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AbstmcC An &icient preparation of N-a-Fmoc-4-phosplwno(d.xfluoromethyl)-LphenylaLanine 
5 is described. The synthesis of this phosphotyrosine .isostere involves &protection o the 
penultimate diethylpho@onate inlet-mediate 4 with BSTFAITMSI as the key step. Building d lock 
5 can be utilized directly for incorporation into peptides witlwut protection of the side chain 
phosphonic acid group, as illustrated by the efficient preparation of model 
difuorophosphonopeptides Ac-FpPmp-Ile-Asn-Glnn-NH2 and Ac-Glu-F2Pmp-Ile-Asn-Gln-NH2. 

The ability of 0-phosphotyrosine containing proteins to bind to Src homology 2 (SH2) motifs in certain 

cytoplasmic proteins is crucial for signaling pathways of tyrosine kinase growth factor recept0rs.t Insight into 

the mechanistic &tails of these interactions might permit controlled regulation of cellular signal transduction, and 

lead to rational design of drugs for a number of aberrant signal expression related diseases.2 This has prompted a 

growing interest in the synthesis of enzymatically and hydrolytically stable 0-phosphotyrosine analog8 that can 

be used as tools for studying signaling phenomena in cell8.2a 3-5 

Recently, 4_phosphono(difluoromethyl)-lphenylalanine (FzPmp) has received much attention as a potent and 

hydrolytically stable 0-phosphotyrosine bioisostere for incorporation into SHZ-binding peptides.3-a The 

corresponding N-protected diethylphosphonate [FzPmp(OEt)z] precursors have been synthesized both in 

racemica and enantiomerically pure L-forms .*.5 The reported use of racemic Fmoc-FzPmp(OEt)z-OH for 

preparation of phosphonopeptides requires deprotection of the phosphonate group after construction of peptide 

sequences is completed.6 This requires addition of reagents like TMSBr or TMSOTf to standard cocktails 

employed for removal of peptide side chain protecting groups and cleavage of peptides from resins. In certain 

cases. this may result in complications impeding the synthesis and purification of target peptides. Thus. our 

attempts to prepare peptides Ac-FzPmp-Ile-Asn-Gln-NH2 7 and Ac-Glu-FzPmp-Ile-Asn-Gln-NH2 8 using 

similar protocols were problematic. The major product after deprotection/cleavage of the resin-suppotted peptide 

Ac-F2Pmp(OEt)2-Ile-Asn(Trt)-Gln(Tmob)-PAL under reported conditions6 was the monodeprotected peptide 
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Ac-F2Pmp(OEt)-Ile-Asn-Gln-NH2. whereas longer reaction times resulted in a formation of mixtures of 
products. Similar results of incomplete deprotection of Phe[p-CH2PO3Et2] containing peptides under analogous 

conditions,6 and with trimethylsilyl bromide7 have been reported. The quest for a more efficient synthetic 

strategy that would eliminate problems associated with the depmtection of side chain phosphonate group during 

the synthesis of difluomphosphonophenylalanine peptides, was thus indicated. 

Techniques of combinatorial chemistry have recently emerged as powerful tools for efficient drug discovery.8 

Among these, methods employing light-directed parallel chemical synthesissa and encoded synthetic libraries of 

peptides (ESL)8c-f appear to be very promising. ESL strategy involves use of oligonucleotides to encode a 

combinatorial synthesis of peptides on a polymer microbcads. Significantly, the diethylphosphonate deprotection 

procedure6 is potentially incompatible with ESL due to lability of oligonucleotide linkages.& The problem of 

incomplete deprotection of the FzPmp(OEt)2containing peptides coupled with our desire to synthesize such 

peptides in a combinatorial ESL format made it necessary for us to &vise a new synthetic strategy that would 

circumvent these problems. The successful use of side chain unprotected phosphotyrosine for preparation of 

phosphotyrosine peptides has been recently reported in the literature. 9 The similarity of phosphate and the 

difluomphosphonic acid gmups prompted our studies toward the elaboration of F2Pmp building block with 

unprotected phosphonate function for direct incorporation into peptides. 

