 (q, J=7.33 Hz, 2 H 7.40 (d, J=7.91 Hz, 1 H
8.08 (dd, J=7.91, 1.47 Hz, 1 H) 8.38 (d, J=1.47 Hz, 1 H 'C NWR
(75 MHz, CHLOROFORM d) & ppm 14.70 (s, 1 C) 26.18 (s, 1 C) 28.05
(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 O 131.12 (s, 1 O 131.18 (s, 1 O 133.23 (s, 1
O 143.00 (s, 1 C 149.12 (s, 1 C 163.56 (s, 1 O CyH;NONa
| ow resolution ESI-M cal cul ated: 251.11, found: 274. 32.

(DCC failure product)

'H NVR (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,
1 H 6.49 (d, J=7.91 Hz, 1 H) 7.40 (d, J=8.20 Hz, 1 H 7.67 (dd,
J=7.91, 1.76 Hz, 1 H 8.02 (d, J=1.76 Hz, 1 H) *C NWR (75 Mz,
CHLOROFORM-d) & ppm 14.80 (s, 1 C) 20.75 (s, 1 C) 22.04 (s, 1 C)
26.12 (s, 1 C 42.96 (s, 1 C) 49.54 (s, 1 C) 76.63 (s, 1 C 77.05
(s, 1 C 77.48 (s, 1 O 123.13 (s, 1 O 130.76 (s, 1 O 131.52

148



10

15

20

25

(s, 1 C 135.78 (s, 1 C 141.49 (s, 1 C 148.95 (s, 1 C 153.60
(s, 1 ©O 168.67 (s, 1 C CiHsN3O,Na'* low resolution ESI-M
cal cul ated: 321.16, found: 344.23.

N02 NOZ
o | o _DMF90°C OH
OH 0K
><O ' HJJ\H * T 3h *\‘0
o)

o}
(79) (76)

tert-Butyl 4-(1-hydroxypropan-2-yl)-3-nitrobenzoate (51)

Compound (750) (10.5 g, 41.7 nmmol) was solvated in 19 nL of DM
(2.2M to which 1.5 eq (1.88 g) of paraformal dehyde was added
followed by a solution of potassiumtert-butoxide (0.12 eq, 0.56
g) in tert-butanol (5.7 nm). This mixture was allowed to stir at
room tenperature for 10 min before being brought up 90°C for 3h.
The mixture was then acidified to neutrality by the addition of a
IM HO nonitored a by a pH neter. This mxture was then diluted
with sat. NaCl and ethyl acetate (x2). Compound (51) was
purified by columm chromatography in DCMethyl acetate 100:0
290:10. Yield: 9.4 g (85%.

'H NVR (400 MHz, ACETONITRILE-ds;) & ppm 1.41 (d, J=7.03 Hz, 3 H)
3.80 (sxt, J=6.88 Hz, 1 H 4.49 - 4.67 (m 2 H 7.40 (d, J=7.91
Hz, 1 H 8.08 (dd, J=7.91, 1.47 Hz, 1 H 8.38 (d, J=1.47 Hz, 1 H
B3C NWR (75 MHz, CHLOROFORMd) & ppm 17.35 (s, 1 C) 27.96 (s, 1
C 36.57 (s, 1 O 67.01 (s, 1 C 82.27 (s, 1 C 124.77 (s, 1 O
128.50 (s, 1 C 131.04 (s, 1 O 131.06 (s, 1 Q 132.81 (s, 1 O
142.62 (s, 1 O 150.41 (s, 1 C 163.58 (s, 1 O CuHNONa* |ow
resolution ESI-M cal cul ated: 281.12, found: 304.02.

tert-Butyl 4-(1-(F-noc)propan-2-yl)-3-nitrobenzoate (52)

Compound (51) (5.38 g, 20.2 nmol) was co-evaporated with pyridine
(x3) and solvated in 97 nL of ACN (0.2M and 2eq of pyridine
(3.13 nL, 38.7 mol). Froc-Cd  (5.0g, 19.33 mol) was added
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directly to solution and was allowed to stir for 16h in the dark,
covered with alumnum foil. The reaction went to conpletion by
TLC. The solution was extracted (x3) with 5% anmmoni um chl ori de
and once with brine and purified by columm chronmatography
Hex/ Et Ac 100: 0 - 75:25. Isolated yield: 8. 19 g (86%.

