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PREDICTABLE AND REPRODUCIBLE YIELDS IN THE 
ANCHORING OF DMT-NUCLEOSIDE-SUCCINATES TO HIGHLY 

LOADED AMINOALKYL-POLYSTYRENE RESINS 

F. Xavier Montserrat, Anna Grandas and Enrique Pedroso* 

Departament de Quimica Orghica, Universitat de Barcelona, Mm’ i Franqds 1- 1 1, 
08028 Barcelona, Spain 

Abstract. Coupling of DMT-nucleoside-succinatesl onto aminomethyl-polystyrene has 
been fine tuned in order to allow the preparation of DMT-nucleoside-resins with the 
desired substitution degree in reproducible yields. 

The increasing demand for oligonucleotides in order to study their application as 
therapeutic agents2 as well as for biological and structural studies has prompted many 
laboratories to develop or optimise methodologies for the large scale production of such 
biopolymers. Our research group has directed its efforts at making the phosphite mester 
approach compatible with polystyrene solid supports3 and two different companies have 
recently developed instruments for the large scale synthesis of oligonucleotides on 
polystyrene-derived matrixes4. Polystyrene has the advantage over the commonly used 
controlled pore glass that it allows much higher loadinss to be obtained and therefore 
higher concentrations but lower excesses of the phosphoramidites can be used to reduce 
the cost of the synthesiss. For this purpose, we have been interested in the preparation of 
DMT-nucleoside-resins of different and precise substitution degrees in order to evaluate 
their usefulness in the large-scale solid-phase synthesis of oligonucleotides. 

Commercially available aminoalkyl-polystyrene resins are usually too highly loaded 
(0.5-1.5 mmol/g), and therefore only part of the available polymeric amino groups must 
be functionalised with the corresponding DMT-nucleoside-succinate. We have found that 
when a carboxylic acid derivative (either a DMT-nucleoside-succinate, a peptide or an 
amino acid derivative) is coupled onto an aminoalkyl-resin using an excess of amino 
groups with respect to the carboxylic acid, only part of the acid becomes anchored to the 
support and that yields vary from one experiment to another. We decided to undertake a 
systematic study of the coupling of DMT-nucleoside-succinate onto the solid matrix 
(which has often been claimed to be long and tedious6.7) in order to attempt to find a 
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Table 1. Extent of functionalisation of polymeric amino groups using different amounts 
of DMT-T-succinate and coupling reagents. (0.1 g of H2N-R containing 0.66 mmol 
NHgg resin, 1.5 mL of solvent, 2 h, r.t.) 

B 

D M T - 0 4  MOCH~CH2COfl + H,NCH,-@ DMT-O OGOCH,CH,CO - NHCH,-@ 

Molar ratio of reagents 
Entry DMT-T-succ. DCC HOBt DMAP 
1 0.125 
2 0.25 
3 0.35 
4 0.50 
5 0.75 
6 0.125 
7 0.25 
8 0.35 
9 0.50 
10 0.75 
11 0.25 
12 0.25 
13 0.50 
14 0.50 
15 0.75 
16 0.75 

0.125 - 

0.25 
0.35 
0.50 
0.75 
0.125 0.125 
0.25 0.25 
0.35 0.35 
0.50 0.50 
0.75 0.75 
0.25 0.25 
0.25 0.25 
0.50 0.50 
0.50 0.50 
0.75 0.75 
0.75 0.75 

0.125 
0.25 
0.25 
0.50 
0.375 
0.75 

H2N@ 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

% reacted amino groups 
(% reacted nucleoside) 

2 (16) 
8 (32) 
12 (36) 
27 (54) 
37 (50) 

4 (36) 
12 (48) 
21 (61) 
35 (70) 
50 (67) 
19 (76) 
8 (32) 
32 (65) 
33 (66) 
69 (92) 
20 (27) 

straightforward method for accomplishing this. We also have to set up the reaction 
conditions under which DMT-nucleoside-resins can be obtained with a predictable 
substitution degree and in a reproducible way, without having to remove aliquots of resin 
at different reaction times until the desired loading (f, mmol DMT/g resin) is obtained89. 

