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Abstract: Synthesis of N-Fmoc 4-O,0-(ditert-butyl)phospho-  facile solid-phase synthesis. By analogy to pTyr itse} such a
L-azatyrosine € and its use in Fmoc-based solid-phase peptidederivative of pAzaTyr was therefore designed bearteg-butyl
synthesis are reported. Thetdit-butyl phospho protecting groups were phosphate and NFmoc protection®).

removed during TFA-mediated cleavage of the finished pepfifle ( Y o o

from the resin, providing the free phosphoazatyrosine-containing

) . L . . OH 0 =z OH
peptide directly. This is in contrast to diethyl phospho protection we ~ ! I !

: N NHBoc tert-butyl-O),P. >N NHF
previously reported [Ye, B.; Otaka, A.; Burke, T. R.,Synlett.1996 X (fert-butyl-O), o moe
459-460] in which the diethyl protection has proven impractical to 6
remove. Due to incorrect assignment of starting material, the title X %

compound of this latter report should be corrected to the isofng¥ic

(3-hydroxy-2-pyridyl)-alanine compoung)( 4 O[FO(OEN,] H

5 H O[PO(OEN),]

Protein-tyrosine kinase (PTK)-dependent pathways offer potentially

interesting targets for therapeutic intervention in several diseasebltilizing unprotected AzaTyr 2) prepared by the enantioselective
including cancers and immune disordkfsSince in proteins, the enzymatic route of Stevend the amino group was first derivatized in
phosphotyrosyl (pTyr) residuel)( provides a critical motif around 95% yield using Fmoc N-hydroxysuccinimide active ester (Fmoc-OSu).
which PTK-dependent signalling centers, analogues of pTyr havé&he high water solubility induced by the zwitterionic pyridyl nitrogen
proven useful in the design of PTK inhibitorsAzatyrosine (-p- resulted in workup difficulties not encountered with-Rmoc Tyr itself,
(5-hydroxy-2-pyridyl)-alanine) 2) is an antibiotic isolated from and efficient extraction of the®™NFmoc AzaTyr {) was only achieved
Streptomyces chibane$ighich has been shown to promote permanentusing a HO:THF biphasic system. Next, protection of the carboxyl
reversion ofas-dependent transformed cells to the normal phenotype irgroup was required prior to phosphorylation of the phenolic hydroxyl.
culture and to inhibit chemical induction of carcinogenesis in Selective TBDMS esterification of the carboxyl group without silation
transgenic mice bearing oncogenic humas® Its phosphorylated of the 4-hydroxyl is possible for NFmoc Tyr when done in
version, phosphoazatyrosine (pAzaTy8), represents a pyridyl- anhydrous THEL12However, the poor solubility of N Fmoc AzaTyr
containing variant of pTyr, which may be potentially interesting for the(7) in anhydrous THF or dioxane, necessitated the use of DMF, which
study of signal transduction. resulted in loss of selectivity and silation of both the carboxyl and
phenolic groups. Alternate esterification as the methyl ester was
therefore employed, since this could be accomplished under agqueous
“ OH conditions prior to phosphorylation, and subsequently removed post
phosphorylation without cleaving theert-butyl or Fmoc groups.
Treatment of with dimethoxypropane in aqueous HCI provided methyl

= X ester8 in 97% yield. Phosphorylation to provi@avas then achieved in
1 pTyr  CH  PO(OH), 88% yield using dtert-butyl diisopropylphosphoramidite and
2  AzaTyr N H 1H-tetrazole followed by MCPBA-mediated oxidation of the
3 pAzaTyr N PO(OH), intermediate ditert-butyl)phosphite2 Hydrolysis of the methyl ester

was accomplished using ice-cold 0.2 N LiOH without significant loss of
the Fmoc group? providing title compoun@ in 65% yield.
We have previously reported diethylphospghazatyrosine bearing

