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Abshut: Compounds have been syathesixed which allow the attachmeat of Vitamin E to the S-, and 3’-ends of oligcnwcleotides, 
and the attachment of a Vitamin E moiety on an odamethylene spacer to the 5’-end, all during solid-phase syntbe& The effects ou 
cellular uptake, distribution, and antiviral activity of the attachme of the extremely lipophilic Vitamin E moiety to 
phosphorothiiate ‘antiseuse’ oligonucleoti&s are now being investigated. 

The use of antisense oligonucleotides as drugs to inhibit viral replication in cells has attracted great 

interest in recent years as the potential of this strategy has become apparentl. Some of the problems inherent in 

such a strategy have been solved but many difficulties remain. One of the major problems encountered is the 

low permeability of cell membranes to large, polyionic oligonucleotides. Attempts to increase the cellular 

uptake of antisense oligonucleotides by the conjugation of lipophilic molecules are well known. Such lipophilic 

molecules fall into two main groups: 

(i) Those known to interact specifically with cell membranes. eg. cholesterol2-5 and certain lipid&. 

(ii) Those which impart general lipophilicity to the oligonucleotide. eg. alkyl chainsTJ3. 

Vitamin E (a-tocopherol) is an attractive candidate as a lipophilic carrier for the following reasons: 

(1) It is inexpensive and essentially non-toxic. 

(2) It has only one functional group for derivatixation. the rest of the molecule is chemically inert. 

(3) It is found mainly in association with membranes of subcellular organelle.8, such as the endoplasmic 

reticulum and mitochondria, rather than in the plasma membrane. This maximizes the possibility of 

intracellular transport. 

(4) In membranes, the phytyl chain of the Vitamin E is embedded in the membrane, with the pbenolic 

hydroxyl group towards the surface 10~11. Thus attachment of the oligonucleotide to the phenolic 

hydroxyl group should have a minimal effect on the interactions of the Vitamin E with membranes. 
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Here we describe the synthesis of molecules which allow the attachment of Vitamin E to the 5’-, and 3’-ends of 

oligonucleotides, and the attachment of a Vitamin E moiety via. an octamethylene spacer to the Y-end, during 

solid-phase synthesis. In all experiments DL-a-tocopherol was used. 

This was prepared by phosphitylation of Vitamin E with 2-cyanoethyl N,N- 

diisopropylchlorophosphoramidite and diisopropylethylamine in THF. 
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Scheme I 

Vitamin E was reacted with commercially available I-Bromo-&etrahydropyranyloxyoctane (Lancaster) 

in DMSO in the presence of powdered KOH 12 to form the asymmetric ether 2. The THP protecting group was 

removed by treatment with aqueous HCl in THF, and the resulting alcohol was phosphitylated. 
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Scheme 2 
(CPG- 

Solketal was reacted with 4-toluene sulphonyl chloride in pyridine. The resulting tosyl solketal was 

reacted with Vitamin E in DMSO in the presence of powdered KOH 12 to form the asymmetric ether 4. The 
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acetonide protecting group was removed by treatment with aqueous HCl in THP, and the tesulting alcohol was 

reacted with dimethoxytrityl chloride in pyridine. The remaining secondary alcohol was then reacted with 

succinic anhydride/ DMAP in pyridine. The resulting tritylated-succinylated Vitamin E solketal derivative was 

coupled to LCAA-CPG to give 5 with a loading of 24 pmol.g-1 . 

cP--- 
4 I 

(i) Aqueous HCI I THF 

(ii) DMTrCl / pyridine 

(iii) Succinic anhydride/ DMAP/ pyridine 

(ii) DCC/ 4-nitrophenoV Long-chain 

alkyl-amine controlled-pore glass 

DMTrO 

Scheme 3 

Normal and phosphorothioatel3 Vitamin E derivatised oligonucleotides were synthesized on au Applied 

Biosystems 380B DNA synthesizer. 

- standard DNA and phosphorothioate synthesis cycles were used. 

-Phosphoramidites 1 and 3 were insoluble in acetonitrile and were used as O.lM solutions in anhydrous 

dichloromethane, 

-Minor alterations to the synthesis cycles were required (the synthesis columns were washed with 

anhydrous dichloromethane before and after the coupling reaction to prevent precipitation). 

-Coupling efficiencies were >95% estimated by HPLC. 
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Vitamin E oligonucleotides were stable in cont. aqueous ammonia at 55oC for >24h (HI’LC analysis). 

The extreme lipophilicity of Vitamin E oligonucleotides greatly facilitates reversed-phase HPLC (RP- 

HPLC) purification, the products eluting approx. 15min later than all failure sequences in a gradient of 

acetonitrile in aqueous ammonium acetate. As the Vitamin E moiety is introduced during solid-phase synthesis 

with high efficiency the product is obtained in high yield. Vitamin E oligonucleotides were characterized by 

6OOMHz NMR spectroscopy. 

Failure seq. Product 

Figure I: RP-HPLC trace of a crude 28mer phophorothioate with a 5’-octamethylene spaced Vitamin E 

attached. 

Multi-milligram quantities of derivatives of a phosphorothioate 28mer antisense to a region near the start 

codon of the rev gene of HIV14 have been synthesized with all three types of Vitamin E modification. These 

sequences are now being evaluated for anti-HIV activity in cell culture. 
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