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(57) ABSTRACT 

The disclosed synthesis system is based on the idea of 
designing a synthesis and treatment procedure, substrates 
and anchor groups Which enable biomolecules to be simul 
taneously produced in an entirely automatic manner. By 
using a pipetting robot to dispense the reagents, the reaction 
column can be arranged in a format suitable for subsequent 
treatment. For a pipetting robot to carry out even Water 
sensitive or air-sensitive synthesis protocols, certain struc 
tural measures must be taken. The operation principle of the 
automaton and the synthesis sequence are described beloW 
as an example of a possible solution. The automaton can 
Work With conventional substrates and reagents. Handling, 
hoWever, is simpli?ed by neW, specially adapted substrates 
and anchor groups. A special, simultaneous puri?cation and 
aliquot portioning process improves product quality and 
makes the device easier to use. 
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AUTOMATED CHEMICAL SYNTHESIS DEVICE 

[0001] The synthesis of polymeric biomolecules, such as 
oligonucleotides, peptides or non-natural analogues thereof, 
according to the principle of solid phase synthesis is an 
established technique 

[0002] Although multiple parallel synthesis of peptides in 
open reaction systems is part of the prior art (14, 15), 
oligonucleotides, for eXample, tend to be prepared individu 
ally. The principal problem in oligonucleotide synthesis lies 
in the eXtreme sensitivity to Water of the phosphoramidite 
chemistry of the prior art Automated oligosynthesis 
apparatuses are therefore closed systems and operate under 
protective gas. A published apparatus for the parallel syn 
thesis of up to 96 oligonucleotides uses a reaction system 
that likeWise is closed and, for the dispensing of reagents, a 
large number of valves (16). Conventional supports and 
manual Work-up procedures are used therein. 

[0003] The synthesis system according to the invention is 
therefore based on the idea of con?guring synthesis, sup 
ports, anchor groups and Work-up procedure for the simul 
taneous, fully automatic preparation of biomolecules. With 
the reagents’ being distributed by means of a pipetting robot, 
the reaction columns can be arranged in a format that is 
suitable for further processing. In order also to be able to 
carry out a Water- and air-sensitive synthesis protocol using 
a pipetting robot, it is necessary to take certain measures in 
terms of design. As an example of a possible solution, there 
Will be described hereinbeloW the principle of operation of 
the automated apparatus and the course of synthesis. 

[0004] The automated apparatus can operate using con 
ventional supports and reagents, but handling is simpli?ed 
by specially modi?ed, neWly developed supports and anchor 
groups. 

[0005] By adding on a special method for simultaneous 
puri?cation and aliquotting, the quality of the products is 
improved and use is simpli?ed. 

[0006] The invention relates especially to the folloWing 
embodiments: apparatus for automated simultaneous chemi 
cal synthesis and puri?cation of a large number of products 
on solid phase, as Well as support material and chemical 
building blocks for solid phase synthesis, characterised in 
that 

[0007] 1. a large number (from 10 to 1000, preferably 
48 and a multiple thereof, preferably 400) of separate 
reaction vessels, Which are open at the top and at the 
bottom, are provided in the form of channels or small 
columns, Which are arranged in parallel in a block 
(FIG. 6) and Which are removable either together or 
separately; the support material for the synthesis 
(solid phase) is placed in the channels/columns, 
either being arranged betWeen tWo inert porous frit 
plates or, preferably, being itself in the form of a 
chemically modi?ed frit or ?lter plate (FIG. 7), so 
that liquid media added from above are held in the 
reactor solely as a result of surface tension and 
Wetting of the material; 

[0008] 2. the reactor/reactor block according to 1. is 
mounted on a trough connected to a vacuum pump 

by means of a sWitchable valve, and so the liquid 
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media can be aspirated simultaneously from the 
reactors and the support materials contained therein; 

[0009] 3. the upper inlets to the reaction columns in 
the reactor block according to 1., Which are covered 
by a perforated screen (baffle plate) mounted above 
them, can be ?ooded With inert gas (e.g. nitrogen, 
argon) and the How of inert gas is optionally 
increased considerably during the aspirating proce 
dure according to 2.; alternatively, the space above 
the reaction columns/channels can be selectively 
closed off by means of a second, displaceable per 
forated screen so that the reagents are bloWn out of 
the reaction columns/channels by pressurised inert 
gas; 

