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Synthesis and evaluation of three Fmoc—phosphotyrosine derivatives with a phosphate group protected as N,N'-
dialkyldiamide (alkyl =Pr", Pr’, and Bu’) were studied. All the derivatives were obtained as crystals, among which the
Bu' derivative (4c) was the best in ease of preparation and excellence in cleavage property. Solid phase synthesis of a
methionine-containing peptide, H-Tyr(PO3H,)—Val-Pro-Met-Leu—OH, could be done without any problems.

Phosphorylation of many key cellular proteins is impli-
cated in a variety of biochemical pathways. Synthetic phos-
phopeptides and phosphopeptide mimetics can be useful for
the study of the biological and chemical properties of such
proteins.?

Various phosphate-protecting groups, most of which are
based on ester formation, have been developed for phos-
phopeptide synthesis.” However, the number of protecting
groups applicable'to the Fmoc? strategy synthesis is limited.
This is due to the monodealkylation of phosphate diester
groups,*> dephosphorylation (phosphotyrosine),® and S-
elimination of protected phosphoamino acid residues (phos-
phoserine and phosphothreonine)” under the basic condi-
tions used in the removal of the Fmoc group. Instability
of the side chain protecting groups under acidic conditions
is another problem. In Fmoc synthesis Bu’-based acid-la-
bile side-chain protecting groups are generally used. The
acid lability of carboxylate esters is governed mainly by the
cation stability of the ester alkyl groups; however, deciding
the acid lability of phosphate esters is not so simple. Since
two acid-labile bonds, P-O and O-C, exist in phosphate es-
ters, Fmoc—Tyr[P(O)(OBu"),]-OH should be stored at —70
°C under anhydrous conditions to avoid decomposition by
the P-O bond cleavage.® Those problems described above
are substantial in protection of the phosphate group by es-
terification and could not be overcome only by changing the
structure of the ester residues.

The acid-labile and base-stable properties of the P-N bonds
are common in phosphoric amides and related organophos-
phorus amide compounds and were previously used by us
for protection of the @-amino function of amino acids.” The
acid lability of P-N bonds is more pronounced in the triva-
lent state than in the pentavalent state. This phenomenon
has been used in global phosphorylation methodology, con-
sisting of phosphitylation and oxidation, in phosphopeptide

synthesis.'® Since the acid lability of P-N bonds generally
increases as the bulk of substituents on the amide nitro-
gen decreases, the most popular reagents for phosphitylation
are N,N-diethyl- and N,N-diisopropylphosphoramidite es-
ters. The fact that these compounds allow easy replacement
of the amino moiety by a weakly acidic hydroxy function at
the phosphorus suggested the possibility of the existence of
acid-labile phosphoric amide groups suitable for protection
of phosphoamino acids. However, it was not known whether
these properties would be suitable for phosphopeptide syn-
thesis by the Fmoc strategy using excess base during peptide
chain elongation and acids for final deprotection.'”

Chao et al. compared the acid lability of five phospho-
rodiamidate derivatives of phsophotyrosine in HCl in diox-
ane and observed rapid cleavage in N,N-dimethyl- and N-
propylamides.”® Based on these results, they demonstrated
the utility of bis-V,N-dimethylamide as a phosphate-protect-
ing group through syntheses of several peptides containing
phosphotyrosine. 12 However, our observation was somewhat
different. We also compared rates of acid degradation of
model compounds with the structure of PhnOP(O)(NRR'); in
95% TFA solution, which is often used at the final deprotec-
tion step of solid phase synthesis by the Fmoc strategy. While
monoalkylamides (R =H, R’ =Et and Pr’) could be cleaved
completely within 1 h, 57% of the unreacted N,N-dimeth-
ylamide derivative (R=R’ =Me) was recovered.'” We then
pursued the application of N,N'-dipropyl- and N,N’-diisopro-
pyldiamide-type phosphate protecting groups for synthesis
of phosphotyrosine-containing peptides and the results have
already been reported in a preliminary communication.'® At
that stage, we could not show any difference between these
two groups; however, in the continuing study we observed
some difference between the two. In this study we added N-
isobutylamide (R =H, R’ =Bu’) and tried optimization of the
N-substituting alkyl groups.
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Results and Discussion

Introduction of N,N’-dialkyldiaminophosphinoyl moieties
to the tyrosine side-chain was done as sketched in Scheme 1.
N.N'-Dipropylphosphorodiamidic chloride (la) was ob-
tained by the reaction of propylamine with phosphoryl chlo-
ride as reported.'® This compound could be purified by sub-
limation to give colorless crystals. Preparation of N,N’'-di-
isopropyl derivative 1b required a two-step reaction and the
product was obtained as an oil. In the case of N,N’-diisobutyl
derivative 1c, a one-step reaction easily gave crude products
with sufficient purity for the following reaction.

Reactions of 1a—c with Z-Tyr—OBzI (2) required strong
bases for activation of 2. When 2 was activated with 1.1
mol amt. of LDA and subsequently treated with 1.8 mol amt.
of 1a, Z-Tyr[P(O)(NHPr"),]-OBzI (3a) was obtained in 79%
yield. This compound was homogeneous on TLC and used
without purification for the following reaction. Catalytic hy-
drogenolysis of 3a followed by reaction with Fmoc—OSu un-
der the usual conditions gave the corresponding Fmoc deriva-
tive 4a. Analysis of the thus obtained materials by HPLC
found a trace of a closely-eluting by-product, which could
be removed by repeated gel chromatography on Sephadex
LH-20. The structure of the by-product, gathered from many
runs, was determined as an over-reaction product 4'a (Fig. 1)
by 'H, 3C, and 3'PNMR spectra and mass spectrometry.
Since purification of preparative amounts of 4a by gel chro-
matography was not easy, suppression of this side reaction
at the step of formation of 3a was tried.

While 3a was homogeneous as far as TLC was concerned,
an impurity could be separated from the early eluting frac-
tions in gel chromatography on LH-20. The structure of
the impurity was assigned to 3'a (Fig. 1) by spectrometric
analyses. Since the chloride 1a used was pure, showing a
single peak on the 3P NMR spectrum, it is clear that the side
reaction occurred as an over-reaction of 3a in the presence
of the excess strong base and 1a. In this reaction, use of a
strong base is indispensable for activation of the side-chain

Diamide-Type Phosphate Protecting Groups
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Fig. 1. Structures of side-products.

hydroxy group of 2; therefore, optimization study of the re-
action conditions was focused on the kind and the extent of
excess of bases and the results are summarized in Table 1.

When LDA was used as the base, formation of the by-
product 3’a was minimal, but detectable (Entry 1). Reduction
of the amount of 1a resulted in lowering of the yield without
affecting the purity (Entries 2 and 3). While scale-up to the
2.0 mmol scale with increase of the yield was possible (Entry
4), the product was obtained as an oil. On the other hand,
when 1a (2.0 molamt.) was treated with 2 in the presence
of DBU (1.5 molamt.) and DMAP (2.0 mol amt.), a higher
yield was obtained with some loss of the purity (Entry 7).
Sufficient purity was obtained, with considerable loss of the
yield, when the amounts of both chloride 1a and the bases '
were decreased (Entry 10). It should be noted that, when the
chlorides 1b and 1¢ with more bulky N-alkyl groups were
used, side-products like 3’a could not be detected in either
LDA (Entries 5 and 6) or DBU-DMAP (Entries 12 and 13)
method. Especially, when 1¢ was used, a preparative-scale
run gave crude 3c as crystals, which were purified easily by
recrystallization (Entries 6 and 13).

Catalytic hydrogenolysis of 3a—c followed by introduc-

POXCI, + RNH, —————= (RNH),P(O)CI (Me,N),P(0)CI
(3.5mol amt.) CHzCly 1a: R=P/" 1d
1c: R=Bv'
PriNH, PriNH,
(1.8 mol amt.) (1.5 mol amt.)
P(O)Cl, PrINHP(0)CI, (PriNH),P(0)CI
CHzCIg CHZCI2 lb
NRR' NRR’
—_p —_—
O=P~NRR' O=P~NrR"
la-d, base H,, Pd/C Fmoc-OSu l
Z2—Tyr—OBzl Z—Tyr—0Bzl Fmoc—Tyr —OH
. MeOH H,O/acetone
2 3a: R=H, R'=Pr" 4a: R=H, R'=Pr"
3b: R=H, R'=Pr’ 4b: R=H, R'=Pr’
3c: R=H, R'=Bu’ 4c: R=H, R'=Bu’
3d: R=R'=Me 4d: R=R'=Me

Scheme 1.
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Table 1. Effects of Reaction Conditions on Yields and Purity of 3a—¢
Entry Reagent Scale Product Yield  Purity
1a—c/mol amt. Base(s)/mol amt. mmol %0 %
1 1a/1.8 LDA/1.1 0.25 3a 79 99.7
2 1a/1.5 LDA/1.1 0.25 3a 75 99.6
3 1a/1.3 LDA/1.1 0.25 3a 50 99.7
4 1a/1.8 LDA/1.1 2.0 3a 94 —
5 1b/1.8 LDA/1.1 5.6 3b 86 ND®
6 1c/1.8 LDA/1.1 2.0 3c 94 ND
7 1a/2.0 DBU/1.5+DMAP/2.0 0.8 3a 87 96.8
8 1a/2.0 DBU/1.5 0.25 3a 37 99.6
9 1a/1.5 DBU/1.5+DMAP/1.5 0.25 3a 68 96.7
10 1a/1.5 DBU/1.3+DMAP/1.5 0.25 3a 43 ND
11 1a/2.0 DBU/1.5+DMAP/2.0 3.0 3a 94 —
12 1b/2.0 DBU/1.5+DMAP/2.0 1.5 3b 76 ND
13 1c/2.0 DBU/1.5+DMAP/2.0 1.5 3c 94 ND
a) Yield indicates that of a crude product. b) Purity indicates that of the crude product determined by
HPLC (Column: 5 pm puBondasphere C18 (3.9 mmx 150 mm); gradient: 0.1% TFA-~acetonitrile 50/50 to
20/80 over 20 min; flow rate: 1 mlmin~—!; detection: 254 nm; retention times: 7.8 min (3a), 6.0 min (3b),
9.7 min (3¢), 9.1 min (3’a). ¢) ND =not detected.
tion of the Fmoc group in the usual manner gave Fmoc deriva- =
tives 4a—c. In this step, as in the former step. 4¢ was ob- h
tained most easily as pure colorless crystals. Yields in prepar- v 8
ative scale syntheses, physical properties, and >'P NMR data
of 3a—c and 4a—c are summarized in Table 2. All the
derivatives were quite stable and could be stored for more ma
than a year at room temperature w1t_hout cha_nge: ' —D-form (<0.1%) 1 L-form
Racemization of the tyrosine residue during introduction
of the diaminophosphinoyl moiety was checked by Marfey’s
method." Compound 3¢ was deprotected by hydrogenolysis ~ [***
and converted to the diastereomeric derivative with N%(2,

4-dinitro-5-fluorophenyl)-L-alaninamide (Marfey’s reagent).
In an HPLC trace of this derivative shown in Fig. 2, the D-
tyrosine form could not be detected.