'H NVR (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
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 3C NVR (126 Miz, ACETONITRILE-d;) & ppm
-0.10 (s, 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 O 27.30 (s, 1 O
27.32 (s, 1 C) 33.47 (s, 1 C) 46.64 (s, 1 C) 68.89 (s, 1 C 70.90

(s, 1 O 82.13 (s, 1 ©C 117.34 (s, 1 C 120.06 (s, 1 C 124.56
(s, 1 C 124.87 (s, 1 © 124.90 (s, 1 O 127.17 (s, 1 O 127.18
(s, 1 © 127.81 (s, 1 C 127.83 (s, 1 C 128.87 (s, 1 C 131.72
(s, 1 © 132.75 (s, 1 C 141.03 (s, 1 O 141.17 (s, 1 O 143.50
(s, 1 C 143.55 (s, 1 C 150.42 (s, 1 © 154.54 (s, 1 O 163.26
(s, 1 O GCyHsNONa'* low resolution ESI-M calcul ated: 503. 19,

found: 526. 41.

30min le)
7 (78)

O o
Iy O © .Q 80% TFA in DCM O\n/o Q
+O\’(©)\/ \[(])/ o in HO (0]
o}

4-(1- (Fnoc) propan-2-yl )-3-nitrobenzoic acid (52_A)

Compound (52) (8.9 g, 17.7 mmol) was directly solvated in a
solution of 80% TFA in DCM (50 nL) and allowed to stir for 30mn,
until all starting nmaterial had been consuned. The sanple was

then evaporated to dryness on the rotovap and purified by colum
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chromat ogr aphy, Hex/EtAc 100: 0 -> 60: 40. Isolated yield: 6.09 g
(779 .

'H 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 - 446 (m 4 H 7.28 - 7.36 (m 2
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 (d, J=1.71 Hz, 1 H) 11.69 (br. s., 1 H *BC
NVR (126 MHz, CHLOROFORMtd) & ppm 17.58 (s, 1 C) 33.71 (s, 1 C)
46.62 (s, 1 C) 70.08 (s, 1 O 71.14 (s, 1 C) 76.80 (s, 1 O 77.05
(s, 1 ¢ 77.31 (s, 1 © 120.06 (s, 1 © 125.10 (s, 1 O 125.11
(s, 1 © 126.16 (s, 1 C 127.16 (s, 1 © 127.17 (s, 1 O 127.91
(s, 1 © 127.93 (s, 1 C 128.87 (s, 1 © 129.00 (s, 1 © 133.71
(s, 1 C 141.26 (s, 1 ©C 141.27 (s, 1 O 142.82 (s, 1 O 143.14
(s, 1 C© 143.20 (s, 1 © 150.39 (s, 1 © 155.00 (s, 1 O 169.79
(s, 1 O GCuHoNOY low resolution ESI-MS calcul ated: 447.13,
found: 446.0.

§ Cl
ﬁF \\Lo o Y(j)v oﬁofo Q % Br 00 .Q
H O

(53) (78)
Phosphoni um tag 4- (1-( Froc) propan-2-yl)-3-nitrobenzoate (54)

Conpound (52_A) (3.726 g, 8.33 mmol) was solvated in half the
solvent (ACN Py, 28 niL:1.25 nmL)to which was added a solution of
t he phosphoniumtag (53) (3.86 g, 9.16 mml) in the other half of
the solvent, followed directly by TBTU (4.0 g, 12.5 mmol). The
solution was allowed to stir overnight and by norning the
reaction was conmplete (12 h), and was concentrated to half
solvent volunme then extracted with ethyl acetate and 5% NaHCO;
(x3) and once with brine. The organic |layer was dried with MySO,
and condensed to dryness. The conpound was then precipitated in
500 nL of MIBE to renobve the excess pyridine and TBTU byproduct.
The precipitated white goo was filtered and collected over
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Celite© then purified by colum chromat ography, DCM MeCH 100:0 -
92:8. Isolated yield of (54): 5.52 g (86%.

