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We describe a new principle for the purification of oligodeoxynucleotides using a purification handle which 
leads to a covalent linkage of the desired DNA sequence to a solid matrix. Truncated sequences are removed by 
washing steps. The release of the pure target sequence is performed in such a way that it is obtained directly in its 
5’-phosphorylated form which represents a further advantage. In addition, the system can be used for 5’-thiol 
modifications of synthetic DNA. 

1. Introduction. - For many applications in gene technology, synthetic DNA frag- 
ments have to be purified after their preparation in order to remove incomplete sequences 
from the desired oligodeoxynucleotide. This purification is commonly performed by 
HPLC or by polyacrylamide gel electrophoresis [l]. 

In order to obviate these relatively time-consuming methods, simple purification 
principles based on affinity chromatography on small cartridges have been developed [2]. 
The application of lipophilic purification handle molecules on small cartridges has 
attracted most attention [3-51. The handle molecule is introduced at the end of the 
synthesis, and, therefore, only the desired oligodeoxynucleotide will be equipped with this 
unit because all the truncated sequences are capped in the course of the oligonucleotide 
synthesis. Since the lipophilicity of oligonucleotides differs depending on the base compo- 
sition and since the isolation capacity of the lipophilic handle decreases with chain length, 
the conditions are difficult to adjust and the method is limited to short oligomers. Our 
intention was to develop a purification system for oligonucleotides synthesized by solid- 
phase methodology which is based on covalent bonds rather than physical interactions. 
Such an approach should not be influenced by the physical properties of the oligonucle- 
otide nor by the chain length of the oligomer. From several possible functional groups, we 
have selected the thiol group, since 5’-thiol-modified DNA fragments can be linked by a 
fast reaction to solid supports bearing activated thiol functions by a disulfide bridge [6]. 
As linker molecule between the thiol group and the oligonucleotide, we have chosen a 
ribonucleotide unit so that the oligomer can be released after fixation onto the solid 
support and the removal of the truncated sequences by an oxidation/elimination process. 
This cleavage reaction leads then directly to the corresponding 5’-phosphorylated DNA 
fragment which represents a further advantage because for most application in molecular 
biology, the oligonucleotides need to be phosphorylated at their 5’-end after their synthe- 
sis either by polynucleotide kinase [7] or by chemical means in combination with the 
phosphoramidite procedure [S-1 11. A similar approach for the triester strategy but based 
on lipophilic interactions rather than chemical-bond formation, in combination with an 
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acid-cleavable phosphoramidate linkage yielding also the 5'-phosphorylated DNA frag- 
ment, was developed recently [12]. 

As a suitable molecule for the introduction of the protected thiol function and the 
ribose moiety, we have synthesized the phosphoramidite 4a. The compound was coupled 
to the DNA fragment still attached in the protected form to the solid support during a 
standard cycle for phosphoramidites. Capping of the truncated sequences guaranteed 
that only the desired DNA reacted with 4a. After cleavage of the base-labile protecting 
groups and removal from the support ( + 5),  the 4-monomethoxytrityl group of the 
handle was cleaved ( + 6) releasing the thiol group which could form a disulfide bridge 
with the activated support. Truncated sequences were removed by washing steps, and the 
desired 5'-phosphorylated fragment was released from the support. 

2. Results and Discussion. - 2.1. Synthesis. The starting thioether la  was prepared 
from 4-monomethoxytrityl thioalcohol which in turn was obtained in 52% yield accord- 
ing to [13]. Reaction of this thiol with 11-bromoundecan-1-01 [14] gave 11-[(4- 
monomethoxytrityl)thio]undecan-1-01 (70 YO), and tosylation yielded la  in 60% yield 
(Scheme I ) .  Next, uridine was protected at the S'-position by reaction with 4,4- 
dimethoxytrityl chloride and then benzoylated at the 2'- and 3'-position leading to 2 in 
82% overall yield. Compounds la and 2 were reacted together in DMSO by the addition 
of K,CO,, and the 4,4'-dimethoxytrityl group was removed from the product by treat- 
ment with 3 YO dichloroacetic acid in 1,2-dichloroethane yielding 3a (75 '30 overall). The 
desired phosphoramidite 4a was obtained from 3a with (2-~yanoethoxy)bis(diisopropyl- 
amino)phosphine in the presence of diisopropylammonium tetrazolide [ 1 51 [ 161. 

