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DESCRIPTION

NOVEL TETRAPEPTIDE DERIVATIVE

Technical Field
This invention relates to a novel tetrapeptide
derivative having an antitumor activity, and relates more '
detailedly to a tetrapeptide derivative represented by “
5 +the following formula or a salt thereof:

mb\N/J:T/ww/Lﬁr’
CHs .

wherein,

Hi’ R2, R3 and Ru are the same or different and
each represent a hydrogen atom, a lower alkyl

10 ¢ group or an aralkyl group;
Q represents -A,—<::ﬂ\ or a group of -A2-R7,
Y
wherein,

R
5
A1 represents a direct bond or -éH-,

Y represents a hydrogen atom or.-CORs,

15 R5 represents a hydrogen atom, a lower alkyl
group or an aralkyl group,
R6 represents a hydroxyl group, a lower alkoxy
group, an aralkyloxy group or
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[err] represents a hydrogen atom a |ower alkyl group or an aral kyl group,
[err] ~represents a hydroxyl group, a |ower al koxy group, an aral kyl oxy
group or [err] wherein, -2- [err] and [err] are the sane or different
and each represent a hydrogen atom a |ower al kyl group, a phenyl group or
a 4- to 7-nmenbered heterocyclic group containing one or two hetero atons
selected fromS, 0 and N, or alternatively

-2 -
RB and R9 are the same or different and

each represent a hydrogen atom, a lower
alkyl group, a phenyl group or a 4- to
7-membered heterocyclic group containing
one or two hetero atoms selected from S, O
and N, or alternatively

R8 and Rg may combine together with the
nitrogen atom to which they are bonded to
form a 8- to T-membered heterocyclic ring
optionally further containing one hetero
atom selected from S, O and N,
represents a direct bond or a lower alkylene

10

Ay
group, and

R7 represents a cycloalkyl group, an aryl group

15 or an indolyl group,

provided that the case is excluded where both
R1 and R2 represent isopropyl groups, R3 repre-~
sents a sec-butyl group, Rﬂ represents a methyl
group, and Q represents ano/-(2-thiazolyl)phe-

20 nethyl group.

Background Art
Peptides having a cytostatic activity and/or an
antineoplasm activity have been isolated from marine
25 molluses, sea hare Dolabella auricularia and these pep-
tides are called dolastatins 1 to 15. Among them, dola-
statin 10 is a pentapeptide extracted from Dolabella
auricularia from the Indian Ocean in 1987 by G. R.
Pettit, et al. and having the following structural for-
30 mula, and is said to be the strongest cytostatic sub-
stance presently known (see G. R. Pettit, et al., J. Am.
Chem. Soc., 109, 6883 (1987) and Japanese Laid-Open
Patent Publication No. 167278/1992).
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[err]-and [err]

may conbi ne together with the nitrogen atomto which they

are bonded to forma 4- to 7-nmenbered heterocyclic ring optionally further
cont ai ning one hetero atomselected fromS, 0 and N, A2 represents a direct
bond or a | ower al kylene group, and [err] represents a cycl oal kyl group,
aryl group or an indolyl group. Background Art Peptides having a cytostat
activity and/or an antineoplasmactivity have been isolated from marine
nol | uscs, sea hare Dol abella auricularia and, these pep- tides are called
dolastatins 1 to 15. Anmong them dola- stati®h ™10 is a pentapeptide
extracted from Dol abel l a auriculari,a fromthe Indian Ccean in 1987 by G R

10

15

20

25

I.AW“ %\ |
CHs\ ::[:;/NH 0

CHs

Dolastatin 10

Further, recently, publication was made on the
total synthesis of dolastatin 10 itself (see, US Patent
No. 4,978,744), but its derivatives have not so far been
known at all.

The present inventors had intensely studied
about derivatives of dolastatin 10, and as a result they
found that certain dolastatin analogs fepresented by the
above formula (I) have a higher cytostatic activity than
dolastatin 10. They further found that many of these
compounds have a larger therapeutic ratio (maximum effec-
tive dose/dose at 30% prolongation of life) and a lower
toxicity than dolastatin 10, and are thus excellent as an
antitumor agent.