'H NVMR (300 MHz, CHLOROFORMd) & ppm 0.81 - 0.99 (m, 8 H) 1.35
(d, J=7.03 Hz, 3 H 1.38 - 1.61 (m 11 H 1.99 - 2.38 (m 8 H
2.66 (br. s., 2 H 3.54 - 3.83(m 3H 4.10 - 4.41 (m 5 H) 7.21
- 7.44 (m 4 H 7.57 (dd, J=10.11, 8.06 Hz, 3 H 7.72 (d, J=7.33
Hz, 2 H 8.55 (d, J=1.76 Hz, 1 H) 8.70 (dd, J=8.20, 1.76 Hz, 1 H)
B3C NWR (75 MHz, CHLOROFORMd) & ppm 13.35 (s, 1 C) 17.68 (s, 1
C 18.59 (s, 1 © 19.22 (s, 1 C 23.55 (s, 1 C 23.62 (s, 1 O
23.81 (s, 1 C 24.01 (s, 1 C 33.40 (s, 1 C 46.62 (s, 1 O 69.91
(s, 1 C 71.36 (s, 1 C 76.67 (s, 1 C 77.09 (s, 1 © 77.52 (s, 1
C) 119.96 (s, 1 © 124.31 (s, 1 © 125.21 (s, 1 © 127.18 (s, 1
C 127.83 (s, 1 C 128.61 (s, 1 C 131.93 (s, 1 O 133.41 (s, 1
C 139.59 (s, 1 © 141.19 (s, 1 C 143.27 (s, 1 C 143.33 (s, 1
C) 150.18 (s, 1 C) 154.87 (s, 1 C 165.19 (s, 1 C 3P NWR (81
MHz, CHLOROFORMd) & ppm 35.07 (s, 1 P) CaoHssNOPY" | ow resol ution
ESI - M5 cal cul ated: 690. 30, found: 690. 35.

/\/\ @
20% 4-methyl
piperidine in DMF
(79) (80)

Phosphoni um tag 4- (1- hydroxypropan-2-yl)-3-nitrobenzoate (55)

To conpound (54) (6.408 g, 9.29 nmnol) was added a 20% sol uti on of
4-met hyl pi peridine in DVF (20m). After 2 h the reaction was
complete by TLC and the solution was evaporated to dryness, then
taken up in DCM and precipitated in 500m of MIBE to yield 3.09 ¢
of (55) (71%.

'H NMR (400 Mz, CHLOROFORM d) & ppm 0.91 (t, J=7.03 Hz, 11 H)
1.26 (d, J=7.03 Hz, 3 H 1.38 - 1.59 (m 13 H) 1.98 (d, J=7.03
Hz, 2 H 2.11 - 2.28 (m 7 H 2.36 - 2.51 (m 2 H 3.40 - 3.59
(m 3 H 3.64 - 3.82 (m 2 H 7.51 (d, J=8.21 Hz, 1 H) 8.22 (d,
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J=8.21 Hz, 1 H 8.26 (s, 1 H GCyxH:NOPY low resolution ESI-NS
cal cul ated: 468.28, found: 468. 28.