Scheme 1 
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Bz = benmyl, Ts = losyl 

2.2. Evaluation ojthe Purijication Principle. The applicability of the anchor molecule 
4a for a high-resolution purification was tested with a mixture of synthetic oligodeoxynu- 
cleotides. To this purpose, hexadecamer 6 equipped with the purification handle (see 
Scheme 2), the hexadecamer 7 without purification handle, as well as the truncated 
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Scheme 2 
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sequences 8-10 (see below, Scheme 3 )  were needed. These sequences were prepared by the 
solid-phase methodology on controlled pore glass (CPG) as solid support [17] and 
cyanoethyl phosphoramidites [ 151 as building units and our standard techniques [ 181. At 
the 7mer, lOmer, 13mer, and the 16mer level, part of the material was removed and 
worked up separately. The synthesis of these fragments was checked by prep. gel elec- 
trophoresis (Fig. I ,  lanes 1-4). From part of the 16mer, the 4,4'-dimethoxytrityl group 
was removed, and one batch was reacted with bis(cyanoethoxy)(diisopropylamino)- 
phosphine according to our published phosphorylation procedure [ 101 to yield, after 
oxidation and deprotection, the 5'-phosphate of 7 for comparison (Fig. I ,  lane 7). In 
another batch, 4a was coupled in a standard cycle (Scheme 2). The reaction proceeded 
with high efficiency leading, after cleavage of the protecting groups and removal from the 
support with conc. ammonia, to 5 showing a high retardation in polyacrylamide-gel 
electrophoresis (Fig. 1, lane 5). From 5, the 4-monomethoxytrityl group was cleaved off 
with Ag', followed by DTE to give 6 (Fig. I ,  lane 6 ) ,  showing that the huge retardation in 
gel electrophoresis was mainly caused by the 4-monomethoxytrityl group at the handle. 
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Fig. 1. UV shadowing electrophoresis gel of’the stepwise synthesis oj the d$‘erent oligomers used fbr the evuluution of’ 
thepurijkationprinciple. Lane I : crude 10; lane 2 : crude 9; lane 3 : crude 8; lane 4 : crude 7; fane 5 : 5 after coupling 
of 4a to the hexadecamer before cleavage of the MeOTr group; lane 6 :  6 with the free thiol group; lane 7:  crude 

Yphosphate of 7 synthesized for comparison. 

To compound 6 were added the hexadecamer 7 (without purification handle) and the 
truncated sequences 8-10 in relatively large amounts. All these were obtained by remov- 
ing, at each of the corresponding sequence, part of the support material which was then 
deprotected separately. The relative amounts of these compounds can be judged from the 
preparative polyacrylamide gel (Fig. 2, lane I ). The mixture 6 1 0  (corresponding roughly 
to 0.1-0.13 pmol each) in 200 ml of H,O was applied to 200 mg of disulfide-activated 
CPG. Compound 6 bound itself via a disulfide bond to the solid support with release of 
5-nitropyridine-2-( I H)-thione (Scheme 3 ) .  After separation of the support, several wash- 
ings completely removed the truncated sequences (Fig. 2, lane 2) .  The desired pure 
5’-phosphorylated DNA fragment corresponding to 7 was released from the support by 
oxidation with NaIO, followed by treatment with Et,N. Fig.2 demonstrates that the 
truncated sequences can be removed completely by this purification procedure, even if the 
desired thiol-modified DNA sequence is highly underrepresented. In gel electrophoresis, 
the 5’-phosphorylated DNA fragment has a higher mobility than the parent lbmer 
oligonucleotide 7 due to the additional negative charges resulting from the terminal 
phosphate group. The mobility is identical with the 5’-phosphate of this DNA fragment 
prepared independently by our standard phosphorylation procedure (Fig. I ,  lane 7). 
These results were also confirmed by HPLC (data not shown). Thus, the procedure 
should be amenable for the purification of oligodeoxynucleotides on cartridges equipped 
with activated support and yielding the desired pure 5’-phosphorylated DNA fragments. 