Requisite for side-chain protecting groups for Fmoc syn-
thesis would be complete stability toward a base and cleav-
ability under acidic conditions without any accompanying
side-reactions.

The stability of the amide-type phosphate protecting
groups under the conditions for repeated Fmoc deprotec-
tion was checked using 3a. When 3a was treated with 20%
piperidine in DMF at R.T. for 72 h, no change could be
observed on HPLC. We reported before that tetrabutylam-

Fig. 2. Racemization test by Marfey’s method.

monium fluoride hydrate (TBAF-xH,0) could be used for
Fmoc deprotection.’® When 3a was treated with 2 mol amt.
of TBAF-xH,0 in DMF at R.T. for 30 min, dephospho-
rylation of 3a proceeded to the extent of 79%. Therefore,
piperidine should be used for Fmoc deprotection.

The cleavage potential of the three new phosphate pro-
tecting groups was then compared using the model dipep-
tide compounds. For this purpose N,N,N',N'-tetramethyldi-
aminophosphinoyl derivative, Fmoc-Tyr[P(O)(NMe,),]-OH
(4d),'» was also prepared. Compounds 4a—d were cou-

Table 2. Yields, Physical Constants, and 'PNMR Data of 3a—c and 4a—c

Compound

Yield (%) Mp (°C) [alp SIPNMR (ppm)®

3a 94 (Method A)? 0il +4.3° (¢ 1.0, CHCL3, 31 °C) 9.71
3a 94 (Method B)

3b 86 (Method A) oil +3.8° (¢ 1.0, CHCL;, 31 °C) 9.41
3b 76 (Method B)

3c 94 (Method A) 98—99 +4.6° (¢ 1.0, CHCl3, 31 °C) 10.05
3c 96 (Method B)

4a 89 146—147 —8.3° (¢ 0.75, DMF, 25 °C) 13.50
4b 79 150—151  —15.7° (¢ 1.0, DMF, 27 °C) 10.58
4c 89 171 —10.0° (¢ 1.0, DMF, 33 °C) 11.07

a) For methods see Experimental. b) Chemical shifts were measured relative to external H3POy4 assigned at zero.
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pled, respectively, with H-Val-OMe using various cou-
pling reagents to give the corresponding dipeptide derivatives
Sa—d (Scheme 2). For 4a—c, the corresponding pentafluo-
rophenyl esters 6a—c were also prepared and used for com-
parison. As summarized in Table 3, all the coupling methods
tested gave the desired products in high yields. Therefore, in
the efficacy of coupling there was no difference among the
four protecting groups.

Rates of selective phosphate deprotection of Sa—d in 95%
TFA solution were traced at room temperature using HPLC
and the results are shown in Fig. 3. Both N-propyl- and
N-isobutylamides could be deprotected completely within 4
h. However, N-isopropylamide was cleaved rather slowly
and took 12 h for complete deprotection. As expected, de-
protection of N,N-dimethylamide was incomplete after 12 h.
These experiments are the first that showed a difference in
deprotection behavior of N-monoalkylamides.

In the case of 5c, the deprotection product was isolated
to identify its structure. Retention time in HPLC and the
3IPNMR spectrum (Fig. 4) of the product were consistent
with those of the authentic sample obtained by coupling of
Fmoc-Tyr(POs;H,)-OH!® with H-Val-OMe.

It was tentatively concluded from all the results using
the model reactions described above that N-isobutylamide
would be most useful as a phosphate protecting group of
phosphotyrosine. This conclusion was further substantiated
by applications of the new protecting groups to solid phase

Table 3.  Preparation of Fmoc—Tyr[P(O)(NRR'),]~ Val-
OMe (5a—d) Using Various Coupling Methods

Coupling yield (%)/Coupling method

Diamide-Type Phosphate Protecting Groups

100
80 H
e
S
g
3 60
[S]
L
L ]
@)
=
3] o
5b
20 —&— 5S¢
— 5d
0 —rr—r——Tr71
0 2 4 6 8 10 12
time/h
Fig. 3. Deprotection of amide-type phosphate protecting
groups of Fmoc—Tyr[P(O)(NRR'),]-Val-OMe (5a—d) with
95% TFA.
synthesis.

Syntheses of a model peptide, H-Gly—Val-Tyr(P)-
Ala—Ala—Ser—Gly—OH (7),® using 4a—d, respectively, were
used to evaluate the four amide-type phosphate protecting
groups. An authentic sample of 7 necessary for this pur-
pose was obtained by solid phase synthesis using 4c on the
Applied Biosystems 430A peptide synthesizer. Total de-
protection and release with 95% TFA solution followed by

Compound the usual workup gave 88% of the crude product with a
EDC/HOBt BOP/HOBt TBTU Pfpester/HOBt  peptide content of 71%. Purification by preparative HPLC
Sa Quant. Quant. 92 97 easily gave the pure material, the identity of which was es-
5b 94 95 Quant. Quant. tablished by 3P NMR, FAB-MS, and amino acid analysis.
;ci Quant. %3 Quant. % Then, four separate solid phase syntheses were done using
Quant. — — _ 4a—d as a building block on an Advanced ChemTech ACT
EDC-HOBt,
BOP-HOBt
or TBTU )
4a-d + H—Val—OMe O_P/NRR
= I “NRR’
_NRR' s Fmoc—Tyr—Val—OMe
O=P~Nrr
'H—Val—OMe 5a:R=H,R =Pl"_l
Fmoc~Tyr—OPfp ~——————o 5b: R=H, R'=Pr'
HOBt Rl
6a: R=H, R'=Pr" 5¢: R=H, R'=Bu
6b: R=H, R'=Pr 5d: R=R'=Me
6c: R=H, R'=Bv’
95% TFA
OH OH
o=pL o=pL
BOP-HOBt

Fmoc—Tyr—OH +

H—Val-OMe ——— > Fmoc—Tyr—Val—0OMe

Scheme 2.
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Fig. 4.
Tyr(PO3H;)-OH with Val-OMe (right).

350 multiple peptide synthesizer. The peptides were totally
deprotected and simultaneously released from the resins by
treatment with 95% TFA solution for 4 h and analyzed by
HPLC. Asshownin HPLC traces in Fig. 5, except in the case
using 4b (R=H, R’ =Pr’), complete deprotection occurred
to give the desired product with a retention time of 4.1 min,
accompanied by an undefined methylated side-product, as
ascertained by mass spectrometry, which showed a minor
peak (retention time: 5.5 min). In the case of 4b, about 41%
of the phosphate protecting group remained unaffected, how-
ever no peak corresponding to the intermediate monoamide
could be detected. This is probably because the hydrolysis
of the second amide would be accelerated by intramolecular
proton transfer as sketched in Scheme 3. The lowered acid-
lability of the N,N’-diisopropyldiaminophosphinoyl moiety
on this heptapeptide must be related to a structural change
initiated by this moiety. However, further studies are needed

SIPNMR spectra of the deprotection product of 5c (left) and the authentic sample obtained by coupling of Fmoc— -

to explain it.

The most important feature of the new amide-type phos-
phate protecting groups is the cleavage under the acidic con-
ditions without generating a cationic species. To demonstrate
this feature, a methionine-containing peptide was selected as
the target for the next synthesis. In a synthesis of a native
platelet-derived growth factor-f-receptor (PDGF-f) related
phosphopeptide, H-Tyr(P)—Val-Pro-Met-Leu~OH (8), us-
ing Boc—Tyr[P(O)(OBzl),]-OH at the N-terminal, forma-
tion of high content of an S-benzylated by-product at the
final deprotection and relearse from the resin with Reagent
R (90% TFA, 5% thioanisole, 3% 1,2-ethanedithiol, and
2% anisole) was reported.'” Cleavage of the peptide with
Reagent K (82.5% TFA, 5% phenol, 5% H,0, 5% thioanisole
and 2.5% 1,2-ethanedithiol)) did not reduce the amount of
the by-product. This peptide was then synthesized using
4c. Starting from the Fmoc-Leu—Wang resin, peptide chain

(A) (B)

_—

L 10

=

© ®)

L

110 29

.

110 20

o~

1o

(min (min)|

(min) (min)

Fig. 5.

HPLC profiles of the crude materials of phosphopeptide 7 obtained by deprotection and cleavage of the protected peptide

resins synthesized using 4a (A), 4b (B), 4c (C), and 4d (D), respectively.
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Scheme 3.
elongation was done on the Applied Biosystems 430A pep- Experimental

tide synthesizer by the FastMoc program using the Fmoc/O-
(benzotriazol-1-y1)-N,N,N' N’-tetramethyluronium hexafluo-
rophosphate (HBTU) chemistry.'® The peptide was depro-
tected and released simulataneously by treating the resin with
Reagent K for 4 h at room temperature. The crude peptide
was precipitated with ether and lyophilized. Pure materials
were easily obtained by preparative HPLC. HPLC profiles
of the crude and purified products are shown in Fig. 6.