NO, (n-Buty)sP ® g.° NO2
H
(n-ButyI)gP\E\\ o TBTU, NEt, H
ACN 84%
ol
(23)  NHaBr (49) (56)

(n-Butyl)sR @ B NO,

\\L OH DMSO, r.t.
H
a5 N 12h
(57) 0

Tri butyl (3-(4-ethyl-3-nitrobenzam do) propyl ) phosphoni um  brom de
(56)

To a solution of 3-nitro-4-ethyl-benzoic acid (49) (3.15 g, 16.1
mol ) and diisopropylethylamne (4 eq, 11.25 m) in ACN (30 niL)
was added conpound (23) (1.3 eq, 20.9 mmol) and TBTU (1.3 eq,
6.74 g, 20.9 muol). This mxture was allowed to stir for 12 h.
The dark brown solution was concentrated to a viscous oil, and
taken up in DCM and precipitated in 500 m of MIBE The solid
was collected and re-purified by silica gel columm chronat ography
(DCM MeCH, 100:0 > 85:15) eluting as very dark vyellow oil.
Isolated yield: 7.07 g (84%.

'H NVR (500 MHz, CHLOROFORM-d) & ppm 0.90 (t, J=6.97 Hz, 9 H
1.24 (t, J=7.46 Hz, 3 H 1.35 - 1.56 (m 12 H 1.96 (d, J=8.07
Hz, 2 H 2.05 - 2.19 (m 7 H 2.25 - 2.38 (m 2 H 2.78 (s, 2 H
2.87 (q, J=7.34 Hz, 2 H) 3.60 (g, J=5.79 Hz, 2 H 7.40 (d, J=8.07
Hz, 1 H 7.78 (t, J=5.50 Hz, 1 H 8.07 (d, J=8.07 Hz, 1 H) 8.37
(s, 1 H C NWR (126 Mz, CHLOROFORMd) & ppm 13.21 (s, 1 C)
14.61 (s, 1 C) 18.17 (s, 1 C) 18.56 (s, 1 C) 23.33 (s, 1 O 23.37
(s, 1 C 23.76 (s, 1 C) 23.88 (s, 1 C 25.97 (s, 1 O 38.57 (s, 1
C 76.77 (s, 1 C 77.02 (s, 1 C 77.28 (s, 1 C 123.82 (s, 1 O

153



10

15

20

25

30

131.09 (s, 1 © 131.47 (s, 1 © 132.89 (s, 1 O 141.77 (s, 1 ©
149.21 (s, 1 C) 165.48 (s, 1 O GCuH.N,O;P* | ow resol ution ESI-M
cal cul ated: 437.29, found: 437.30.

JOI\ 0”2k’
NO o
/_/’P\iir 2 DMSO, r.t. Pe Br NO
H /_F \\L
12h H
N N

81 (82)
(81) o

OH

]

Tri butyl (3-(4-(1-hydroxypropan-2-yl)-3-nitrobenzani do) propyl)
phosphoni um bronm de (57)

To a solution of compound (56) (3.56 g, 6.89 mmol) dry DMSO (13.8
nm.), was added para-formal dehyde (2.1eq, 0.43 g, 14.4 mmol).
This mxture was sonicated for 20 mn until all of para-
f or mal dehyde di ssol ved. The resulting mxture was treated with
1.5 eq of potassium tert-butoxide (1.16 g, 10.3 mmol). The
reaction turned a dark purple inmrediately. The reaction was
allowed to stir for 12 h at room tenperature. The reaction was
nmonitored by M5, showing the disappearance of the starting
material. The reaction was treated with IM HOJ in MeOH to bring
to neutrality at which point the reaction was precipitated in
diethyl ether, and then in DCM This last precipitation step
separated the product from unreacted para-formal dehyde. The
product was purified by reverse phase chromatography, using 100
mM TEAA buffer in water (pH 7): ACN 80:20 - 20:80. | sol ated
yield: 1.3 g (35%.