HELVETICA CHIMICA ACTA ~ Vol. 73 (1990) 1 I43 

16 mer ~‘11’” - 
16mer - 
13 mer - 
10mer- 

1 2 3 4  

Fig. 2. Polyacrylumide gel electrophoresis (stains all) of the evaluation of 4a. Lane 1 : crude mixture 6 1 0  applied to 
the activated matrix for purification (10 not visible because of elution during staining); lane 2 : washings containing 
the truncated sequences; lane 3 : release of 6 from the matrix after DTE treatment; lane 4 : release of the pure 

Yphosphate of 7 after oxidation/elimination. 

In a separate experiment, the release was performed just with DTE leading to the pure 
oligodeoxynucleotide 6 carrying the thiol group, thus, demonstrating that the desired 
fragment had been coupled indeed specifically. Modified oligonucleotides of type 6 
carrying a thiol group can be also employed to perform cross-links between this DNA 
and other molecules of interest, e.g. for the attachment of dyes. 

To test the purification procedure based on covalent-bond formation against one 
using lipophilic interactions, we have synthesized the building block 4b starting from 
2’,3’-dibenzoyluridine derivative 2 and undecanyl tosylate ( lb )  [4] (Scheme 1) .  Com- 
pound 4b allows the introduction of the undecanyl residue as lipophilic handle into 
synthetic DNA. Phosphoramidite 4b was used in exactly the same way as the handle 
molecule 4a and with the same sequences and sequence mixtures as mentioned above, but 
with small columns containing reversed-phase silica instead of CPG-support with an 
activated thiol function. The conditions for the purification and the oxidation/elimina- 
tion were exactly as described in [4] where the same system but with an octyl instead of an 
undecanyl residue was described and tested for the purification of DNA fragments. Even 
after optimization of the conditions, the expected 5’-phosphate of the hexadecamer 7 
could never be obtained in absolutely pure form (data not shown). These experiments 
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Scheme 3 

OPOo -d(A-A-A-A-C-G-A-C-G-G-C-C-A-G-T-G) 6 

d(A-A-A-A-C-G-A-C-G-G-C-C-A-G-T-G) 7 
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0 
Po, -d(A-A-A-A-C-G-A-C-G-G-C-C-A-G-T-G) pure 6 

demonstrated the superiority of the purification principle based on covalent-bond forma- 
tion us. the one based on lipophilic interactions. 

3. Conclusion. ~ We have synthesized a phosphoramidite 4a which allows the intro- 
duction of a purification handle into synthetic oligodeoxynucleotides during their synthe- 
sis on a solid support and proved its usefulness in a simple purification procedure for 
oligodeoxynucleotides. With this anchor molecule, it is possible to attach the desired 
DNA fragment after the deprotection procedure by a covalent bond to a solid support. 
All failure sequences can be removed by washing steps due to their lack of the anchor 
molecule. The removal of the pure DNA fragment by an oxidation/elimination process 
yields directly the 5’-phosphorylated DNA fragment. The method is amenable to the 
current methods employed for solid-phase DNA synthesis and, in principle, does not 
depend on chain length or base composition of the oligonucleotides. It should also find its 
application for the purification of modified DNA fragments, especially in the anti-sense 
area. Furthermore, the method could be useful for automated purification on small 
cartridges equipped with activated support material and for the purification of large 
amounts of DNA. Besides that, phosphoramidite 4a can also be applied to the prepara- 
tion of thiol-modified DNA fragments for the attachment of dyes and enzymes and the 
like. 
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Experimental Part 

1, General. All solvents were of the highest purity available. Diisopropylammonium tetrazolide was prepared 
according to [21], (2-cyanoethoxy)bis(~,,N-diisopropylamino)phosphine according to [lo], 5’-0-(4,4‘-dimeth- 
oxytrityl)-2’,3’-O-dibenzoyluridine (2) according to [I], and 4-monomethoxytrityl thioalcohol according to [I 31 in 
52% yield. The latter was reacted with 11-bromoundecan-1-01 essentially as described in [I41 (+70%), and 
undecanyl tosylate (lb) was obtained from undecanol and tosyl chloride. DNA synthesis was performed on 
controlled pore glass (CPG) as solid support as described earlier [18] [19]. CPG functionalized with a thiol group 
(Pierce). Activation of the thiol group with S,S’-dinitro-2,2‘-dithiobispyridine was performed as described [6]. 
Small Sephadex columns ( N A P )  were from Pharmacia. Small columns with reversed-phase silica gel were from 
Baker. Polyacrylamide gels were stained with a soln. of 3,3’-diethyl-9-methy1-4,5,4’,5’-dibenzo-thiacarbocyauine 
bromide (stains-all; Fluka). This was much more sensitive than visualization by UV shadowing and showed even 
smallest amounts of impurities. Short column chromatography (CC) [20]: silica gel 60 (0.0634.040 mm, Merck).  
TLC: HPTLC silica plates (Merck).  ‘H-NMR (250 MHz): chemical shifts in 6 (ppm) relative to TMS. ”P-NMR: 
chemical shifts rel. to H3P04 (extern). 