[0010] 4. chemical building blocks, reagents and sol 
vents are distributed to the reaction vessels by an 
XyZ-pipetting robot by means of electronically con 
trollable dispensing syringes (dilutors) having one or 
more dispensing needles and optionally, in addition, 
one or more dispensing manifolds so that each 
reactor can be addressed individually; 

[0011] 5. the dispensing needle according to 4. is 
equipped With a plurality (at least tWo) of internal 
channels, Which are connected to separate dispensing 
syringes, that is to say Which can be ?lled separately, 
the ends of Which channels meet only through before 
the outlet (FIG. 8) and so, When a plurality of 
reagents are being dispensed simultaneously, miXing 
occurs in the tip of the dispensing needle shortly 
before delivery, it being possible for a channel to be 
connected to the inert gas supply also and so the 
miXed volume can be eXpelled by means of a pulse 
of inert gas; 

[0012] 6. the dispensing needle according to 4. and 5. 
is mounted so as to be resilient along the longitudinal 
aXis, so that it can set doWn on the support material 
or top frits in the reactor channels Without damage 
and so can reliably deposit even extremely small 
volumes doWn to 1 nanolitre; 

[0013] 7. a large number (from tWo to one hundred, 
preferably 24) of chemical building blocks and 
reagents, Where appropriate dissolved in suitable 
solvents, are provided in vessels Which are sealed by 
means of septa and Which are arranged in a reagent 
block separate from the reaction block; 

[0014] 8. the septum-sealed necks of the vessels in 
the reactor block according to 7., Which are covered 
by a perforated screen (baffle plate) mounted above 
them, can be ?ooded With inert gas (e.g. nitrogen, 
argon); 

[0015] 9. using the dispensing needle according to 4. 
and 5., reagents can also be WithdraWn from transfer 
ports, Which are connected to storage bottles either 
directly or by means of sWitchable valves (FIG. 6) 
and the storage bottles are slightly pressurised With 
inert gas; 

[0016] 10. solvents and reagents can be distributed 
from solvent bottles by means of dispensing syringes 
or by pressurised inert gas and also by Way of one or 
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more dispensing manifolds according to 4. simulta 
neously to a plurality of reactors roW by roW; 

[0017] 11. the support material according to 1. forms 
a layer in the reactor channel, through Which an even 
How of the reagents and solvents applied from above 
passes solely under the action of gravity. According 
to the principle of solid phase synthesis (FIG. 2), 
Which is part of the prior art, the individual products 
of each reactor are covalently bonded on the surface 
of the support material and are built up in parallel in 
steps by means of a succession of pipetting opera 
tions. During all the steps of synthesis (build-up 
reactions, repetitive protecting group removals and 
Washing operations), the products remain covalently 
linked to the support material and are removed from 
the support material, and brought into solution, only 
in one or more ?nal reaction steps; 

[0018] 12. the chemical building blocks (monomers) 
used for building up the products are coded as ASCII 
characters and so the products are described as a 
sequence of build-up reactions (monomer incorpo 
ration reactions) by means of ASCII Words; the 
totality of all products for a synthesis program is 
consequently a list of ASCII Words, Which are con 
verted by suitable softWare on a control computer 
into valve-sWitching operations, dispensing-syringe 
movement operations and robot arm movement 
operations, it being possible for each monomer 
incorporation to consist of a succession of several 
reaction steps and sWitching operations; 

[0019] 13. linking building blocks (linkers) suitable 
for covalently linking the products to the support 
material according to 11. are provided, Which alloW 
?nal removal of the products to take place selectively 
under mild conditions (FIG. 1). For the synthesis of 
oligomeric compounds, such as oligonucleotides, 
peptides etc., it is preferable to provide a “universal” 
linker, to Which there can also be linked the building 
blocks of the ?rst build-up reaction of the same 
chemical reaction type as that used for the further 
build-up reactions, as a result of Which only one type 
of building block is needed for the entire synthesis of 
a class of compounds (eg only nucleoside-3‘-phos 
phoramidites for the synthesis of 3‘-OH-oligonucle 
otides); 

