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Abstract: The hexafluoroketal functionality is isosteric with the phosphate linkage in DNA and RNA. A thymidine:thymidine 
dimer bearing a hexafluoroacetone ketal internucleotide linkage has been synthesized from hexafluoroacetone using a Mitsunobu 
reaction. The resulting dimer has been incorporated into an oligonucleotide and has been shown to result in poorer binding to a 
complementary DNA and RNA relative to an unmodified control. Copyright © 1996 Elsevier Science Ltd 

Neutral analogs of the phosphate linkage within oligonucleotides (ONs) have been investigated as 
potentially improved "antisense" reagents 1,2, as tools for the mechanistic understanding of enzymes such as 
polymerases 3 and as probes of protein-nucleic acid interactions. 4 Neutral analogs bearing the phosphorus 
atom, such as methyl phosphonate, are chiral and difficult to synthesize with stereo control. 5 Numerous 
achiral, non-phosphorus analogs have been synthesized most of which are not isosteric with the parent 
phosphate, l,2 We report the synthesis and preliminary hybridization results of a carbon-based phosphate 
analog, the hexafluoroacetone ketal. This achiral derivative is sterically similar to a phosphate but without the 
negative charge. This analog can be synthesized directly via a Mitsunobu procedure capitalizing on the 
acidity of hexafluoroacetone hemiketals. 6 
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The synthesis of the hexafluoroacetone ketal dimer is outlined in Schemes 1 and 2. 
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The intermediate 3 was synthesized from commercially available 5'-O-DMT-thymidine in five steps. 
The 3'-hydroxy group was protected with the t-butyldimethylsilyl group (TBDMS). The thymine base was 
protected at the N 3 position with benzyloxymethyl chloride (BOM-CI) 7 in the presence of diisopropyl- 
ethylamine (DIPEA) followed by the deprotection of the DMT group using 1.5 eq. of methanesulfonic acid in 
10% methanol/methylene chloride to yield compound 2 (37% in 3 steps). The 5'-hydroxy group of 2_ was 
masked with the acetyl group and the 3'-TBDMS group was removed with hydrogen fluoride-pyridine in 
methylene chloride (3M) to yield 3 (91%, 2 steps). 

Hexafluoroacetone was bubbled into a toluene solution of compound 3 (Scheme 2). The resulting 
solution of the labile intermediate hexafluoroacetone hemiketal _4 was concentrated to dryness and azeotroped 
twice with toluene. _4 was redissolved in toluene, coupled with 0.9 eq. of compound 2_ via a Mitsunobu 
reaction 8 by using 1.1 eq. of triphenylphosphine and diethylazodicarboxylate (16 hr). Treatment with 
saturated methanolic ammonia unmasked the acetyl group from the 5'-hydroxy of the dimer. Two major 
products were isolated, the desired 3'-5' dimer (5_) and the 5'-5' dimer (6), 53% and 19%, respectively. The 
BOM group on N 3 was removed by hydrogenation in methanol in the presence of 20% palladium hydroxide 
on carbon. 9 Silica gel chromatography yielded 42% of 5'-hydroxy hexafluoroacetone 3'-5' ketal T-T dimer 
_7_. 10 

Compound 7 was converted to the H-phosphonate dimer by tritylation with DMT-C1, desilylation of the 
3'-TBDMS group with tetrabutylammonium fluoride, and phosphitylation 11 with 2-chloro-4H-1,3,2- 
benzodioxaphosphorin-4-one (PA) yielding the ON synthesis-ready synthon _8 (60% in 3 steps). 
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T.T dimer 8_ was incorporated into two positions of the ON sequence 5'-TCTCTCTCTCT.T T-TT via the 
standard H-phosphonate protocol. 12,13 The effect of the hexafluoroacetone ketal linkage on the hybridization 
affinity of ON to its complementary DNA and RNA was assessed by measuring the melting temperature (Trn), 
Table 1. The Tms resulting from the ON containing the hexafluoroacetone ketal T.T dimer 9_ were lower than 
the Tins resulting from the duplexes derived from the control phosphodiester ON. 