In conclusion, we were able to establish N,N’-diisobu-
tyldiamide as the optimized form of N,N’-dialkyldiamide-
type phosphate protecting groups of phosphotyrosine. The
building block 4c¢ for synthesis of phosphotyrosine-contain-
ing peptides by the Fmoc strategy could be obtained easily as
stable crystals and used for coupling in both solution-phase
and solid-phase syntheses without any problems. Most im-
portantly, the new protecting group accomplished clear de-
protection with trifluoroacetic acid without generating any
cationic species. Further applications to synthesis of phos-
phoserine and phosphothreonine-containing peptides are in
progress in our laboratory.

ks

It
120 (min)

=

|20/ min)

Fig. 6. HPLC profiles of the crude (upper) and purified
(lower) phopsphopeptide 8.

TLC was done using Merck silica gel plates 60F2s4 in the
following systems: (a) chloroform—methanol (10: 1), (b) chloro-
form—methanol (8:1), (¢) chloroform—methanol (2:1), (d) chlo-
roform—methanol—acetic acid (85: 10: 5), (e) hexane—ethyl acetate
(1: 1), (f) ethyl acetate-methanol (9 : 1), and (g) chloroform-meth-
anol (15:1). Column chromatography was done on a Wakogel
C-300 (Wako Pure Chemical Industries, Ltd., Osaka). Analyti-
cal HPLC was done on Waters 625 LC system containing 5 um
uBondasphere C18 (3.9 mmx 150 mm) with a Waters 484 tunable
absorbance detector. Preparative HPLC was done using Waters
600E LC system containing 5 um pBondasphere C18 (19 mmx 150
mm). 'HNMR spectra were recorded on a JEOL INM-EX270L FT-
NMR system (270 MHz), a Bruker AVANCE DPX300 (300 MHz),
or a JEOL INM-EX400L FT-NMR system (400 MHz) spectrometer
using tetramethylsilane (TMS) as the internal standard. B3CNMR
spectra were recorded on a JEOL JNM-EX270L FT-NMR system
operating at 67.8 MHz, a Bruker AVANCE DPX300 spectrometer
operating at 75.5 MHz, or a JEOL JNM-EX400L FT-NMR system
operating at 100 MHz. Samples were dissolved in the solvent indi-
cated and chemical shifts were measured relative to CDCl3 assigned
at 77.00 ppm. >'PNMR spectra were recorded on either a Bruker
AVANCE DPX300 spectrometer operating at 121.5 MHz or a JEOL
JNM-EX400L FT-NMR system operating at 161.7 MHz. Chemical
shifts were measured relative to external phosphoric acid assigned
at zero. Mass spectra were obtained using a JEOL JMS-AXS505HA
spectrometer. Optical rotations were measured in a JASCO DIP-
360 apparatus. Melting points were measured on a Ishii-shoten
melting point apparatus without correction. Elemental analyses
were done on a YANACO MT-5 apparatus. Amino acid analyses
were done on a Hitachi L-8500 Amino Acid Analyzer. Solid phase
peptide syntheses were done using either an Applied Biosystems
430A peptide synthesizer or an Advanced ChemTech 350 multiple
peptide synthesizer.

N,N'-Dipropylphosphorodiamidic Chloride (Pr"NH),P(O)-
Cl (la) and N,N’- Diisobutylphosphorodiamidic Chloride
(Bu'NH),P(O)Cl (1c):  To a stirred solution of phosphorus oxy-
chloride (5.0 ml, 53.6 mmol) in 100 ml! of dichloromethane at —80
°C under an argon atmosphere was added a solution of the corre-
sponding alkyl amine (a: R=Pr", 154 ml, c: R=Bv/, 18.7 ml,
188 mmol) in 120 ml of dichloromethane over 6 h, and the mix-
ture stirred at —80 °C for 2 h. After evaporation, the residue was
taken up in ethyl acetate and the solution washed with cooled wa-
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ter (twice), and saturated NaCl solution, and dried over anhydrous
sodium sulfate. The solvent was removed to give a solid mass,
which was washed thoroughly with petroleum ether. Only com-
pound 1a was sublimated at 130 °C/2 mmHg (1 mmHg = 133.322
Pa).

1a: Yield 7.60 g (71%), mp 71 °C, R? 0.55, Rf 0.77. *'PNMR
(121.5 MHz, CDCl3) 6 =21.90 (s).

lc: Yield 10.06 g (83%), mp 94—95 °C, R? 0.67, R 0.89.
*'PNMR (121.5 MHz, CDCls) & =19.53 (s).

N,N’-Diisopropylphosphorodiamidic Chloride (Pr'NH),P-
(0)CI (1b): To a stirred solution of phosphorus oxychloride
(5.0 ml, 53.6 mmol) in 100 ml of dichloromethane at —80 °C under
an argon atmosphere was added a solution of isopropylamine (8.22
ml, 96.5 mmol) in 120 ml of dichloromethane over 6 h, and the
mixture stirred at —80 °C for 2 h. After evaporation, the residue
was taken in ethyl acetate, and the solution washed with cooled wa-
ter (twice), and saturated NaCl solution, and dried over anhydrous
sodium sulfate. The solvent was removed to give isopropylphos-
phoramidic dichloride, Pr'NHP(O)Cl,, as solid mass, which was
washed thoroughly with petroleum ether.

Yield 8.51 g, (93%), mp 62—71 °C.

To a solution of the above dichloride (8.50 g, 48.3 mmol) in 100
ml of dichloromethane at —80 °C under an argon atmosphere was
added a solution of isopropylamine (6.17 ml, 72.5 mmol) in 120 ml
of dichloromethane over 6 h, and the mixture was stirred at —80
°C for 2 h. After washing as above, evaporation of the solvent in
vacuo gave 1b as an oil.

Yield 8.54 g, (89%), R 0.65. *PNMR (121.5 MHz, CDCl3)
8 =16.25 (s).

N“-Benzyloxycarbonylphosphotyrosine Benzyl Ester 0°-
(N,N’-Dialkylphosphorodiamide) (3). Z-Tyr[P(O)(NHBu),}~
OBzl (3c)-Method A (as a General Procedure Using LDA as
Base): LDA solution was prepared by adding n-BuLi (1.38 ml,
2.20 mmol) in hexane to a solution of diisopropylamine (0.317 ml,
2.42 mmol) in THF (5 ml) at 0 °C under an argon atmosphere.
After 30 min of stirring at 0 °C, the solution was cooled to —60 °C
and transferred to a cooled solution of Z-Tyr—OBzl (0.811 g, 2.00
mmol) in THF (5 ml). Cooling bath was removed and the mixture
was stirred at R.T. for 30 min. The solution was cooled again to
—60 °C and to this 1¢ (0.816 g, 3.60 mmol) was added. The mixture
was warmed up to R.T. and stirred for 5 h. Then the reaction was
quenched with 5% NaHCO3 (1 ml), and the solvent was evaporated.
The residue was taken up in ethyl acetate and the solution washed
with water, 5% citric acid, 5% NaHCOs, and saturated NaCl solu-
tions and dried over anhydrous sodium sulfate. After evaporation,
the residue was purified by silica-gel column chromatography us-
ing chloroform—methanol for elution and then recrystallization from
ethyl acetate—petroleum ether to give the desired product as a white
crystalline solid.

Yield 1.117 g, (94%), mp 98—99 °C, [@]3} +4.6° (¢ 1.0, CHCls),
R; 0.87, Rf 0.22.

IHNI.\/IR (300 MHz, CDCl3) 6 =0.88 (6H, d, J=6.6 Hz,
CH3/Bu'), 0.89 (6H, d, J=6.6 Hz, CHs/Bu’), 1.68 (2H, septet,
J=6.6 Hz, CH/Bu), 2.75—2.80 (6H, m, CHz/Bu’, NHBU'), 2.99—
3.12 (2H, m, CH2/Tyr), 4.62—4.69 (1H, m, CH/Tyr), 5.08 (2H, s,
CH,Ph), 5.13 (2H, d, J=7.2 Hz, CH,Ph), 5.36 (1H, d, J=7.3 Hz,
NH/Tyr), 6.93 (2H, d, J=7.9 Hz, aromatic 2, 6H/Tyr), 7.07 (2H, d,
J=8.1Hz, aromatic 3, SH/Tyr), 7.32—7.35 (10H, m, CH,Ph).

BCNMR (75.5MHz, CDCl3) 6 =19.84 (CH3/Bu’), 29.74, 29.82
(CH/Bu'), 37.13 (CH,/Tyr), 48.78 (CH,/Bu’), 54.70 (CH/Tyr),
66.84, 67.14 (CH;Ph), 120.31 (aromatic C3, C5/Tyr), 127.96,
128.06, 128.40, 128.46, 128.53 (CHyPh), 130.36 (aromatic C2,
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C6/Tyr), 131.34 (aromatic C1/Tyr), 134.94, 136.10 (CH,Ph),
150.20 (aromatic C4/Tyr), 155.55 (CO/urethane), 171.16 (CO/Tyr).

P NMR (121.5 MHz, CDCl3) § = 10.05 (s). FAB-MS: Found:
mlz 596.7. Calcd for C3HysN3OgP: (M+H)Y, 596.7. Found: C,
64.51; H, 7.35; N, 7.07%. Calcd for C3,H4oN306P: C, 64.52; H,
7.11; N, 7.05%.

3a and 3b were obtained as colorless oil.