(i) H-lb-A~(Tlt)4lu(Tm&)-FAL 
HBTlJ/HOWDIEA 

(ii) pip&%&DMF 

6 

or(i) Fmoc-Olu(OBut)-OH 
HBTUMO6t0IEA 

(ii) pipetidino/DMF 
[iii) Ae#lu(idineMMI 
(iy) TFAIH,OIEDT 7R.k 

6R.k-QlU 

Our efforts commenced with the preparation of building block Fmoc-L-FzPmp(OH)2-OH 5. Boc-L- 

FzPmp(OEt)z-OBzl 1 was prepared according to literature procedure4 and hydrogenated over 10% W/C in 

ethanol to afford the acid 2 in quantitative yield. Subsequent deprotection of 2 with 10% TFA in CH2Cl2 

smoothly yielded 3.10 This simple preparation of amino acid 3 provides for an easy access to any desirable N- 
protected form of the building block F$mp. Indeed, 3 was efficiently converted to Fmoc-derivative 4 { [a]~ = 

42.0° (c = 1.0, CHClj)} with Fmoc-OPfp/DIEA.to This mute compares favourably with the alternative 
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procedure starting from 4-iodobenzoyl chloride and protected L-mine. 5 Unlike the repotted method, the current 
procedure does not require alkaline hydrolysis at any step and themfore avoids pceibilities of Fmoc-deprotection 

and/or racemixation of the amino acid during synthesis. Indeed, additional diastereomers were not detected 

(HPLCtt and NMR) when 4 was incorporated into peptides Ac-L-FzPmp(OEt)z-I-N-Q-NH2 and Ac-E- 

F2Pmp(OEt)-&N-Q-NH2 using standard protocol employing PAL resin. t2 

During attempted conversion of 4 to 5, a number of deprotection conditions (1M TMSOTfl2M DMS in 

TFAIEDT/m-cresol,e TMSBr in CHzC12,7 BSTFmSBr in CH2Cl2, BBr3 in CH2Cl2, TMSI in MeCNt3 etc.) 

were tried but failed to give satisfactory results in our hands. The main problems were incomplete deprotection 
(into mono-dealkylated compound Fmoc-L-F2Pmp(OEt)-OH) and formation of side products, such as the 

transesterlilcation product Fmoc-L-F2Pmp-OEt. After some experimentation, we found that optimal conditions 

for the deprotection of the diethylphosphonate group in compound 4 are sequential treatment with 

bis(trimethylsilyl)trifluoroacetamide (BSTFA; 11 equivalents) in CH2Cl2 at RT for 1 h followed by TMSI (8 

equivalents) at -20 “C with gradual warming to RT over 3 h. The solvent and excess reagents were removed by 

concentration in vacao (0.5 Tot-r., RT, 10 h) and the crude product was desilylated with aqueous TFA in MeCN 
(1: 1:2 TFA&O/MeCN) at RT for 1 h. This procedure afforded compound 5 in nearly quantitative yield10 { [a]~ 

= 7.0“ (c = 0.18, DMSO)} and adequate purity (90% by HPLC) to enable its direct use in subsequent reactions. 

The relatively low reactivity of 4 to&uds TMSBr as compared to other phosphonate esterst* might in part be 

accounted for by the neighbouring difluoromethylene group which decreases the Lewis basicity of the 

phosphonate ester oxygens thus preventing their efficient reaction with TMSBr and subsequent dealkylation. A 

combination of the stronger Lewis acidity of TMSI with its capability to generate a strongly nucleophilic iodide 

anion probably makes it superior than TMSBr as a dealkylation reagent. 13.15 BSTFA serves to quench Hl that 

may form during the course of reaction or from decomposition of the reagent, thereby ensuring mild and 

essentially neutral reaction conditions. Compound 5 is obtained as an yellowish glass and can be stored at -18 “C 

for at least 2 months without detectable decomposition (HPLC). 

The applicability of building block 5 toward synthesis of FzPmp peptides was asses& by synthesis of model 

peptides 7 and 8 (Scheme). Solid phase synthesis was performed on PAL resin in standard fashion.12 The crude 

peptides were obtained in nearly quantitative yields after cleavage from the resin and found to be ~90% pure by 

HPLC.*t These were further purified by HPLC and characterized by tH (COSY), 19F and jlP NMR and 

FABMS.16 In contrast to previously reported couplings with 4-(phosphono)methylphenylalanine,t7 little or no 

by-products resulted from side reactions involving free P-OH groups. This is probably due to the electron 

withdrawing influence of the difluoromethylene group that reduces the nucleophilic reactivity of the phosphonic 

acid group. 

In summary, an efficient preparation of Fmoc-L-F2Pmp-OH S from its diethylphosphonate precursor 4 

employing BSTFAmMSI is described. The side chain unprotected S is a convenient building block for 

preparation of corresponding phosphotyrosine isostere peptides, as illustrated by its direct utility in the efficient 

synthesis of model difluorophosphonopeptides 7 and 8. 
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