Namely, they found not only that amino acid
analogs of dolastatin 10 exhibit a higher activity than
the native dolastatin 10, but that the activity is,
unexpectedly, extremely increased by introducing a car-
boxyl derivative into the thiazole ring. Further, they
found, throughly astoundingly, that derivatives wherein
the thiazole ring is eliminated show extremely higher

activity than dolastatin 10.

Disclosure of Invention _

The embodiments of this invention completed
based on these findings can bé classified into the
following three categories.
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Pettit; et al. and having the follow ng structural for- nula, and is said
to be<the strongest cytostatic sub- stance presently known (see G R
Pettit, et al., J. Am Chem Soc., 109, 6883 (1987Fhissnek: lameacnslatai d- Qpen

Pat ent Publication No. 167278/1992). -3- NH [err] i Furt her,
recently, publication was nade on the total synthesi Elm/ﬂmmg Mrn 10
itself (see, US Patent No. 4,978,744), but its deriv ot so far
been known at all. 1

(1) Amino acid-substituted compounds of .

dolastatin 10 and synthesis thereof
(2) Carboxyl derivatives of the thiazole ring

and synthesis thereof
5 (3) Tetrapeptide derivatives wherein the
thiazole ring is eliminatd and synthesis thereof

The synthesis of compounds belonging to cate-
gory (1) is described in the later-shown Flow sheets 1, 2
and 3, and synthesis of compounds belonging to category

10 (2) is described in the later-shown Flow sheets 4 and 5.
Further, synthesis of compounds belonging to category (3)
is described in the later-shown Flow sheet 6.

In the present description, the term "lower"

means that the number of the carbon atoms of a group or
15 compound to which this term is attached is 6 or 1less,
preferably 4 or less.

In the above formula (I), the "lower alkyl
group” may be either of straight-chain and branched-
chain, and there can, for example, be mentioned a methyl,

20 ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, isopentyl, neopentyl or isohexyl group, or
the like and the "aralkyl group! means an aryl-lower
alkyl group, and there can, for example, be mentioned a
benzyl or phenethyl group, or the like. Further, the

25 "lower alkoxy group" means a lower alkyl-O-group wherein
the lower alkyl part has the above meaning, an there can,
for example, be mentioned a methoxy, ethoxy, n-propoxy,
isopropoxy or tert—butoxy group; or the like, and the
"aralkyloxy group" means an aralkyl-O-group wherein the

30 aralkyl part has the above meaning, and there can, for
example, be mentioned a benzyloxy or phenethyloxy group,
or the like. Further, the "lower alkylene group" may be
either of straight-chain and branched-chain, and there
can, for example, be mentioned a methylene, ethylene,

35 trimethylene, tetramethylene, methylmethylene, propylene,
ethylethylene or 1,2-dimethylethylene group, or the like,



The presen{ inventors had intensely studi ed about derivatives of dolastatin
10, ahd as a result they found that certain dolastatin anal ogs represented
by the above fornula (1) have a higher cytostatic activity than dolastatin
10. They further found that many of these conpounds have a | arger

t herapeutic ratio (maxi numeffec- tive dose/dose at 30% prol ongati on of
life) and a lower toxicity than dolastatin 10, and are thus excellent as an
antitunmor agent. Nanely, they found not onIy hat am no aci d anal ogs of

dol astatin 10 exhibit a higher actiyity than atlve dal ast at,in 10 but
that the activit@0% ag;ddie@yediapl Y‘é’h‘t BIPUR) ’| eé'a%e‘if"b&’? RETARIGE &
car- boxyl deri va;ydaeba]myl tmdmlmdln@ 3 e TFudrnbern dtveys fsugid,as, for

érrﬁrggigdaghgupdl ’ truﬂ%ﬁ$ %pr eségyi(ﬂéhéJfaté&éﬁ%ﬂé&fir3¥'é§clo-
heptyl group, and as the "aryl group", there can, for
5 example, be mentioned a phenyl or naphthyl group, or the
‘like.