2. 11-[(4-Monomethoxytrityl)thio]undecyl4-Toluenesulfonate (la). To a soln. of 25 mmol (1.2 g) of 1 I-[(4- 
methoxytrityl)thio]undecanol in 50 ml of anh. pyridine, 35 mmol(0.67 g) of tosyl chloride were added, and the s o h  
was stirred at r.t. for 3 h. The soln. was coevaporated 3 times with toluene. The resulting oil was taken up in Et,O 
(300 ml) and washed 3 times with sat. NaHCO, soln. The org. phase was dried (Na2S04) and evaporated: 2.1 g of 
crude la. This oil was purified by CC (50 g of silica gel, pentane with increasing amount of AcOEt). The pure 
fractions (TLC (Et20/pentane 1 :2): R, 0.24) yielded 950 mg of la. Colourless oil. ‘H-NMR (CDCI,): 1.06-1.69 
(2m, CH2 (CH2),CH2); 2.13 ( t ,  CH2S); 2.44 (s. Me); 3.79 (s,  MeO); 4.00 ( 1 ,  CH20); 6.80 (d, 2 arom. H (C6H4)); 
7.16-7.44 (m, 14 arom. H); 7.79 (d, 2 arom. H (C6H4)). Anal. calc. for C3,H4,S2O4 (630.90): C 72.34, H 7.35; found: 
C 71.89, H 7.51. 

3 .  2’,3’-0-Dibenzoyl-3- { 11-/ (4-monomethoxytrityl) thio]undecyl}uridine (3a). Compound 2 (0.3 mmol, 226 
mg) was twice taken up in anh. MeCN and evaporated. To the residue in 10 ml of DMSO, 0.36 mmol(227 mg) of 
la  and 1 mmol (140 mg) of K2C03 were added. The suspension was stirred at r.t. for 24 h, then poured into sat. 
NaHCO, soln., and extracted with CH2C12 (3 x 100 ml), and the combined org. layer dried (Na2S0,) and 
evaporated. After coevaporation with toluene (3 times), 430 mg of an oil (R,0.82, CH2C1,) were obtained. To this 
oil in 50 ml of CH2C12, 50 ml of dichloroacetic acid in 1,2-dichloroethane (3%) were added (immediately orange 
soln.). After 5 min at r.t., 3 ml of pyridine were added, and the soh. was poured into 50 ml of sat. NaHCO, s o h ,  
and extracted with CH,CI, (3 x 100 ml). The combined org. layer was dried (Na2S04) and evaporated: 450 mg of 
crude 3a as an oil. CC (25 g of silica gel, Et20/pentane 9 : 1) and coevaporation of the pure fraction (TLC (CH2C12): 
R,  0.25) with MeCN (several times) gave 205 mg (75%) of pure 3a as an oil. ‘H-NMR (CDCI,): 1.06-1.64 (m,  
CH2(CH2),CH2); 2.13 ( t ,  CH2S); 4.40 ( t ,  OH-C(5’)); 3.78 (s,  MeO); 3.91 ( t ,  CH2N); 3.96-4.12 (m, 2H-C(5‘)); 
4.434.50 (m, H-C(4)); 5.82-5.85 (m, H-C(2’), H-C(3’), H-C(5)); 6.29 (dd, H-C(1’)); 6.80 (d, 2 arom. H 
(C6H4)); 7.13-7.46 (16 arom. H (C& C6H4)); 7.5CL7.64 (m,  2 arom. H); 7.73 (d, H-C(6)); 7.91-8.02 (m. 4 arom. 
H). Anal. calc. for C5,H5,N2S0,~0.5 MeCN (931.64): C 70.94, H 6.44, N 3.75; found: C 70.77, H 6.82, N 3.79. 