N® Boc protection4) as a reagent potentially useful for the synthesis of i i
signal transduction-related peptide®his latter synthesis was based on “ 3 OH —> (7] oH
our approach for the preparation of AzaTyr itSetfowever, as recently I o AN NHFmos
pointed out, the putative starting material which we indicated as 2 7
5-hydroxy-2-iodopyridine, was actually the isomeric o + Q
3-hydroxy-2-iodopyridiné. Accordingly, both in our original AzaT$r s <« ©Q wome - /@/\HL()ME
and pAzaTyr paperscompounds derived from this starting material ROP. A N NHFmoc A NHFmoc
have ring oxy-substituents at the 3-position rather than the 5-position as R= 'eg'b“'y' 8

we reported. When this isomeric pAzaTyr analogug (vas

incorporated into peptides by solid-phase techniques, subsequent

removal of the phosphate O,O-diethyl protection proved to bdn order to demonstrate the utility 6ffor the synthesis of pAzaTyr-
impractical, potentially indicating the unsuitability of the ethyl groups containing peptides, preparation of Ac-Asp-Ala-Asp-Glu-[pAzaTyr]-
for solid-phase synthest8.A need has therefore arisen for the synthesisLeu-amide 10) was achieved using the acid-labile Rink amide f&sin

of pAzaTyr possessing phospho and amino protection amenable #nd standard Fmoc-based protocols. Cleavage of the peptide from the
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resin with concomitant global deprotection was achieved using aqueods51 (1H, m), 4.22 (3H, m), 3.61 (3H, s), 3.11 (2H, m), 1.42 (18H, s).
TFA with triethylsilane (TES) scavenger. Finally, purification by HPLC FABMS (m/2: 611 (MH', 79).

provided desired peptid in 20% yield based on resin substitution. 2(S)-2-((Fluorenyl-9-ylmethoxy)carbonylamino)-3-(5-(ditert-buty!
phosphoryloxy)(2-pyridyl))propanoic acid [N® Fmoc 4-O-(ditert-
butyl)phospho-L-azatyrosine] (6): To a cooled solution & (200 mg,
0.327 mg) in THF (7 mL) was added 0.2 N LiOH (3.5 mL, 0.70 mmol)
Elemental analyses were obtained from Atlantic Microlab Inc.,slowly at 0 °C. The reaction mixture was stirred at 0 °C (25 min) then
Norcross, GA and fast atom bombardment mass spectra (FABMS) wetgienched by addition of 0.2 N HCI (3.5 mL, 0.700 mmol) and adjusted
acquired with a VG Analytical 7070E mass spectrometer under thgs pH 5. The mixture was extracted with EtOAc (3 x 10 mL), washed
control of a VG 2035 data system. Amino acid analysis was obtainegith brine (10 mL), dried (Ns50y,) and concentrated. Purification by
from Peptide Technologies, Corp., Gaithersburg, MB.NMR data  silica gel column chromatography (MeOH : CHCQrom 1:10 to 1:3)
were obtained on a Bruker AC250 (250 MHz) instrument. Solvent wagrovided6 as a white foam (126 mg, 65%),mp 172 °C (déH)NMR
removed by rotary evaporation under reduced pressure and silica Q(@MSO-dG) 58.30 (1H, s), 7.88 (2H, d,=7.4 Hz), 7.63 (2H, d] = 6.3
chromatography was performed using Merck silica gel 60 with a4z), 7.40 (3H, m), 7.31 (3H, m), 7.03 (1H, m), 4.14 (4H, m), 2.99 (2H,
particle size of 40 - 63 p. Anhydrous solvents were obtainegn), 1.40 (18H, s) ppm. HR FABMS calcd. Fog;836N,00P: 595.2209
commercially and used without further drying. [(M-H)]. Found: 595.2205.

