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Large Scale Oligonucieotide Synthesis in Solution
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Abstract: The synthesis of multifunctional symmetric primary amines 4 and 8 and the covalent binding of 5°-O-
dimethoxytrityl-deoxynucleoside derivatives to their amino groups (compound 5§ and 9) is described. Different
strategies for dedimethoxytritylation including the use of strong acidic ion exchangers or protic acids and modi-
fied silica gels and/or gel permeation chromatography are developed. The resulting liquid phase carriers 6 and 10
are suitable for large scale oligonucleotide synthesis in solution using phosphoamidites and gel permeation chro-

matography for fast isolation of intermediates. © 1999 Elsevier Science Ltd. All rights reserved.

With the development of automated solid phase methods using controlled pore glass
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(CPG)"* and B-cyanoethyl phosphoamidites' DNA-synthesis has been perfectly adapted to the
demands of modern research in molecular biology and biochemistry. Today oligonucleotides are
easily available with a wide spectrum of functionalizations on their 3’- or 5’-termini, on the inter-
nucleotidic phosphodiester linkages or on the nucleobases*® . Generally, oligonucleotides are
no- to milligramms), for use in polymerase chain reaction”” an

needed in only small amounts (n ligramms), {

as diagnostic tools” ", for example. But some therapeutic applications, according to the pro-
mising antisense principle'*!®, could lead to an immense demand for modified oligonucleotides
(gramms to kilogramms), if this approach proved to be successful in the therapy of even just one
important human disease. It is questionable, if such amounts of modlﬁed oligonucleotides can be

economically synthesized by solid
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easy upscaling, direct control over reaction and products of high purity because of intensive puri-
fication in each reaction cycle. One major drawback of solution synthesis lies in the lower
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yields, caused by loss of product during purification and incomplete reactions, because reagents
1 - vraccans TA Artraeramearn thaoa eee~bhkla £ 13 )
can not be used in larger excesses. To overcome these problems a concept for oligonucleotide

synthesis in solution should be strictly orientated on the purification procedures.

The use of a liquid phase carrier (LPC) for this purpose has been originally introduced by
Koster for the separation of phosphotriester condensation products by Sephadex LH 20 gel fil-
tration*$ Herem two growmg ohgonucleoude chams were anchored on trityl groups and bridged
nificant difference in size between the bridged
and all other reagents including also the other nucleotidic components in the
condensation reaction mixture. Gel permeation chromatography (GPC) on Sephadex LH20 can
therefore be used for the rapid and primary isolation of the product, which elutes near the void
volume of the column before all other components. Nevertheless the achieved yields in the con-
densation reaction were 85 % maximum and decreased to 35 % with increasing chain length.
One fundamental reason therefore is the use of the phosphotriester method'’, another minor
reason the use of an only bifunctional liquid phase carrier. For better results a method which gua-
rantees higher condensation rates as by the use of H-phosphonate'™*” or phosphoamidite chem-

istry*'* should be choosen. In spite of the fact that the B-cyanoethyl phosphoamidite approach'

1s regarded as most efficient for the synthesis of oligodeoxynucleotides and their analogues, only
it +n anhitinm hoaoad tanhoal g 2224 yyco oo L lo b
few efforts have been made to adapt it to solution based tecnniques rierein reported 1s e

synthesis of liquid phase carriers for just that purpose. These compounds are designed for the
covalent binding of four or respectively three units of 5’-O-DMT nucleoside derivatives (DMT =
dimethoxytrityl- or dimethoxytriphenylmethyl-). The dedimethoxytritylation step, the first in each
cycle in oligonucleotide synthesm is varied in order to develope optlmlzed conditions. This in-

described separately®

RESULTS AND DISCUSSION

For the synthesis of liquid phase carriers, which were successfully proved in preparation of
dinucleotides and short oligonucleotides, two different types of multifunctional highly symmetric
core molecules were used as starting materials, namely pentaerythrite 1 and tris-1,3,5-benzenetri-

carboxylic acid trimethylester 7. The first step was the introduction of short linker units with
terminal primary amino functions. The four or respectively three identical amino functions were

used for the coupling of the p-nitrophenylesters of the 5°-O-dimethoxytrityl-deoxynucleoside-3
O-succinates. This procedure is comparable to the modification and loading of CPG and other
solid supports for use in automated solid phase DNA-synthesis*®
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exclusion of water nitrile 2 reacts ompound 3, tetrakls [((methoxycarbonyl)—emoxy)methy1]—
methane. Both reactions were performed following the work of Newkome?™ .
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The methylester 3 is an intermediate in the synthesis of dendritic cascade polymers. The
H 3 i a lande #~ A tatraralanta ameine benlria QO asimn £ ama M
aminolysis with ethylenediamine leads to the tetravalente amine 4, tetrakis-(8-amino-6-aza-2-

oxa-5-oxooctyl)-methane, in a reaction also used in the synthesis of dendritic poly(amido-
amines)™. The acylation of the four primary amino groups with the reactive p-nitrophenylester of
5’-O-dimethoxytrityl-deoxythymidine-3’-O-succinates in pyridine gave the highly symmetrical
compound 5. The isolation of the pentaerythrite type liquid phase carrier 5 (as an abbreviation

noced and nead in tha folla oW ing) wa A fror o

pPC + 1e
(DMT-dT)4-PE-LPC is Proposea anda useg m e icuow 15) was somewhat difficult. After re-
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peated low pressure liquid chromatography on silica gel and GPC on Sephadex LH20
(Pharmacia) pure material in a yield of only 45 % was isolated and characterized by ‘H- and *C
NMR spectroscopy.