4. 2’,3’-0-Dibenzoyl-3- { 11-1 (4-monomethoxytrityl) thio]undecyl juridine S-[ (2-Cyanoethyl) Diisopropyl- 
amino Phosphite] (4a). A mixture of 0.9 mmol (820 mg) of 3a and 0.45 mmol (77 mg) of diisopropylammonium 
tetrazolide was twice taken up in anh. MeCN and evaporated. To the residue in 50 ml of anh. CH2C12, 1.1 mmol 
(0.36 g) of (2-cyanoethoxy)bis(diisopropylamino)phosphine were added with stirring. Stirring was continued for 3 
h at r.t. Then, the mixture wdS poured into 100 ml of sat. NaHCO, soln. and extracted with CH2C12 (3 x 100 ml), 
and the combined org. layer dried and evaporated: 1.6 g of crude 4a as an oil. CC (35 g of silica gel, Et,O/pentane/ 
Et3N 79:20: 1) and coevaporation of the pure fractions (TLC (Et20): R, 0.63 and 0.70; diastereoisomers) with 
MeCN (several times) gave 860 mg of pure 4a as diastereoisomers. ”P-NMR (CDCI,): 154.7, 155.8 (2s. I : 1, 
diastereoisomers). Anal. calc. for C63H,5N4010PS.0.5 H 2 0  (1 120.355): C 67.54, H 6.84, N 5.00; found: C 67.49, H 
7.09, N 5.21. 

5. 2’,3’-O-Dibenzoyl-3-undecyluridine 5’-[ (2-Cyanoethyl) Diisopropylumino Phosphite] (4b). Compound 3b 
(1.3 mmol, 789 mg) was evaporated 3 times after the addition of anh. MeCN. The residue was laken up in 50 ml of 
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CH2CI,, and 2.1 mmol(0.65 ml) of (2-cyanoethoxy)bis(diisopropylamino)phosphine and 1.05 mmol (180 mg) of 
diisopropylammonium tetrazolide were added. After 5 h at r.t. under Ar, the mixture was poured into 50 ml of sat. 
NaHCO, soh.  and extracted with CH2C12. The combined org. layers were dried (Na,SO,) and evaporated: 1.5 g of 
crude 4b. This oil was purified by CC (silica gel, Et,O). From the pure fractions (TLC (Et,O): R, 0.64 and 0.7 I ; 
diastereoisomers), 830 mg (81 %) of4b were obtained. "P-NMR: 149.6,150.8 (23, 1.0: 1.5, diastereoisomers). Anal. 
calc. for C4,HS9N4P09.0.5 MeCN (815.45): C 63.34, H 7.48, N 7.72; found: C 63.28, H 7.50, N 7.67. 

6. d(A-A-A-A-C-G-A-C-G-G-C-C-A-G-T-G) (7) and Fragments 8-10 thereof. The synthesis was started with 
600 mg of CPG-support derivatized with G (18 pmol). For each elongation, we applied 120 pmol(100 rng) of the 
corresponding (2-cyanoethyl) phosphoramidite and 470 pmol (33 mg) of tetrazole in 1 ml of anh. MeCN. At the 
heptamer, the decamer, the tridecamer, and the final hexadecamer stage, 100 pg of the support were removed after 
cleavage of the (MeO),Tr group, washed with MeCN and Et,O, and dried. For the further deprotection, 30 mg of 
support of each sequence was treated with 700 p1 of conc. NH, at 67" for 1.5 h in tightly closed Eppendorf tubes. 
After removal of the support, the NH, soln. was evaporated on a speed-vac concentrator. The residue was taken up 
in 100 pl of H,O and centrifuged (10 min, 0'). From the supernatant, the DNA was precipitated by addition of 200 
pl of dioxane and 600 p1 of THF. After centrifuging (1 5 min, O O ) ,  the pellet was dissolved in H 2 0  and part of the 
material of each sequence (corresponding to 1 mg of support) was checked by gel electrophoresis on a 20% 
denaturing polyacrylamide gel (Fig. 1, lanes 1-4). 

