oF8t3lz] A417 A5 & 588~594(1997)
Yakhak Hoeji Vol. 41. No. 5

RNQEARE|ZAE Sst BEI=

wAe S2HA gy

07 - HA - ol gy
dgtidta oFtEt, *FZAY FYATFA
(Received July 30, 1997)

Synthesis of the Key Intermediate for the Preparation of
Thiophosphotyrosine-containing Peptide Derivatives
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Abstract— N-(tert-Butoxycarbonyl)-O-(dicyanoethylthiophosphono)-L-tyrosine(7). the key intermedi-~
ate for the synthesis of thiophosphotyrosine-containing peptide derivatives, was prepared. For the
phosphorylation, we used #-Boc-tyrosine and phosphoramidite in the presence of 1H-tetrazol. For the
protection of thiophosphate moiety, cyanoethyl protecting group was used. Thiophosphotyrosine-con-
taining peptides could be used as tools for the elucidation of mechanism of signal transduction path-
way and also prepared as PTK inhibitors, PTPase inhibitors and cytosolic protein binding blockers. It
may be contributed for the development of potential anticancer agents.
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2 XA 2 AGAZANY 715S 4A A =
o} whebd Q1Ak7] thAl thiophosphate X3€
thiophosphono-L-tyrosineg 3k HH= {24
AREEHH ol abyl= i d & 4 (phosphatase) ol ¢]8h
TRREHE AT 4 AtHFig. 1). ©]of thiophos-
photyrosineS -8t JEI=R A Ao B4H
¢l F83% FUAZA, N-(tert-butoxycarbonyl)-O-
(dicyanoethylthiophosphono)-L-tyrosine(7)-& 4
iz

4 #
Alekad 7171
2 A¥ol AHEF A%k Aldrich, Sigma 3 W&
AleFBjAL dFAlekE ARESEen], wRERTIE

110°CollM Ax3t ARSI BE w32 argon
gasZ X &g AAejodlM ASEUAT. YA EE FAL
718 o83t Artstar, ol AY37] vk o) &
F3le] ALgstgtt. TLCE Merck el Kieselgel
60F-254E AMg3l] UV 254nm 2 [, 2oz #el
#9312 column chromatography Kieselgel
60(70~230 mesh, 230~400 mesh. Merck)E A&
stk §H2 electrothermal 1A 9100 digital
melting point apparatus® &4 ol tig B
A& 542 @tk 'H NMR spectra® tetramethyl-
silaneE WHEEFEAZ 3lo CDCLE &9& 3l
Bruker ARX 300(300 MHz, FT) 2 &3 3t}

ik

N-(tert-Butoxycarbonyl)-L-tyrosyl p-nitrobenzyl
ester (2) — t~-Boc-L-tyrosine(1, 10.0 g. 35.6 mmol)
7} triethylamine(10 mi, 71 mmol)& argon gas &
sl A ethyl acetate 107 miol =21 F 80~90°C
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AN #FFHan, EFYE 4222 2]l ¥ pni-
trobenzyl bromide(15.4 g, 71 mmol) & 7}3}31 t}hA|
80~90°Coll A 16A17F maksldt. A4 g dxFae]
triethylamine - HBr IAEL o3sle] A A,
ethyl acetate(30mNZ HX$ F H71%¢ IN
HCL2x30 mD & F75(30ml), 5% NaHCO,(2x
30mhY X3 HE9F20mhE AHIEY F+
MgSO.2 1Zx8 L, o7, 7]t &3] 42 ey
£ EtOAc/hexane(3:7. viv) 72miell AZAAsd A
4¥ ZAE ] EtOAc/hexane(1:4, viv) o2 AE
At Tl AAAA(13.9¢, 93.5%)& AUt
mp 97~98°C(it." 111°C): TLC (silica gel,
EtOAc/hexane=1:1, viv), Rf 0.40: 'H NMR(300
MHz, CDCly) 8 8.21(d, 2H, aromatic), 7.40(d, 2 H,
aromatic), 6.92(d, 2H, aromatic), 6.73(d. 2H, aro~
matic), 5.59(bs, 1H, -OH, exchangeable with D,
0), 5.20 (s, 2H, -CHyp). 5.02(d, 1H. -NH), 4.71(q,
1H, -CH). 3.02(d. 2H, -CHy), 1.42(s, 9H, -CHa).