When R8 and R9 represents "a U4- to T-membered
heterocyclic group containing one or two hetero atoms
selected from S, 0 and N", as examples of the heterocycl-

10 1ic group, there can be mentioned azetidinyl, furyl,
thienyl, pyridyl, piperidinyl, azepinyl, thiazolyl,
imidazolyl, oxazolyl, pyrimidinyl and pyridazinyl groups,
etc. Further, when R8 and R9 "combine together with the
nitrogen atom to which they are bonded to form a - to

15 T7-membered heterocyclic ring optionally further contain-
ing one hetero atom selected from S, O and N", as exam-
ples of the heterocyclic ring, there can be mentioned
azetidina, pyrrolidino, piperidino, 1-perhydroazepinyl,
piperazino, morpholino and thiomorpholino groups, ete.

R

20 Thus, as examples of the group of -N< 8
R

9

there can be mentioned amino, methylamino, ethylamino,
isopropylamino, tert-butylamino, dimethylamino, diethyl-
amino, phenylamino, N-methyl-N-phenylamino, furylamino,
pyridylamino, 2-thiazolylamino, imidazolylamino, pyri-

25 midinylamino, pyrrolidino, p1per1d1no and morpholino
group, etc.

A group of compounds preferred among the com-
pounds of the above formula (I) are compounds wherein

?5
Q represents -CH—{C%] wherein R5 has the same meaning
N

30 as defined above, and particularly preferable among them
are compounds wherein four groups among R1, Rz, R3, Ru,
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activikty than dolastatin 10. The docunent R Bai et al. (Biochem Pharm-
col.,*Vol. 40, No. 8 (1990), pp. 1859-1864) nentions the inhibitory action
of .dolastatin 10 and its chiral iso- nmers against both tubulin

pol yneri zation and the growth of L1210 | eukem a cells. 4 The docunent
GR Pettit et al. (J. Med. Chem, Vol. 33, No. 12 (1990), pp. 3132-3133)
refers to the cytostatic activity of dolastatin 10 and its chiral isoners
(i sodol astatin 10) agai nst |ynphocytic |eukenm a P388 cells. Derivatives of
dolastatin 10 are, however, not - -

10

15

20

25

30

and R5 represent the same groups as in dolastatin 10
(i.e., compounds wherein both R1 and R2 are isopropyl
groups, R3 is a sec-butyl group, Ru is a methyl group and
R5 is a benzyl group), and only the residual one group
represents a group different from that in dolastatin 10.
Another group of preferred compounds are the
compounds of the case where R1 and R2 represent isopropyl
groups, R3 represents a sec-butyl group, Ru represents a

Ilis
methyl group and Q represents -Cﬁ—{éiﬂ\ wherein
N~ TCORs

R5 represents a benzyl group and R6 has the same meaning
as defined above,

Further, another group of preferred compounds
are compounds of the case where Q represents -A2-R7
wherein A2 represents a lower alkylene group and R7 has
the same meaning as defined above, and particularly
preferable among them are compounds wherein both R1 and
R2 represent isopropyl groups, R3 represents a sec-butyl
group, R4 represents a methyl group and R7 represents an
aryl group.

In the compounds of the aforesaid formula (I)

-of this invention, the carbon atoms to which the substi-

tuents R1, R2, R3, RM’ R5 and methoxy groups are bonded
are asymmetric carbon atoms, and can take arbitrary R or
S configurations, and all these are included in the scope
of this invention, but in view of the point of pharma-
cological activities, compounds which have the same
configuration as dolastatin 10 are preferable.

As representative examples of the compounds of
the above formula (I) provided by this invention, there
can be mentioned the following ones besides those men-
tioned in the later-described Examples.
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mentioned inn either of the above docunents. Disclosure of Invention The
enbodirnments of this invention conpleted based on these findings can be
classified into the follow ng three categori es. -5- (1) Amno

aci d-substituted conmpounds of dolastatin 10 and synthesis thereof (2)
Car boxyl derivatives of the thiazole ring and synthesis thereof (3)
Tetrapeptide derivatives wherein the thiazole ring is elimnatd and
synt hesi s thereof The synthesis of conpounds7belonging to cate-

/t./ NH_Q
3\N oci, ©

CH3

Werod m,  w,  w, R Q

1  i-Pr i-Pr i-Bu Ne ji;&:u

2 ) ” o ” "CH(BZI))S\_N:D
3 n-Pr . , s
4 i-Bu o« , )
9 i-Pr n-Pr " .

