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stk

ABSTRACT. As a part of synthetic programs aimed at Dolastatin 10 analogues, synthetic pathway
toward various peptides were investigated. 4-Amino-3-hydroxy acids used for the synthesis of analogues
were prepared by ring opening of epoxides with ammonia in MeOH. Several peptides were prepared
starting from these unusual amino acids through using mainly DCC coupling.
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HYHAELE A2 B o] 7di=Eles AE
Ao Aoz HF 2 WAl mEFI Qo &
FAAE Bolzta ofdyt TR} G4 A
A fde vk HAAEkE #at ozt AEAeE
5 g dFeddge Q2 A+ dAE AT
Qo ml= WA absl Y bAoA Ayt
200937 ZARRE 18,000 #FAE AR FolA
Aezts 537} 713 Held 2L dolastatin di-
demninAl 49 33HE-E-ol}. Dolastating AA-FE
¥ Dolabella auricularia$o X F29 AEo2 o
g3 aFe) /M Held AREF iR By
Atk % wlxe] Yel= s3HEal dolastatin 102
NAHEAF leukemiac] HH3F 743t dobabg-& e}
e dFdAE AYgEsicl. Aele sgEY of
vl 4t vl P A gATFRE A Z2A A
Aol oste] FHEl. nefEl= 3gE di-
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Dolastatin 103} didemnin B Eo]3F nlgiuga
ohu)|x Akl 4-olv]|x~-3-v]EA] 712 R 2] dolaiso-
lleucines} dolaphenine& X3§sla it} )59
AFA ZF2Q 4-amino-3-hydroxy acide L A}A)|
AT B 2 AUY ABAZ AMHT S
¥ oohel Ao vl S F23 J¥E sk pep-
statin®] AEEAE d7=9dc). Pepstatin® 7%
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FARRA E8H JAAE-S sl AR Bn
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7} 2ol B-& o]F 1 9o} Dolastatin®} didem-
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Dolastatin 10 (1)
£ dFdAde AEA] FES FUEAR 8o
2 AAEZE Jej@ye] rdEHE o8 7Y 4-
31 o] -§ o] §-3}o
2] FF9 otvlxAbEs} %3 uhE-3le] dolastatin
10, didemnin B, pepstatin A S $AHAE 5 9L
Aoz Aztalgct. o)el] ale} dolastatin 102 +
AA3E-q) vlgblA o}u]:Alel dolaisoleucine(2)¢}
dolaphenine(5)2] 7+x3 EAE Tt g ol #
AbEla A ©]8 7153 4-amino-3-hydroxy acid
3, 4, 6& AA dolastatin®] 33 EAjz dfgl
A 4L 919 EAHe Fyse FrEE
Al gAZL o)o wuh Bogt v oln
X Akel 4-amino-3-hydroxy acid 3, 48 A3l
oq7]e) oJ&7tA] o} :eAHEE T oS W
= 33 S A=

