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Abstract: A 9-phenylfluoren-9-yl based linker for the immobilization of nitrogen and oxygen nucleophiles is
described. improved acid stability compared fo the common trityi linker is demonstrated by a quantitative
method for analysis of loading. This new linker is used for the synthesis of a peptide alcohol in the ‘inverse’
direction via reduction of the corresponding N linked peptide methyl ester. Several other nucleophiles are
immobilized and further maodified. TFA treatment releases the corresponding products in high purity.
© 1998 Elsevier Science Ltd. All rights reserved.

The synthesis of small organic molecules on solid supports has become widespread in the field of drug
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structure is the choice of linker for the immobilization of the first building block. Easy loading, stability during
synthesis and relatively mild and specific cleavage conditions are some of the requirements. Most currently
available linker systems originate from solid phase peptide synthesis, lead to either acid or amide functional
residues in the products, and are only applicable for restricted chemistry. It would be desirable to immobilize
building blocks with different functionalities onto a single linker molecule. Trityl resins have been described
for the immobilization of various nucleophiles but acid sensitivity makes them only useful for a limited range
of reactions.
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We were interested in a linker system that shows the broad applicability of the trityl group but with
improved acid stability and can also be coupled to any amino modified resin or crown/pin based solid support.

We first evaluated the Bayer and Goldammer o0~ dlphen}rl hydroxymethyl benzoic acid handle used for the
synthesis of peptides in both C and N terminal directions,” but its acid lability, comparable to the standard 2-
chlorotrityl resin, turned out to be unsuitable for many of our synthesis approaches.

In the preceding publication in this issue we introduce a new resin based on the 9-phenylfluoren-9-yl
protecting group.” Herein we describe a phenylfluorenyl linker system that can be easily coupled onto various
aminomodified supports. Its synthesis and utility as a linker for nitrogen and oxygen nucleophiles is discussed.

The PhFI linker 1 was synthesized as described in Scheme 1. Starting from 9-fluorenone and p-
tolylmagnesium bromide ‘the methyl group of the resulting Grignard product was brominated via AIBN/NBS.
Nucleophilic substitution with KCN and subsequent hydrolysis of the nitrile produces the corresponding linker
compound 9-(4-carboxy methyl) fluoren-9-ol 1 Coupling of the carboxylic acid derivative onto several solid
supports (aminomethyl polystyrene, TentaGel® —S~NH2 and Gly-HMD-MA/DMA-crowns) was carried out
using standard coupling conditions. For the activation of the immobilized PhFI-linker the solid supports were
treated with acetyl chloride.” The resulting chloride was then substituted by adding the corresponding

nucleophile.
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f-g ®/‘m = Aminomethy! polystyrene resin

TentaGel-S-NH2 resin
Gly-HMD-MA/DMA crown

Scheme 1: Linker synthesis, coupling and immobilization of nucleophiles. a) MePhMgBr b) 2,2 -Azobisisobutyronitrile (AIBN), N-
bromo succinimide (NBS) c) KCN d) NaOH e) 2-(1H-Benzotriazole-1-yl)-1, 1,3, 3-tetramethyluronium tetrafluoroborate (TBTU),
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In order to quantitate the acid stability of this linker system a method was devmcd using amino acid
analysns The PhFl linker attached to glycine modified HMD-MA/DMA-crowns® was reacted with the
primary amine nitrogen of phenyl alanine allyl ester. This positions glycine on the resin side of the linker and
attachment of a second amino acid to the cleavable side of the linker allows the ratio of the two amino acids,
obtained by amino acid analysis, to quantitate the material on the cleavable side of the linker. The pins were
treated under ﬁve dlfferent trlﬂuoroacetlc acid (TFA) concentratlons (1-95% TFA see Figure 1) for 30 min.
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31m11arlv attached to elvcme modlﬁed HMD MA/DMA crowns and reacted thh the primary amine nitrogen
of pheny! alanine ally! ester. The same investigations were carried out as for the PhI‘l linker. Figure 1 shows a
comparison of the results for both linker systems. The amino acid ester is cleaved virtually quantitatively from
the trityl linker with 5% TFA after 30 min. The PhI]l linker shows no cleavage after 30 minutes with 5% TFA

and even treatment with 95% TFA cleaved only about 20% of the compound. Treatment with 95% TFA
overnight gave quantitative cleavage (determined by the same method-data not shown).
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Figure 1: Comparison of linker acid stability using amino acid analysis. Glycine is used as internal standard and normalized to

100. The samples were treated under several acidic conditions for 30 min. The remaining Phe is measured and compared to Gly.



Five different amino acid esters (PheOAll MetOAll, LeuOAIll, AlaOAll and ProOMe) were coupled
via their N-terminus onto PhFl-modified crowns’ and the loading determined by amino acid analysis. The
lowest loading, 75% of theory, was obtained for the secondary amine proline. All the other amino acid esters
coupled quantitatively. To demonstrate the utility of the PhFI linker, a dipeptide and the corresponding peptide
alcohol were synthesized in the ‘inverse’ dirulion on both polystyrene and TentaGel® resins. PheOAll was

immobilized onio both PhFI modified resins.” Palladium catalyzed allyl ester cleavage and ‘inverse’ coupling
of PheOMe gave the dipeptide methyl ester in 66% isolated yield after 95% TFA cleavage from polystyrene
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this time after cleavage from PhFl-modified TentaGel resin. Flgure 2 shows the HPI_C chromatogram of