[0020] 14. in the ?nal removal reactions, the linker 
according to 13. is preferably ?rstly converted into a 
labile, but still intact, form (safety-catch linker), 
Which is then cleaved by means of mild chemical 
treatment, preferably a pH change. Using a linker of 
that type, the covalently bonded products can be 
puri?ed of chemical reagents in a simple manner by 
means of automatic Washing operations on the sup 
port material and only at the very end eluted from the 
reactors into an arrangement of collection vessels 
Which is complementary to the reactor arrangement 
(FIG. 9); 

[0021] 15. the target products of the syntheses are 
provided With a group that can be used as an affinity 
label, by means of Which the target products can be 
bound to a corresponding af?nity phase. By that 
means the products eluted from the reactors are 
puri?ed in an arrangement of af?nity columns Which 
is complementary to the reactor arrangement (FIG. 
9). By means of simple automated Washing or 
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removal operations, the target products are subse 
quently eluted from the af?nity columns into an 
arrangement of collection vessels Which is comple 
mentary to the reactor arrangement; 

[0022] 16. the binding capacities of the af?nity col 
umns according to 15. are limited in such a manner 
that, even When synthesis yields differ, an identical 
minimum amount of target product is bound and 
eluted per reactor, so that all the products of a 
multiple synthesis are obtained in equimolar 
amounts. 

[0023] Arranged on the Working surface of an exemplary 
pipetting robot are: 

[0024] a stand for derivative solutions, optionally 
under protective gas With septum 

[0025] reagent WithdraWal ports, in this case sWitch 
able by valves 

[0026] 

[0027] 

reagent bottles under protective gas 

a holder for reaction columns. 

[0028] The reaction columns consist of plastics tubes 
having inserted frits, Which enclose the actual synthesis 
support and Which ?X the support in a de?ned position or 
have themselves been derivatised as a support. In this 
instance, commercially available pipette tips have been used 
as tubes. Alternatively, it is possible to use an injection 
moulded component in the form of a unit, comprising 
individual cavities having ?lter frits (eg from PolyFiltron 
ics, Rockland, Mass., USA). 
[0029] The upper portion of the reaction system can be 
?ushed With protective gas. Aperforated screen in the form 
of a cover can prevent the ingress of air even When the 
volume How is loW. 

[0030] Avacuum can be applied to the loWer portion of the 
reaction system for the purpose of aspirating the reagents. 
An alternative arrangement uses a second, displaceable 
perforated screen, by Which means the holes can be closed 
off When necessary and the reaction columns cleared by 
bloWing through pressurised protective gas. 

[0031] For the purpose of dispensing reagents, the robot is 
provided With a holloW needle having at least tWo indepen 
dent channels. The channels meet only very shortly before 
the outlet. By means of connected motor-operated dispens 
ing syringes it is possible for reagents to be taken up 
separately and delivered simultaneously. In the simplest 
case, the holloW needle consists of tWo concentrically 
arranged tubes (see Figure). The holloW needle is mounted 
so as to be resilient along the longitudinal aXis so that even 
extremely small volumes doWn to 1 pl can be deposited on 
the support frits Without damaging them. 

[0032] In order to speed up synthesis, one or more of the 
reagents and solutions can also be dispensed by means of a 
distributing manifold. The distributing manifold is either 
also supplied by a dispensing syringe or it is arranged to be 
connected, by means of valves, to one or more pressurised 
storage containers. The distributing manifold dispenses 
reagents, alWays simultaneously, to a roW of reaction col 
umns. Synthesis then consists of a series of program 
controlled transfers of reagents and solvents from the stor 
age containers to the reaction columns. The synthesis 
procedure and type of reagents are, in principle, knoWn and 
are part of the prior art. 
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[0033] Synthesis commences With the sequences’ being 
set out in the form of a list of ASCII character strings in the 
controlling computer program. The synthesis procedure is 
de?ned as a sequence of operations specifying the reagents, 
the volumes to be transferred in each case and the reaction 
times to be adhered to. An example of a procedure program 
is given in the appendix. 