- OH O
dolaisoleuine (2)
OYtr /Ytrr“'
dolaphenine (5)
o4 H

IR spectrax=  Shimadzu IR-440 spectrometer<}

Nicolet FT IR 205 spectrometer 2 24 3}9ic}. H-
NMR spectrat Germini-200 (200 MHz) % Bruker
AM-300(300 MHz)2 &A3lg o TMSE W47
FEA 2 downfield2 ppm P2 A3t}
Mass spectrum-2 Shimadzu QP-1000-3 A}&-3le
FA3ct. 2A9 34 %42 Fisher-Jones
Melting point ApparatusZ A}-4-3lg.o.m M A35}=)
e¥skc}. Column chromatography+= silica gel(230~
300 mesh)& AH&-3lglon] As8el= HASHA ¢
3 AHgstelch
DL4-pToluenesulfonamido-3-hydroxybutanoic
acid(7)2] $+d. DL-4-amino-3-hydroxy butanoic
acid 3(0.30g, 25 mmo)E 15ml &7 =gk
o] 4o IN NaOH@E m))E H7Ig o5 o] £%
E-of} p-toluenesulfonyl chloride(0.67 g, 3.5 mmol)3
s A AR EkA mhbstsich 24 IN NaOH
2407 pHIE FAA7IY (=7 &27id 4
Ztsled 20T °)3HE A 2417 F<t uhEElkTh
pHe] #H3pr} HE F uhES 494 1AL o
wubsiaict. Hhgo] ShAE vwhE-3HA] & p-to-
luenesulfonyl chloride & oJ#}sleq A A sz, A&
5N HCIZ 44 3HCongo Red)3t tlS ethyl ether(3
X)2 F&3lgc). Ether $+59& 2 A3z
T FAhEFOR AZAIZ F AF3tedch 7t
253k 7(0.50 g, 1.9 mmol, 72%)& ). 'H
NMR(CDCl,) & 2.4(s, 3H), 2.6~2.85(m, 4H), 4.05~
4.2(m, 3H), 6.3(br, 1H), 7.35(m, 2H), 7.75(m, 2H);
IR(Nujol) 3405, 3277, 2958, 2853, 1732, 1458, 1375,
1158 cm ™1,
DL-4-p-Toluenesulfonyl-4-amino-3-hydroxybu-
tanoic acid-DL ; Leucine(8)2| €. DL-4-p-To-
luenesulfonamido-3-hydroxybutanoic acid-DL-
Leucine ethyl ester(0.25g, 0.64 mmol)E MeOH(2
ml)e] =<t} of7]e] IN NaOH@22m))E #7213+
o 8904 MeOHE FHA17} Fe 498
1IN HCI= 414 3KCongo Red)%+ o} ether(3X)=
2% ¥ 9 E T olavger AxAY
F ozt 3HekE5-sled 8(0.10g, 0.25 mmol,
41%)-% 2¢ch 'H NMR(DMSO-de) & 0.89~0.9(m,
6H), 1.7(m, 3H), 24(s, 3H), 2.7~2.8(m, 4H), 4.1~
4.3(m, 4H), 7.35(m, 2H), 62~6.3(br, 2H), 7.7~7.9
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(m, 2H).

DL-4-p-Toluenesulfonamido-3-hydroxybutanoic
acid-DL-Leucine-L-Phenylalanine ethyl ester(9)
o] #14. 8(0.050 g 0.13 mmol)3} L-phenylalanine
ethyl ester(0.05g, 0.13 mmol), N,N'-Dicyclohexyl-
carbodiimide(DCC) (0.027 g, 0.13 mmol)E CH.Cl,
oo A2 FHrlskdck 6417 FUd A2eA
AFsA wukAz] F dkge] FAEW NN'-dicy-
clo-hexylcarboimide uread oj3}3}e] A AR o}-&
ofe-2- IN HCI(1X), IN KHCOs(1X), H:0(1X)=
A2 AHstn T gAntadEeE ARAH
o} A% o, 49l E 3SRt 9(0.0050 mg,
0.080 mmol, 71%)¢ 343t c}t. mp. 148~150TC;
Mass spectrum(E], relative intensity), m/z 547(M*,
8.6), 491(4.7), 459(1.7), 327(100), 345(23), 214(54);
'H NMR(DMSO-de) 6 0.7~0.9(m, 6H), 1.2(m, 3H),
1.5~1.7(m, 3H), 2.4(s, 3H), 2.8~2.9(m, 3H), 34~
3.6(m, 6H), 4.2(m, 3H), 6.2~6.3(br, 3H), 7.2~7.7(m,
9H); IR(neat) 3344, 3289, 2958, 2850, 1730, 1661,
1334, 1161 cm™

DL-4-amino-3-hydroxybutanoic acid-L-pheny-
lalanine ethyl ester(10)2| £H4. DL-¢-Boc-4-
amino-3-hydroxybutanoic acid-L-phenylalanine
ethyl ester(0.30 g, 0.97 mmol)& CH,ClLol %3 ¥
steke) CF:CO.HE #H71gE ohf 308 5 wikst
gk uhgo]l SA=EA s AUSFE F 2N
NH,OAcS #7-&v]= 3} column chromatogra—
phy(SEPHADEX(25~100 n)& 3}ed 10(0.17 g 0.58
mmol, 77%)2 4t mp. 156~158C ; 'H NMR
(CDCl3) & 1.2(m, 3H), 1.3~14(m, 2H), 2.913.1(m,
3H), 3.7(m, 2H), 4.2~4.4(m, 5H), 6.2~6.3(br, 1H),
7.1~7.4(m, TH); IR(CH.Cl,) 3400, 2960, 2850, 1725,
1680, 1250 cm ™.

