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Abstract: This report describes the synthesis of a trimer of thymidine bearing formacetal linkages, its 
incorporation into a longer deoxyoligonucleotide and characterization of the hybridization 
properties with a complementary RNA sequence. 

The use of deoxyoligonucleotide analogs for the inhibition of gene expression is a growing field’. 

Phosphate linkage analogs have been investigated as a means of increasing cell permeation and nuclease 

stability of oligonucleotides’. Neutral phosphate analogs, namely methylphosphonate$, have been 

extensively studied in pursuit of these properties. Other neutral analogs such as phosphotriesters3, 

phosphoramidates’ and carbamatess have been characterized to the point of measuring the 

oligonucleotide’s ability to hybridize to complementary sequences. All of the above linkages, with the 

exception of carbamates suffer from the creation of a chiral center and consequently 2” diasteriomers, 

where n is the number of linkages in the oligonucleotide. Carbamates suffer from no detectable 

hybridization as oligo thymidine analogs%, possibly due to restricted rotation about the trigonal carbamate 

linkage. 

A formacetal is the simplest and smallest achiral isostere for a phosphate linkage. This linkage is 

reminiscent of the acetal linkage in another class of biopolymers, the polysaccharides. Thii report 

describes the synthesis of a trimer of thymidine bearing formacetal linkages, its incorporation into a 

longer deoxyoligonucleotide and characterization of the hybridization properties with a complementary 

RNA sequence. 

The synthetic scheme is outlined in Figure 1. The coupling chemistry is a modified form of a 

method used to synthesize disaccharide#. A dimer of thymidine is generated from a S’dimethoxytrityl 

J’methylthioacetal thymidine (2) and a SOH 3’thexyldimethylsilyl thymidine. 2 is activated with N- 

bromo succinimide in the presence of 2,6,di-t-butylpyridine in methylene chloride. Isolation of the dimer 

0, detritylation with 20% HrO/acetic acid and a second round of coupling with activated 2 yields the 

protected trimer (4). 4 is desilylated with tetrabutyl-ammonium fluoride (TBAF) in THF7 and 

succinylated. The resulting carboxylic acid is coupled to a controlled pore glass support via standard 

methodss. This support (3 serves as the starting material for standard deoxyoligonucleotide synthesis 

using H-phosphonate chemistryg. 
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Figure 1: (a) MeSCH,Cl, NaH, THF , 80%; (b) SHO-thymidine- 3’SiMerThexyl, 
2,6,di-t-butylpyridine, NBS, CH,CI,, 45%; (c) 20% H,O/HOAC; (d) TBAF/THF; 
(e) succinic anhydride, pyridine; (f) diisopropylcarbodiimide, amino controlled 
pore glass, pyridine, DMF. 

The sequence 5’ lTCCCTCTCTTT-OCH@-T-OCH@-T (6) (see Table 1) was synthesized, the N 

benzoyl amides on cytidine removed with aqueous ammonia and the oligonucleotide purified by reverse 

phase HPLC. The purified product was characterized by treatment with 20% H,O/formic acid at 80% for 1 

hour. The Ts formacetal is stable to moderate acid treatment such as 1M HCl (20%, 3 hr) or 20% 

H,O/HOAc (45-C, 3 hr) but formic acid at 80-C results in complete decomposition. This is useful for 

characterization by electrophoretic mobility in polyacrylamide gels as shown in Figure 2. Additionally, 6 is 

stable to snake venom phosphodiesterase under conditions sufficient for the complete destruction of the 

phosphodiester parent (data not shown). 

The T,,, of 6 with its RNA complement (generated via Tr transcription’s) was determinedrr. For 

comparative purposes, three additional oligonucleotides were prepared and their respective T,‘s 

determined. The T,,, data obtained is listed in Table 1. This data demonstrates that the Ts formacetal 6 
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Sequence T, (“cl 

(6) 

(7) 

(8) 

(9) 

’ TCTCCCTCTCTTT-0-CH,-0-T-0-CHCH,-O-T-OH 
(Acetall 

59.0 

8 fl 
s TCTCCCTCTCTTT-O-P-O-T-O-P-O-T-OH 

(Diester) 
59.5 

I: 8 
s TCTCCCTCTCTTT-O-P-O-T-O-P-O-T-OH 

(Amidate) 
HrlrflOMe HAHOMe 

58.5 

’ TCTCCCTCTCTTT-OH 56.5 
(OH) 

Table 1: Melting temperatures (T,,,) measured in 10 mM NaPhos pH 7.4,150 mM NaCl. T, 

measurements are+/- 0.2’ C. 

123456 

Figure 2: Autoradiogram resulting from electrophoresis of oligomers 6-9 in a 20% polyacrylamide 7M 

urea gel. All oligomem were radiolabeled using T, kinase and gamma 32p ATP. Lane 1: 7; lane 2: 7 treated 

with 20% HrO/formic acid, 1 hr, 80°C; lane 3: 6; lane 4: 6 treated with 20% HP/formic acid; lane 5: 9; lane 

6: 8. 
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hybridizes with a complementary sequence of RNA. While the T, is not as high as Ts diester (2) it is 

higher than that of the methoxyethylphosphoramidates 0, which in turn are higher than deletion of the 

terminal two thymidines cn). 

In summary, a formacetal analog of a deoxyoligonucleotide has been synthesized, shown to be 

chemically and enzymatically stable, and demonstrated to hybridize to complementary RNA. This achiial 

and neutral tetrahedral linkage has potential applications in the control of gene expression by the in vivo 

blocking of the translation of specific messenger RNA. 
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