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synthesis have been prepared. Usmg 19F NMR spectroscopy, the ﬂuorlne atom of the linker allowed morutormg
of several transformations in the solid-phase synthesis of a peptoid having a coumarin moiety. Especially,
attachment of the hnI\er to the solid phasc coupling of the first building block to the linker and cleavage of the
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Organic synthesis performed on solid phase constitutes an efficient method for
preparation of large combinatorial libraries containing structurally distinct molecules [1-3]. It

is presently the focus of substantial interest due to its 1mpact on both lead structure
identification and optimisation in pharmaceutical research. Adaption of organic reactions, as
well as analytical techniques, so as to become compatible with various solid supports are
important areas of solid-phase organic synthesis that require continuous development.

A key aspect of any solid-phase synthesis is the choice of linker [4]. It should be
orthogonal to the required reaction conditions and allow quantitative cleavage of the prod

under mild conditions. In addition it would be an advantag 1e link 1itain
£, : : .
features that served analytical purposes. In view of our previous work with gel phase !9F

NMR spectroscopy [5], we realized the potential in using fluorinated linkers to monitor
reactions on solid phase and now describe synthesis of three such linkers. One of the linkers
(12) was employed for preparation of a peptoid having a coumarin moiety (18), a member of
a library of compounds designed as inhibitors of the chaperone PapD which is required for
pilus assembly in uropathogenic E. coli [6].

The three linkers are fluorinated analogues of linkers commonly used in solid-phase
peptide synthesis (Schemes 1 and 2) [7]. p-Hydroxymethylbenzoic acid type linkers (cf. 2) are

essentially acid-stable, but are cleaved under basic or nucleophilic conditions. Linkers based
on 3-[4-(hydroxymethylphenyl)]alkanoic acids (cf. 7) require strong!y acidic conditions f

cleavage (e.g. liquid hydrogen fluoride), whereas 4-(hydroxymethyl)phenoxyacetic acid
linkers (cf. 12) are cleaved by milder acids such as trifluoroacetic acid. Linkers 2 and 7 were

prepared from dimethyi-2-fluoroterephtalate (I, Scheme 1). Non-selective, basic hydrolysis

of one of the ester moieties of 1, followed by reduction of the remaining ester with LiBHg
and chromatographic separation of the two regioisomers gave the fluorinated 4-

0040-4039/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(98)01541-X



7194

(hydroxymethyl)benzoic acids 2 [8] and 3. Protection of 3 as a benzyl ester, followed by
Swern oxidation and condensation of the resuiting aldehyde with triethyl phosphonoacetate
afforded 5 which was reduced to 6. Reduction of the carboxyl group of 6 using BH3-DMS
and (MeO)3B followed by hydrolysis of the ethyl ester then furnished linker 7 [9]. Linker 12
was prepared by BBr3-induced dealkylation of 2-fluoro-4-propoxybenzoic acid (8), followed
by reductlon with BH3-DMS and (MeO)3B to give hydroxymethylphenol 10 (Scheme 2). O-

Alkylat f 10 with bromoethyl acetate and DBU as a base gave ester 11, and subsequent
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Scheme 1: Reaction conditions: (i) 1M LiOH, THF:MeOH:H,0 (3:1:1), 0 ‘Cort.; (ify LiBH4, THF, 2 41%
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and 3 31% from 1; (iii) 20% aq. Cs2CO3, MeOH:HO (10:1), then BnBr, DMF, 79% (iv) TPAP (5 mol%), N-
methylmorpholine N-oxide, 4A molecular sieves, CH,Clp, 74%; (v) NaH, (EtO),P(0)CH,CO,CoHs, THE, 0

*Cor.t., 76%; (vi) 10% Pd/C, Hy, EtOH:EtOAc (3:1), 4 atm., 88%; (vii) BH3-DMS, (MeO)3B, THF, 89%;
(viii) IM LiOH, THF:MeOH:H,0 (3:1:1), 0 °C—r.t., 93%.
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Scheme 2: Reaction conditions: (i) BBr3, CHyCly, -78 “*C—or.t., 89%; (ii) BH3-DMS, (MeO)3B, THF, 90%;
(iif) BrCH,CO2CoHs, DBU, CH;CN, reflux, 74%; (iv) IM LiOH, THF: M.VOH H,0 (3:1:1) 87%.
?

3-Fluoro-4-(hydroxymethyl)phenoxyacetic acid (12) was then used as linker in solid
phase synthesis of peptoid 18 (Scheme 3). In brief, activation of 12 as a pentafluorophenyl
ester allowed coupling to TentaGel S NH7 resin and subsequent acylation of the resulting
benzylic alcohol 13 with bromoacetic acid afforded 14. Nucleophilic substitution of the
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nine followed by amidation of 15 with ethyl malonyl chloride
gave 16. Knoevenagel condensation of 16 with salicylaldehyde and cleavage of the product
from the solid phase under basic conditions, furnished 18 in 55% overall yield based on the
capacity of the resin.
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iiiy n-Butylamine, CH3CN, 0 °C; (iv) C OCH2CO2C2Hs, DIPEA, CHClp, 0 °C; (v)
Sahcylaldehyde plpendl e, CH3CN, reflux; (vi) TFA:HO 2:1, 27 % overall yield based on resin capacity, or
(vii) IM LiOH, THF: MeOH: H70 (3:1:1), 55% overall yield based on resin capacity.

Based on the fluorine atom found in the linker several of the steps leading to 18 could
be efficiently monitored and then optimised by use of 19F NMR spectroscopy [11]. It should
be pointed out that high quality spectra were obtained within minutes for samples of resin in
an ordinary NMR tube using a standard NMR spectrometer. When linker 12 was coupled to
the TentaGel resin, usmg 1- hydroxy -7- azabenzotrlazole (HOAt) and dusopropylcarbodnm1de
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circumvented by using milder reaction conditions, i.e. coupling of 12 as the
pentafluorophenyl ester. In acylation of 13 with bromoacetic acid it was found that the
acylation had to be repeated in order to obtain complete conversion into 14 (Figure 1).
Moreover, when 16 was transformed into 17 it was detected that 20% of the product was
cleaved from the resin during the condensation (Figure 2a). Finally, 19F NMR spectroscopy
proved to be particularly efficient when monitoring the cleavage of the product from the
solid support to give 18. Cleavage under acidic conditions with TFA:H2O (2:1), provided 18
in only 27% overall yield (based on the resin capacity), while a large part of 17 remained

unaffected. In contrast, treatment with 1M LiOH accomplished complete cleavage and
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Figure 1. Monitoring of the transformation of 13 into 14 by Figure 2. 19F NMR revealed (a) that
I9F NMR spectroscopy; (a) 13, (b) acylation of 13 with 3 20% of the material was lost from the
equivalents of bromoacetic acid gave only partial conversion into solid phase during transformation of
14, and (c) full conversion was obtained after a second 16 into 17, and (b) that treatment with
acylation. iIM LiOH for 2.5 h resulted in
complete cleavage of 18 from the solid
support.
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[12] A by-product was obtained from the double-coupled linker during cleavage of 18 from the solid phase. Separation of this by-
product from 18 was difficult, underscoring the need for attaching only one equivalent of the linker to the solid phase.