Solid Phase Synthesis of Ac-Asp-Ala-Asp-Glu-[pAzaTyr]-Leu-
amide (10): Solid-phase peptide synthesisldf was accomplished on
Fmoc-protected Rink amide restrusing 20% piperidine deblock with
1-hydroxybenzotriazole (HOBt) active ester coupling of amino acids in

Experimental Section

2(S)-2-((Fluorenyl-9-ylmethoxy)carbonylamino)-3-(5-hydroxy(2-
pyridyl))propanoic acid (7): To a suspension &fazatyrosineZ) (420
mg, 2.30 mmol) and NaHC{966 mg, 11.5 mmol) in dioxane (8 mL)
with water (8 mL) was added Fmoc-OSu (775 mg, 2.30 mmol) at rt. Thihe order: f-FmocL-Leu-OH, N'-FmocdL-Azatyr(PQytert-butyl)y)-
reaction was stirred at rt (6 hr), then 1 N HCI was added dropwise atg@H ©. N'-Fmoci-Glu(O-tert-buty)-OH, NF-FmocL-Asp(Otert

°C until the pH was adjusted to 4.5~5.0. The solution was then extracted'YD-CH, FmocL.-A!a-OH and. Fmod:-Asp-(O{ert-butyI).-OH
with THF (3 x 40 mL), the combined organic solutions washed WithfoIIowed by l-actylimidazole mediated N-terminal acetylation. The

finished resin was cleaved using a mixture of TFA-water-TES (92.5:5:
2.5, 1.5 mL) (2 h). The crude peptide was subjected to HPLC

pure enough for the next stefd NMR (DMSO-ck) 3 9.72 (LH, brs) purification (peak retention time of 14.3 min) using a Vydac Protein &
8.04 (1H, s), 7.87 (2H, d,= 7.5 Hz), 7.62 (3H, m), 7 40 (2H Y=73 Peptide Ggcolumn (218TP1022) using an elution of B = 0% (from O -

Hz), 7.29 (2H, dd) = 7.2 Hz, 11.6 Hz), 7.08 (2H, 5), 4.34 (1H, m), 4.18 2 M) With a linear gradient of from B = 0% 1o 50% over 20 min.
(3H, m), 3.07 (1H, ddJ = 4.6 Hz, 14.0 Hz), 2.91 (1H, dd= 9.9 Hz, Solvent A = 0.1% TFA in KO gnd B. = 0.1% TFAoln acetonitrile.
13.9 Hz). FABMS (/2: 405 (MH', 25). Productl0 was obtained as a white solid (8.3 mg, 20% overall based on

resin substitution)!H NMR (D,0) & 8.55 (1H, s), 8.18 (1H, m), 7.81
2(S)-2-((Fluorenyl-9-ylmethoxy)carbonylamino)-3-(5-hydroxy(2- (1H, d,J = 8.8 Hz), 4.69 (3H, m), 4.31 (3H, m), 3.54 (1H, m), 3.43 (1H,
pyridyl))propanoic acid methyl ester (8): To a suspension &f(261 m), 2.88 (4H, m), 2.49 (2H, m), 2.19 (1H, m), 2.04 (4H, s), 1.63 (3H,
mg, 0.646 mmol) in 2,2-dimethoxypropane (10 mL) was added 36%’]’1), 1.41 (3H, dJ = 7.2 Hz), 0.94 (3H, d] = 5.0 Hz), 0.87 (3H, dJ =

HCI (0.6 mL) and the resulting homogeneous solution was stirred at g g Hz). FABMS (/2 [(M-H)", 14]. Amino acid analysis: Asp 2.04 (2),
overnight. The reaction mixture was quenched by addition of saturateg|, 1.00 (1), Ala 0.92 (1), Leu 1.05 (1).

aqueous NaHC®until the pH was adjusted to 5, then it was extracted

with EtOAc (40 mL). The organic layer was washed with saturated o

aqueous NECI (2 x 20 mL), dried (NgS5O,) and concentrated. Residue Acknowledgement Appreciation is exprgssed to Dr. James Kelly and
was purified by silica gel chromatography (MeOH : CQ:40) to Ms. Pamela Russ of the LMC for providing mass spectral analysis.
provide8 as a white solid (262 mg, 97%), Mp 109.5-111.0%CNMR

(DMSO-ds) 8 9.73 (1H, s), 8.04 (1H, s), 7.89 (2H,Xd7 7.4 Hz), 7.81  References and Notes
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