[0034] The apparatus is then equipped With the necessary 
reagents and synthesis supports. Conventional supports 
according to the prior art need to be assigned to the indi 
vidual sequences, because the ?rst building block has to be 
attached separately outside the apparatus. A simpli?cation is 
achieved by using the universal support according to the 
invention, in Which case the ?rst building block is coupled 
inside the automated synthesis apparatus. The chemistry 
relating thereto is described in the enclosure. 

[0035] Synthesis typically begins With a Washing step, 
Which is preferably performed by means of the distributing 
manifold. For the purpose of removing the solvents, the 
aspirating valve is sWitched for a speci?ed time and a 
vacuum is applied to the loWer portion of the reaction 
system. During that time the How of protective gas to the 
upper portion is increased considerably in order to substan 
tially prevent the ingress of outside air. Then, typically, a 
solution for removing the temporary protecting groups, eg 
trichloroacetic acid in acetonitrile, is distributed by means of 
the holloW needle. The needle is ?rstly moved into the 
closed transfer port, Which seals tightly against the outside 
of the needle. The valve is then opened and the reagent is 
draWn up into one of the channels of the needle. Usually, 
more than the required amount is draWn up because mixing 
can occur in the boundary region in the tubing betWeen the 
needle and dilutor. The boundary region betWeen the liquids 
is usually de?ned by an air bubble also draWn up. The valve 
is re-closed, and the needle moves to the ?rst reaction 
column. The needle is set doWn on the top frit or on the 
support itself, as appropriate, and the ?rst aliquot of reagent 
is delivered. Movement to the other positions is performed 
analogously. 
[0036] The excess in the tubing is then discarded and the 
holloW needle is rinsed. 

[0037] In the case of reagents that have to be mixed, for 
example in order to activate the monomeric building blocks, 
?rstly one of the reagents is draWn up as described. The 
second (and, Where appropriate, further) reagent is then 
aspirated into the second channel of the holloW needle. In 
order that the ?rst aliquot delivered Will have the correct 
mixture, some of the excess is discarded at the beginning by 
actuating both dilutor syringes simultaneously. The needle 
then moves to the positions speci?ed by the program, sets 
doWn on the frit and dispenses the reaction mixture by 
simultaneously actuating the dilutor syringes. That process 
is the crucial step in synthesis: by keeping the reagents apart 
until they are dispensed onto the support, the reaction that 
competes With the coupling—hydrolysis caused by traces of 
Water—is delayed. By that means, synthesis in a reaction 
system that is in fact open to the atmosphere is indeed 
possible, contrary to the prevailing opinion of those skilled 
in the art. 

[0038] The further synthesis procedure consists of a 
sequence of similar steps using a variety of reagents set out 
by the program procedure. 

[0039] Synthesis is folloWed by the knoWn deprotection 
and removal of the products from the support, eg by 
incubating With concentrated ammonia solution. 
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[0040] Alternatively, a “safety-catch linker” according to 
the invention can be used, Which remains intact When the 
protecting groups are removed and is merely brought into a 
more labile state. All reagents and by-products can therefore 
be Washed out before the synthesis products are removed 
from the support in a separate step. Using the safety-catch 
linker makes synthesis Work-up considerably easier because 
ammonia and by-products can be separated off more easily 
than Was previously possible. 

[0041] Work-up is also made easier as a result of the 
arrangement of the reaction vessels in a standard format, eg 
that of microtitre plates. 

[0042] Because the reactions during synthesis never run to 
completion, it is entirely usual, if not alWays necessary, to 
purify the products. For that purpose, the method described 
by Blocker and Frank (9A) can be proposed. Alternatively, 
it is also possible to use other knoWn af?nity puri?cation 
procedures, eg by means of the interaction of biotin and 
avidin (17A, 17B). 

[0043] Most applications demand a relatively accurately 
determined amount of synthesis product. In the case of 
oligonucleotides for sequencing reactions, that amount is 
only a fraction of the synthesis yield. In this case the yield 
for all the synthesis batches can, according to the invention, 
be made uniform by using a limiting amount of affinity 
matrix. The amount of affinity matrix is Well de?ned and in 
each case considerably more labelled synthesis product is 
applied than corresponds to the binding capacity. 