4-p-Toluenesulfonyl-L-Serine-DL-Leucine(12)
o| M. p-Toluensulfonyl-L-Serine-DL-Leucine
ethyl ester(1.7 g, 4.3 mmol)& MeOH(14 m))oll =
o] IN NaOH(15 m)E H7lstsdch 2417 &<t
wyhats IN HCI(6.8 mi)& #7135t ¥ MeOHS 7
gEFatadch 23 ko) IN HCl1E ¢ 384
Bolsleleh. Aol A7) AAshd 48§
st AR HEF AL AFslq 22
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A= F 2F8le A 12(0.78 g, 2.1 mmol, 49%)2
A9tk mp. 192~194T ; Mass spectrum(El, rela-
tive intensity), m/z 374(M*, 7.5), 327(4.1), 218(5.5),
214(100), 187(100); *H NMR(DMSO-d¢) 5 0.8~0.9
(m, 6H), 1.40~1.48(m, 3H), 2.35(s, 3H), 3.50(m, 3
H), 3.8~3.9(m, 1H), 40~4.1(m, 1H), 7.3~7.4(m,
4H), 7.75(m, 2H); IR(CHCl,) 3344, 3289, 2950, 1720,
1680, 1350, 1180 cm™ .
p-Toluensulfonyl-L-Serine-DL-Leucine- DL-4-
amino-3-hydroxybutanoic acid-L-phenyl alanine
ethyl ester(13)2] 4. 12(0.10g, 0.27 mmol)2
CH:Cl(10 m/)e] <4l ©}-§ DL-Leucine-DL-4-
amino-3-hydroxybutanoic acid-L-phenylalanine
ethyl ester(0.15g, 0.54 mmol), DCC(0.58¢g, 0.27
mmol)& ¥71¥ F 647 Fat Aol HYsA
kA Z Tk vhgeo] F4" ¥ NN'-dicyclohexylca-
rboimide urea® 3t AAF g 4L IN
HCI(1X), IN KHCOy(1X), H,O1X)Z AH = A
Astdch £7] $WFE T4 Aoz
AZA F Agsgch QAg FAEFS 13
0.064 g, 0.10 mmol 64%)% <2%ick 'H NMR(CDCly)
8 0.89~0.9(m, 6H), 1.2~1.35(m, 5H), 1.40~1.48(m,
5H), 2.35~2.5(m, 5H), 3.50(m, 3H), 3.8~3.9(m, 3
H), 4.0~4.3(m, 6H), 7.3~7.4(m, 7H), 7.75(m, 2H);
IR(CHCI;) 3400, 2900, 2850, 1725, 1680, 1520, 1475,
1145cm™1.
t-Boc-DL-amino-3-hydroxypentanoic acid(15)2}
$14. DL-4-amino-3-hydroxy pentanoic acid(1.3
g, 9.7 mmol)-& MeOH(15 ml)o Et;N(1.5 m))-& 7}
g gl F 9 FH (Boc)042g 19 mmo)& =
4 F7127) # 50C 2 rld sl g fje g
2 os whg ERES 30¥7F o mHiAF o
S5 ArESste A A3 o4& IN HCl2
A 3R 7) )& ulE ethyl acetate(3X) B F2&3l1
T FAlavlge s Az F qFsgch 49
2 714FEF5ld 15(1.9 g, 8.0 mmol, 85%)L 2tk
mp. 94~97C ; 'H NMR(CDCl;) 8 1.2~1.3(m, 3H),
1.5(s, 9H), 2.8(m, 2H), 3.4(m, 2H), 4.1(m, 1H), 6.3
(br, 1H); IR(CHCl;) 3400, 2965, 2850, 1790, 1710,
1390, 1180 cm™ .
t-Boc-DL-4-amino-3-hydroxybutanoic acid-
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DL-~4-amino-3-hydroxypentanoic acid phenethy-
lamine(17)2] $Md. ¢-Boc-DL-4-amino-3-hydro-
xybutanoic acid(0.46 g, 2.1 mmol)-& CH:Cl(10 m/)
d} 9l t}-& DL-4-amino-3-hydroxypentanoic
acid phenethylamine(1.0g, 4.2 mmol)& CH:Cly(2
mhol] el $4& & weH vk A7)
g F AlLssA DCC044 g 2.1 mmol)E A3t
odrt. 6417 ok Aol A>sHA w7 o=
ukgo] 2+A=xw N N'-dicyclohexylcarboimide
ureas o§¥slo] AAF thg d4-& IN HCI(IX),
IN KHCOs(1X), H:O(1 X)& 22 A y3}a 4=
Fampavlgoe s ARAZ F g3k q4&
A2 ste] 170066 g, 1.6 mmol, 74%)S Jcl
mp. 128~130T; 'H NMR(CDCly) 6 1.2~1.3(m, 5
H), 1.45(s, 9H), 2.7~2.8(m, 6H), 3.3~3.4(m, 2H),
42~4.3(m, 5H), 6.3—6A(br, 3H), 7.1~7.3(m, 5H);
IR(CHCl3) 3380, 2950, 2850, 1795, 1680, 1490, 1340,
1150 cm ™%
p-Toluensulfonyl-1-Serine-DL-Leucine-DL-4-
amino-3-hydroxy-butanoic acid-DL-4-amino-3-
hydroxypentanoic acid phenethyl amine(18)2] &
M. 1200.021g 063 mmol)& CH,CL(10 ml)ol] =
9l & CH,Cly(2 mi)o) DL-4-amino-3-hydroxybu-
tanoic acid-DL-4-amino-3-hydroxypentanoic acid
phenethylamine(0.040 g, 1.3 mmol)& =4 §4&
T w-ed AAs AVEAR. Hobske Ae] 8
£ A< 314 DDC0.013 g, 0.63 mmol)-& +7}3}
2 6A13F gt ARelA AFEA mibA ok
20] stds|"W N.N'-dicyclo-hexylcarboimide urea
£ B3] AAY oh 4L IN HC(1X), IN
KHCOs(1X), HO1X)2 A2 Ayl 55 3
Anladlge R AxAI7 F qFsddch od S 7
573k 18(0.0033 g, 0.50 mmol 80.7%) B
'H NMR(CDCl3) 8 0.80~0.95(m, 6H), 1.2~1.3(m,
3H), 1.4~1.5(m, 5H), 2.45(s, 3H), 2.7~2.8(m, 7TH),
3.4~3.5(m, 4H), 3.8(m, 4H), 4.1~4.2(m, 7H), 6.3~
6.4(br, 5H), 7.1~7.3(m, 7H), 7.8(m, 2H); IR(CHCl5)
3450, 2960, 2853, 1680, 1530, 1470, 1360 cm™™.