3a (R=H, R'=Pr"):  Yield 1.08 g, (94%), [a1}' +4.3° (c 1.0,
CHC1s), R} 0.59, R§ 0.15. '

'"HNMR (270 MHz, CDCl3) 6 =0.89 (6H, t, J=7.3 Hz, CH3/Pr"),
1.42—1.56 (4H, m, [-CH,/Pr"*), 2.73—2.86 (2H, m, NHPr"),
2.89—2.94 (4H, m, a-CHy/Pr*), 3.05 2H, dd, J=4.5 Hz, 5.6
Hz, CH»/Tyr), 4.64—4.67 (1H, m, CH/Tyr), 5.08 (2H, s, CH,Ph),
5.13 (2H, d, J=5.6 Hz, CH,Ph), 5.38—5.41 (1H, m, NH/Tyr), 6.93
(2H, d, J=8.2 Hz, aromatic 2, 6H/Tyr), 7.06 (2H, d, J=8.2 Hz,
aromatic 3, SH/Tyr), 7.32—7.36 (10H, m, CH,Ph).

BCNMR (67.8 MHz, CDCls) 8 = 11.21 (CH3/Pr"), 24.98 (d,
J=7.3Hz, f-CH,/Pr"), 37.25 (CH,/Tyr), 43.07 (a-CH,/Pr"), 54.82
(CH/Tyr), 66.94, 67.24 (CH,Ph), 120.43 (d, J=4.9 Hz, aromatic
C3, C5/Tyr), 128.07, 128.16, 128.50, 128.55, 128.62 (CH,Ph),
130.44 (aromatic C2, C6/Tyr), 131.46 (aromatic C1/Tyr), 135.04,
136.21 (CH,Ph), 150.31 (d, J=7.3 Hz, aromatic C4/Tyr), 155.67
(COlfurethane), 171.30 (CO/Tyr).

3IPNMR (121.5 MHz, CDCl3) 6 =9.71 (q, J=9.3 Hz). FAB-
MS: Found: m/z 568.8. Calcd for C3oHzoN306P: (M+H)*, 568.6.
Found: N, 7.46%. Calcd for C30H3sN306P: N, 7.40%.

3b (R=H, R’=Pr’):  Yield 2.734 g, (86%) (5.6 mmol scale),
[a]® +3.8° (¢ 1.0, CHCl), R? 0.61, RS 0.18.

'THNMR (300 MHz, CDCls) & =1.13—1.16 (12H, m, CH3/Pr’),
2.46 (2H, brs, NHPr), 3.06 (2H, dd, J =5.8 Hz, 6.0 Hz, CHa/Tyr),
3.44—3.48 (2H, m, CH/Pr’), 4.64—4.67 (1H, m, CH/Tyr), 5.08
(2H, s, CH,Ph), 5.13 (2H, d, J=6.3 Hz, CH,Ph), 5.30 (1H, d,
J=28.1 Hz, NH/Tyr), 6.93 (2H, d, J = 8.3 Hz, aromatic 2, 6H/Tyr),
7.08 (2H, d, J =8.3 Hz, aromatic 3, 5H/Tyr), 7.26—7.35 (10H, m,
CH,Ph).

3C NMR (75.5 MHz, CDCl3) 6 =25.35,25.44, 25.52 (CHs/Pr’),
37.22 (CHy/Tyr), 43.69 (CH/Pr"), 54.75 (CH/Tyr), 66.89, 67.19
(CH,Ph), 120.25 (d, J=4.5 Hz, aromatic C3, C5/Tyr), 128.00,
128.10, 128.45, 128.50, 128.58 (CH,Ph), 130.35 (aromatic C2,
C6/Tyr), 131.18 (aromatic C1/Tyr), 134.98, 136.15 (CH,Ph),
150.51 (d, J =6.4 Hz, aromatic C4/Tyr), 155.58 (CO/urethane),
171.18 (CO/Tyr).

STPNMR (121.5 MHz, CDCl3) 6 =9.41 (s). Found: N, 7.41%.
Calcd for C30H33N306PZ N, 7.40%.

Method B (as a General Procedure Using Organic Base):
To an ice-cooled solution of Z-Tyr—OBzl (1.216 g, 3.00 mmol)
in dichloromethane (5 ml) under an argon atmosphere were added
DBU (0.6727 ml, 4.50 mmol), DMAP (0.733 g, 6.00 mmol), and
1c (1.360 g, 6.00 mmol) and the mixture was stirred for 1 hat0 °C,
and then for 5 h at R.T. Workup and purification were similar to
the method A described above. Yield 1.714 g, (96%).

3a and 3b were prepared as 3c.

3a (R=H, R'=Pr"”): Yield 1.601 g, (94%).

By-product of 3a (3'a) was separated by gel chromatography on
Sephadex LH-20 using methanol as solvent.

Fa:  R20.60. 'HNMR (300 MHz, CDCl;). & =0.79—0.95
(12H, m, CH3/Pr"), 1.26—1.72 (8H, m, S-CH,/Pr"), 2.62 (3H,
brs, NH/Pr"), 2.81—3.02 (6H, m, a-CH,/Pr"), 3.05—3.32 (4H, m,
CH,/Tyr, a-CH,/Pr"), 4.63—4.70 (1H, m, CH/Tyr), 5.09 (2H, s,
CH,Ph), 5.27 (1H, d, J =8.0 Hz, NH/Tyr), 6.94 (2H, d, /=8.0 Hz,
aromatic 2, 6H/Tyr), 7.12 (2H, d, J=8.1 Hz, aromatic 3, SH/Tyr),
7.28—7.38 (10H, m, CH,Ph).
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BCNMR (75.5 MHz, CDCls) § =11.05, 11.22 (CHs/Pr™), 24.52,
24.61 (B-CH,/Pr"), 25.04, 25.11 (B-CH,/Pr™), 37.24 (CHy/Tyr),
42.78 (-CH,/Pr™), 43.09 (-CH,/Pr"™), 48.48 (a-CH,/Pr™), 52.46
(CH/Tyr), 67.25 (CH,Ph), 120.71 (aromatic C3, C5/Tyr), 128.02,
128.16, 128.48, 128.56, 128.61 (CH,Ph), 130.37 (aromatic Cl1,
C2, C6/Tyr), 134.94 (CH2Ph), 150.54 (aromatic C4/Tyr), 156.87
(COlurethane), 171.12 (CO/Tyr).

3PNMR (121.5 MHz, CDCls) 6 =8.87 (s), 12.32 (s). HRMS:
Found: m/z 729.3439. Calcd for C36Hs3NsO7P2: M*, 729.3420.
Found: N, 9.67%. Calcd for C36Hs3NsO7P,: N, 9.68%.

3b (R=H, R'=Pr’): Yield 0.647 g, (76%) (1.5 mmol scale).

N?-9-Fluorenylmethyloxycarbonylphosphotyrosine 0?-(V,-
N’-Dialkylphosphorodiamide) (4). Fmoc-Tyr[P(O)(NH-
Bu):]-OH (4¢) (as a General Procedure): Compound 3¢
(1.644 g, 2.76 mmol) in methanol (10 ml) was hydrogenolyzed un-
der a slight hydrogen stream over 10% Pd—C for 2 h. The catalyst
was removed by filtration, the filtrate evaporated, and the residue
dissolved in water, then lyophilized. The crystalline residue was
dissolved in water (10 ml) and to this NaHCOs (0.255 g, 3.04 mmol)
and acetone (10 ml) were added. Then Fmoc—-Osu (1.025 g, 3.04
mmol) was added to the solution as it was stirred for over 1 hat 0 °C
and the mixture stirred for 5 h at R.T. After evaporation of acetone,
the solution was washed with either (twice), acidified to pH 2—3
with citric acid, and extracted with ethyl acetate for several times.
The extracts were washed with water and saturated NaCl solution
and dried over anhydrous sodium sulfate. After evaporation of the
solvent, the residue was crystallized by trituration with petroleum
ether and collected by filtration as colorless crystals.

Yield 1.444 g, (89%), mp 171 °C, [l —10.0° (¢ 1.0, DMF),
RY 0.34, R 0.62.

'THNMR (300 MHz, CDCl:) 6 =0.84 (3H, d, J=6.6 Hz,
CHs/Bu), 0.85 (3H, d, J =6.3 Hz, CHs/Bu’), 0.91 (3H, d, J=6.6
Hz, CH;3/Bub), 0.92 (3H, d, J = 6.6 Hz, CHs/Bu’), 1.57—1.75 (2H,
m, CH/Bu), 2.69—2.81 (4H, m, CH,/Bu’), 3.11—3.29 (2H, m,
CH,/Tyr), 3.77 (2H, brs, NHBu’), 4.24 (1H, t, J=6.9 Hz, CH/Fmoc),
4.32—4.53 (2H, m, CH»/Fmoc), 4.65—4.71 (1H, m, CH/Tyr), 7.10
(4H, s, aromatic/Tyr), 7.30—7.43 (4H, m, aromatic/Fmoc), 7.59
(2H, d, J=7.4 Hz, aromatic/Fmoc), 7.77 (2H, d, J=7.4 Hz, aro-
matic/Fmoc).

BCNMR (755 MHz, CDCls) 6 =19.94 (CHz/Bu'), 29.82,
2991 (CH/BW), 36.76 (CHy/Tyr), 47.25 (CH/Fmoc), 48.59,
48.79 (CH2/Bu'), 54.40 (CH/Tyr), 66.76 (CH,/Fmoc), 119.61
(aromatic/Fmoc), 119.98 (aromatic C3, C5/Tyr), 125.10, 127.04,
127.69, 128.10 (aromatic/Fmoc), 130.88 (aromatic C2, C6/Tyr),
132.12 (aromatic C1/Tyr), 141.32, 143.79, 143.94 (aromatic/Fmoc),
149.99 (aromatic C4/Tyr), 155.47 (COlurethane), 173.70 (CO/Tyr).

*'PNMR (121.5 MHz, CDCl3) 6 =11.07 (s). HRMS: Found:
miz 593.2667. Caled for C3HaoN3O6P: M*, 593.2665. Found: N,
7.33%. Caled for C3pHioN306P: N, 7.08%.

da (R=H, R'=Pr"): Yield 1.631 g, (89%) (3.24 mmol scale),
mp 146—147 °C, [a]¥ —8.3° (¢ 0.75, DMF), R¢ 0.32.