The synthesis of the second type of liquid phase carriers starts with the aminolysis of the com-

mercially available 1,3,5-benzene tricarboxylic acid trimethylester 7 using ethylenediamine

(Scheme 2).
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The gained amine 8, 1,3,5-benzene tricarboxylic acid tris-N-(2-aminoethyl)amide, was
frnatnr’ with the nonitranhoanvuleactar ~f q’_n_r];mnfhr\v‘:l’v—;fill Aanvuthyms A1nn_1’ N orrAamismata e
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pyridine/DMF to gave the aryl type liquid phase carrier 9 in excellent yields of up to 90 % ( ab-
breviated as (DMT-dT)s-aryl-LPC ). Silica gel column chromatography and GPC on Sephadex
LH20 were used for purification, 'H- and ?C NMR spectroscopy for identification. The two step

synthems of (DMT-dT)s-aryl-LPC 9 showed to be much more successful and easier in com-
MT-dT),-PE-LPC 5. Therefore mainly
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e development of a route to oligonucleotide synthesis in solution.

The next step, dedimethoxytritylation of the liquid phase carriers 5 and 9 is the first
necessary reaction forstarting the synthesis of oligonucleotides and also repeated at the begin of
each following cycle. It is important to develop a procedure, which guarantees fast and complete

erminal 5’-hvdrm(v| groups. A nﬂrtm"v uncomnlete reaction will lead to fai-
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deprotection of the
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lure sequences. Long reaction times under acidic conditions will favour another known side re-
action, the depurination of guanosine and adenosine units in the growing oligonucieotide chain.
To be competitive to solid phase strategies the method for oligonucleotide synthesis in solution
has to be not too time consuming and labour intensive. For that reason and because the nucleo-
tidic products after dedimethoxytritylation are very polar compounds (6 and 10), generally used

mathnde lika avtractinn nnut nf a
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suitable. A number of methods for dedimethoxytritylation and purification were tested to over-
come the difficulties, leading to high yields but more or less also to disadvantageous aspects as
discussed in the following. All compounds were well characterized by their 'H- and *C-NMR
spectra, dTs-aryl-LPC 10 was also identified by MALDI-TOF mass spectrometry (Figure 1).
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Figure 1: MALDI-TOF-mass spectrum of dT;-aryl-LPC 10; M+H": theoretical mass: 1309 Da, found: 1303 m/z
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Merck) were used for combined dedimethoxytrityl
fication by stepwise variation of the polarity of the solvent system (solid phase extraction). Non-
polar solvent conditons (dichloromethane/ethanol mixtures) enable the fast separation of the di-
methoxytrityl group with high flow rates, the 5’-O-deprotected LPC is eluted next with more
polar solvent systems (ethanol or THF/ethanol mixtures). The yields were 93 % for dT,-PE-LPC
6 and 82 % for dTs-aryl-LPC 10 (with additional GPC using Sephadex LH20). A serious
drawback is the partiai decomposition of the ion exchanger in H'-form after several uses, leading
to acidic impurities in the isolated products. Also no primary isolation of product was attained.
The relative long retention times under acidic conditions would favour depurination.

On the other side dedimethoxytritylation with TFA (trifluoroacetic acid, 2%) in 1,2-
leted in less than 5 minutes™. After neutralization (n
amine) purification followed with different types of chromatography media:

a) by solid phase extraction using LiChroprep® DIOL (Merck) (yield: 97 % dT;-aryl-LPC
10 ; product is probably contaminated with pyridine/TFA salt, no primary isolation of product is

achieved),
b) by GPC using Sephadex LH20 and additional extraction of remaining dimethoxyirityl-

carbinol with diethylether (yield: 88 % dT;-aryl-LPC 10, extraction/filtration is labour extensive,
but primary isolation of product is achieved),

¢) neutralization with n-m'octylamine purification by reversed phase chromatography
using NUCI EOPREP® 300-30 C18 (Macherey/Na

reagent for ﬁeutra}jzation, water comammg eluent mix necessary (acctonitrile/THF/water
1 t fast and primary isolation of product is achieved),

d) by reversed phase chromatography using NUCLEOPREP® 300-30 C18 in combination
with gel permeation chromatography using Sephadex LH20 (yield: 97 % dTs-aryl-LPC 10, water
containing eluent mix necessary (THF/water 70:30 v/v), but primary isolation of product is

The methods using GPC on Sephadex LH20 and/or reversed phase silica gel
NUCLEOPREP® 300-30 C 13 revealed a central problem in fast and primary isolation of the 5'-
O-deprotected LPC. GPC on Sephadex LH20 alone was not successful in complete separation of

the dedimethoxytrityl group using the binary eluent system THF/water (70:30 v/v). The water
ntaining nalae cnliamd maiv txrae A~ Ae oAt JR MR, | SIMDOnEnts LI . L NI
containing polar solvent mix was necessary for dissolving all components in the reaction mixture