- EU n -

FzA o2 B3l dolaisoleucine(2)2] Moz

H

|
OH b Tt . N\’/\I/
Y T ™MLY L.

3A=H
237 A=pTs

|
(L0
€
‘P TaNH N
Y
OH O
[ ]

Scheme 1. Reagents: (a) i, p-TsCl, NaOH; ii, HCL (b)
i, DL-Leucine, DCC, CH.Cl,; ii, NaOH; iii, HCL (c)
Phenylalanine methyt ester, DCC, CH:Cl.

4-amino-3-hydroxy acid?l 7} 7htg de]al
DL-4-amino-3-hydroxybutyric acid(3)°] =&)<=
dipeptide ] 34 ZE A7) ol9 dolastatin
109) DOE(dolaphenine) #-3-2- thiazoles} 553 2
223 4 ol %3 thiazoleZ HF 7}5% es-
ter7)”} £%% phenylalanine 2 A€slo] FA&
A28l ole| 7]+ p-toluenesulfonyl 7|2 (,
p-TsCl, pH=9, 21; ii, 5N HCl, 72%) 2%3 o}-&
DCC #&A)s}o) DL-leucine methyl esteret 3%}
WRSAIAXM esterE 41% TEE IL o o] 3
352 NaOH= 7Hpisfiste] acid 882 HFA)A)
t}2 phenylalanine ethyl ester$} DCCE ARE- 71
%ol &2 E# sk dipeptide 95 A shdch 200
MHz 'H NMR3} IRel|A 7} o}wm|iile] EAJxql
peak”} #2=)g}on diasteromeric EFA YL 1}
el icKScheme 1).