" i-Bu " ,

7 ' i-Pr 1 p ,

8 ' ' Et ' ,

9 ! ¥ t-Bu " .
10+ ¢+ 1¥eBu ,
11 ‘ ’ i-Pe " Y
12 ' " Bzl ’ .
13 o s-Bu Et .
TR . ”
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gory (1) is.described in the |ater-shown Flow sheet 1, and synthesis of
conpounds belonging to category (2) is described in the |ater-shown Flow
sheets 2 and 3. Further, synthesis of conpounds bel onging t'o category (3)

i s*described in the |later-shown Flow sheet 4. In the present description,
the term"lower" neans that the nunber of the carbon atons of a group or
compound to which this termis attached is._6goL |ess, preferably 4 or |ess.
In the above fornula (1), the "lower alkyl- group" may begeitfer of

st r.ai ght - chai n andp br anghed- ¢hai n, *and t heMe can, for eSeFEFe, be
mentioned a nmethyl, ethyl, n-propyl, isopropyl, n-butGls” i"¥0butyl,

sec-butyl, tert-butyl, isopentyl, neopentyl or isohexyl group, or the |ike
and the "aral kyl group” nmeans an aryl-lower al kyl group,.and there can, for
exanpl e, be nentifged a, . » "

-CH(i-Pr

R ! ! ' moocns

18 v ’ ! ’ j\_ulcomt

19 - ‘ ' ' -cn(le)m(mH
0 y g ' —CH(BZI))S\T/ILCOOE'C

2 ]_ # » » »
—CH(le))\Nj \CONHke
9 ' -CH(le)N] “con &t

Et
93 " v ' —CH(BZ_l)S/\—NJ]\CO le
| Ph

N

24 ” » ¥ ¥ -CH (BZ]. )M@Nﬂ*@

95 o . , —cnale))\ﬂj \CONQ

% o+ r o ) _@ .
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benzyl or phenethyl group, or the like. Further, the "lower al kexy group"
means a | ower al kyl - O group wherein the |ower alkyl part has the above
meani ng, an there can, for exanple, be nentioned a nethoxy, ethoxy,

| sopropoxy or tert-butoxy group, or the |like, and the
"aral kyl oxy group" neans an aral kyl -O-group wherein the aral kyl part has
t he above neani ng, and there can, for exanple, be nentioned a benzyl oxy or
phenet hyl oxy group, or the like. Further, the "l ower alkylene group” nmay
ei ther of straight-chain and br anched- chai i, %and there can, for exanpl e,
mentioned a nethyl ene, ethylene, trinmethylene, tetranethylene,

n-"pr opoxy,

nmet hyl net hyl ene,

the |ike,

10

15

prfpyleng, et hyl et hy,ene or 1,2-dinetbm6ethylene group,

w0 aE)

29 Y v ’ -CH(¥e)CHz-Ph
30 " d ” " -(CHz) +—Ph

31 . s-Bu ” ~-CH,CH4Ph

32 y i-Pr i-Pr ¢ "

33 P ’ n-Pr p "

34 Y d s-Bu H ’

35 ’ " y Et '

In the above groups, Me,-Et, Pr, Bu, Pe, Bzl,
Ph and Np mean a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a benzyl group, a
phenyl group and a naphthyl group, respectively.

The tetrapeptide derivatives of the above
formula (I) can exist as a salt, and examples of such
salts, there can be mentioned hydrochlorides, hydrobro-
mides, trifuloroacetates, p-toluenesulfonates and ace-
tates.

According to this invention, a tetrapeptide
derivative of the above formula (I) can be prepared by
condensing amino acid or peptide fragments, for example
according to the liquid phase synthesis method (see, E.
Schr8der and K, L#bke, "The Peptides"™, volume 1, pages
76-136, 1965, published by Academic Press) well known in
the field of peptide chemistry. However, it is most
preferable to synthesize these tetrapeptide derivatives
by condensing a tripeptide fragment of the following
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-6 - and as the "cycl oal kyl group”, there can be nentioned a cycloal kyl
group’ having 3 to 7 carbon atons such as, for exanple, a cyclopropyl,

cycl opentyl, cycl ohexyl or cyclo- heptyl group, and as the "aryl group",
there can, for exanple, be nmentioned a phenyl or naphthyl group, or the
like. When [err] and [err] represents "a 4- to 7-nmenbered heterocyclic
group containing one or two hetero atons selected fromS, 0 and N', as
exanpl es of the heterocycl- ic group, there ?Sn be nentioned azeti di nyl,
furyl, thienyl, gyrldX g eridinyl, azeprnyt,~thiazolyl, imdazolyl,
oxazol yl, pyri ni HPRGR anf égrldazinyl groups, etc. Further, when [err] and
[err] "conblne together with the nitrogen atomto which they are bonded to
forma 4- to 7-nenbered heterocyclic ring optiogglly further contain-

Rz /k‘/\c
! 00H D
Cﬂa\N/L./NH/'\I/?