'H NVR (400 MHz, CHLOROFORM-d) & 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 - 2.27 (m 6 H 2.34 - 2.50(m 2 H 3.39 - 3.49 (m 1H
3.53 (d, J=5.47 Hz, 2 H) 3.64 - 3.81 (m 2 H 7.51 (d, J=8.21 Hz,
1 H 8.22 (d, J=8.21 Hz, 1 H) 8.26 (s, 1 H 8.45 (br. s., 1 H)
BC NWR (75 MHz, CHLOROFORMd) & ppm 13.38 (s, 1 C) 17.65 (s, 1
C 18.43 (s, 1 C 19.05 (s, 1 C 23.61 (s, 1 C 23.68 (s, 1 O
23.78 (s, 1 C 23.99 (s, 1 C) 36.68 (s, 1 C) 50.06 (s, 1 C 66.17
(s, 10 76.69 (s, 1 O 77.11 (s, 1 C 77.54 (s, 1 O 124.73 (s,
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1 C) 128.38 (s, 1 C) 129.42 (s, 1 C) 133.08 (s, 1 C) 144.51 (s, 1
C) 150.43 (s, 1 C 164.33 (s, 1 O *P NVR (81 Mz, CHLOROFORM d)
S ppm 35.07 (s, 1 P) CasHuNoOQWP* | ow resol ution ESI-Ms cal cul at ed:
467. 30, found: 467.31

0]

DMTrO\wfk/’\i|

o N™ ~O DMTrO Ura

OH ®_0
© o ON (n-Butyl);P-Br NG o
(n-Butyl)zP Br Phosgene, OH OTIPS 2
\\‘\ generated from triphosgene (13) O\H/O OTIPS
_—
X
Py
(55)X=0 0 ACN o ~ ca. 65%
(57) X=NH (58)X=0
(59) X = NH

5’ -DMTr-2'-TIPS-3'- (tributyl (3- (4- (1-hydroxypropan-2-yl) -3-

ni t robenzam do) propyl ) phosphoni um bromi de) - uri di ne (59)

A two necked flask containing the triphosgene and phenant hridi ne
was connected to a distillation head and condenser. The
receiving end of the condenser was attached to an anmmpnia trap
and cooled by a dry icel/acetone bath to condense the phosgene
that was produced. The bottom of the anmonia trap was connected
to a three necked round bottom flask with a stir bar which was
also cooled by a dry ice/acetone bath. Al open necks of round
bottons were sealed by fresh septa wapped with Teflon tape. One
neck of the three necked flask was punctured with a 20G needl e
attached to a tygon tube and two bubblers in series; the first
was enpty and the second contained mneral oil. Tygon tubing was
used to connect the second bubbler to a 9-inch 20G needl e that
was fully inserted into a saturated solution of sodi um hydroxide
i n nmethanol . A second needle and tube was inserted into the
septa of the nethanolic sodi um hydroxi de, which acted as a vent
up into the fume hood. Triphosgene (1.87 g, 6.33 mmol) and cat.
phenanthridine were heated to 90°C, at which point the
tri phosgene nelted and solvated the phenanthridine catalyst,
pronoting the evolution of phosgene gas. After 30 mn, al

tri phosgene was consurmed and phosgene had begun condensing in the
receiving flask. At this point a balloon of argon was punctured

through the septa on the two necked flask, pushing any phosgene
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gas to the condenser and quenching sol ution. Once phosgene had
st opped condensing, an acetonitrile solution of (57) (1.06 g, 1.9
mmol ) was added dropwise to the stirring phosgene, then renoved
from the dry icel/acetone bath after 10 mn. The reaction was
stirred for 2 h at roomtenperature. Next, argon gas was passed
over the whole apparatus and al so bubbled through the reaction
m xture into the methanolic sodi um hydroxi de to renove and guench
t he excess phosgene. NOTE: a very low flow from a ball oon was
used at first to ensure the phosgene was quenched. Once all
phosgene was renoved, DI PEA (4 nlL) was added to the mxture to
guench the HA produced in the reaction wth phosgene and
compound (57).

A solution of nucleoside (13) (1 eq, 1.35 g, 1.9 mmol) in ACN (3
m.) was added directly to the above mxture, and the resulting
solution allowed to stir for 8 h at room tenperature. The
solution was diluted with ethyl acetate and extracted with sat.
NaHCGO; (x3) and once with brine. The mixture was precipitated in
300 nL of MIBE to renpbve excess nucleoside and Dl PEA. The
resulting precipitate was then purified by colum chromat ography
(DCM MeCH 100: 0 - 90:10) to afford 1.32 g of (59) (62%yield).