219 A4S ENE dolastatine 102] H3YH
F3z¢ didemnin B2] Fx3& EAlql serine’l &
233 HE =9 4-amino-3-hydroxybutyric
acid’|1 & A= $EAEE AEsd) 4-
Amino-3-hydroxybutyric acid(3)9) o}r|Xx7}E t-
Boc7]|2 o}r|x7)E B33 ohS phenylalanine
ethyl ester} DCC &) 8}ol] 334821 +-Boc-4-
amino-3-hydroxybutyric acid-phenylalanine ethyl
ester® 90% &= dgich o] IFPES tiEER
ok 8] CF,COHE Ae]3}e] {-Boc”|7} Al
AR 108 70% FEE Ak o] AFPES o8&
3led serined EFEE unitst AFAF7) $3h4
serine . &%-€] 128 A 3}eic}. Serine 11& p-
TsClg} vF-g-A# tosylamide o}9l”7] & B33 o}
£ DL-leucine ethyl ester®} DCC& Z33}sich
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H
OH o N
HRN/\[/Y } "W Ph
OH O OH O COEt

3 10 ¢
Seine — B P‘TSNHJ/IL
" HO

N” “COM
H

BAA! ;

Scheme 2. Reagents: (a) i, G-Boc).0, Et;N; ii, phenyla-
lanine methyl ester, DCC, CH.Cl,; iii, CFsCO,H. (b)
i, p-TsCl, NaOH; ii, HC; iii, DL-Leucine, DCC; iii,
NaOH, MeOH; iv. dil-HCL. (c) DDC, CH.Cl,.

NaOHZ 7183 5l 12394, 119%)E 9} 10
¢} 128 DCC A3}l 2338 3} tripeptide
135 64%2] 782 UK Scheme 2).

Dolastatin 109] 7-24¢] 44 2712} 4-amino-
3-methoxy acidZ2 ¥ ez 3i3HE9] fA1AE
T3] flste] 49 gL A=) o9 §
AL ol FAle|= opule) o3t me|dyurs-og A
33}t Ethyl 4-pentencate® mCPBAZ g
3l A2 dFAle]lr 142 wlghg Lujel|A] otw
FEReo|se} Ao 447 WA F Az
A3t 7 AT 43%2) 2 1:1 &
A2 2702) 3HgtEe] AU o) F sFE
9] high field 'H NMR 24743 § 3.88 ppm}
4.07 ppmell 4] A& t}Z hydroxy protono] E4) 3l
A2 AHYHI)E ©]E9 multiplicityE 4%+
A3} o] F protond AR ohE #A) YL 7
&A shAlEaL glel ool uje) 3.88 ppm(ddd)+ 3-
hydroxy #3HEe] s34 o)lFoz sHalgdz W
ol 4.07 ppm(mutiplicity)-2 4-hydroxy 3§HE-8
4 4 stk 2 4-Amino-3-hydroxypentanoic
acid§ t-Boc 2. olu]|x7| & ¥ 33 o8 2-pheny-
lethylamine 2 2 DCC £a3}ol| amided A3
t}. CF:CO.H= t-Boc7| & A A3l 265 A48k
th 109] $AFA {4131 t-Boco.2 B F 3w 334
ZZ4)7 oL 94 CF:COHE t-Bocg A A3l
17 $§438ldct o] go 129} 17& DCC &¢shd
2749] 4-amino-3-hydroxy7|7} L84 tetrapeptide
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)Y\rr“')YY"\”
A~gom - — Ph

OHO

OH O

[o] OH H
4 TWHj)kn/g(k‘jvkiNMkV\N
HO ?Ii o }!I OoH O
19

Scheme 3. Reagents: (a) i, NH,OH, MeOH; ii, HCl;
iii, (¢-Boc)O, Et;N. (b) i, phenethylamine, DCC; i,
CF;CO.H. () i, £-Boc-1, DCC, CH,Cly; ii, CFsCO,H.
(d) 7, DCC, CH.Cl,. .

185 348 + UAcKScheme 3).

71849l dolastatin 108] FTHE o]F= oju)x
e F2E Y A2 ALY adr) g EHE
A 398 A =3 di, tri, tetrapeptide 3JE)]<)
ANT2E 2E A HYTE P o5
o] yejggel AL zeisln 9lon o] Azl
dee G SES gHe FATel Aok
T3 5o} f43l2 30 vzl FrHow Yoy
SHHE 59 Y fme) gk Aol JAHGA ¢
A3 olg 2o ¢ e g o] A
e oy it

2 ATE YFARAHO21-0300-031-2)8) AT
8] Aol 2lshe] o] Foizl Solu o]o] ALE =
Yuich
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