[0044] The amounts of synthesis product subsequently 
eluted are then approximately equal (Attachment 9B). The 
combination of af?nity puri?cation and aliquotting is neW 
and saves elaborate concentration measurements. 

[0045] As a result of the modular construction of the 
automated synthesis apparatus, it is possible to combine 
synthesis, removal, puri?cation and aliquotting in one appa 
ratus. When the method according to EP 0 174 525 is used, 
an af?nity support made from a polymeric material, eg 
polystyrene, polyethylene or modi?cations thereof, can be 
Wetted. The material can be so selected that it is inert With 
regard to the synthesis of protecting group removal. It can 
then even be arranged as a frit beloW the synthesis support, 
Which Would greatly simplify Work-up compared With the 
prior art. 

[0046] A) Chemical Pre-conditions for Highly Parallel 
DNA Synthesis 

[0047] The Working principle of the envisaged multiple 
automated synthesis apparatus provides for a grid of simple 
small reactors, in Which small porous membrane frits con 
stitute the support material for the synthesis. In each reactor 
the scale of synthesis should be optimally adapted in line 
With the application as sequencing primer and be in the 
range from 1 to 10 nanomol. The concept for chemical 
derivatisation of the support material for use in the step-Wise 
building-up of oligonucleotides is illustrated in FIG. 1A. 

[0048] Firstly, detection reactions of adequate sensitivity 
Were established in order to be able to folloW the individual 
derivatisation steps quantitatively on the nanomolar scale: 

[0049] for hydroxy functions: tritylation With 
dimethoxytrityl chloride in pyridine folloWed by 



US 2003/0211539 A1 

acidic detritylation With dichloroacetic acid in 
dichloroethane and photometric determination of the 
dimethoxytrityl cation; 

[0050] for amino functions: staining With the anionic 
dye bromophenol blue in dimethylformamide, fol 
loWed by basic dissociation and photometric deter 
mination of the bromophenol blue anion. 

[0051] A very Wide variety of commercially available 
polyole?n-based membrane materials Were then tested for 
suitability. Depending on their manufacture, those materials 
already exhibit non-speci?c oxidative ageing of the surface 
With hydroxy, ketone, aldehyde and carboxy groups (FIG. 
2). A procedure Was therefore developed Which ?rstly 
“cleans” that polymeric surface by reduction and then, by 
means of selective and readily controllable oxidation, gen 
erates exclusively the hydroxy groups required in this case 
(FIG. 3). By that means it is noW possible to produce frit 
material having a predetermined functionality Which is 
suitable for use for oligonucleotide synthesis. A large num 
ber of chemical reactions using those and other hydroxylated 
materials (eg cellulose papers) Were carried out in order to 
attach suitable “spacers” and “linkers” (FIG. 4). The frits so 
obtained have been successfully used in a commercial 
automated synthesis apparatus for oligonucleotide synthesis 
(FIG. 5) and are noW available for tests in the reactor 
module of the neW automated apparatus. 

[0052] Ideally it should be possible to use the support 
material (support-spacer-linker), prepared according to FIG. 
1A, universally for every oligonucleotide sequence so that 
individual con?guration of the synthesis grid is not neces 
sary. This is not provided by conventional loading in a 
separate reaction With 3‘-nucleoside succinates (each 
sequence requires one of the four different loaded supports). 
For that reason, a universal “linker” should be employed, on 
Which oligonucleotide synthesis can be started directly using 
a ?rst nucleotide building block. The concept of intramo 
lecularly cleavable phosphodiesters according to Koster and 
Heyns (Tetrahedron Letters 1972, 1531) and Gough et al. 
(Tetrahedron Letters, 1983, 5321) Was utilised for that 
purpose and suitable linker building blocks Were produced 
and anchored to the support material (FIG. 4, compound 
type 3). In model syntheses it has been shoWn successfully 
that the concept Works. 

[0053] A further aspect of the envisaged synthesis tech 
nology is the integrated parallel puri?cation and storage of 
the oligonucleotides. By using a “safety-catch” linkage on 
the support surface to be developed speci?cally for that 
purpose, it Will be possible to carry out support-bound 
deprotection and puri?cation. For that purpose a chemical 
concept Was developed that constitutes a modi?cation of the 
universal linker (FIG. 4, compound type 3). Corresponding 
model compounds Were prepared, by means of Which the 
feasibility of the concept Was checked With a successful 
outcome. 