1dent1ﬁed by LC/MSasa trlﬂuoroacetate derivative of the product formed during the TF A cleavage.
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Figure 2: Synthesis and RP-HPLC of Phe-Phe-ol crude product. a) PdP(Ph3)4, Morpholine b)TBTU, PheOMe c) NaBH4 d) TFA

As an example for the immobilization of anilines 4-aminoacetophenone was loaded onto the PhFI-
modified TentaGel” resin.'' Claisen condensation and cyclization with hydrazine as described by Marzinzik
and Felder' gave the corresponding pyrazole derivative after cleavage with 20% TFA in CH,Cl,/MeOH (9:1)
for 2h. An HPLC crude product purity of > 95 % and a final yield after Kieselgel chromatography of 74% was
obtained.
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polystvrene. The immobilized compound was modified via Suzuki coupling to lead to the corresponding
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bxphenyl derivative."” The resulting 4-phenyl benzoic acid was cleaved with 20% TFA in CH,Cl,/MeOH (9:1)
for 2h. The HPLC analysis showed > 95% purity of the crude product with a yield of 72%. After additional
Kieselgel chromatography a 67% yield of the pure compound was obtained. Identification of the product was
confirmed by MS and HPLC co-injection of commercially available 4-phenyl benzoic acid.

In summary, a new linker for solid phase organic synthesis is introduced and improved acid stability
relative to trityl is quantitated by amino acid analysis. The linker is attached to aminomethyl polystyrene,
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eported in due course.

_..
3
=
Q
=3
=
N
-]
aQ
o)
—
-
0
—
2
S =
[e]
-}
el
f=n
-
@
72
o)
=
=
oL
—
=]
ae
-
[¢]
(7
[7:}
o]
=
0.
‘g
jonst
CT‘
"U



4594

Acknowledgment
The authors thank Mr. C. Beerli for amino acid analysis.

References and Nofes

11 vwach gtama na

{A use a
\ 11 waosit > P usc all

ot

Hermkens, P.H.H.; Ottenheijm, H.C.J; Rees D. Tetrahedron, 1997, 53, 5643, Hermkens, P.H.H.; Ottenheijm,
H.C.J; Rees D. Tetrahedron, 1996, 52, 4527

2. Balkenhohl, F.; von dem Bussche-Hiinnefeld, C.; Lansky, A.; Zechel, C. Angew. Chem. Int. Ed. Engl., 1996, 33,
2288

Bayer, E.; Goldammer, C. G

(]

N

rs 1004 Dacine nbal D .
vu

1 1994, Bayer, E.; Henkel, B.; Zhang, L.; Clausen, N.;

Goldammer C.; Panhaus, G. Peptzdes 1994, Proceedings of the 23rd European Peptide Symposium (Ed.: H.L..S.
Maia) Escom, Leiden, 1995, p.201

4. Gerspacher, M.; Rapoport, H. J. Org. Chem. 1991, 56, 3700

100 mmol of 9-fluorenone was treated with p- to]yimagneqium bromide in THF. After standard work up of the

pluuuu a uyblaumc CompOuuu was obtained after l\leselgel uuumat()graﬁny in 88% yu:lu Treatment with 1 €q
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9. Loading of amino acid esters: 5 eq of the corresponding amino acid allyl ester toluenesulonate salt was dissolved
in DMF by adding 5 eq of NMM. This solution was added to the activated resin and stirred for 16h at 80°C. The
crowns were treated with 0.2M solutions of amino acid esters and 0.4M NMM in CH»Cly for 16h at RT.

10.  Allyl ester {-lprrvaap 0.2 cq Pd(PPh'x\A 10 eq Mnmhnlme in (‘Hﬁ(‘h for 2h. The resin was rinsed with (‘Hn(‘h a

solution of sodlum dlethyld1th10carbamate/DlPEA (1:1) in DMF (20 mmol), DMF, MeOH and CH2C12 (3 X

each). Activation and coupling: 5 eq TBTU, 5 eq NMM in DMF for 30 min. The resin was drained and the amino

acid ester added. Quantitative coupling was achieved within 4h. The resin was washed with DMF, MeOH and

CH»Cly (3 x each). Reduction of the methyl ester: 3.0M NaBHg in EtOH/Water (1:1) for 3h. After rinsing with
MeOH, Hﬁﬂ DMF, MeQH, (‘Hﬂ(’lﬁ (x3) the r‘nmnnlmd was cleaved with 95% TFA for 16h.
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11, Loading of 4- ammoaaetaphenone 5 eq of 4- ammoacetophenone were dissolved in DMF and 5 eq of NMM were
added. This solution was added to the activated resin and stirred for 20h at 80°C. The reaction was quenched with
methanol and the resin washed with DMF, MeOH and CH7Cl> (3 x each).
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Luuuuls Gj - bromobenzoic acid: A 10 fold excess of 4-bromobenzoic acid in DMF and a 10-fold excess of

NMM were added to the activated resin for 4d at 80°C. The reaction was quenched with methanol and the resin

was rinsed with DMF, MeOH and CHCly. Suzuki cross-coupling: 2 eq of phenyl boronic acid, 2.5 ¢q of
NaxCO3 (2M agq solution) and 0.05 cq tetrakis (triphenylphosphine) palladium were added in DME for 16h at
80°C. After rinsing with DME/water, sodium dicthyldithiocarbdmate/DIPEA (1']) in DMF (20 mmol), DMF,
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Suzuki coupling on solid support see also: Frenette, R.; Friesen, R W. Tetrahedron Leit., 1994, 35,9177
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