'H NMR (300 MHz, CHLOROFORMrd) & ppm 0.82 - 1.16 (m, 34 H) 1.34
(dd, J=6.89, 2.20 Hz, 3 H 1.38 - 1.63 (m 15 H 2.05 (br. s., 2
H 2.11 - 2.31 (m 12 H 2.67 (br. s., 1 H 3.39 - 3.53 (m 1 H
3.57 - 3.72 (m 3 H 3.78 (s, 7 H 4.08 - 4.38 (m 2 H 4.59 -
4.69 (m 1 H 5.16 - 5.33(m 2 H 5.63 - 576 (m 1 H 6.00 (dd,
J=5.27, 2.05 Hz, 1 H 6.81 (dd, J=8.79, 1.47 Hz, 4 H 7.15 (d,
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 GCsHyN;OsPSi** | ow resolution
ESI - M5 cal cul ated: 1195.61, found: 1195.60.
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DMTrO NS0
o DMTrO NS0 ©
NH ° & OTBDMS
| PN O OTBDMS | 2
o o DMTrO o NS0 'V‘eo~p\/ MeO-P=0 fKNH
- Br N
(n-Butyl)sP NOs \< 5 | . /go
o. O QTIPS H* /k (39) ® o 0
g . (n-Butyl)sP-Br NO
HN o} 1.DCl 2 0.0 OTIPS
2. t-Butyl hydroperoxide \ﬂ/
0 (59) HN ©
(60)

0]

Compound (59) (316 nmg, 0.29 mmol) was treated with 10 nL of 3%
TFA in DCM followed by 0.5 nL of triethylsilane. This m xture
was allowed to stir for 10 min followd by 5 nL of MeCH to further
guench the trityl cation. This mixture was then diluted with 20
nL of toluene and concentrated to near dryness. The m xture was
then taken up in acetone and precipitated in MIBE, filtered and
solvated in DCM then condensed to dryness. The above process was
repeated once nore to ensure there was no tritylated material.
The m xture was then co-evaporated with toluene to dry. To this
m xture, 1.5eq of DClI was added (52 ng, 0.44 mmol) and 1.5eq of
phosphoramdite (39) (362 ng, 0.44 mol) was added and finaly
solvated with 3 nL of ACN. This mxture was allowed to stir for
4 h until all starting material was consunmed as nonitored by NS
The mixture was then treated with 1 nmL of tert-butanol to react
with any excess phosphoramidite. This nmixture was directly
precipitated in MIBE hexanes (75:25) to renmove all excess
reagents. The precipitate was solvated in DCM and treated with 1
m. of tert-butyl hydroperoxide in decane and allowed to stir for
20 min until all starting material was oxidised, as nonitored by
VB. This mxture was then precipitated in MIBE producing
compound pure (60) in 91%yi el d.

3p NMR (81 MHz, CHLOROFORM d) Sppm-0.93 (s, 1 P) -0.90 (s, 1 P)
-0.36 (s, 1 P) -0.31 (s, 1 P) 34.20 (s, 1 P)
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f‘\NH o
DMTrO N/J*o ﬁ””

DMTrO N~ "0

lo} @ B@
OTBDMS (n-Butyl)sP-Br
cIJ y NO,
OTBDMS
MeO-F=0 NH HN-NH, ? 0 . v o
| —p= HN 2
o A Py:AcOH 3:2 MeO-P=0
o N0 |

7N
®_o
(n-Butyl)sP-Br NG © o N’l%o ©
\H 2 O\”/O OTIPS (61)
OH OTIPS
HN ©
(47)

o (60)

Compound (60) was treated with UYB for 20nin, solvated in wet ACN
produci ng pure conpound (47) in 92% yield after purification by

col um chromat ography (0 > 75% et hyl aceat eLhexanes).