(DMT group, LLPC and TFA salt of triethylamine), but led to another dominating separation me-
chanism for the nonpolar DMT-component, separation by partition instead of gel filtration™. Se-
phadex LH20 gel preferably takes up the polar solvent (water), creating a marked difference
between stationary and mobile phase The nonpolar DMT group, weak soluble in water, is there-



though the third component, TFA salt of triethylamine, is completely removed. Figure mon
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strates, that separation by gel filtration in the same solvent system and under same conditions is

dominating for components of similar polarity but significant differences in size (dT;-aryl-L.LPC
10, M=1309 g/mol and deoxythymidine , M=242 g/mol).
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Figure 2: separation of 85mg dT;-aryl-LPC {1} and 40 mg deoxythymidine {2} by gel filtration with Sephadex
LH20 (column: 460x30mm, flow 1ml/min, eluent THF/water 70:30 v/v, 5 ml fractions, quantificd by UV ab-
sorption at 260 nm, diluted 1:200 with eluent).

The RP-silica gel NUCLEOPREP® 300-30 C is suitable for fast and complete separation
of the lipophilic DMT group at high flow rates, but not for removing of the TFA sait of triethyi-
amine. More lipophilic long chain n-alkylamines in high purity as substitute for triethylamine in
neutralization are expensive reagents, but their TFA salts are retained in chromatography giving
to 97 % yield. Water is an essential component in the
too weak in pure organic solvents, such as THF or acetonitrile. The later used method for syn-
thesis of short ohgonucleoudes was a combination of both, using a NUCLEOPREP® 300-30 C,z

1n
1 U

)
=
~r{
b

of triethylamine (yield: 97 % for isolation of dTs-aryl LPC 10). Herein the use of water make
intensive drying of nucleotidic products necessary before the following coupling reaction with
phosphoamidites is started. In general water is no necessary eluent for chromatography using
hadex LH20. It can be avoided, when an eluent ¢ 1
used. Separation by partition, as observed for very hydrophobic DMT-compounds in THF/water
70:30 (v/v), 1s impossible. Only few polar solvents are able to fulfill the demands for good so-
lubility of all components and for other basic properties in chromatography (sufficient swelling

f Sephadex LH20, low viscosity, low boiling points for easy remove after GPC). Pyridine is

avoured for this purpose, also because this solvent proved not to disturb the condensation re-

—
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action with phosphoamidites for chain elongation in contrast to water, alcohols, organic acids or

strong bases. Experiments t
the use of water are under way.

Another type of liquid phase carrier could easily be prepared starting with tris-(2-
aminoethyl) amine 11 to give (DMT-dT)s-amine-LPC 12 in good yields (74 %). Dedimethoxy-
tritylation gave dTs-amine LPC 13 (Scheme 3). Its use in oligonucleotide synthesis in solution
was not studied intensively until now, because of the satisfactory resuits mainly achieved with

dT;-aryl-LPC 10.
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EXPERIMENTAL

'H (400 MHz) and °C (100 MHz) NMR spectra were recorded on a Bruker AMX 400
instrument. Samples were dissolved in the presence of tetramethylsﬂane as internal standard.
Chemical shifts are given in ppm. Mass spectra were obtained on
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‘as carried out on 60
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under MALDI-TOF con'“‘fionsm'”. Thin layer chromatography (
PFys4 silica gel coated alumina sheets (Merck, Darmstadt, Germany, No. 1.05562). Dimethoxy-
trityl and sugar containing compounds were visualized with a sugar spray reagent (0.5 ml 4-
methoxybenzaldehyde, 9 ml ethanol, 0.5 ml concentrated sulfuric acid and 0.1 ml glacial acetic
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acid) and heating with a fan. Column chromatography was performed using silica gel
acid) and g graphy p g silica gel from
Merck (No. 1.09385). Gel permeation chromatography using Sephadex LH20 (Pharmacia,
- - i~ -~

Upsala, Sweden, No. 17-0090) was performed following the instructions of the manufacturer!.
The herein used columns from Kronwald (Sinsheim, Germany, flexible pressure glass columns,
FPGC series) with an inner diameter of 30 mm and a length of 530 mm for separations of com-
pounds with dimethoxytrityl group or respectively of 460 mm for separations of dedimethoxy-
tritylated compounds were stable to all solvents, especially to THF (it is noted that THF can da-
mage many materials which are used as seals or column couplers). r*racroger EMD-S05 (M)
and LiChroprep®-DIOL were purchased from Merck (Darmstadt, Germany), NUCLEOPREP®

300-30 C,3 from Macherey & Nagel (Diiren, Germany)

Pentaerythrite 1 (6.84 g, 50 mmol) was dissolved in 20 ml dioxane and 2 ml water and

mixed up with aqueous potassium hydroxid solution (40 % w/v, 1 ml). After cooling to 0°C in

an ice bath, acrylnitrile (16.2 g, 300 mmol) was added and the mixture stirred for 48 h at room
temperature. Solvents were evaporated, the remaining oil was diluted in 100 mi dichloromethane
and washed with 10 % aqueous sodium chloride solution (w/v, 50 ml). After reextraction of the
aqueous layer with dichloromethane (2x25 ml), the combined organic layers were dried over so-
dium sulfate and intensively evaporated. The nitrile 2 was obtained as a colourless syrup ; yield:

1
14.32 ¢ (41 mmol, 82 %). - 'H NMR (400 MHz, CDCL): 8= 2.60 (t, 8H.-CH,CN), 3.50 (. 8HL
TT /. nv Vet d 13~ arm ers o~ Jopp . E T o3 S N JR
-C,CH,0-), (t, 8H, -OCH,-). - ’C NMR (100 MHz, CDCl;): 8=18.86 (-CH,CN), 45.68

3.65
(Cy), 65.88 (-OC

H;-), 68.82 (C,CH,0-), 118.22 (CN) pp

Tetrakis-{[2-(methoxycarbonyl)ethoxy]methyl}-methane 3H*

Tetrakis-[(2-cyanoethoxy)methyl]-methane 2 (3.48 g, 10 mmol) was dissolved in dried
methanol (30 ml) and saturated with dried hydrogen chloride at room temperature. The reaction
mixture was refluxed for 1 h under continuous passing of hydrogen chloride gas. During cooling

~
to room temperature argon was passed through the whole apparatus. After hydrolysis with ice
rald wata tha gnarl 11m 1700 marfarmaad (18NN thona b RIS SR ) TR LSNPS N DAL NS 2, S Ia Ve RRNR 1N
Ccoia water, the work Up was periorinca { 15uiiiL) uuuugu exXiracuon witl aieinyletier (23X 10U 11)

and drying of the combined organic layers with sodium sulfate. Intensive evaporation leads to
methylester 3 as a yellowish oil ; yield: 75 % (3.72 g, 7.5 mmol). - ’H NMR (400 MHz, CDCl:):
& = 2.55 (t, 8H, -CH,CO-) , 3.32 (s, 8H, -C;-CH,0-), 3.65 (t, 8H, -OCH,-), 3.70 (s , 12H, -
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ANTY 3 - — ~
OCHs). - C NMR (100 MHz, CDCly): 8 = 34.92 (-CH,CO-) , 45.35 (Cy), 51.16 (CHs), 66.60
(-OCH;y-), 69.23 (C,CH,0-), 172.14 (CO)
Tetrakis-(8-amino-6-aza-2-oxa-5-oxooctyl)-methane (4)

Methylester 3 (3.91 g, 8 mmol) was dissolved in dried methanol (20 ml) and mixed up

with a large excess of freshly distilled ethylenediamine (dried over CaH;) at 0°C (200 ml, 3 mol).

Under inert atmosphere (argon) the solution was stirred for 96 h at 4°C. Ethylenediamine was
removed by evaporation and coevaporation after dissolving in methanol (10 ml) and the addition
of toluene (100 ml, 3 times) ; yield: 88 % (4.01 g, 7 mmol). -'"H NMR (400 MHz, CDCl,): & =

1.60 (br, 8H, -NH,), 2.40 (i, 8H, -CH,CO-), 2.82 (m, 8H, -CH,NH»), 3.30 (m, 8H, -NHCH>-),
3.32 (s, 8H, C,CH,0-), 3.68 (t, 8H, -OCH,-), 7.05 (m, 4H, NH).- BC NMR (100 MHz, CDCls):
d = 36.94 (-CH,CO-), 41.57 (-NHCH,-), 42.34 (CH,NH,), 45.37 (C,), 67.58 (-OCH>-), 69.73

(C,CH,0-), 171.90 (CO).
L*__ N

Tetrakis-{6,9-diaza-13-[5’-O-(4,4’-dimethoxytriphenylmethyl)-2’-deoxythymidine-3’-O-yl]-
2-o0xa-5,10,13-trioxotridecyl}-methane ; (DMT-dT),-PE-LPC (5)

The synthesis of 5’-O-dimethoxytrityl-deoxythymidine-3’-p-r trophenylsucc:inate followed
26

h nrnradiieacd Tha ~htainad Al Ai~nvana/fmyg ,.. nnnnnnnnn tha rr\_

Kl A
1011S0eG proceauwres . 1n€ oolainea solution in dioxar 1€/ pyriaine, \,uutauuuv the p-mtro

publis
phenylester (approx. 5.4 mmol) was concentrated under reduced pressure and dissolved in pyri-
dine (10 ml). The amine 4, tetrakis-(8-amino-6-aza-2-oxa-5-oxooctyl)-methane (600 mg, 1mmol)
was added and stirred for 16 h at room temperature. Reaction mixture was concentrated and dis-

solved in eluent mix. The first chromatography on silica gel was performed using a stepgradient
chloromethane/ethano!l 60-40 (v/v\ All solvents

lAiAlj\.l\.uxmA 1 Uw.TVv Yiv . OVL Y wiang

from dichloromethane/ethano! 95:5 (v/v) to dic

1
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contained 0.5 % pyridine (v/v). Further purification with gel permeation chromatography on Se-
phadex LH20 gave only small portions of pure material (eluent: THF/isopropanol 80:20, v/v).
Repeated column chromatography on silica gel (with dichloromethane/ethanol, 15 to 30 % etha-
nol, 0.5 % pyndine) and gel permeation chromatography gave the product in a colourless crys-