[0054] B) Experimental Version of a DNA Synthesis 
Machine 

[0055] A ?rst version of the apparatus Was constructed on 
the basis of the original concept, the necessary control 
softWare being produced externally (FIGS. 6 to 9). 
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[0056] C) Examples of Quanti?cation (and Puri?cation) of 
the Oligonucleotides Produced 

[0057] Depending on the sequence of bases of the synthe 
sised oligonucleotides, different overall yields are obtained. 
The folloWing method makes it possible to obtain a uniform 
de?ned amount of the varous oligonucleotides, the oligo 
nucleotides being puri?ed at the same time. 

[0058] 1. A hydrophobic polyole?n poWder (PE, PP, 
or PTFE) serves as the material for the quanti?ca 
tion. De?ned amounts of the poWder (eg 20 mg, 10 
mg, 5 mg or 2.5 mg) are introduced into sterile ?lter 
tips (Eppendorf) or into appropriate tips ?tted With 
frits. The poWder is prepared by Washing With aceto 
nitrile (3x250 pl in each case) and then With 1M 
triethylamine acetate buffer (TEAA) (3x250 pl in 
each case). 

[0059] 2. The oligonucleotides synthesised using the 
PRIME96 synthesis robot, Which oligonucleotides 
still contain the hydrophobic trityl protecting group, 
are removed from the support. Solution Ais obtained 
in this manner (in this example: 200 pl of 33% NH3 
solution). The resulting solutionAis diluted 1:1 With 
Water and applied to the prepared columns and 
sloWly forced through With the aid of a syringe. 

[0060] 3. Rinsing With 2.5% NH3 (aq) (3x250 pl in 
each case) and Water (3x250 pl in each case) is 
carried out. 

[0061] 4. The trityl protecting group is noW removed 
using 2% tri?uoroacetic acid (aq) (3x250 pl in each 
case). After 5 minutes, rinsing With Water (3x250 pl 
in each case) is carried out. 

[0062] 5. Quanti?ed and puri?ed oligonucleotide is 
then eluted using 20% acetonitrile (aq) (3x250 pl in 
each case). 

EXAMPLE 

[0063] 7.2 OD (approx. 40 nmol) of a mixed 18-mer Were 
applied 

mg of recovery 
quanti?cation applied eluate TFA eluate end product rate 

Tesir? (OD260) (OD260) (013260) ((70) 

2.5 5.5 0.9 0.427 94 
5 5.22 0.9 0.968 98 

10 4.3 0.7 1.93 95 
20 3.32 0.4 2.68 88 

Micropure, BTI Technologies, San Raffael, CA, USA 
As a “rule of thumb”, this series of tests shoWs that approx. 1 nmol of 
oligonucleotide is bound per mg of quanti?cation resin. Quanti?cation is 
based on the fact that a de?ned amount of oligonucleotide, Which initially 
is still tritylated, is bound per mg of the puri?cation material used. 
Because the amount of oligonucleotide synthesised in each case using the 
PRIME96 is alWays greater than the amount that can be bound by the 
puri?cation material, quanti?cation is possible by simple means. 

[0064] D) Example of Support Material for Solid-phase 
Synthesis Using a Synthesis Robot 

[0065] 
[0066] Our innovative synthesis concept is based on the 
fact that the various reaction solutions adhere to a solid 
support solely as a result of capillary forces and are able to 
react thereWith. Unreliable and expensive valve-systems can 
therefore be dispensed With. 

Innovative Concept: 
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[0067] That can be achieved, on the one hand, by placing 
a conventional support material betWeen tWo inert frits. 

Developing a support that already possesses a de?ned 
porous structure so that it can then be functionalised is, 

hoWever, even better. The latter method has the following 
advantages: 

[0068] commercially available support material hav 
ing a de?ned macroporous pore diameter 

[0069] 

[0070] 

reproducible manufacture 

large surface area 

[0071] good through-?oW characteristics 

[0072] de?ned structure 

[0073] mechanically stable 

[0074] basic material substantially chemically inert, 
only the surface is derivatised 

[0075] We have here developed a neW support system of 
that kind, the possibility of using knoWn methods for func 
tionalisation having been excluded by, especially, the porous 
structure of the starting material. 