'H NMR (300 MHz, CHLOROFORMrd) & 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
(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 - 490 (m 1 H 5.38 (d,
J=8.21 Hz, 1 H 5.64 (d, J=8.20 Hz, 1 H) 5.81 - 591 (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

3P NWR (81 MHz, CHLOROFORMd) & ppm 0.58 (s, 1 P) 0.83 (s, 1 P).

VWile the disclosure has been described in connection wth

specific enbodinents thereof, it will be understood that it is
capable of further nodi fications and this application is
intended to cover any variations, uses, or adaptations of the
disclosure following, in general, the principles of the

di sclosure and including such departures from the present
di scl osures as come within known or customary practice within the
art to which the disclosure pertains and as may be applied to the
essential features herein before set forth, and as follows in the

scope of the appended cl ai ns.

Unless defined otherwise or the <context <clearly dictates

otherwise, all technical and scientific terns used herein have
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the same nmeaning as commonly understood by one of ordinary skil
in the art to which this invention belongs. It should be
understood that any nmethods and materials simlar or equival ent
to those described herein can be used in the practice or testing
of the invention

Al'l docunents and references cited herein are hereby incorporated

by reference in their entireties.
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CLAIMS

1. An ionic tag linker consisting of a gamma ketoester moiety, an ionic moiety and a
linker,

wherein the ionic moiety comprises a charge balancing anion and a charge
balancing cation, wherein the charge balancing cation is selected from the group
consisting of an optionally substituted heterocyclic quaternary nitrogen, an optionally
substituted heterocyclic quaternary phosphonium and an optionally substituted
heterocyclic trivalent sulfoniurn,

wherein the linker is an alkyl,

wherein the gamma keto group is directly attached to the linker, and

wherein the linker is attached to the charge balancing cation of the ionic moiety.
2. The ionic tag linker of claim 1, wherein
the charge balancing cation is an imidazolium or phosphonium group; and

the charge balancing anion is selected from the group consisting of Br-, Cl and I'.

3. The ionic tag linker of any one of claims 1 or 2, wherein the ionic tag linker is the

following structure:

J\ /\/\/\/\n/‘l‘!-
4, A compound of formula (II):

Hso' 0 B

OR; QTIPS

(IT)
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wherein:

nis an integer from 1 to 19;

R1 is a protecting group selected from the group consisting of t-butyldimethylsilyl
(TBDMS); triisopropylsilyl (TIPS); triisopropyloxymethyl (TOM); cyanoethylmethyl (CEM); 2-
(4-tolylsulfonyl)ethoxymethyl (TEM); 2'-O-bis(2-acetoxyethoxy)methyl (ACE) orthoester; 1-
(2-fluoropheny1)-4-methosypiperidin-4-yl (Fpmp); 1-(4-chlorophenel)-4-ethoxypiperidin-4-yl
(Cpep); 4-(N-dichloroacetyl-N-methylamino) benzyloxymethyl (4-MABOM); dimethoxytrityl
(DMTT); monomethoxytrityl (MMTr); 2-tert-butyldithiomethyl (DTM); allyl levulinyl (Lev);
acetal levulinyl (ALE); 2-(2-nitrophenyl)propoxycarbonyl (NPPOC); a-
methylnitorpiperonyloxycarbonyl (MeNPOC); thioxanthone-nitrobenzyl group conjugates;
and a 5'-O-dimethoxybenzoincarbonate group (DMBOC) ;

Rs is the ester moiety of the gamma ketoester of the ionic tag linker of any one of
claims 1to 3;

Rs is H, or a protecting group selected from the group consisting of 9-phenylxanthyl
(pixyl or Px), MMTr, and DMTr;

Rp is a protecting group selected from the group consisting of methyl (Me), 2-
cyanoethyl (CNEt), p-nitro-phenylethyl (NPE), and para- and ortho-chloro-phenyl (p- or o-
CIPh);

R is lower alkyl, or the N(R). moiety is a cyclic alkylamine or a substituted cyclic
alkylamine, preferably morpholine, wherein lower alkyl is an acyclic, straight or branched
chain alkyl groups containing from one to six carbons; and

B is a nitrogen-containing base;

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

Re, respectively.

