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Abstract:

The convenient synthesis of 9-hydroxy-9-(4-carboxyphenyl)fluorene and its application as a new linker for
solid phase synthesis is reported. The loading of the resin-bound linker with carboxylic acids as well as the
cleavage conditions were investigated. The release of the carboxylic acids from this system by treatment with
acids is hampered due to the electron-withdrawing effect of the carboxamide group in the para position of the
phenyl ring of the resin-bound linker. © 1998 Elsevier Science Ltd. Al rights reserved.
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A strong demand exists for new linkers [1-3] suitable for use in solid phase chemistry.
Especially those linkers are important which can be coupled to amino-functionalized
polymers. Often acidic conditions cannot be used for solid phase chemistry because the
bond between linker and desired molecule is cleaved. To combine acid stability of the ester
bond to the linker with resin variability 9-hydroxy-9-(4-carboxyphenyl)fluorene 1 was
synthesized (Scheme 1). The acid stability [4-6] of the ester linkage to the target molecule is
compared to the system of Bleicher et al. [7,8] due to the electron-withdrawing effect of the
carboxamide group of 2.
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Scheme 1. Use of 9-hydroxy-9-(4-carboxyphenyl)fluorene as linker for solid phase synthesis

Fluorenone was treated with 4-bromotoluene in a Grignard reaction to give 9-hydroxy-9-
(4-methylphenyl)fluorene in 79% yield. This product was oxidized with KMnO,/pyridine to
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give 1 in a yield of 75% after recrystallization from ethyl acetate: mp 185-186°C; FD-MS
(field desorption): 302.2, Cy0H,40;=302.3; 'H NMR (in DMSO-Dg,ppm): 12.84 (COOH, s,
1H), 7.84, 7.83, 7.82, 7.81 (aromatic protons, 2d, 4H), 7.40, 7.38, 7.37, 7.36, 7.35, 7.34
(aromatic protons, 2t, 4H), 7.27, 7.26, 7.25, 7.24 (aromatic protons, 2d, 4H), 6.46 (OH, s,
1H); *C NMR (in DMSO-Dg, ppm): 168.0 (COOH), 151.8, 151.0, 140.1, 130.2, 130.1,
129.6, 129.1, 126.2, 125.5, 121.1 (aromatic carbons), 65.8 (Cs).

1 was coupled to aminomethylated polystyrene (test system) with hydroxybenzotriazole /
diisopropylcarbodiimide followed by chlorination of the 9-position using thionyl chloride /
dichloromethane (1:1) overnight. The resin-bound chlorinated linker was then treated with a
fourfold excess of Fmoc-leucine in the presence of 5 egs. of diisopropylethylaminefor 2.5
hours to give 2 (Scheme 1). The coupling yield was 85% as determined by UV
measurements [9].

To evaluate the cleavage kinetics the loaded resin was treated with several mixtures (Table
1) and the amount of liberated Fmoc-leucine measured with UV spectroscopy [9] after
different time intervals.

Table 1
Cleavage of Fmoc-leucine under different conditions
Cleavage mixtures' 1 2 3 4 5
27h 2h 1h th 1h
nocleavage 39%cleavage  61%cleavage  69%cleavage  81%cleavage

'Mixture 1=96% trifluoroaceticacid (TFA), 2% H,0, 2% HSiEt;; mixture 2=92.5% TFA, 2.5% trifluoromethanesulfonic acid
(TFMSA), 2.5% H,0, 2.5% HSiEt;; mixture 3=80% TFA, 10% MeOH, 10% TFMSA; mixture 4=76% TFA, 20% TFMSA, 2%
H,0, 2% HSIEt;; mixture 5266% TFA, 30% TFMSA, 2% H:0, 2% HSIEt;.

Table 1 shows that the ester bond between linker and Fmoc-amino acid remains stable
towards TFA whereas the addition of TFMSA causes cleavage.

It was demonstrated that 1 can be synthesized easily and coupled to an amino group
bearing polymer. The acidity of TFA is not sufficient to cleave the ester-bond to the 9-
position of resin-bound linker, TFMSA must be added.

References

[1] Bayer E, Clausen N, Goldammer C, Henkel B, Rapp W, Zhang L. In: Hodges RS, Smith JA, editors. Peptides, chemistry
structure and biology. Leiden: Escom, 1993: 156-158.

[2] Henkel B, Bayer E. In: Epton R, editor. Innovation and perspectives in solid phase synthesis and combinatorial libraries.
Birmingham: Mayflower Scientific Limited, 1996: 395-398.

[3] Henkel B, Zeng W, Bayer E. Tetrahedron Lett. 1997; 38: 3511-3512.

[4] Feldman PL, Rapoport H. J. Org. Chem. 1986; 51: 3882-3890.

{5] Christie BD, Rapoport H. J. Org. Chem. 1985; 50: 1239-1246.

[6] Bolton R, Chapman NB, Shorter J. J. Chem. Soc. 1964; 1895-1906.

[7] Bleicher KH, Wareing JR. Tetrahedron Lett. 1998; 39: 4587-4590.

[8] Bleicher KH, Wareing JR. Tetrahedron Lett. 1998; 39: 4591-4594.

[9] Meienhofer J, Waki M, Heimer EP, Lambros TJ, Makofske RC, Chang C-D. Int. J. Peptide Protein Res. 1979; 13: 35-42.



