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The phosphorylation of proteins is now widely recognised as
an important regulatory mechanism for numerous physiologi-
cal processes’. In living cells protein-phosphorylation occurs
predominantly on serine and threonine residues. Recently, ty-
rosine-phosphorylation has been reported”. While less abun-
dant than serine- or threonine-phosphorylation, tyrosine-
phosphorylation is of great significance as it has been linked
with the malignant transformation of cells by some RNA tu-
mour viruses®,

In view of the biological importance of tyrosine-phosphoryla-
tion, we have undertaken studies* on the chemistry of O-phos-
pho-L-tyrosine (2) and synthetic peptides containing phos-
phorylated tyrosine. We outline a simple procedure for the
preparation and isolation of optically pure 2. While several
syntheses of 2 have been published™'", complete characteris-
ation in terms of spectral data is lacking and much of the phy-
sical data reported is conflicting'?. Thus, the structure of 2 is
heavily based on elemental analysis and mode of preparation.
In most cases, the direct route of converting L-tyrosine (1) to
O-phospho-L-tyrosine (2) has been followed.
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The use of varying ratios of phosphorus pentoxide and phos-
phoric acid as the phosphorylating agent has been de-
scribed™® ' and product yields of 40-50% were reported. This
route involved a 3 days reaction at 100 °C'? and lengthy isola-
tion by ion-exchange chromatography.
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SYNTHESIS

In a modification of the above procedures, we heated L-tyro-
sine in the presence of pyrophosphoric acid® at 80 °C and fol-
lowed the conversion of 1—2 by H.P.L.C.". After 24 h, al-
most quantitative conversion was obtained. This was consid-
erably faster than previous syntheses and the high conversion
obviated the inconvenient chromatography step; product 2
was precipitated from the reaction mixture using n-butanol.

The isolated solid was homogeneous by T.L.C., H.P.L.C., am-
ino acid analysis, and paper electrophoresis. Its properties
were identical to those described™® while its structure as a
phenolic monoester of phosphoric acid (2) was confirmed by
'H-, *C-, and *'P-N.M.R. spectroscopy and acid hydrolysis to
tyrosine (1). Its optical purity was found to be >99% by a
H.P.L.C. modification of the Manning-Moore procedure .

O-Phospho-L-tyrosine (2):

In a two-necked round bottomed 100 ml flask equipped with a mag-
netic stirrer/heater and a nitrogen inlet, fresh phosphorus pentoxide
(10.0 g, 70.4 mmol) and 85% phosphoric acid (13.0 g) are placed. L-Ty-
rosine (13 3.22 g, 17.8 mmol) is added and mixed with the aid of a vi-
bramix. The reaction mixture is heated and stirred at 80 °C for 24 h;
the conversion of 12 is followed by H.P.L.C.'%. To the amber vis-
cous liquid, water (30 ml) is added'® and heating is continued for 30
min. The reaction mixture is cooled to room temperature, diluted with
n-butanol (650 ml) and kept at 0 °C for 3 h. The fine white precipitate
is filtered, washed successively with ice/water (2x20 ml), ethanol
(2 x 20 ml), and ether (4 x 20 ml) to give a white powder. It is homoge-
neous by H.P.L.C.'"", T.L.C."", and paper electrophoresis'®. Amino
acid analysis gives a single peak immediately after cysteic acid while
acid hydrolysis (5.7 molar hydrochloric acid, 24 h) results in complete
conversion to L-tyrosine; yield'’: 2.4 g (50%); m.p. 226-227 °C; [a]is:
—~7.8° (¢ 1, 2 molar hydrochloric acid)® [Ref.”, m.p. 227°C; [a]3"
—8.87 (¢ 1, 2 molar hydrochloric acid)].

L.R. (Nujol): v=3300-2200 (OH); 1725 (C=0); 1250-1200 cm ~ .
U.V. (0.05 molar hydrochloric acid): 4,,,,=265 nm (¢=710).
TH-N.M.R. (NaOD/D,0/TMS,, pH 8.5): §=3.6-4.0 (m, 2H, CH,);
4.4-4.7 (m, 1H, CH); 7.84 ppm (br. s, 4H,om)-

BC-N.M.R. (D,0/TMS..... pH 6.3): 6=37.4; 57.9; 122.5 (d, Jop=4
Hz); 130.9; 122.0; 154.6 (d, Jop=6 Hz); 175.8 ppm.

MP-N.M.R. (NaOD/D,0/H;PO,.y, pH 8.5): 6=0.0 ppm; (DCl/
D>0/H3PO4ey, pH 2.0): 6= —4.8 ppm.

Optical Purity of 2:

This is determined by a modification of the Manning-Moore proce-
dure's. L-Leu-L-PTyr and i-Leu-D-PTyr are prepared and are sepa-
rated on a RPI8 column (0.1% triethylamine phosphate, pH 3.3/2%
CH:CN). No O-phospho-D-tyrosine is detected in the isolated 2.
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The quantity of water added is important for the successful preci-

pitation of 2.

T.L.C. was run on silica gel plates using butanol/acetic acid/water

@4:1:.

Compound 2 ran as a single ninhydrin positive spot at pH 1.9 (re-

lative mobility to lysine, 0.07).

¥ Yields up to 91% have been achieved by standing 24 h at 0°C.

However, longer standing increases the risk of tyrosine contamina-

tion (1-3%) of 2.

As [, values were found to be strongly dependent on tempera-

ture, solute concentration and acidity, the optical purity of 2 was

determined via diastereomer separation'’.
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