N, N-Diethylphosphoroamidous dichloride (3) -
Phosphorus trichloride(34.4 g, 21.9 m/, 0.25 mol)
£ 5 diethyl ether(150 ml)oll 5ol 0°C o]3}¢]
258 F28 Aol A e diethylamine(36.5
g, 51.6 ml, 0.50 mol)& &7}slch &L 20°C2
7H&E & 3AIMERE wHkst Tk AdE M AHE
(diethylamine - HCD <3stm, <=8l diethy-
lamine - HCI& %4 diethyl ether(4x50mD2Z Al
Ao ¥ ABE At B F3e AL AANE Ay FF3
o ¢ FA A (33.41 g, 76.9%)E AUk

bp 72~75°C/14 torr (lit." 62°C/7 torr)

Dicyanoethyl N, N-diethylphosphoramidite (4) —
3-Hydroxypropionitrile(25.58 g, 24.60 ml., 0.360
mol) 3 triethylamine(38.64g, 53.22mli, 0.382
mol)& T diethyl ether(150 mi)ell o], o] &
#9-g N, N-diethylphosphoroamidous dichlori-
de(3, 30.51 g, 0.175 mol)9] 75 diethyl ether £}
(100 mDoll 2k 40+ 7holl A A 713by wytslol o
S 2= 0°C olatE FA &t EFAY &=
£ 202 ata 3A13F B¢ ankekset. wkgo) B¢
Egkolle) 5% NaHCO; €4(7T0mD)& 713+ & £
2712 A F3E& AASDZ. etherdS 5%
NaHCO;84(2x60 m) ¥ X3} AA95(60m)E Al
23t ¥ H4 MgSO,2 A%, 93, 74 5Hste] &
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M 99(37.93g. 89.1%)2 4o ] o] HA
#Agle] g oA wkgol AL&3HTt

'H NMR(300 MHz, CDCly 8 1.08(t. 6H, Jy=17.5
Hz), 2.67(t, 4H. J;=6.5Hz, -CH;CN). 3.09(m, 4H.
Ju=75Hz, Jpncu=10.0Hz, N-CH,), 3.87(m, 4H,
Ju=6.5Hz, Jy;=7.5Hz, Jpocy=10.5Hz, O-CH,)

N-(tert-Butoxycarbonyl)-O-(dicyanoethylthiophosp-
hono)-L-tyrosyl p-nitrobenzyl ester (6) — t-Boc-L-
tyrosyl p-nitrobenzyl ester(2, 5.00g. 12.01 mmol)
9} dicyanoethyl N, N-diethyl-phosphoramidite(4,
3.14g. 12.91 mmol) & ¥ THF(40 mpol o 1t
& ¥ 1H-tetrazole(2.30 g, 32.83 mmol)& 7}3}i 4
Lol 15870 wRkee). ENLS 0°CE W3 F
carbon disulfide(CS,) (40 mh)ol =<1 #(0.42g, 13.
13 mmol)-§HE 718lm AF2ellA 2417 kst
E5tdell 10% NaHSO5(7T0 mDE 7}ske] 1087 wwt
3 F 2E Zdrld A4, §715L s SEs
ethyl acetate(20 ml)ll =01, $%& ethyl ace-
tate(3x20 mHZE F&39 #7159 ethyl acetated
Aol §atsitt. Ethyl acetatef9& 10% NaHSO,
(2x20ml), 5% NaHCO4(2%20 ml), E(20 ml), ¥3}
2195 (20 mDE AHEL, 55 MgSO2 Uz, o7,
#AAEE3e U EF(6.56 g8 LA
Column chromatography(silica gel, 230~400
mesh, EtOAc/hexane=1:2, v:v)& AAlsle] A
L29(4.87g. 65.6%)& AU}

TLC(silica gel, EtOAc/hexane=1:1, viv), Rf
0.27: "M NMR(300 MHz, CDCly) 1.43(s, 9H),
2.81(m, 4H, CH;-CN). 3.08(d. 2H. CH,C), 4.38
(m, 4H, CH;0), 4.62(q, 1H, CH), 5.07(d, 1H,
NH). 5.20(q. 2H. -CH,-O). 7.09(s, 4H, aromatic),
7.40(d, 2H, aromatic), 8.21 (d, 2H, aromatic)