'HNMR (400 MHz, DMSO-ds) 8 =0.82 (6H, t, J=7.3 Hz,
CHs/Pr"), 1.37—1.41 (4H, m, 5-CHo/Pr"), 2.71—2.75 (4H, m,
a-CH,/Pr"), 2.95 (2H, dd, J=5.3 Hz, 5.7 Hz, CHy/Tyr), 3.22—
3.42 (2H, m, NHPr"), 4.10—4.28 (3H, m, CH/Fmoc, CH,/Fmoc),
4.58—4.64 (1H, m, CH/Tyr), 7.08 (2H, d, J=8.3 Hz, aromatic 3,
SH/Tyr), 7.22 (2H, d, J=8.3 Hz, aromatic 2, 6H/Tyr), 7.31 (2H,
dd, J=7.3 Hz, 7.3 Hz, aromatic/Fmoc), 7.38 (2H, dd, J=7.3 Hz,
7.3 Hz, aromatic/Fmoc), 7.42—7.53 (1H, m, NH/Tyr), 7.65—7.73
(2H, m, aromatic/Fmoc), 7.89 (2H, d, J =7.3 Hz, aromatic/Fmoc),
12.74 (1H, brs, CO,H).

BCNMR (100 MHz, DMSO-ds) 6 = 11.68 (CHs/Pr®), 24.88.

Diamide-Type Phosphate Protecting Groups

d, J=355 Hz, [-CHy/P"), 36.08 (CH»/Tyr), 42.92 (a-
CH,/Pr"), 46.94 (CH/Fmoc), 56.01 (CH/Tyr), 66.00 (CH,/Fmoc),
120.35 (aromatic/Fmoc), 12048 (d, J=3.7 Hz, aromatic
C3, C5/Tyr), 125.64, 127.45, 128.00 (aromatic/Fmoc), 130.26
(aromatic C2, C6/Tyr), 133.39 (aromatic C1/Tyr), 141.05, 144.14
(aromatic/Fmoc), 150.71 (d, J =7.4 Hz, aromatic C4/Tyr), 156.32
(COfurethane), 173.73 (CO/Tyr).

SIPNMR (161.7 MHz, DMSO-ds) S =13.50 (s). FAB-MS:
Found: m/z 566.1. Calcd for C3pH3N306P: (M+H)*, 566.6.
Found: C, 62.76; H, 6.67; N, 7.14%. Calcd for C30H3sN306P-
(+12H,0): C, 62.71; H, 6.49; N, 7.31%.

By-product of 4a (4'a) was separated by gel chromatography on
Sephadex LH-20 using methanol for elution.

4'a:  'HNMR (300 MHz, CDCl3) 6 =0.75—0.92 (12H, m,
CHs5/Pr"), 1.29—-1.78 (8H, m, S-CHo/Pr"), 2.75—2.94 (6H, m,
a-CH,/Pr'"), 3.12—3.30 (4H, m, CH,/Tyr, a-CH,/Pr"), 3.85 (3H,
brs, NHPr™"), 4.22 (1H, t, J = 6.7 Hz, CH/Fmoc), 4.29—4.49 (2H,
m, CH,/Fmoc), 4.57—4.66 (1H, m, CH/Tyr), 5.42—5.48 (1H, m,
NH/Tyr), 7.11 (4H, s, aromatic/Tyr), 7.30 (2H, dd, J=7.3 Hz,
7.3 Hz, aromatic/Fmoc), 7.39 (2H, dd, /=7.3 Hz, 7.3 Hz, aro-
matic/Fmoc), 7.58 (2H, d J=7.3 Hz, aromatic/Fmoc), 7.76 (2H, d,
J="7.3 Hz, aromatic/Fmoc).

BCNMR (755 MHz, CDCly) & =11.48, 11.62, 11.72
(CHs/Pr"), 24.93, (B-CHo/Pr"), 2545, 2549, 2558 (8-
CH,/Pr'"),37.57 (CHy/Tyr), 43.28 (a-CH,/Pr"), 43.61 (¢-CH,/Pr™),
47.64 (CH/Fmoc), 49.03 (a-CH,/Pr"), 55.20 (CH/Tyr), 67.17
(CHy/Fmoc), 120.37 (aromatic/Fmoc), 121.00 (d, J=5.4 Hz,
aromatic C3, C5/Tyr), 12544, 127.46, 128.11 (aromatic/Fmoc),
131.20, (aromatic C2, C6/Tyr), 133.30 (aromatic C1/Tyr), 141.72,
144.19 (aromatic/Fmoc), 150.39 (d, J =7.4 Hz, aromatic C4/Tyr),
155.97 (COlurethane), 173.61 (CO/Tyr).

S')PNMR (121.5 MHz, CDCl3) 6 =11.05 (s), 15.17 (s). HRMS:
Found: m/z 728.3317. Caled for C3sHsaNsO7Pa: (M+H)*,
728.3341.

4b (R=H, R'=Pr’):  Yield 0.742 g, (79%) (1.66 mmol scale),
mp 150—151 °C, [a]¥ —15.7° (¢ 1.0, DMF), R{ 0.61, R} 0.82.

'HNMR (300 MHz, CD;0D) 6 =1.12—1.16 (12H, m, CHs/Pr’),
2.80—2.84 (2H, brs, NHPr"), 3.01—3.18 (2H, m, CH/Tyr), 3.36—
3.45 (2H, m, CH/Pr"), 4.16 (1H, t, J=6.9 Hz, CH/Fmoc), 4.29—
4.43 (2H, m, CH,/Fmoc), 4.54—4.59 (1H, m, CH/Tyr), 7.11 (4H,
s, aromatic/Tyr), 7.31 (2H, dd, J=7.3 Hz, 7.3, Hz, aromatic/Fmoc),
7.39 2H, dd, J=7.3 Hz, 7.3 Hz, aromatic/Fmoc), 7.56—7.63 (2H,
m, aromatic/Fmoc), 7.76 (2H, d, J =7.4 Hz, aromatic/Fmoc),

PCNMR (755 MHz, CD;OD) 6 =25.41, 2548, 25.56
(CHs/Pt)), 37.43 (CH,/Tyr), 44.02 (CH/Pr"), 47.47 (CH/Fmoc),
55.16 (CH/Tyr), 67.23 (CHa/Fmoc), 120.29 (aromatic/Fmoc),
120.51 (d, J=4.8 Hz, aromatic C3, C5/Tyr), 125.44, 127.59, 128.31
(aromatic/Fmoc), 130.88 (aromatic C2, C6/Tyr), 132.69 (aromatic
C1/Tyr), 141.63, 144.15 (aromatic/Fmoc), 150.62 (d, J=6.7 Hz,
aromatic C4/Tyr), 155.48 (CO/urethane), 173.73 (CO/Tyr).

3'PNMR (121.5 MHz, CD;0D) 6 =10.58 (s). FAB-MS: Found:
mlz 566.1. Calcd for C3oH37N306P: (M+H)*, 566.6. Found: C,
63.83; H, 6.72; N, 7.34%. Calcd for C3H3sN306P: C, 63.71; H,
6.42; N, 7.43%.

N?*-Benzyloxycarbonyl-D-phosphotyrosine Benzyl Ester 0°-
(N,N'-Diisobutylphosphorodiamide) Z—D-Tyr[P(O)(NHBui)z]—-
OBzl (D-3¢):  This compound was prepared quite as same as 3c.
Yield 80%, mp 93—94 °C, [aly —3.9° (c, 1.0, CHCL3).

'HNMR (300 MHz, CDCl3) 6 = 0.89 (6H, d, J=6.6 Hz,
CH3/Bub), 0.90 (6H, d, J=6.5 Hz, CH3/Bu"), 1.69 (2H, septet, J=6.6
Hz, CH/Bu'), 2.65 (2H, brs, NHBu'), 2.73—2.82 (4H, m, CH,/Bu’),
3.00—3.08 (2H, m, CH,/Tyr), 4.63—4.69 (1H, m, CH/Tyr), 5.08



M. Ueki et al.

(2H, s, CH,Ph), 5.13 (2H, d, J=7.1 Hz, CH,Ph), 5.29 (1H, d, J=8.1
Hz, NH/Tyr), 6.93 (2H, d, J=8.3 Hz, aromatic 2, 6H/Tyr), 7.07 (2H,
d, J=8.1 Hz, aromatic 3, 5H/Tyr), 7.33—7.35 (10H, m, CH,Ph).

3CNMR (75.5MHz, CDCl3) § =19.87, (CH3/Bu’), 29.80, 29.88
(CH/BuY), 37.20 (CH/Tyr), 48.83 (CH,/BuY), 54.72 (CH/Tyr),
66.90, 67.20 (CH,Ph), 120.32 (d, J=4.8 Hz, aromatic C3, C5/Tyr),
128.01, 128.11, 128.45, 128.51, 128.58 (CH,Ph), 130.40 (aromatic
C2, C6/Tyr), 131.33 (aromatic C1/Tyr), 134.98, 136.14 (CH,Ph),
150.32 (d, J=6.3 Hz, aromatic C4/Tyr), 155.56 (CO/urethane),
171.16 (CO/Tyr).

3'PNMR (121.5 MHz, CDCl3) 8 =9.80 (s). FAB-MS: Found:
mlz 596.4. Caled for C3pHysN3OgP: (M+H)*, 596.7.

Evaluation of Optical Purity of 3¢ Using Marfey’s Reagent:
H~L/D—Tyr[P(O)(NHBui)2]—OH (1 mg, 2.69 pmmol) obtained by
catalytic hydrogenolysis of 3c or D-3¢, respectively, was dissolved
in 0.1 M (1 M =1 mol dm™?) NaHCO; (1 ml) and added to freshly
prepared N%-(2,4-dinitro-5-fluorophenyl)-L-alaninamide (Marfey’s
Reagent') (0.73 mg, 2.69 pmol) in acetone (1 ml). The solution
was kept at 40 °C for 1 h with frequent mixing. One milliliter of
0.2 M HCI was then added to the cooled solution. After degassing
and filtration, the solution was analyzed by HPLC (Column: 5 pm
uBondasphere C18 (3.9 mm x 150 mm); Gradient: 0.1% TFA—ace-
tonitrile 70/30 to 50/50 over 70 min; Flow rate: 1 mlmin~'; De-
tection at 340 nm). Retention times are 38.3 min (L-form) and 41.5
min (D-form), respectively.