7 .  Coupling of the Purification Handle 4a and Release of the Thiol Function. To 100 mg of support to which the 
hcxadecamer was attached in the completely protected form hut lacking the 5'-(MeO),Tr group, the purification 
handle 4a (15 pmol, 15 mg) was coupled in the presence of 235 pmol (17 mg) of tetrazole in 0.5 ml of anh. MeCN 
during 5 min (Scheme 2). After several washings with anh. MeCN, the coupling was repeated with the same 
amounts. After oxidation with I, soln. (30 s), the support was washed with MeCN and Et,O and dried. The 
deprotection of 30 rng of support was performed as described above for the sequences 7-10 and yielded 5. Part of 
the material was checked by gel electrophoresis (Fig. 1, lane 5 ) .  Crude material from sequence 5 corresponding to 
20 mg of support was dissolved in 400 p1 of 0.1 M TEAA ( = triethylammonium acetate; pH 7.0) and treated with 
180 pI of 100 mM aq. AgNO, (2 h). Then, 210 p1 of 100 mM DTE were added, and after 1 ha t  r.t., the suspension was 
centrifuged for 15 min at 0". The supernatant was evaporated at the speed-vac concentrator, 6 taken up in H,O, and 
part of the material checked by gel electrophoresis (Fig. 1, lane 6) .  

8. Purification. A mixture 6 1 0  was prepared by mixing ca. 0.13 pmol of each crude oligonucleotide in a total 
volume of 200 pl of H,O. The activated thiol support (200 mg) was washed with DMF, Tris . HC1 (pH 7, 50 mM), 
H,O, MeOH, Et20 and dried. It was transrerred into an Eppendorf tube with a screw cap, and the mixture of the 
oligonucleotide as well as 600 pl of Tris.HC1 (pH 7.0, SO mM) were added. After gentle shaking for 1 h, the 
supernatant was removed and the support washed with H,O (4 x 200 pl). The washing solns. were evaporated and 
investigated by gel electrophoresis showing that they contained predominantly 7-10 (Fig. 2, lane 2) .  The support 
was washed with H20,  and MeOH; and Et,O and dried. 

The support (100 mg) was treated with I ml of 50 mM NaI0, (I 5 min) and washed with H 2 0  (4 x 250 plj. Then 
it was treated for 30 min with 1 ml of 5% aq. Et,N soh. The Et,N soln. was removed and the support washed with 
H20 (4 x 250 pl). The combined Et,N and H 2 0  solns. were evaporated on a speed-vac concentrator. The pellet was 
dissolved in H,O and desalted by passing through a short Sephadex column ( N A P ) .  Part of this material was 
checked by gel electrophoresis showing that the pure 5'-phosphorylated d(A-A-A-A-C-G-A-C-G-G-C-C-A-G-T- 
Gj was obtained by this procedure (Fig. 2, lane 4 ) .  

In a separate experiment, the other 100 mg of support were taken up in 0.2M DTE in 300 p1 Tris .HC1 (pH 8.5). 
After treatment for 1 h, the suspension was centrifuged and the support washed with H 2 0  (5 x 200 pl). The 
combined solns. were evaporated at the speed-vac concentrator. Desalting was performed as described above and 
the material checked by gel electrophoresis showing that by this treatment pure 6 was obtained (Fig. 2, lane 3 ) .  

In another set of experiments for the evaluation of the purification, based on lipophilic interactions, 4b was 
coupled exactly in the same way as described for 4a to the corresponding hexadecamer, and after deprotection and 
isolation, the same sequence mixtures were prepared as mentioned above. The purification was then tried on small 
cartridges filled with reversed-phase silica gel using the following procedure: The columns were first washed with 
MeOH/H,O 1 : 1 and then with 1 ml of 0 . 1 ~  TEAA (pH 7.0). The mixture of oligomers was taken up in 0.5 ml of 
0. I M  TEAA and then applied onto the prewashed reversed-phase column. This was followed by 3 x 0.3 ml of 15% 
MeCNinO,lwTEAA,2 x 0.5mlofO.l~TEAA,3 x 0 . 3 m l o f 5 0 m ~ N a l O ~ , 3  x 0.3mlofHz0,4 x 0.3mlofO.I~  
Et,N,3 x 0.3mlof 15% MeCNinO,luTEAA,and3 x 0.3mlof30% MeCNin0.1MTEAA. Thedifferenteluents 
were collected, evaporated, and investigated by gel electrophoresis. In these experiments, no absolutely pure 
5'-phosphate of 7 could be obtained. 
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