[0076] Functionalisation of polyole?n frits (using polyeth 
ylene and polypropylene as examples) 

[0077] 1) Reduction 

[0078] As a result of the manufacturing process (sinter 
ing), commercially available polyole?n frits are already 
oxidised (carboxy, carbonyl, hydroxy groups). In order to 
produce a uniform starting material in this case, reduction is 
?rstly necessary. For that purpose, 50 mmol of LiAlH4 are 
introduced into a three-necked ?ask ?tted With a re?ux 

condenser and 50 ml of dry diethyl ether are added drop 
Wise. 1 g of PE frits are then added and heated under re?ux 

for 6 hours. Then the excess of LiAlH4 is ?rstly hydrolysed 
using aqueous ether and the precipitate is re-dissolved using 
10% H2SO4. Washing is carried out using 3x100 ml of 
Water, then 2x100 ml of 10% NaHCO3, 3x100 ml of Water 
again and 1x100 ml of MeOH, and drying is carried out 
under a high vacuum. 

[0079] 2) Direct Hydroxylation 

[0080] 1 g of the reduced polyole?n frits are introduced 
into a solution of 10 ml of H202 (30% aq) and 100 ml of 
tri?uoroacetic acid. Heating under re?ux is carried out for 
from 15 to 60 minutes. Depending on the reaction time, 
loadings of from 250 nmol of OH/g (15 minutes) to 5 pmol 
of OH/g (60 minutes) are obtained. (The loading With OH 
groups Was determined by means of DMT coupling.) The 
method used here for hydroxylation has hitherto been 
described in the literature only for alkanes and cycloalkanes. 

[0081] The porous hydroxylated supports so prepared are 
universally suitable for use for all solid phase syntheses. 

[0082] 3) Coupling of the First Building Block (Start 
Nucleoside) to the Support 

Nov. 13, 2003 

Example 1 (see also FIG. 4, Attachment 1): 

[0083] 

DMT—O B 

[0084] 20 pmol of DMT-dTan-Succ are dissolved in 100 pl 
of DMF, and 31 pmol of N,N‘-diisopropylcarbodiimide 
(DICD) are mixed in. After 10 minutes, 25 pmol of meth 
ylimidaZole are mixed in and 60 mg of the hydroxylated 
polyole?n frits (see above for preparation) are added under 
nitrogen. After 24 hours at 25° C., the frits are Washed 
successively With DMF, pyridine and methylene chloride. 

Example 2: Insertion of a Spacer (see also FIG. 4, 
Attachment 1): 

[0085] Insertion of the hexamethylene spacer: 

[0086] 180 mg of hydroxylated polyole?n frits dried under 
a high vacuum (see above for preparation) are shaken in 5 
ml of a 0.3M solution of 1,1‘-carbonyldiimidaZole in DMF 
under nitrogen for 6 hours at RT. The frits are then rinsed 3 
times With 50 ml of DMF each time and then shaken in 5 ml 
of a 0.3M solution of 1,6-diaminohexane in DMF for 18 
hours. The frits are then Washed With DMF, methanol, 
acetone and ether and dried under a high vacuum at RT. 

[0087] Coupling of the start nucleoside: 

[0088] Procedure analogous to Example 1, but Without 
methylimidaZole. 
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[0089] Functionalisation of PTFE [0095] H. Koster and K. Heyns (1972)”, Tetrahedron 

[0090] PTFE frits are treated With sodium naphthalide and Letters 1972’ 1531 
then hydrolysed. HydroXylated PTFE frits are obtained even . 
at this stage. By subsequent hydroboration, the concentra- [0096] G‘ R‘ Gough’ M‘ J‘ Brunden and P‘ T‘ Gllham 
tion of hydroXy groups on the support can be further (1983)> Tetrahedron Letters 1983> 5321 
increased by a considerable amount. 

