
Teuahcdnm Lanaa. Vol. 34. No. SO. pi 8169-8172 1993 
Rited in Grca Britain 

oo4o4039#93 Sal + .a0 
Pezg- Press Ltd 

SYNTHESIS OF 3’-FUNCTIONALIZED OLIGONUCLEOTIDES 
ON A SINGLE SOLID SUPPORT 

Jari Hovinen, Andrci Cuzaev’, Alex Azhayev, and Hami Ltinnbcrg 

Dcpumcmofchanis(ry. Univai(yd’IMN, Fm-2osooTtukqFidaad 

Oligonucleotides that bear a tbnctional group tethered to their 3’~terminus are us&l in preparation of 

labeled probes for diagnostic purposes. Furthermore, 3’-modification of oligonucleotides significantly increases 

their resistance to the action of nucleases and hence they have found usage as antisense inhibitors1 Synthesis 

of these compounds proceeds by preparation of a modified solid support. Some methods have been reportedly 

that enable synthesis of various 3’-Cmctionalized ohgonucleotides on a single polymer support. They either 

include the preparation of oligonucleotide 3’-phosphates2 or 3’-thiophosphates,3 followed by post-synthetic 

acylation* or alkylatiod of the deprotected and isolated material, or they are based on a machine assisted 

synksis of peptide - oligonucleotide conjugates that allow the introduction of several amino groups at the 3’- 

terminus of the DNA sequence.4 Other methods for the synthesis of 3’-tethered oligonucleotides are also 

available, but the structure of the solid support employed strictly dekrminates the nature of the fimctional 

group and the length of the spacer arm. t+a We have recently reported on preparation of a solid support 

containing a 3’derivatized thymidine unit that enables a versatile fimctionahzation of the 3’-terminus.9 We now 

describe the preparation of a more generally applicable solid support (1) and the synthesis of ohgonucleotides 

bearing carboxy-, amino-, amidocarbonyk, or mercaptoalkyl spacer arm at their 3’-end. The fimctional group is 

introduced (mercapto in the form of dis&de) during the 
0 

deprotection and removal of the ohgonucleotide from the 
DYTrO 

+HG 
CPO 

solid support, without further chemical transformations or 

additional purification procedures. 
0 

4-(4,4’diiethoxytrityloxy)butyric acidr” (2) was 
(1) 

immobilized on the long chain alhylamine controlled pore glass with the mixture of N.N- 

diisopropykarbodiimide and N-hydroxysuccinimide (Scheme 1). Afk capping of the unreacted amino groups 

with a mixture of Ac@/pyridine/N-methylimidazole (151, v/v) and de&ylation, solid support, 3, was 

acylated with 2 by a mixed anhydride method11 by using N-methylimidazole as a catalyst. The unreacted 

hydroxyl tkctions were capped as described above. After standard work up,12 dimethoxytrityl cation assay 

showed a loading of 22 pm01 of DMTr-groups per gram of 1. 
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!khcuu 1. DM’l’r = 4,4’-diixytriiyl; TPS = 2,4$Miisopro pykmmubnyl-; M&n = N- 

methyfimi~le. 

The sequences d(GCCGTGGAGTCGTT) bear@ various 3’-ii~nctionalities were syntheaked on the 

solid support I (Scheme 2). The oli6onucleotides were assembled on an Applkd Biosystems 392 DNA 

Synthesk (0.2 j.tmol of 1) by usin phosphommidb chemisq and the recommcuded protocols (DMTr-CM 

synthesis). No diasrshces in couplin6 ctWency were detected between 1 and the commcrc~ ‘al nu&oside 

derivbedwhunna. 

DNA 
(1) - 

mynlhoelm 

1. waHl n20 

2. NH2.N20 
I 

S&me 2 DTT - l+dithio-D,Lthreitol; Py& - 2,Tdipyridyl disulfide; i: for the dcprotwtion wnditions 
seeTable I. 

Table 1. Dqxwction prowduns to obuin the 3’-mod@d oligonuc4u)tidea (4-10). 

Product Dcprotcction pnxedure 

4 aq.NH3 S hatSSoC 
S (i) 0.1 h4 aq. NaOH for 4 h. (ii). aq. NH3, 5 h at 55 W 
6 (i) hydratine awtat# (ii) 1,2_diutlinatbme in @IOH (l/l, v/v), 8 h at ct. 
7 
6 

(i) hydra&e acetat@ (ii) IJ~propane in rl4OH (l/l, v/v), 8 hat r.t. 
(i) hydra&e acetat& (ii) 1,4&amwbww in PrOH (l/l, v/v), 30 hat r.t. 

9 (i) hytbinc acetat+ (ii) cystamb in pyridinc (l/l, v/v), for 3 days at 55 Oc 
10 9 overn@t in aq. 1,4-d&b-D&t 
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After the chain assembly was completed, the solid supports were treated with appropriate reagents, as 

described in Table 1. To get the 3’-aminoalkylated oligonucleotides (6-9) it is essenU to deprotect cytosine 

(and&nine)kdueswithhyd&niumacetatebeforeWatment with appropliate qWdkmk&W 01 

cystamine, because NI-benzoyl protection of cytidine considerably e&mces the rate oftmns&n&on.13 The 

oligonucleotides prepared were isolated by an ion exchange HFW,t4 pmi6ed on a RP cohunn,ts and desalted 

by gel filtration.t6 HPLC retention times are given in Table 2. Chromatographical protiles of 4,5,7,9 and 10 

are shown in Fig. 1 as iWtmtive examples . 

Liberation of the 3’-mercaptoslkyl group to give 10 was achieved by reducing 9 with 1,4dithio-D& 

threitol. The presence of the mefcapto fimction was additionally verified by allowing 10 to react with 2,2’- 

dipyridyl disulphide to give quantitatively 11. 

AB: 

mln 0 10 20 mln 

Fig.1. Ion-e HPLC 

pro&s” of the 3’-mod&d 

oligonucleotides prepared. 

Trace A: coinjection of S and 

the natuml oligomer 

d(GCCGTGGAGTCGTT); 

B: 4, crude rcsction mixture; 

C: 7, crude reaction mixture; 

D: coinjection of 9 and 10; 

E: 9, crude reaction mixture. 

The oligonucleotides prepared were initially digested by phosphodiesterase II and then by alkaline 

phosphatase.17 The product distribution was analyzed by RP HPLC.18 Along with the nucleosides expected, 

the enzymatic d&&ions gave in each case an additional product, which coeluted with authentic samples of 

appropriately derivatized thymidine-3’-(3-carboxyproWl)phosphates, synthesized via an hukpendent route. 

Table 2. HPLC retention times of 4-l 1 relative to d(GCCGTGGAGTCGTT). 

Relative retention time (min) 

naturals 4 5 6 7 8 9 10 11 
Ion exchangeI 24.5 +0.8 i2.5 -0.9 -1.1 -1.2 -1.2 +0.6 - 
Rev. phase15 16.4 -0.1 -0.4 0 0 -0.1 +o.s +o.s +3.9 

a. Absolute retention time (min). 
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