Dipeptide Formation Using 4a—d.  Fmoc-Tyr[P(O)(NH-
Bu),]-Val-OMe (5¢) (as a General Procedure): a) EDC-HOBt
Method: HCI-H-Val-OMe (15.36 mg, 0.1 mmol) was dissolved
in dichloromethane (2 ml) and cooled at 0 °C. To this were added
DIEA (17.42 pl, 0.1 mmol), 4¢ (59.37 mg, 0.1 mmol), HOBt-H,0)
(16.84 mg, 0.11 mmol) and EDC-HCI (21.09 mg, 0.11 mmol) and
the mixture was stirred for 1 h at 0 °C, then 6 h at RT. After
evaporation, the desired product was obtained by preparative thin-
layer chromatography on silica gel. Yield 70.4 mg, (99%), mp 133
°C, [a]® —8.2° (¢ 1.0, CH;0H), R? 0.52.

'"HNMR (300 MHz, CDCls) 6 =0.82—0.90 (18H, m, CHs/Bu’,
CHs/Val), 1.67—1.71 (2H, m, CH/Bu’), 2.06—2.12 (1H, m, B-
CH/Val), 2.53 (2H, brs, NHBu'), 2.75—2.84 (4H, m, CH,/Bu’),
3.01—3.09 (2H, m, CH,/Tyr), 3.70 (3H, s, -OCHj3), 4.19 (1H, t,
J=6.9 Hz, CH/Fmoc), 4.34—4.48 (4H, m, CHy/Fmoc, CH/Tyr,
a-CH/Val), 5.54 (1H, d, J=7.5 Hz, NH/Tyr), 6.45 (1H, d, J=7.7
Hz, NH/Val), 7.14 (4H, s, aromatic/Tyr). 7.31 (2H, dd, J=7.3
Hz, 7.3 Hz, aromatic/Fmoc), 7.40 (2H, dd, J=7.3 Hz, 7.3 Hz,
aromatic/Fmoc), 7.55 (2H, d, J=7.0 Hz, aromatic/Fmoc), 7.76
(2H, d, J=7.4 Hz, aromatic/Fmoc).

BCNMR (75.5 MHz, CDCl3) 6 = 18.26, 19.26 (CHs/Val),
20.36 (CHs/Bu'), 30.26 (CH/Bu’), 31.62 (f-CH/Val), 36.76
(CH,/Tyr), 47.48 (CH/Fmoc), 49.31 (CHa/Bu’), 52.60 (—-OCHs),
55.00 (CH/Tyr), 57.74 (a-CH/Val), 67.57 (CH,/Fmoc), 120.39
(aromatic/Fmoc), 120.92 (aromatic C3, C5/Tyr), 125.47, 127.51,
128.15 (aromatic/Fmoc), 130.96 (aromatic C2, C6/Tyr), 132.72
(aromatic C1/Tyr), 141.68, 144.13 (aromatic/Fmoc), 150.62
(aromatic C4/Tyr), 155.57 (COl/urethane), 170.18 (CO/Tyr,
CO/Val).

*'PNMR (121.5 MHz, CDCl3) 6 = 10.10 (s). FAB-MS: Found:
mlz 707.4. Caled for C3sHspN4O7P: (M+H)*, 707.8. Found: C,
64.16; H, 7.39; N, 7.66%. Calcd for C3sHs;N4O7P(+1/2CH;0H):
C,63.97; H,7.39; N, 7.75%.

5a, 5b, and 5d were prepared as 5c.

5a (R=H, R'=Pr"): Yield 66.7 mg, (98%), mp 127—128 °C,
[a]F —6.3° (c 1.0, CH30H), R} 0.55. _

"HNMR (300 MHz, CDCls) 8 =0.84—0.88 (12H, m, CHs/Pr",
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CHs/Val), 1.45—1.49 (4H, m, S-CH,/Pr"), 2.04—2.15 (1H, m,
[B-CH/Val), 2.85—2.96 (6H, m, a-CH,/Pr", NHPr*), 3.01—3.03
(2H, m, CH»/Tyr), 3.68 (3H, s, -OCH3), 4.17 (1H, t, J=7.0 Hz,
CH/Fmoc), 4.23—4.38 (2H, m, CHy/Fmoc), 4.44—4.53 (2H, m,
CH/Tyr, a-CH/Val), 6.03 (1H, d, J=8.0 Hz, NH/Tyr), 7.00 (1H,
d, /=8.4 Hz, NH/Val), 7.12 (4H, s, aromatic/Tyr), 7.28 (2H, dd,
J=6.4Hz, 6.4 Hz, aromatic/Fmoc), 7.38 (2H, dd, /J=7.4 Hz, 7.4 Hz,
aromatic/Fmoc), 7.45—7.66 (2H, m, aromatic/Fmoc), 7.74 (2H, d,
J=17.4 Hz, aromatic/Fmoc).

BCNMR (75.5 MHz, CDCl3) § =11.08 (CH3/Pr*), 17.80, 18.74
(CHs/Val), 24.76, 24.85 (5-CH,/Pr"), 30.97 (S-CH/Val), 37.44
(CHy/Tyr), 42.94 (a-CH»/Pr™), 46.90 (CH/Fmoc), 51.94 (-OCH3),
55.94 (CH/Tyr), 57.26 (a-CH/Val), 66.94 (CH,/Fmoc), 119.78
(aromatic/Fmoc), 120.30 (d, J=4.8 Hz, aromatic C3, C5/Tyr),
124.99, 126.93, 127.54 (aromatic/Fmoc), 130.39 (aromatic C2,
C6/Tyr), 132.44 (aromatic Cl/Tyr), 141.07, 143.62, 143.68
(aromatic/Fmoc), 150.05 (d, J =6.7 Hz, aromatic C4/Tyr), 155.89
(COfurethane), 171.10 (CO/Tyr), 171.87 (CO/Val).

3PNMR (121.5 MHz, CDCl3) 6 =9.82 (s). FAB-MS: Found:
m/z 679.0. Calcd for C36Hs7N4O7P: M*, 678.8. Found: C, 63.13;
H, 7.04; N, 8.15%. Calcd for C3sHs7N4O7P(+1/2CH30H): C,
63.10; H, 7.11; N, 8.06%.

5b (R=H, R'=Pr’):  Yield 63.7 mg, (94%), mp 138—139 °C,
[l —7.0° (¢ 1.0, CH;0H), R? 0.62.

'HNMR (300 MHz, CDCls) 6 =0.84 (3H, d, J=7.9 Hz,
CHs/Val), 0.86 (3H, d, /=7.6 Hz, CH3/Val), 1.12 (6H, d, J=5.9 Hz,
CHa/Pr), 1.14 (6H, d, J=6.1 Hz, CH3/Pr"), 2.05—2.10 (1H, m, -
CH/Val), 2.70—2.76 (2H, m, NHPri), 3.00—3.02 (2H, m, CH,/Tyr),
3.39—3.51 (2H, m, CH/Pr), 3.68 (3H, s, —-OCHs3), 4.16 (1H, t,
J=6.8 Hz, CH/Fmoc), 4.23—4.38 (2H, m, CH,/Fmoc), 4.44—4.53
(2H, m, CH/Tyr, a-CH/Val), 5.89 (1H, d, J=7.3 Hz, NH/Tyr), 6.89
(1H, d, J=17.6 Hz, NH/Val), 7.12 (4H, s, aromatic/Tyr), 7.28 (2H,
dd, J=7.3 Hz, 7.3 Hz, aromatic/Fmoc), 7.38 (2H, dd, J=7.3 Hz,
7.3 Hz, aromatic/Fmoc), 7.48—7.57 (2H, m, aromatic/Fmoc), 7.74
(2H, d, J =7.3 Hz, aromatic/Fmoc).

BCNMR (75.5 MHz, CDCl3) 6 =17.83, 18.78 (CH3/Val), 25.23,
25.31, 25.41 (CH5/Pr"), 31.05 (B-CH/Val), 37.51 (CH,/Tyr), 43.65
(CH/PrY), 46.92 (CH/Fmoc), 52.02 (-OCHs), 55.97 (CH/Tyr), 57.29
(a-CH/Val), 67.03 (CH2/Fmoc), 119.84 (aromatic/Fmoc), 120.21
(d, J=5.0 Hz, aromatic C3, C5/Tyr), 125.02, 126.99, 127.60
(aromatic/Fmoc), 130.40 (aromatic C2, C6/Tyr), 132.22 (aromatic
C1/Tyr), 141.13, 143.67 (aromatic/Fmoc), 150.28 (d, J=6.7 Hz,
aromatic C4/Tyr), 155.93 (CO/urethane), 171.10 (CO/Tyr), 171.89
(CO/Val).

3'PNMR (121.5 MHz, CDCl3) 6 =9.82 (s). FAB-MS: Found:
m/z 679.0. Calcd for C3sHe7N4O7P: M, 678.8. Found: C, 63.07;
H, 7.02; N, 8.18%. Calcd for C3sHy7N4O7P(+1/2CH30H): C,
63.10; H, 7.11; N, 8.06%.

5d (R=R'=Me): Yield 64.1 mg, (99%), mp 58 °C, [a]¥
—11.0° (¢ 1.0, CH30H), R 0.67.