N-(tert-Butoxycarbonyl)-O-(dicyanoethylthiophosp-
hono)-L-tyrosine (7) - Methanol(40 ml)9ll acetic
acid(3.0 mDE 7sta, N-(tert-Butoxycarbonyl)-
O-(dicyanoethylthiophosphono)-L-tyrosyl p-ni-
trobenzyl ester(6, 1.26g, 2.04 mmol)& =% ¥
10% Pd/C EA5tel ti7Ig ez 4204 1247+
hydrogenolysisg}gith. ¥HgH-E Axst & A5H
3t ZALE ethyl acetate(50 mDE 343l: IN
HCI2x15mD3 E015mDE AH3Id. 5%
NaHCO;(3x15mD 2 B4 3g&& F&31, +3F

€ diethyl ether(15 ml), ethyl acetate(15 m) & Al
gtk 0°CollA IN HCIZ 29 AA4E pH2Z
Z43% ¥ ethyl acetate(3x15mN2 F&31n IN
HCI(15mD). E(15mD, ¥£3F 49F(10mD= A&
sttt 4 MgSO,.2 AZ3sta o3, 2 w33l
dL 2Y9E column chromatography(silica gel,
230~400 mesh, EtOAc/hexane/AcOH=60:30:5)
2 AAlste] F49) 04050 g, 50.7%)S At

TLC(silica gel, EtOAc/hexane/acetic acid=60:
30:5, viv), Rf 0.35: 'H NMR(300 MHz, CDCl,)
1.44(s, 9H), 2.79(q. 4H). 3.11(m, 2H). 4.3%(m,
4H), 4.59(q, 1H), 5.08(d, 1H), 7.18(m. 4H)

R et -

Hej=o] Ay 38 FAAYHeEE +-Boc
(tert-butoxycarbonyl) chemistry™ *’$} Fmoc(9-flu-
orenylmethoxycarbonyl) chemistry™®7} Jda] AH&
H1 Qo B Aoy £ o nussa A 7}
Zo| AtjH oz A +-Boc chemistryE 83151
o} wpebA, ]2 2A Yol Qe ol =7 E tert-bu-
toxycarbonyl”]| & B3 % t-Boc tyrosine(1)& £2%
A2 39tk (Scheme I). #-Boc tyrosine(Ddl
thiophosphate?|& E=43t7] el triethylamine=}
p-nitrobenzyl bromide& 7F5t ¥H3-3le] 7128 A]7]
€ p-nitrobenzyl”7|2 H3% B3 28 93.5% 55
2 Aot ” Hel = A4 2 S Y Bukse
218}7] 918t thiophosphate2 A& cyanoethyl 712
B339k *®  Thiophosphate?] RS AL
cyanoethyl7]'E F2 DNATAI] 3 $3HA] 2145
B RI72ZAP Aol A8 i d7lele 4]
A B8 540 2lh® +-Boc chemistryE o] 48
HE|= P olr|er]e] BE71E BHIdE o
AlollA 33% trifluoroacetic acid(TFA)S] F3juza
£do] AR EE R Al AT cyancethyl?]& AR
3t} JujE oz A 7HEd 2eke-g AAElct ©
g TFAZ 2238 ¥ AASlE amine - TFAYS
free amine®2 317193}t neutralizing#Al A=A 10%
N,N-diisopropylethylamine(DIEA)& AH&&h=d,
cyanoethyl7]= DIEA® M &tchs AHE S 244y
S B3 9 F AATh. Cyanoethyl”|2 HI g
thiophosphate2] 213, vh-g-of AMLEl= Ykl A
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Scheme 1

