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Abatrack N-t-BOC-L (phosphonodifluommethyl)phcnylalaninc bauyl ester (1) was pqad in 5 steps from 

N-t-BOC-L-tyrosine bcnzyl estca O-trillate (4). Compotmd 1 was further cutvutcd to daivatives 2 and 3 whiih WC 

poteddy suitable for pepi& synksis. Analogs 1 - 3 anz. non-hyddpablc mimetics of O-phospbtymsk 

The phosphorylation and dephosphorylation of specific tyrosine residues on receptors and peptides 

play an essential role in cellular signal transduction pmcesses leading to cell growth and metabolism. Many 

growth factor receptors (EGF, PDGF, insulin) undergo a ligand regulated intracellular tyrosine 

autophosphorylation and hence become activated as protein tyrosine kinases (Pl’K’s) which then propagate 

the sigt~L’-~ Proteins that contain src homology region 2 (SH2) domains bind to PTK phosphotymsine 

sequences and are also involved in the signal transduction ptocessQ In turn, protein tyrosine phosphatases 

(PTP’s) counteract the PTK’s in the regulation of the signal transduction cascade by dephosphorylation of 

tyrosine msidues.5-7 Aberrant expression of any of these factors can lead to physiological disorders, for 

instance, many oncogene products are PTKs and lead to hypetphosphorylation of protein tyrosine residues, in 

turn leading to cell transformation. * 

Specific inhibitors of PTK’s 9 or PTPs, or compounds that bind to SH2 domains could be useful as 

biochemical tools or, more importantly, as therapeutic agents for a variety of areas including cat~cer,*~‘~ 

atherosclemsis” and diabetes.‘* In this regard. peptidic inhibitors based on the structums of specific PTK or 

PTP substrates that contain non-hydrolyzable mimetics of phosphotyrosine are obvious primary targets. 

Several syntheses of one phosphotymsine mimetic, phosphonomethylphenylalanine (PheC!H$‘O(OH)2), have 

been reporte~I,~~-~~ and this monomeric unit has been incorporated into peptide sequences using solid phase 

methods.1d19 Also di- and tripeptides containing 4-(diethoxyphosphinyl)phenylalanine residues 

(PhepO(OH)2) have been prepared via a two-step sequence directly from the tyrosine residues contained in 

the corresponding peptide precursors.“) 

(Phosphonodifluoromethyl)phenylalanine (PheCF$O(OH)i) represents another non-hydrolyzable 

mimetic of phosphotyrosine and has several potential advantages over the PheCH$Q(OH)2 and PhePO(OH)z 

mimetics. First, the pKa of PheCF2PO(OH)2 is probably closer to the pKa of tyrosine phosphate than is 

PheCH$O(OH)2 based on the pKa determinations of simpler analogs.*l Also, the mimetic PheCF2PO(OH)z, 
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by virtue of its electronegative fluorine atoms, retains a possible hydrogen bonding acceptor site (i.e.. the 

phenolic oxygen atom of tyrosine phosphate) which is lost upon going to PheC!H$G(OH)z or PhePG(OH)a. 

Herein we teport the syntheses of 1 - 3 which are protected L-(S)-(phosphonodifluoromethyl)phenylalanine 

derivatives suitable for peptide synthesis. 

The known triflate 422 (prepamd from t-BGC-L-tymsine benzyl ester / triflic anhydride / pyridint / 

CH2Cl2 / 0 ‘C / 97% yield) was subjected to palladium catalyzed alkoxycarbonylation under an ambient CO 

atmospheteU to afford the trimethylsilylethyl ester 5 24 as an oil in 83% yield after a low pressure distillation 

to remove excess trimethylsilylethanol followed by flash chromatography of the residue ([a]~~=-1 1.55 ’ 

(10.0 mgAnL MeGH), mp 56-60 “C). Since somewhat harsher, palladium mediated cross coupling conditions 

of arylboronic acids with a tyrosine triflate derivative did not result in racemization. 25 we felt comfortable 

that the enantiomeric integrity of 5 was not compromised and proceeded on. 

Treatment of 5 with 1.2 equivalents of tetrabutylammonium fluoride in dry THF led to the selective 

deprotection of the atyl ester moiety to afford 624 as a white solid (69% yield, [a]# = -12.95 * (10.2 mg/mL 

MeOH), mp 1 1 l- 113 ‘C) . Removal of the trimethylsilylethyl group from peptide esters with 

tetrabutylammonium fluoride was previously mported to cause little, if any racemization26 and therefore we 

did not anticipate racemization of 6 either. The acid chloride 7U was prepared from 6 using 1.1 equivalents of 

oxalyl chloride and catalytic DMF and was purified by flash chromatography (75% yield, white solid, [a]D2’ 

= +0.95 l (10.5 mg/mL CHCl3), mp 65-66 ‘C 1. The Arbuzov reaction between 7 and 1.3 equivalents of 

triethylphosphite led to the formation of acylphosphonate 8.” This compound was highly unstable to basic 

and neutral conditions, however it could be purified by flash chromatography using acid washed silica 

ge127(colorless oil, 84% yield). 

Treatment of 8 with 15 equivalents of (diethylamino)sulfur trifluoride (DAST) at mom temperanne for 

1 h, followed by dilution with CH2C12 and dropwise addition to cold sat. aq. NaHC@ led to a 69% yield of 

1% after flash chromatography (oil, [a]D 25 = -7.94 l (10.2 mg/mL MeOH)). Longer reaction times, as for the 

preparation of simple benzylic a,&difluorophosphonic acid esters from benzoylphosphonates,21 led to 

serious decomposition of 1. The optical purity of 1 was estimated using the method of Kinoshita.25V29 First 

the t-Boc group of 1 was removed (4.0 M HCl in dioxane / room temperature / lh, 97%) and the resulting 

amine hydrochloride 2=(white solid, [a]D 25 = -4.16 ’ (10.1 mg/mL MeGH), mp 131.5-133.5 ‘C) wasreacted 

with a methylene chloride solution of 2,3,4,6-tetra-O-acetyl-B-D-glucopyranosyl isothiocyanate (GlTC) and 

triethylamine. Only one diastereoisomer could be detected upon HPLC analysis3’ of the resulting thiourea 

solution. Debenzylation of 1 was accomplished using standard conditions (H2 / W-C / THF-EtGH / rt / 4h) to 

afford carboxylic acid 3% in 99% yield( gummy solid, [(r]~~~ = + 7.96’ ( 10.8 mg/mL MeOH)). 

In order to access the ease of deprotection of the phosphonate diethyl ester moiety, the acetamide 9 24 

(white solid, [a]D25 = +25.46 ’ (10.8 mg/mL MeGH), mp 158-16OC) was prepared from 2 [ 1) A@ / N- 

methyl morpholine / CH2Cl2; 2) H2 / W-C / THF-EtGH / rt / 4h, 88% overall] and subjected to three 

different deprotection reagents. All conditions ( 1M TMSBr-thioanisolemA (10 equivalents m-cresol) / (0 

“C, 14h to room temperature, 24hp’; 1M TMSI-thioanisole/TFA (10 equivalents m-ctesol) / (0 ‘C , 14h to 

room temp 8h) or TFMSA / TFA / DMS / m-cmsol(lO:50:30: 10, v/v)‘~, room temperature, 24h) led to 

desired product lfl in high purity with no or little side-product formation according to HPLC analysis.32 

The preparation of peptides using 2 and 3 is in progress. 
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