CHa 7/ 0 0 Cﬂs OCHS

wherein R1, R2 and R3 have the same meanings as
defined above,
5 with a fragment of the following formula (III)

NH-Q; (11D

H
OCH, ©

wherein RM has the same meaning as defined

above, Q1representé a group of —A1—<;:ﬂ\
Y

-R7 wherein Y1 represents a hydrogen atom or
10 a methoxycarbonyl group, and A1, A2 and R7 have
the same meanings as defined above,
because each fragments of the formulae (II) and (III) is
easy to synthesize and is free from racemization at their
condensation step. A compound in the case where, in the
15 group Q, the substituent Y at the U-position of the
thiazole ring represents the group -COR6 other than a
methoxycarbonyl group, can be obtained by preparing a
compound of the formula (I) wherein Y represents a meth-
oxycarbonyl group and then converting the methoxycarbonyl
20 group to a group -CORG.
The reaction can generally be carried out by
treating the above fragments (II) and (III) with a condens-
ing agent, e.g. dicyclohexylcarbodiimide (DCC), diphenyl
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ing onre hetero atomselected fromS, 0 and N', as exam ples of the
heterdcyclic ring, there can be nentioned azetldino, pyrrolidino,

pi peri di no, 1-perhydroazepi nyl, piperazino, norpholino and thionorpholino
groups, etc. Thus, as exanples of the group of [err] there can be nentioned
am no, methylam no, ethylam no, isopropylamno, tert-butylam no,

di net hyl am no, diethyl- am no, phenyl am no, N nethyl-N phenyl am no,
furylam no, pyridylam no, 2-thiazolylamno, §jgidazolylamno, pyri-

m dr nyl am no. pyﬁgeggﬂbpga RLPEE! EhPPA FGr "B1 LAY "BrOEBHBroBYEnidaté A
drotip ot preterte ), a so-called BOP reagent, or the like in an inert
solvent such as, for example, chloroform, ethyl acetate,
tetrahydrofuran (THF), dimethylformamide (DMF) or aceto-
5 nitrile, if necessary in the presence of an organic base
such as, for example, triethylamine, N-methylmorpholine
or diisopropylethylamine (DIEA).
The reaction temperature is usually -10°C to
room temperature, preferably around 0°C, and as for use
10 rates of the compound of the formula (III), the organic
base and the condensing agent based on the compound of
the formula (II), it is advantageous to use the compound
of the formula (III) of at least one mole, preferably of
the order of 1.0 to 1.1 moles, the organic base of the
15 order of 2 moles, and the condensing agent of the equi-
molar order, respectively per mole of the compound of the
formula (II), |
The conversion of a compound wherein the sub-
stituent Y at the 4-position of the thiazole ring in the
20 group Q represents a methoxycarbonyl group to a compound
wherein the substituent Y represents a group -CO—R6 can
easily be carried out, for example, when R6 represents a
hydroxyl group, by hydrolyzing the former compound with
an alkali; when R6 represents a lower alkoxy group or
25 aralkyloxy group, by esterifying a compound wherein R6
represents a hydroxyl group according to
. /B8
a conventional method; and when R6 represents -N\R ’
9
by treating the compound wherein the substituent Y repre-
sents a methoxycarbonyl group with ammonia, a primary
30 amine or a secondary amine.
Thus, the desired tetrapeptide derivatives of
the formula (I) are formed, and the isolation and purifi-
cation thereof from the reaction mixtures can be carried
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conpounds of the case where [err] and [err] represent isopropyl groups,
[err]:represents a sec-butyl group, [err] represents a methyl group and Q
represents J[err] wherein R represents a benzyl group and [err] has the
sane neaning 5 as defined above. Further, another group of preferred
conpounds are conpounds of the case where Q represents -A2-R7 wherein A2
represents a | ower al kylene group and [err] has the sane neaning as defi ned
above, and particularly preferable anong theng$re conpounds wherein both