talline form, total yield: 45 % (1.4 g, 0.45 mmol) 'H NMR (400 MHz, CDCL): 8 = 1.37 (s,
12H, CHs-, Base), 2.40 (m, 8H, -CH,CO-), 2.40/2.50 (m, 8H, H2"), 2.49 (m, 8H, -COCH,-)
2.63 (m, 8H, -CH,CO-), 3.29 (s, 8H, C,CH,0), 3.36 (m, 16H, 2x-NHCH>-) 3.43 (m, 8H, H5),
3.68 (m, 8H, -OCH,-), 3.76 (s, 24H, CH;0-), 4.15 (m, 4H, H4’), 5.43 (m, 4H, H3"), 6.35 (dd,
4H, H1"), 6.8 - 7.4 (m, 52H, Hy,), 7.60 (s, 4H, CH, Base) , 8.62 (dd, 2x4H, 2x -NH-CH,-), 9.90
(s, 4H, NH, Base).- “C NMR (100 MHz, CDCL): 8 =11.63 (CHs, Base), 29.74 (C12), 30.56

(C11), 36.79 (C4), 37.80 (C2’), 39.38 (C8), 40.01(C7), 55.28 (-OCH3), 63.85 (C5’), 67.50 (C3),
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69.24 (C1), 75.88 (C3’), 83.81/84.30 (C1°/C4’), 87.22 (Cz, DMT), 111.93 (C5, Base), 113.34
(A2 TRATY 197 IKITIR NAIT1IR 12 ({"”)’l("’}’/{“/l’ NAMTY 12000 (") NMTY 135 (1

(\Jy IVEL Jy, L&l .oV LaV. VU 1o0. 0\ I NTT gy AJIVAA Jy AINNT T \(Wdey RZIVEL Jy A JTNST (N,
F S W 1a a0 amm AN N T 1 44 £/ /N1 Y TR TN 1L£1 A A 777 T\ 1200 778 r™MA4 TR AT\ 104 DA
DMIL), 130.44 (LO, DA4sc), 144.10 (U1, Divil), 101.09 (UL, DASC), 1J30,/0 (L4, UVMl1), 104.44

Tetrakis-[13-(2’-deoxythymidin-3’-O-yl)-6,9-diaza-2-o0xa-5,10,13-trioxotridecyl]-methane ;

AT, DR T DO (&)
U 1g4=r LK W \U)

Fractogel® EMD-SO5" 650 (M) (Merck) in the protonated form (counterion H*) was used
for dedimethoxytritylation and solid phase extraction. (DMT-dT)s;-PE-LPC 5 (466 mg, 150

umol) was dissolved in THF/ethanol 95:5 (v/v) and transfered to a column (inner diameter:

= VILVLAS L3 L4V AV S aad2aRa RS

Mrvrr) ~AAmtaiming SN 1 Aavahanoanae Llhvatad el ha nafTLID EN.EN [« e A dla
FAVISVise Y \,Ulu.auuus Ju i 1011 CALllaligcd, U\iLUUUIaLCU wuu N-NeXaiic/ 1 ru SUou \VI V) uuuchAy-

rityl compounds were washed of with n-hexane/THF/ethanol 50:50: 5 (v/v, 100 ml),
THF/ethanol 95:5 (v/v, 100 ml) and THF/Ethanol 50:50 (v/v, 150 ml). dT4+-PE-LPC 6 was eluted
with pure ethanol, solvent was removed and thoroughly coevaporation with toluene gave the
product as a colorless solid, yield: 93 % (263 mg, 139 umol). ‘H NMR (400 MHz, d¢-DMSO): &

o .. Raca) DO [/ QLY LIN’N M N&K QLY LY MY Y D 20 fean QLT TalaYa) = |
ULy \VCAi3~, DADU ), L.l\J \lu, OrL, rle j, £.40 \lu, OXL, LI\ U~ ), L.00 U, Ok, "L LI
), 2.52 (m, 8H, -CH,CO-), 3.08 (m, 16H, 2x-NHCH,-), 3.21 (s, 8H, C,CH,0), 3.51 (m, 8H, -
OCHs-), 3.64 (m, 8H, HS"), 3.98 (m, 4H, H4’), 5.22 (m, 4H, H3"), 6.18 (dd, 4H, H1"), 7.75 (s,
4H, CH, Base), 7.80/7.85 (dd, 2x4H, 2x -NH-CH,-).- Bc NMR (100 MHz, ds-DMSO): o
=12.18 (CH;, Base), 29.02 (C12), 29.94 (C11), 36.06(C4), 36.41 (C2"), 38.35 (CR), 38.84 (C7),
AA TO (C'Y AT D (OR°Y A7 10 (Y AQO NN (1Y TA AQ (M2 Q2 AAIQRA &N (1A 1NQ AA
==T.i v ‘\"q} Vi, \\/J /, Ji.x/ \ Sy WZIUY \L]l} I"r.Jo \\_, j, Q. U/ 0O T. O0\U \\_,A A e 4 j, 1vUz7Z.UTr

(C5, Base), 135.73 (C6, Base), 150.39 (C2, Base), 163.58 (C4, Base), 170.30 (C53), 170.75
(C10), 171.94 (C13).