'HNMR (300 MHz, CDCl;) 6 =0.83 (3H, d, J=7.0 Hz,
CHs/Val), 0.86 (3H, d, J=6.9 Hz, CH3/Val), 2.07—2.13 (1H, m,
[-CH/Val), 2.69 (12H, d, J=10.1 Hz, CH3/NCHj3), 3.00—3.08
(2H, m, CH,/Tyr), 3.70 (3H, s, -OCH3), 4.19 (1H, t, J=6.9 Hz,
CH/Fmoc), 4.29—4.49 (4H, m, CH,/Fmoc, CH/Tyr, a-CH/Val),
5.64 (1H, d, J=7.5 Hz, NH/Tyr), 6.60 (1H, d, J=7.7 Hz, NH/Val),
7.07—7.13 (4H, m, aromatic/Tyr), 7.30 (2H, dd, J=7.3 Hz, 7.3 Hz,
aromatic/Fmoc), 7.39 (2H, dd, J=7.3 Hz, 7.3 Hz, aromatic/Fmoc),
7.55 (2H, d, J=7.3 Hz, aromatic/Fmoc), 7.75 2H, d, J=7.4 Hz,
aromatic/Fmoc).

BCNMR (75.5 MHz, CDCl3) & =17.76, 18.78 (CHs/Val),
31.05 (B-CH/Val), 36.56 (CH3/NCHs), 37.42 (CHy/Tyr), 46.96
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(CH/Fmoc), 52.07 (-OCHs), 55.94 (CH/Tyr), 57.28 (a-CH/Val),
67.05 (CH2/Fmoc), 119.87 (aromatic/Fmoc), 120.23 (d, /=4.8 Hz,
aromatic C3, C5/Tyr), 124.98, 127.00, 127.64 (aromatic/Fmoc),
130.51 (aromatic C2, C6/Tyr), 132.10 (aromatic C1/Tyr), 141.16,
143.62 (aromatic/Fmoc), 150.28 (d, J =6.0 Hz, aromatic C4/Tyr),
155.90 (CO/urethane), 170.74 (CO/Tyr), 171.72 (CO/Val).

S'PNMR (121.5 MHz, CDCl;) 6 =15.78 (septet, J = 10.1 Hz).
FAB-MS: Found: m/z 651.0. Calcd for C34Hy3N4O7P: M* 650.7.
Found: C, 61.92; H, 6.84; N, 8.56%. Calcd for C3sHs3sN4O7P-
(+1/2CH30H): C, 62.15; H, 6.80; N, 8.40%.

b) BOP-HOBt Method: = HCIl-H-Val-OMe (15.36 mg, 0.1
mmol) was dissolved in dichloromethane (2 ml) and cooled at 0 °C.
To this were added DIEA (52.26 pl, 0.3 mmol), 4¢ (59.37 mg, 0.1
mmol), HOBt-H,O (16.84 mg, 0.11 mmol), and benzotriazol-1-yl-
oxytris(dimethylamino)phosphonium hexafluorophosphate (BOP)
(48.67 mg, 0.11 mmol) and the mixture was stirred for 1 h at 0 °C,
then 6 h at R.T. After evaporation, the desired product was obtained
by preparative thin-layer chromatography on silica gel. Reactions
of 4a, 4b, and 4d were done in the same manner and the results
were summarized in Table 3.

c¢) TBTU Method: = HCI-H-Val-OMe (15.36 mg, 0.1 mmol)
was dissolved in dichloromethane (2 ml) and cooled at 0 °C. To this
were added DIEA (34.84 ul, 0.2 mmol), 4¢ (59.37 mg, 0.1 mmol),
and TBTU (35.32 mg, 0.11 mmol) and the mixture was stirred for
1hatO0 °C, then 6 h at R.T. After evaporation, the desired product
was obtained by preparative thin-layer chromatography on silica
gel. Reactions of 4a, 4b, and 4d were done in the same manner and
the results are summarized in Table 3.

d) Pfp-Ester Method: Fmoc-Tyr[P(O)(NHR),]-OPfp.
Fmoc-Tyr[P(O)(NHBu'); ]-OPfp (6¢) (as a General Procedure):
Compound 4¢ (118.74 mg, 0.2 mmol) was dissolved in ethyl acetate
(5 ml) and cooled at 0 °C. To this were added pentafluorophenol
(40.48 mg, 0.22 mmol) and DCC (44.88 mg, 0.22 mmol), and the
mixture was stirred for 3 h at 0 °C. Precipitate was removed by fil-
tration and the filtrate evaporated. The residue was triturated with
petroleum ether and collected by filtration as a white crystalline
solid. Yield 174.4 mg, (quant), mp 156—158 °C, [a]3} —10.6° (¢
1.0, CHClL3), R 0.87.

'"HNMR (300 MHz, DMSO-ds) 6 =0.85 (12H, d, J=6.2 Hz,
CH3/Bu’), 1.56—1.67 (2H, m, CH/Bu’), 2.64 (4H, dt, J =6.6 Hz,
9.8 Hz, CHy/Bu'), 3.06—3.26 (2H, m, CH,/Tyr), 4.19 (1H, t, J=6.5
Hz, CH/Fmoc), 4.26—4.42 (4H, m, CH,/Fmoc, NHBu', CH/Tyr),
5.54(1H,d,J=7.6 Hz, NH/Tyr), 7.14 (2H, d, J=7.9 Hz, aromatic 3,
5H/Tyr), 7.26—7.40 (6H, m, aromatic/Fmoc, aromatic 2, 6H/Tyr),
7.64 (2H, d, J =7.0 Hz, aromatic/Fmoc), 7.82 (2H, d, J=7.3 Hz,
aromatic/Fmoc), 8.20 (1H, d, J=8.3 Hz, NH/Tyr). )

PCNMR (75.5 MHz, DMSO-ds) & =19.96 (CHs/Bu),
29.42, 29.50 (CH/Bu’), 35.31 (CHy/Tyr), 47.55 (CH/Fmoc),
48.45 (CH»/Bu'), 55.41 (CH/Tyr), 65.83 (CHy/Fmoc), 119.82
(aromatic/Fmoc), 120.22 (aromatic C3, C5/Tyr), 124.99, 125.44,
126.86, 127.45 (aromatic/Fmoc), 129.87 (aromatic C2, C6/Tyr),
131.44 (aromatic C1/Tyr), 139.10, 140.69, 143.53 (aromatic/Fmoc),
150.69 (aromatic C4/Tyr), 155.89 (CO/urethane), 168.30 (CO/Tyr).

3PNMR (121.5 MHz, DMSO-ds) 6 =11.11 (quintet, J = 10.0
Hz). FAB-MS: Found: m/z 782.1. Calcd for C3sH39F5N3NaQOgP:
(M+Na)*, 782.7.

6a and 6b were prepared as 6c.

6a (R=H, R'=Pr"):  Yield 155.5 mg, (quant.), mp 147—148
°C, [a@]¥ —11.6° (¢ 1.0, CHCls), R¢ 0.77. 4

'"HNMR (300 MHz, DMSO-ds) 6 =0.82 (6H, d, J=7.3 Hz,
CH3/Pr"), 1.41 (4H, sextet, J=7.1 Hz, f-CH,/Pr"), 2.70—2.80 (4H,
m, a-CH,/Pr"), 3.04—3.24 (2H, m, CH,/Tyr), 421 (1H, t, J=6.8

Diamide-Type Phosphate Protecting Groups

Hz, CH/Fmoc), 4.26—4.39 (2H, m, CH,/Fmoc), 4.59—4.70 (3H,
m, CH/Tyr, NHPr"), 7.11 (2H, d, J = 8.3 Hz, aromatic 3, 5H/Tyr),
7.27—7.33 (2H, m, aromatic 2, 6H/Tyr, aromatic/Fmoc), 7.37—
7.42 (2H, m, aromatic/Fmoc), 7.64—7.67 (2H, m, aromatic/Fmoc),
7.87 (2H, d, J=7.4 Hz, aromatic/Fmoc), 8.26 (1H, d, J=7.7 Hz,
NH/Tyr).

BCNMR (755 MHz, DMSO-ds) & =11.34 (CHs/Pr"),
24.55, 24.63 (B-CH,/Pr"), 33.45 (CHy/Tyr), 42.62 (a-CHo/Pr"),
46.62 (CH/Fmoc), 55.40 (CH/Tyr), 65.88 (CH,/Fmoc), 120.11
(aromatic/Fmoc), 120.34 (aromatic C3, C5/Tyr), 125.17, 127.06,
127.65 (aromatic/Fmoc), 130.09 (aromatic C2, C6/Tyr), 131.58
(aromatic C1/Tyr), 140.79, 143.72 (aromatic/Fmoc), 150.66
(aromatic C4/Tyr), 156.01 (COf/urethane), 168.46 (CO/Tyr).

SIPNMR (121.5 MHz, DMSO-ds) 6 = 10.83 (quintet, J=10.5
Hz). FAB-MS: Found: m/z 732.3. Caled for CssH3eFsN3OgP:
M+H)*, 732.7.

6b (R=H, R'=Pr’):  Yield 161.1 mg, (quant.), mp 154—155
°C, [a]% —8.1° (¢ 1.0, CHCl3), R2 0.83. _

'"HNMR (300 MHz, DMSO-ds) 6 =1.05 (12H, d, J =6.3 Hz,
CHs/Pr'), 3.03—3.28 (4H, m, CHa/Tyr, CH/Pr®), 4.20 (1H, t, J=6.7
Hz, CH/Fmoc), 4.25—4.38 (2H, m, CH,/Fmoc), 4.49 (2H, dd,
J=10.1 Hz, 10.1 Hz, NHPt), 4.62—4.70 (1H, m, CH/Tyr), 7.12
(2H, d, J=8.4 Hz, aromatic 3, 5H/Tyr), 7.27—7.32 (4H, m, aromatic
2, 6H/Tyr, aromatic/Fmoc), 7.37—7.42 (2H, m, aromatic/Fmoc),
7.63—7.67 (2H, m, aromatic/Fmoc), 7.88 (2H, d, J=7.4 Hz, aro-
matic/Fmoc), 8.26 (1H, d, J=7.7 Hz, NH/Tyr).