[err] and [err] re esent I sopro ou r] sr S

group, [err] rep ¥% oY tﬂ%’r%%%l%'ﬂ’d][ ;lerhe%?éegen an aéy| roup
In the conpoundsgﬁltﬂﬁiﬁﬁéxiﬁnu(highrnéafqnmanﬁet%ﬁquidnﬂhnqmatoanﬂpk%ubon
atons to whichtrgigubsti-

The compounds of the above formulae (II) and
(III) used as starting materials in the above reaction

’ are novel compounds not disclosed in prior literatures,
and can easily be prepared by condensing amino acids,
which are constituents thereof, according to a liquid
phase synthesis method.

10 The tetrapeptide derivatives of the formula (I)

of this invention have a higher cytostatic activity than
dolastatin 10, and are useful for treatment of acute
myeloeytic leukemia, acute lymphocytic leukemia, chronic
melanoma, pulmonary adenocarcinoma, neuroblastoma, pulmo-
15 nary small cell carcinoma, breast cancer, colon cancer,
ovary cancer, bladder cancer, etc.
The screening of cytostatic activity was made
using lymphocytic leukemia P388 cells. The results are
shown in the following Table.
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tuents [err] and net hoxy groups are bonded are asymmetric carbon-atons, and
can take arbitrary R or S configurations, and all. these are included in the
scqpe of this invention, but in view of the point of pharma- col ogi cal
activities, conpounds whi ch have the same conf i gur at iThi3 Shet 1k IBastRaplhdad 10
are preferable. As representative exanples of the conp bove
formula (1) provided by this invention, there can be % IEE!np
-descri | es.

follomnng ones besi des those men- tioned |n {?e | at er

Table

Example No.
of Compound EDso (ng/ml)
1 3.1 x 10°°
4 1.7 x10°®
o 3.1 x10°°
15 2.4 x 1077
16 2.7Tx 10°°
23 ' - <1.0x 108
25 <1.0 x 10-¢
26 < 1.0 x 10°¢
28 2.9 x 10°¢
Dolastatin 10 7.0 x 10°*

The compounds of this invention, when used as a
drug, can be used by formulafing then into any dosage
form of solid forms (e.g., tablets, hard capsules, soft

5 capsules, granules, powders, fine granules, pills,
troches, ete.), semi-solid forms (e.g., suppositories,
ointments, etc.) and liquid forms (e.g., injections,
emulsions, suspensions, lotions, sprays, etc.). As
nontoxic additives usable in the above formulations,

10 there can, for example, be mentioned starches, gelatin,
glucose, lactose, fructose, maltose, magnesium carbonate,
tale, magnesium stearate, methylcellulose, carboxymethyl-
cellulose or salts thereof, gum arabic, polyethylene
glycol, p-hydroxybenzoic acid alkyl esters, syrups,

15 ethanol, propylene glycol, vaseline, carbowax, glycerol,
sodium chldride, sodium sulfite, sodium phosphate, citric
acid, ete. The drug can also contain another therapeu-
tically effective drug.

The content of the compound of this invention



REPLACEMENT SHEET i-Pr i-Pr s-Bu Me - 10 - 11 - fornuta
(I'1) ferr] wherein [err] and [err] have the sane neanings as defined above,

5 with a fragnent of the following fornmula (111) [err]

10

15

20

25

- 14 -
in the drug varies depending on the dosage form, but it.

is generally preferable that the drug contains the com-
pound at a concentration of 0.1 to 50 wt% in the case of
solid and semi-solid forms, and at a concentration of
0.05 to 10 wt% in the case of liquid form.

The dose of the compound of this invention can
widely be varied depending on the kind of warm-blooded
animals including human beings and a subject, administra-
tion routes, the seriousness of symptoms, the diagnoses
of doctors, etc., but can generally be on the order of
0.01 to 50 mg/kg per day. However, it is of course be
possible to administer the compound in an amount smaller
than the lower limit of the above range or in an amount
larger than the upper limit thereof in accordance with
the seriousness of the symptom of the patient and the
diagnosis of the doctor as mentioned above. The above
dose can be administered once a day or in divided several
portions per day.