ko 2= NH,OHE ¢85, 94 2didy e 3o
NH,OH¢l ¢j3t 2% vkgo] A APPS ¢ =
KAk, 719 BIol ARSHE OE BEr|2E Y
717b AF AHRERlen, B AFME  thiophos-
phate®] 23712 A9 5= e diio] HQoyt &
dAH S T3 G F koA EAHo) wAF o] AL
32 ¥k AdNsE Y4$ AlAZH phospho-
ramidite® ©1-8-3le] QA £ Foz A3AT|=
S TQldkgon 2% olaksl(phosphorylating)
A& dicyanoethyl N,N-diethylphosphoramidite
e #4871 9sld, phosphorus trichloridest
diethylamine®} ¥hg-3le] Z7H4) 3& AT %
triethylamine £A3}ol hydroxypropionitriles} ¥+&-
s}ej phosphoramidite 45 68.5%2 +S&2 43}
4}t Dicyanoethyl N,N-diethylphosphoramidite
e 2oz Bddsing 4T of ojde AA
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I Qo] thg whgol o] &3}tk FHEA 69 FA
<2, phosphoramidite 49} 1H-tetrazole] &x43le) t-
Boc-L-tyrosyl pnitrobenzyl ester(2)¢ ukg-ale] &
WA 58 42 ¥ ulE o Ql ZAE ASAA t-
Boc-(dicyanoethylthiophosphono)-L-tyrosyl p-ni-
trobenzyl ester(6)€ chromatography= AA| & 65.
6% +582 At 23 69 3% 'H NMR spec-
trumolA] thiophosphate] ¥ %7121 cyanoethyl”|ol
710§ 2782] MZ-E peak(2.81 ppm, 4.38 ppm)7} &
2=, Q9 42 couplingdl 9% P-O-C-HY
coupling constant 10.5Hz& #41& 4 g1t} JF =
HE 7& 4 62 712-%3) (hydro- genolysis) ¥H&
3l 50.7% 9 T5&2 A Yuty ez Jlea
Ealhe-2 90% olde] 58§ d&d ¥Etd, pni-
trobenzyl71& AA37] A% JleLEs] DAl E
2 g AIZHR 50.7%9] $E F58EM HF 232
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Scheme II

& 4. o] thiophosphate moietyd] o] Zulj%
o2 ZAgsly] Yoz Algsct P 2w & gl A
2 58S 73 & NaS0.8 Na,COse &
FB& o83 vHe*¥ 2 449 formic acid9} Pd/C
& AME3) catalytic transfer hydrogenation ¥+-8%%

AlEsisl et RS A ekt

—

oA, FHA 79 AP 4 A%
thiophosphate®] B3 71& Agx o2 71 HaA A A
& Qe AA R oo 21 MNLE] Ysl 53
A 6& o]&g B gke-g A= rHScheme ID).
74 69] cyanoethyl 23718 AAE 93l cone.
NH.OH &40l 55°CollA] 12717 w8-& Aleslge
™, o] A} thE H 570 JEFE PR &3 A7t
" =3 88 #E 5= ). ®=3F cyanoethyl 2&
712] DIEAO thgt ¢t e A33l7] 245t S04
65 DMFo 8318 10% DIEA &80 A20x 14]
b wrgatg on®? ) o] solid phase pepetide E43
oA 20919] cycledll B3l Alztkn BY3 =
ol A A3t} o] A3} cyanoethyl B& 7|7t o] %
ol ¢Hd 3 A& 'H NMRE 3218 3 ek

d 8

t-Boc tyrosine(1)& &UEZ=E 3l phosphora-
midite®} 1H-tetrazolol| &3t Q14+s} whg- 3hg )43
AHglukS F0.2 thiophosphotyrosineS 5% HE
E fFEA ol "asdt F83 Tl N-(fert-
butoxycarbonyl)-O-(dicyanoethylphospho- no)-L-~
tyrosine(7)& F-49] e 4o 2 A 58 31.1%2
§4338199th.  Thiophosphate®] ¥.37)12% cyano-
ethyl7|& A2 24 +-Boc chemistryZ ©]83F

L >
DMF, 1hr

A3 - o]¢4
H (o]
[AGey
NH,OH 3
8 O—P—ONH,
Onn,’
10% DIEA
(unreacted)

L

Bl= A AelA o] HeAls kA S F7tA1Z o
HF AR 2ES o] ZHHAS BlEyoh
A 7& o] &3t thiophosphotyrosines &3t
g HE= FEAE TR AsHg B
AEeA 4L 3AE 7HE F Ye E7E AHEE
01 % PTKS] A3, PTPases] MalAl 2 cy-
tosolic protein®] AL WA|dh= ahaal A 2 F
o2 3ot Hdel 7ledste)e} ALz Pt

L ol
o
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