5. A process for preparing the compound of claim 4, wherein the compound has the

structure:

H5D' 0 B

ORg OTIPS

(IT)
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wherein:

n is selected from 1, 2, and 3;

R1 is a protecting group selected from the group consisting of t-butyldimethylsilyl
(TBDMS); triisopropylsilyl (TIPS); triisopropyloxymethyl (TOM); cyanoethylmethyl (CEM); 2-
(4-tolylsulfonyl)ethoxymethyl (TEM); 2'-O-bis(2-acetoxyethoxy)methyl (ACE) orthoester; 1-
(2-fluoropheny1)-4-methosypiperidin-4-yl (Fpmp); 1-(4-chlorophenel)-4-ethoxypiperidin-4-yl
(Cpep); 4-(N-dichloroacetyl-N-methylamino) benzyloxymethyl (4-MABOM); dimethoxytrityl
(DMTT); monomethoxytrityl (MMTr); 2-tert-butyldithiomethyl (DTM); allyl levulinyl (Lev);
acetal levulinyl (ALE); 2-(2-nitrophenyl)propoxycarbonyl (NPPOC); a-
methylnitorpiperonyloxycarbonyl (MeNPOC); thioxanthone-nitrobenzyl group conjugates;
and a 5'-O-dimethoxybenzoincarbonate group (DMBOC) ;

Rs is the ester moiety of the gamma ketoester of the ionic tag linker of any one of
claims 1to 3;

Rs is a protecting group selected from the group consisting of 9-phenylxanthyl (pixyl
or Px), MMTr, and DMTTr;

Rp is a protecting group selected from the group consisting of methyl (Me), 2-
cyanoethyl (CNEt), p-nitro-phenylethyl (NPE), and para- and ortho-chloro-phenyl (p- or o-
CIPh); and

B is a nitrogen-containing base;

wherein each B, R; and R, may be the same or different from any other B, R, and
Rp, respectively.

the process comprising the steps of:

a) condensing a phosphoramidite of formula (ll1):

RsO 0. B
Q OR,
F{pD—Fl’
N(R)2
(IITI)

wherein B, R1, 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 lower alkyl is an acyclic, straight or branched
chain alkyl groups containing from one to six carbons;

with a nucleoside of formula (1V):
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HO o B
OR; OTIPS
(IV)

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

c) where n>1, the process further comprising:

i) deprotecting the terminal -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 phosphoramidite of formula (lll),
wherein B, Ri, Rs, R, and R are as defined above, and each B, Ri, Rs, Rp and R
may be the same or different from any other B, R1, Rs R, and R, respectively;

iii) oxidizing the product of step (ii); and

iv) repeating steps (i)-(iii) n-2 times;

to form the compound of formula (II).

6. A method for synthesizing an oligomer, the method comprising:

a) attaching the ionic tag linker of any one of claims 1 to 3 to a first monomer unit;

b) contacting the first monomer unit with at least one further monomer unit at
reaction conditions to provide an oligomer comprising from 2 to 30 monomer units; and

¢) cleaving the ionic tag linker from the oligomer to provide the free oligomer.

7. A method for synthesizing an oligoribonucleotide or an oligodeoxyribonucleotide,
the method comprising:

a) attaching the ionic tag linker of any one of claims 1 to 3 to a first ribonucleoside or
deoxyribonucleoside at the terminal 3'-hydroxyl;

b) contacting the first ribonucleoside or deoxyribonucleoside with at least one further
ribonucleoside or deoxyribonucleoside at reaction conditions to provide an
oligoribonucleotide or a deoxyribonucleotide comprising from 2 to 30 ribonucleosides or
deoxyribonucleosides; and

c) cleaving the ionic tag linker from the oligoribonucleotide or
oligodeoxyribonucleotide to provide the free oligoribonucleotide or

oligodeoxyribonucleotide.
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8. A ribonucleoside or a deoxyribonucleoside having an ionic tag linker as defined in

any one of claims 1 to 3 attached at its 3'-hydroxy.

164