1,3,5-benzene tricarboxylic acid trimethyiester 7 (1.04 g 4.0 mmol) was treated with
ethylenediamine (66.7 ml, 1 mol), following the procedure described for synthesis of compound
4. The reaction was complete after 24 h. After lyophilization with dioxane the product was ob-

tained as a white solid ; yield: 99 % (1,35 g, 4.0 mmol). - TH NMR (400 MHz, d,-DMSOQ): & =
1.55 (br, 6H, -NH»), 2.72 (m, 6H, -CH,NH,), 3.32 (m, 6H, -NHCH,-), 8.42 (s, 3H, CHy,), 8.65
(t, 3H, NH). - 5C NMR (100 MHz, d¢-DMSO): & = 42.16 (-CH;NH,), 44.16 (-NHCH,-).
129.30 (CHa, ). 135.95 (Car), 166,56 (CO)
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1,3,5- nidine-3’-O-yi]-
1,6,9-trioxononyi}-benzene ; (DMT-dT)s-aryl-LPC (9)

A solution of 5’-O-dimethoxytrityl-deoxythymidine-3’-p-nitrophenylsuccinate (approx. 10
mmol) in dioxane/pyridine was concentrated under reduced pressure and dissolved in DMF (25
ml) and pyridine (10 ml). The amine 8, 1,3,5-benzene tricarboxylic acid tris-N-(2-amino-

Clllyl}dlulut: (673 mg, 2 Fﬁ‘ﬂ(u} was added, the reaction mixture stirred for 16 h at room tempera-

ture, concentrated and dissolved in eluent mix. Silica gel column chromatography (stepgradient

with dichloromethane and 2 to 20 % ethanol, 0.5 % pyridine, v/v) led to mostly pure product

fractions. Gel permeation chromatography on Sephadex LH20 (eluent: THF/methanol 80:20 v/v)

of the impure fractions gave additional product, total yield: 90 % (4.0 g, 1.8 mmol). - 'H NMR
I

T D ANIN &N LYY TINN N AA .. LT

f ANN .
H;-, Base), 2.40/2.50 (m, 6H, H2’), 2.44 (m, 6H, -

Uy lVlnL
COCHs;-), 2.50 (m, 6H, -CH,CO-), 3. 40 (m, 6H, HS"), 3.54 (m, 12H, 2x-NHCH,-), 3.77 (s, 18H
CH:0-), 4.15 (m, 3H, H4’), 5.40 (m, 3H, H3’), 6.32 (dd, 3H, H1’), 6.8 - 7.4 (m, 39H, Ha,),
7.60 (s, 3H, CH, Base), 8.19 (dd, 2x3H, 2x -NH-CH;-), 8.40 (s, 3H, CH,,). - ’C NMR
(100 MHz, CDCl3): 6 =11.66 (CHs, Base), 29.97 (C8), 30.66 (C7), 37.57 (C2’), 39.38 (C4)

AN ST & VL ( OWOLE N £2 T0 /T8N 78 Q0 /(72 Q2 £QJIQA D
4U. I /D), 33.40 (-utiniy), UO./Y (LD ) /13.0U (LD ), 03.08/64.2
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112.06 (C5, Base), 113.34 (C3, DMT), 127.24/128.13/128.23 (C2’/C3°/C4’, L)Ml), 129.04
(CHa), 130.10 (C2, DMT), 134.93 (C6, Base), 135.16 (C1, DMT), 135.27 (Cy.), 14421 (C1°,
DMT), 151.34 (C2, Base), 158,79 (C4, DMT), 164.08 (C4, Base), 166.57 (C1), 171.95 (C6),
172.16 (C9).

1,3,5-Tris-[9-(2’-deoxythymidin-3’-O-yl)-2,5-diaza-1,6,9-trioxononyl]-benzene ; dTs-aryl-
LPC (10)

1.) Dedimethoxytritylation and solid phase extraction with Fractogel® EMD-SO; 650 (M)
AAAAAAAAAA ) 8 o 2 WRNE % LS SN RN o NPT SN L% TS BT DUPU, I cirier Qb o
\L,UU.IILC“UH 11}, aulluovlal puirlictauoll wildl gol pClincdauon CinoidtOgiapily usliiy, oCplaucx
LH20:

(DMT-dT);-aryl-LPC 9 (1.1g, 500 umol) was dissolved in THF/ethanol 99:1 (v/v) and
transfered to a column (inner diameter: 30 mm), containing 150 ml ion exchanger, equilibrated
with n-hexane/THF/ethanol 60:35:5 (v/v). Dimethoxytrityl compounds were washed of with n-

hexane/THF/ethanol 60:35:5 (v/v, 200 ml), THF/n-hexane/ethanol 60:35:5 (v/v, 200 ml) and
THF/ethanol 95:5 (v/v, 200 mi). dTs-aryi-LPC 10 was eluted with THF/ethanol 65:35 und
THF/ethanol 50:50 (v/v, 300 ml each of). The crude product was purificated with gel permeation
chromatography on Sephadex LH20 (eluent: THF/isopropanol 80:20 v/v), giving a colorless solid

after removal of solvents, yield 82 % (530 mg, 410 pumol).
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2) Dedimethoxytritylation with TFA reagent, purification with solid phase extraction using

T iChronren® DIOT (Marck)-
LA AR vpivy ASANT R \AVRAUED ).