The helix destabilization observed with the hexafluoroacetone ketal linkage is not an inherent property of 
acetal and ketal linkages. The formacetal linkage has been previously investigated in precisely the same 
sequences and showed a ATm per linkage of less than -0.5°C for both RNA and DNA. 14 A likely reason for 
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the hexafluoroacetone ketal destabilization is the perturbation of water solvation. The non-bridging oxygens 
in phosphate linkages are highly hydrated and trifluoromethyl groups of this ketal likely are not. The current 
ON tested the hexafluoroacetone ketal in an alternating context with phosphodiesters. A superior context for 
the hexafluoroacetone linkage may be a continuous stretch of the fluorocarbon analog. Modeling studies 
suggest that an ON would have the phosphodiester spine of hydration replaced with a van der Waals contacted 
spine of fluorocarbon. Testing of this hypothesis awaits further synthesis. 

Table  1. T m  Resul t s .  

ON 

RNA Complement DNA Complement 

Tm (°C) ATm (°C/Subst.) Tm (°C) ATm (°C/Subst.) 

5' -TCTCTCTCTCTTTTT 62.0 - -  

5'-TCTCTCTCTCToTToTT 59.5 - 1.2 

54.5 

52.5 - 1.0 
• = Hexafluoroacetone ketal, all other linkages are phosphodiester; T=thymine; C=5-methyl-2'-deoxycytidine. Tm values were 
assessed in 140 mM KCI/5 mM Na2HPO4/I mM MgCI2. pH=7.2, at 260 nm, and the final concentrations of all ONs and RNA were 
approximately 2 p.M. Tm values are + 0.5°C 

Acknowledgments:  We thank Dr. Ulrike von Krosigk for initial synthetic studies, Terry Terhorst for ON 
synthesis, Sandra Matsumura for Tm analysis, and Mary Hogsett for manuscript preparation. 

R E F E R E N C E S  A N D  N O T E S :  

1. Sanghvi, Y. S.; Cook, P. D. Carbohydrate Modifications in Antisense Research; American Chemical 

Society: Washington, D.C.. 1994; pp. 1-22. 

2. De Mesmaeker, A.; Haner, R.; Martin, P.; Moser, H. E., Accts. Chem. Res. 1995, 28, 366-374. 

3. Perrin, K. A.; Huang, J.; McElroy, E. B.; Iams, K. P.; Widlanski, T. S., J. Am. Chem. 1994, 116, 7427- 

7428. 

4. Noble, S. A.; Fisher, E. F.; Caruthers, M. H., Nucleic Acids Res. 1984, 12, 3387-3404. 

5. Lesnikowski, Z. J., Bioorg. Chem. 1993, 21, 127-155. 

6. Krespan, C. G.; Middleton, W. J., Fluorine Chem. Rev. 1967, 30, 123-139. 

7. Krecmerova, M.; Hrefabeck, H.; Holy, A., Collect. Czech. Chem. Commun. 1990, 55, 2521. 

8. Cho, H-S.; Yu, J.; Falck, J. R., J. Ant. Chem. Soc. 1994, 116, 8354-8355. 

9. Horton, D.; Hawkins, L. D.; McGarvey, G. J. Trends in Synthetic Carbohydrate Chemistry, ACS 

Symposium Series, 386, 1989, p. 64. 

10. IH NMR (CDCI3 + 10% CD3OD) : ~57.61 (s, 1H), 7.06 (s, IH), 6.22-6.32 (m, 2H), 4.93 (s, 1H), 4.54 

(q, 1H), 4.19 (s, 1H), 4.06 (d, 1H, J = 8.8 Hz), 3.85 -3.95 (m, 2H), 3.78 (d, 1H, J = 11.7 Hz), 3.55 (d, 

1H, J = 11.7 Hz), 1.91 and 1.89 (2s, 6H), 0.9 (s, 9H), 0.10 (s, 6H). 19F NMR (CDCI3): 36.1 (q) and 

35.8 (q) ppm. FABLR MS: 747 (calc. 747 calc. for M+H) C29H40N4010F6Si. 

11. Marugg, J. E.; Tromp, M.; Kuyl-Yehelskiely, E.; van der Marel, G. A.; van Boom, J. H., Tetrahedron 

Lett. 1986, 106, 139. 

12. Froehler, B. C. Protocols for Oligonucleotides and Analogs: Synthesis and Properties; Humana Press: 

New Jersey. 1993; p. 63-80. 

13. MALDI-TOF MS: 4669.1 (4669.1 calc. for M+H). 

14. Pudlo, J. S.; Cao, X.; Swaminathan, S.; Matteucci, M. D., Tetrahedron Lett. 1994, 35, pp. 9315-9318. 

(Received in USA 30 August 1996; accepted 7 October 1996) 