13CNMR (75.5 MHz, DMSO-ds) 6 =25.01, 25.13, 25.20
(CH3/Pr'), 33.45 (CHy/Tyr), 42.90 (CH/Pr'), 46.62 (CH/Fmoc),
55.52 (CH/Tyr), 65.90 (CHz/Fmoc), 120.20 (aromatic C3, C5/Tyr,
aromatic/Fmoc), 125.21, 127.13, 127.71 (aromatic/Fmoc), 130.07
(aromatic C2, C6/Tyr), 131.38 (aromatic C1/Tyr), 140.83, 143.76
(aromatic/Fmoc), 150.90 (aromatic C4/Tyr), 156.00 (CO/urethane),
173.73 (CO/Tyr).

3'PNMR (121.5 MHz, DMSO-ds) & =8.02 (quintet, J=9.7 Hz).
FAB-MS: Found m/z 732.2. Calcd for CisHssFsN3OgP: (M+H)*,
732.7.

To an ice-cooled solution of HCl-H-Val-OMe (15.36 mg, 0.1
mmol) in dichloromethane (2 ml) were added DIEA (17.42 ul, 0.1
mmol), HOBt-H,O (16.84 mg, 0.11 mmol), and 6¢ (98.77 mg, 0.13
mmol), and the mixture was stirred for 1 hat 0 °C, then 6 h at R.T.
After evaporation, the desired product was obtained by preparative
thin-layer chromatography on silica gel. Reactions of 6a and 6b
were done in the same manner and the results were summarized in
Table 3.

Selective Phosphate Deprotection of 5a—d: Compound 5 (20
mg) and Fmoc-Phe-OMe or Fmoc-Leu—-OMe (10 mg) as internal
standard were dissolved in 95% TFA aq (1 ml). Samples of the
reaction mixture were taken at various times up to 12 h and analyzed
by HPLC. (Column: 5 pm pBondasphere C18 (3.9 mmx 150 mm);
Gradient: 0.1% TFA-acetonitrile 50/50 to 20/80 over 20 min; Flow
rate: 1 mlmin~!; Detection at 254 nm; Retention times: 8.1 min
(5a), 7.8 min (5b), 10.4 min (5¢), 7.3 min (5d), 3.3 min (Fmoc-Tyr-
[POsH;]-Val-OMe), 6.1 min (Fmoc—Tyr—Val-OMe)).

From the reaction mixture with 5S¢, deprotection product,
Fmoc—Tyr[POs;H,]- Val-OMe, was obtained in 97% yield.
SIPNMR (121.5 MHz, CD;0D) 8 =—6.29 (s).

Fmoc-Tyr[PO;H;]-Val-OMe (Authentic Sample): To an
ice-cooled solution of HCl-H-Val-OMe (30.72 mg, 0.2 mmol) in
dichloromethane (2 ml) were added DIEA (104.52 pl, 0.6 mmol),
Fmoc—Tyr(PO3H,)-OH'® (96.68 mg, 0.2 mmol), HOBt-H,O
(33.68 mg, 0.22 mmol), and BOP (97.34 mg, 0.22 mmol), and
the mixture was stirred for 1 h at 0 °C, then 6 hat R.T. After evapo-
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ration, the residue was purified by gel chromatography on Sephadex
- LH-20 using methanol for elution to give the desired product as a
white solid.

Yield 84.71 mg, (71%), mp 142—145 °C, [a]¥ —2.2° (c 1.0,
CH30H), R? 0.11.

'THNMR (300 MHz, CD;0D) 6 =0.92 (6H, d, J=6.8 Hz,
CHjs/Val), 2.09—2.16 (1H, m, -CH/Val), 2.84—3.13 (2H, m,
CH,/Tyr), 3.70 (3H, s, -OCH3), 4.17 (1H, t, J=6.7 Hz, CH/Fmoc),
4.29—4.38 (3H, m, CH»/Fmoc, a-CH/Val), 443—4.47 (1H, m,
CH/Tyr), 7.13 (2H, d, J =7.8 Hz, aromatic 3, 5H/Tyr), 7.21 (2H, d,
J=8.1 Hz, aromatic 2, 6H/Tyr), 7.29 (2H, dd, J=7.3 Hz, 7.3 Hz,
aromatic/Fmoc), 7.38 (2H, dd, J=7.3 Hz, 7.3 Hz, aromatic/Fmoc),
7.58 (2H, d, J=7.3 Hz, aromatic/Fmoc), 7.76 (2H, d, J=7.5 Hz,
aromatic/Fmoc).

BCNMR (75.5 MHz, CD;0D) 6 = 18.67, 19.64 (CHa/Val),
31.94 (5-CH/Val), 38.36 (CH/Tyr), 48.23 (CH/Fmoc), 52.83
(~OCHz), 55.04 (CH/Tyr), 57.37 (a-CH/Val), 68.04 (CH2/Fmoc),
120.93 (aromatic/Fmoc), 121.23 (aromatic C3, C5/Tyr), 126.14,
128.19, 128.80 (aromatic/Fmoc), 131.51 (aromatic C2, C6/Tyr),
134.43 (aromatic C1/Tyr), 142.47, 144.97 (aromatic/Fmoc), 151.59
(d, J=6.0 Hz, aromatic C4/Tyr), 158.03 (COf/urethane), 173.31
(CO/Tyr), 173.91 (CO/Val).

3'PNMR (121.5 MHz, CD30D) § =—6.48 (s). FAB-MS: Found:
miz 619.4. Calcd for C30H33N2NaOoP: (M+Na)*, 619.6.

Solid Phase Synthesis.  a) H-Gly—Val-Tyr(POsHz)-Ala—
Ala-Ser-Gly-OH (7): Synthesis using 4¢ as building block
was done on an Applied Biosystems 430A peptide synthesizer.
The peptide resin obtained by FastMoc cycles starting with an
Fmoc—Gly-Wang resin (0.5108 g, 0.49 mmolg™") was simulta-
neously deprotected and cleaved with a mixture of TFA/H,0 (95: 5
v/v) for 4 h at R.T. The crude peptide was precipitated with ether
and lyophilized. Yield 0.1541 g, (88%) (content of peptide 7: 71%).
To get the pure product, we used preparative HPLC with a 5 um
uBondasphere C18 column (19 mm x 150 mm).

3IPNMR (121.5 MHz, D,0) 8 = —6.43 (s). FAB-MS: Found:
mlz 703.6 (M)*, 726.2 (M+Na)*. Calcd for C27HsaN7013P: M¥,
703.3.

Amino acid ratios (4% HSCH,CO,H in 6 M HCI, 120 °C, 48 h):
Gly 2.07 (2), Va1 0.98 (1), Tyr 1.02 (1), Ala 2.13 (2), Ser 0.81 (1).

Alternative syntheses of peptide 7 using 4a, b, ¢, and d, respec-
tively, as building blocks were done on an Advanced ChemTech 350
multiple peptide synthesizer, starting with Fmoc—~Gly—Wang resin
(50 mg, 0.49 mmolg™"). Couplings were done with 6 mol amt.
of Fmoc~amino acid with N,N’-diisopropylcarbodiimide (DIC) and
HOBt in 1-methyl-2-pyrrolidinone (NMP), and the Fmoc group was
cleaved after each coupling cycle using 40% piperidine in DMF.
The peptide was deprotected and released from the resin with a
mixture of TFA/H,0 (95:5 v/v) at R.T. for 4 h. The resin was
filtered and washed with dichloromethane (5x2 ml) and the fil-
trate extracted with 10% AcOH aq (2x3 ml). The aqueous AcOH
extracts containing crude peptide were combined and lyophilized.

7 using 4a: Yield 19.4 mg, (content of peptide 7: 83%). Amino
acid ratios (4% HSCH,CO»H in 6 M HCI, 120 °C, 24 h): Gly 2.16
(2), Val 0.93 (1), Tyr 0.88 (1), Ala 2.36 (2), Ser 0.67 (1).

7 using 4b: Yield 22.7 mg, (content of peptide 7: 43%).

Amino acid ratios (4% HSCH,CO,H in 6 M HCI, 120 °C, 24 h):
Gly 2.18 (2), Val 0.88 (1), Tyr 0.79 (1), Ala 2.25 (2), Ser 0.90 (1).

7 using 4c¢: Yield 25.6 mg, (content of peptide 7: 79%).

7 using 4d: Yield 13.8 mg, (content of peptide 7: 72%).

Amino acid ratios (4% HSCH,COH in 6 M HC], 120 °C, 24 h):
Gly 2.11 (2), Val 0.82 (1), Tyr 0.79 (1), Ala 2.50 (2), Ser 0.78 (1).

b) A Phosphopeptide with PDGF-£ Receptor Sequence,

Bull. Chem. Soc. Jpn., 71, No. 8 (1998) 1897

H-Tyr(POsH;)-Val-Pro-Met-Leu-OH (8): Peptide 8 was
synthesized on an Applied Biosystems 430A peptide synthesizer.
Starting with an Fmoc—Leu—Wang resin (0.446 g, 0.56 mmol g™h,
a FastMoc cycle was used on Fmoc—amino acids containing
4c. The peptide was simultaneously deprotected and released
from the resin with a mixture of TFA/H,O/EDT/PhSMe/PhOH
(8.25:0.5:0.25:0.5:0.75, v/viviviw) for 4 h at R.T. The crude
peptide was precipitated with ether and lyophilized. Yield 0.1168
g, (67%) (content of peptide 8: 85%).

Purification was done by preparative HPLC on a 5 pm
uBondasphere C18 (19 mmx 150 mm) to yield the pure product.

3'PNMR (121.5 MHz, CD30D) 6 =—7.24 (s). FAB-MS: Found:
miz 724.9. Calcd for C3pHssNsNaO1oPS: (M+Na)*, 724.8.

Amino acid ratios (4% HSCH,CO,H in 6 M HCl, 120 °C, 48 h):
Tyr 0.97 (1), Val 0.99 (1), Pro 1.21 (1), Met 1.01 (1), Leu 1.03 (1).
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