(DMT-T)s-aryl-LPC 9 (580 mg, 260 pmol) was dissolved in (10 ml) 1,2-dichloro-
ethane/nitromethane/methanol 80:19:1 (v/v) and TFA solution in the same solvent system was
added (3%, 7.85 mmol TFA, 20 ml). After 3 minutes the reaction mixture was transfered to a
column (inner diameter: 25 mm) filled with L1Chr0prep -DIOL (90 ml), ethberated with di-

~rhlaramathanalathannl O8-5 (uy/s r\ Tha game gn
Croromemand/eumano: 7J5: J LY/ V). Liiv salliv oV

21 11 S

trityl compounds (300 mi). Washing with cncn1oromemane/pynmne/emanoi 50 40 10 (v/v) gave
the product dTs-aryl-LPC 10 after removal of solvents and coevaporation with toluene (2 x 20
ml) as a colorless crystalline solid, yield: 97 % (330 mg, 252 pmol).
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A TFA solution in 1,2-dichloroethane/nitromethane/methanol 80:19:1 (v/v, 2 % TFA, 10
mmol) was dropwise mixed with a solution of (DMT-dT)s-aryl-LPC 9 (739 mg, 330 pmol) in the
same solvent system (5ml) under stirring at room temperature. After 2 minutes the reaction mix-

ture was cooled in an icebath and triethylamine (10 mmol in 4 ml of thf_: solvent system) was ad-
n N N.dimathyl

h I . =
Looulv Adiu LI L\/OLUU‘.« UIL)OUIV u FUN PR PYA "'\.Lll,ll\/l,.llvy i~

k

r‘prl Solvents were remov:
L)\Jl \JLALO AAA YA RN AN SLW)

formamide (5 ml). After chromatography on Sephadex LH20 (eluent: THF/water 70:30, v/v) the
most product containing fractions were contaminated with traces of dimethoxytrityl compounds.
After removal of the solvents and coevaporation with dioxane (40 ml), the residue was dissolved
in THF/methanol (10 ml) and precipitated into heavily stirred diethylether (300 ml). Decantation

of the ether layer, filtration of the precipitate under washing with diethylether and coevaporation
xith murdina (8 vl and tAabiiana { Vv 1N vntra AT awg: ] T 10D ao a Anlarlace o~liAd v1ald. QQ G7.
vy itlil yyxuuuc \J 1) allu tVLIUCIIT (LA 1LVEHI) EdVC Ulj-dlyl-L. IO\ 11U dad 4 LULIDLICSD> dULLIU, _)‘ICIU. oo 70
LYY ~O 1~
(380 mg, 290 umol).

4) Dedimethoxytritylation with TFA reagent and neutralization with trioctylamine, purification by
chromatography using NUCLEOPREP 300-30 Cs:

(DMT-dT)s-aryl-LPC 9 (113 mg, 50 upmol) was dissolved in 1,2-dichloro-
ethane/nitromethane/methanol 80:19:1 (v/v, 4 ml) and a TFA solution in the same solvent system
(1.5 mmol TFA in 1 ml) was added dropwise. After 3 minutes the reaction mixture was cooled in
an icebath and neutralisized by trioctylamine (1.5 mmol, 1 ml solvent system). Solvents were

removed under reduced pressure and the residue dissolved in acetonitrile/T HF/water 56:14:30
(v/v, 4 ml), also the eluent in the followin ng chromatoeranhv 1 ng NUCLEOPREP 300-30 C18

alstr il AR 13 LG QLU chroma VoA GpAr Y us

(column: 310 x 20 mm, flow 10 ml/min). Product is present in fracnons with a retention time
between 7 and 9 minutes and well separated from all other components of the probe. After remo-
val of solvents under reduced pressure and lyophilisation with dioxane dTs-aryl-LPC 10 is ob-
tained as a colorless solid, yield: 98 % (64 mg, 49 pmol).
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(DMT- dT)3 -aryl-LPC 9 (850 mg, 384 pmol) was dissolved in 1,2-dichloro-
ethane/nitromethane/methanol 80:19:1 (v/v, 33 ml) and mixed with a TFA solution in the same
solvent mixture (11.5 mmol TFA in 10 ml). After 2 minutes a triethylamine solution was added
for neutralizatjon under cooling in an icebath (11.5 mmol, 5 ml in the same solvent system). The

THF/water 60:40 (v/v, 5 ml). Chromatography was performed with a precolumn filled with
NU EP 300-30 C18 (310x20 mm) and a second column with Sephadex LH20 (460x30

ml/min). Product containing fractions were combined, concentrated and coeva-
porated with dioxane (2x40 ml). Final lyophilization with dioxane (10 ml) gave dTs-aryl-LPC 10
as a colorless solid, yield: 97% (490 mg, 374 ymol). - 'H NMR (400 MHz, d,-DMSOQ); § = 1.78

L2RIRZ, FAWS AN TV Alg, prRALS 2y

(s, 9H, CHs-, Base), 2.25 (m, 6H, H2’), 2.40 (m, 6H, -COCH,-), 2.55 (m, 6H, -CH.CO-),
3.24/3.34 (m, 12H, 2x-NHCH-), 3.60 (m, 6H, H5"), 3.97 (m, 3H, H4’), 5.20 (m, 3H, H3"). 6.17
(dd, 3H, H1’), 7.70 (s, 3H, CH, Base) , 8.00 (dd, 3H, -NHCH,-), 8.40 (s, 3H, CH,,), 8.68 (dd,

3H, -NHCH,).- ’C NMR (100 MHz, de-DMSO): 8 =12.19 (CHs, Base), 29.02 (C8), 29.76 (C7).