_ _ [0097] Scott, P. Hardy, R. C. Sheppard and M. J. 
[0091] Further support material (tested in the PRIME96) McLean (1994); in: Solid Phase Synthesis (R' Epton, 

[0092] cellulose (see Attachment 12) Ed.), May?ower WorldWide Ltd., Birmingham, UK, p. 

[0093] commercial support material (Pharmacia) in 115 
21125013 of powder between two fnts (See Attack [0098] NeW universal linkers for the synthesis of oligo 

nucleotides on solid phase (phosphoramidite chemistry): 
[0094] E) Examples of Linkers 

[0099] The folloWing linker systems Were prepared and 
tested: 

DNA 

\ 
0 

B2 B2 
0 O 

X: NH, O; 

O 

@WX O O 

| | O 
O—I|’=O —> O—I|’=O A (I) C 0 CH 

on P\ 3 

O O O \ B/\\( B1 B1 0 
O 0 H 

O lgO eoXynuc e0 1 e O B 

H0 

[0100] Type 1a: Removal from the support and simulta 
neous hydrolysis of the linker molecule: 

[0101] A and B: rapid ester hydrolysis by NH3 or 
LiOH; 

[0102] C: sloW phosphodiester cyclisation by acid or 
base; 

Cl 

Y; O, S O Y§ O\O/O—3 — oligodeoxynucleotide —5 OH 

/ —O( : 
CH3 Olll B 
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[0103] Type 1b: Removal from the support and simulta 
neous hydrolysis of the linker molecule: 

[0104] A and B: rapid ester hydrolysis by NH3 or 
LiOH; 

[0105] C: accelerated phosphodiester cyclisation by 
acid or base; 

X: —NH, —O 

0 t X 
\P— O 0 

e!) 
(I) B H 
I? 0 

O I P\o 
O / A OR 

H 

if Show 

>P—O 0 B 
—O 

[0106] Type 2: Irreversible anchoring of the linker mol 
ecule to the solid phase; 

[0107] removal of the linker by Z-stage mechanism; 

[0108] A: rapid acid acetal hydrolysis (dil. AcOH/ 
H20): 

[0109] B: sloW phosphodiester cyclisation (LiOH); 

[0110] NeW universal linkers for oligonucleotide synthesis 
(phosphoramidite chemistry): 

X: NH, O, 

O 

( )NV‘X Now U 0 / 
A ‘On-(I) tgoxcm 

B/ O H 

O lgO eoXynuc 6O 1 O B 

[0111] Type 1a: Removal from the support and simulta 
neous removal of the linker building block: 

[0112] A and B (rapid ester hydrolysis, NH3 or 

LiOH); 

[0113] C (sloW phosphodiester cyclisation, NH3 or 
LiOH); 

Nov. 13, 2003 

Synthesis: 

-continued 

O 
HO 

U tert-butyldimethylsilyl chloride 
—> 

ridine/RT/12 h HO PY 

OH 

1 

|_ O 
S1—O 

I U 
HO 

OH 

2 

1) DMTr-Cl O 
2) ACZO/DMAP/pyridine HO 

2 3) TBAF U 
—> 

DMTrO 

O 

O :< 
521 

O 
HO 

U 

O 

)\ ODMTr 
O 0 

5b 
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-continued 
O 

GMAXN C1 O 

O / ii A 

$2310; O Y% o>Q/o-3'--5'<>H 
B/ CH3 —O (5) 

[0120] Type 1b: Removal from the support and simulta 
neous removal of the linker molecule: 

[0121] A and B (rapid ester hydrolysis, NH3 or 
LiOH); 

[0122] C (accelerated phosphodiester cyclisation by 
phenolate or thiophenolate formation With NH3 or 
LiOH) 

H0 

20% KOH/formaldehyde 
—> 

AE/12h OH 

C1 C1 

YH YH 

16a:Y=O; 17a:Y=O; 
16bY=S; 17bY=S; 

DMTrO HO 

1 7a DMTr Cl 
pyridine 

OH + ODMTr 

C1 C1 

YH YH 

18a 1921 

N\ / N N\ / 

T T 
1921 % CE —O Loading: 

tetrazole tetraZole/ACN 

OMMTR 
Cl 
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