We have carried out the anchoring of 5'-DMT-thymidine-3'-succinate onto 
aminomethyl-poly(styrene-co-1%-divinylbenzene) in the presence of either i) DCC ii) 
DCC/HOBt or iii) DCC/HOBt/DMAP. All experiments were carried out with ca. 100 mg 
of aminomethyl-polystyrene (Novabiochem, f=0.66 mmol NHgg resinlo ), in 1.5 mL of 
solvent1 @CM or a 14/1 mixture of DCM/DMF when HOBt was used) for 2 hours at 
room temperature. Results are presented in Table 1. 
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ANCHORING OF DMT-NUCLEOSIDE-SUCCINATES TO RESINS 

100 - 
Q SUBSTITUTED 

AMINES 

0 

969 

y = 76.02 x . 5.03 

rnd DMT-T-succ I md NH, 

Figure 1. Linear relationship obtained in DCC/HOBt-mediated couplings between the 
percentage of reacted amines and the ratio mol nucleoside/mol NH2-R. 

The main conclusions that can be drawn from the above data are the following: 
i) Both DCC and DCC/HOBt mediated couplings show a linear increase in yield 

with the amount of DMT-nucleoside-succinate used but, for a given amount of nucleoside, 
yields are better with DCC/HOBt (entries 6 to 10) than with DCC only (entries 1 to 5).  

ii) When couplings are carried out with DCC/HOBt/DMAP (enmes 11 to 16), yields 
are generally worse when DMAP is present in equimolar amount with respect to the other 
reagents than when it is present in half-molar ratio (compare enmes 11-12, 13-14 and 15- 
16) but, although the yields are sometimes better than with DCC/HOBt, they do not show 
a linear increase with the amount of nucleoside used. Moreover, the data in Table I do not 
reflect the fact that it was difficult to obtain reproducible yields in couplings carried out 
with DMAP under the same experimental conditions. 

iii) It should be emphasised that when using a smaller ratio of nucleoside with 
respect to polymeric amines, not only the amount of reacted amines is obviously smaller, 
but there is also a decrease in the yield of anchored nucleoside with respect to the amount 
used. In other words, the smaller the ratio of nucleoside/polymeric amines, the lower the 
effective utilisation of the nucleoside reagent used. These results may be related to the fact 
that when using smaller amounts of reagents their concentrations also decrease since the 
reaction volume is kept constant. 

In summary, we consider that the best choice is to use DCC/HOBt for the anchoring 
of DMT-nucleoside-succinates since reasonably good yields and reproducible results are 
obtained. Under the described conditions the extent of functionalisation of the resin 
expressed as percentage of reacted amines is linearly dependent on the amount of DMT- 
nucleoside-succinate/DCC/HOBt used as shown in Fig. 1. 
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Table 2. Comparison between desired and experimental results obtained in the 
preparation of different DMT-nucleoside-resins using DCC/HOBt as coupling reagents 
(0.81 mmol NHdg resin, DCM/DMF 14:1, 15 mL solvent& resin, 2 h, r.t.). 

Nucleoside mol nucl./mol NH@ 

T 0.225 
Gibu 0.31 
CbZ 0.39 
T 0.45 

CbZ 0.58 

% reacted amines 
desired obtained desired obtained 

13 14 0.10 0.11 
18 16 0.15 0.13 
25 25 0.20 0.20 
29 27 0.24 0.22 
40 42 0.33 0.34 

f (mmol DMT/g resin) 

The definitive test of the method was to see whether using the linear relationship 
shown in Fig. 1 were we able to prepare DMT-nucleosidz-resins with the desired extent of 
loading, starting from another commercial polystyrene resin (Sigma, 0.81 rnmol NHdg 
resin), using larger amounts of support (up to 0.5 g) for preparative purposes and 
anchoring not only thymidine derivatives but also other nucleosides. Results are 
summarised in Table 2. 

These results confirm that we have been able to fine-tune the experimental 
conditions for the anchoring of any DMT-nucleoside-succinate to aminomethyl- 
polystyrene in order to allow the desired loadings of DMT-nucleoside-resin to be obtained 
within 10% error. 

Acknowledgements. This work was supported by funds from the CICYT (grants 
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