36.38 (C27), 38.18 (C4), 39.13 (C3), 61.26 (C5’), 74.68 (C3’), 83.60/84.47 (C1'/C4’), 109.64
(CS, Base), 128.48 (CHy,), 134.78 (Cap), 135.74 (C6, Base), 150.39 (C2, Base), 163.57 (C4.
Base), 165.51 (C1), 170.79 (C6), 171.95 (C9)

Tris-{3-aza-4,7-dioxo-7-[5’-0-(4,4’-dimethoxytriphenylmethyl)-2’-deoxythymidine-3’-O-
yl]-heptyl}-amine; (DMT-dT);-amine-LPC (12)

To a solution of 5’-O-dimethoxytrityl-deoxythymidine-3’-p-nitrophenylsuccinate (approx.

9.4 mmol) in dicxane/pyridine a solution of tris-(2-aminoethyl)-amine 11 (292 mg, 2 mmol) in
dried acetonitrile (10 mi) was added and stirred for 12 h at room temperature The reaction mix-
ture was concentrated and the residue dissolved in dichloromethane (containir g 0.5 % pyridine).
d At
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mcreasing the methanol content stepwise up to 15 %. Product containing fractlons were com-
bined, concentrated and precipitated into n-hexane/diethylether 3:1 (v/v). (DMT-dT)s-amine-
LPC 12 was isolated by filtration as a colorless solid, yield: 74 % (2.99 g, 1.48 mmol). -’H NMR
(400 MHz, CDCls): & = 1.35 (s, 9H, CHj-, Base), 2.40/2.50 (m, 6H, H2’), 2.50/2.52/ 2.62 (m,

3x6H, -COCHo:-,/-CHaNeara/-CH2CO-), 3.23 (m, 6H, -CONHCH,-), 3.45 (m, 6H, H5’), 3.76 (s
18 H, CH50-), 4.15 (m, 3H, H4’), 5.40 (m, 3H, H3"), 6.38 (dd, 3H, HI’), 6.8 - 7.4 (m, 39H,
Ha:), 7.58 (CH, Base) , 9.55 (NH, Base). - 3C NMR (100 MHz , CDCl,): 6 = 11.60 (CHs,

Base), 29.77 (C6), 30.46 (CS5), 37.75/37.75 (C2’/C2), 54.63 (C1), 55.26 (-OCHj3), 63.88 (C5°),
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Tris-[3-aza-7-(2’-deoxythymidine-3’-0-yl)-4,7-dioxoheptyl]-amine, dT;-amine-LPC (13)
Dedimethoxytritylation of (DMT-dT)s-amine-LPC 12 (660 mg, 325 umol) was performed

with TFA (2 %) in nitromethane/methanol (96:2, v/v, 40 ml). Purification was achieved by solid

phase extraction using LiChroprep®-NH, (Merck, 50 ml, column: 150x20 mm). Dimethoxytrityl

compounds were eluted with n—hex“ne/et,.ylacetate 2:1 (v/v, 50 ml), the nucleotidic compounds
vxath At lamatratalatlanem~T Dol ooy TEMN 1Y Do dos (b v bn ot 2o siiae AT asten i A A
witn etiiyiacetate/etnano: 2:1 (v/v, 15U mu). rr1 duct L,uumuuug fractions were concentraied and

gel permeation chromatography was used for further purification (Sephadex LH60, eluent:
THF/ethanol 90:10, v/v ; column: 310x25 mm, flow 1ml/min). dT:;-amine-LPC 13 was isolated
as a colorless solid, yield: 61 % (220 mg, 197 umol). -'H NMR (400 MHz, ds-DMSO): § = 1.77
(s, 9H, CHs-, Base), 2.25 (m, 6H, H2’), 2.40 (m, 6H, -COCHa-), 2.48 (m, 6H, -C}_Ichema]) 2.55

(m, 6H,-CH,CO), 3.08 (m, 6H, -CONHCH,-), 3.62 (m, 6H, H5), 3.98 Uu wH H4), 5.18 (m,
3H, H3"), 6.18 (dd, 3H, HI"), 7.72 (CH, Base), 7.75 (dd, 3H,-NHCH,- )- C NMR (lUOMH

ds-DMSO): & = 12.18 (CH3, Base), 29.06 (C6), 29.70 (C5), 36.43 (C2’), 36.98 (C2), 53.35
(C1), 61.27 (C57), 74.67 (C3’), 83.63/84.51 (C1°/C4’), 109.63 (CS5, Base), 135.72 (C6, Base),
150.38 (C2, Base), 163.57 (C4, Base), 170.59 (C4), 171.94 (C7).
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