This invention is further described below
according to Referential Examples and Examples.

As for the structure of compounds corresponding
to compound numbers used in Referential Examples and
Examples, please refer to the following Flow sheets 1 to
6.. Therein, Z, Me, But, Boc and Bzl represent a benzyl-
oxycarbonyl group, a methyl group, a tert-butyl group, a
tert-butoxycarbonyl group and a benzyl group, respective-
ly, and R1, R2, R3, RH’ RS’ R6 and -AZ-R7 have the
aforesaid meanings.
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whereih [ernr] has the same neaning as defined above, [err] represents a
group of -A or [err] wherein [err] represents a

methoxycar bonyl group, and [err] and [err] have the sanme neani ngs as

defi ned above,. because each fragnents of the fornulae (I11) and (II1l) is
easy to synthe5|ze and is free fromracem zation at their condensation
step. A conmpound in.the case where, in the group Q the substituent Y at
the 4-position of the thiazole ring represents the group [err] other than a
met hoxycar bonyl group, can be obtained by preparing a conpound .of the
formula (1) wherein Y represents a neth- oxycarbonyl group and then
converting the nethoxycarboByl ogvouphte eatgrdup [err]. The reaction can
generally be.carried out by treating the above fragnments (11) and (I111)
wi th a condens-

Ra
ZNH COOH
Referential
Example 1
~ Ra
ZN H/'\ﬂ/\c OOMe  Compound 1
0]
Referential
Example 2
Rs
ZN _ COOMe Compound 2
H
Referential
Example 3
R
Z 1,\’ COOMe Compound 3
Me Me
Referential
Example 4
Ra

2;£¥/1\\£//\\C 00But Compound 4
e Me
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ing agént, .e.g. dicycl ohexyl carbodiimde (DCC), diphenyl - 12 -
phosphoryl azide (DPPA) or diethyl phosphorocyanidate (DEPC), a so-called
BOP-reagent, or the like in an inert solvent such as, for exanple,
chloroform ethyl acetate, tetrahydrofuran (THF), dinethylfornmani de (DVF)
or aceto- nitrile, if necessary in the presence of an organic base such as,
for example, triethylam ne, N nmethylnorpholine or di i sopropylet hyl amne
(DIEA). The reaction. tenperature is usually{feLr] -to roomtenperature,
preferably around [err], and as for use rates of the conpound .of the
formula (111), the organic base and the condensi ng agent based on the
conpound of Jf i

Rz R

ZNH)\,C'OOH Hr;r)\(\cooaut
Me OMe :

Referential
Example 5

Ra
Re )Y\ .
N COO0OBut
H)\( Me OMe Compound 5
0

R R»
Me\)\ Rz
N COOH ; COOBut
M & H:N" Y Me OMe
0
Referential
Example 6
. | Ra
"R
Rt N COOBu*
Me. N H {/Me OMe
::N { 0 Compound 6

Me 0
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the foermula . (1), it is advantageous to use the conmpound of the fornmula
(I'11)* of at |l east one nole, preferably of the order of 1.0 to 1.1 noles,

t he organi c base of the order of 2 noles, and the condensing agent of the
equi - nol ar order, respectively per nole of the conpound of the fornula
(I'l). The conversion of a conpound wherein the sub- stituent Y at the
4-position of the thiazole ring in the group Q represents a nethoxycar bonyl
group to a conpound wherein the substituent, ¥7rgpresents a group [err] can
easily be carried out, for exanple, when [err] represents a hydroxyl group,
by hydrol yzing the forner conpound with an alkali; when [err] represents a
| ower al koxy group or aral kyl oxy group, by esterifying a conpound wherein

[err] represents a hydroxyl group according to a conventional nethod; and
when [err] represents [err] Flow sheet 2

Ra Rs ) f{S:]
Ell\f_/‘\(:HO l\COOle BocNH/‘\C_HO HeN
Boc "
L l l I

Referential
Example 7 Referential
R« ~ Example 9
WCOOBzI BocNH/l\<j
H
Boc Compound 7 H Compound 9
Referential ' Referential’
Example 8 Example 10
R« Rs
‘ S
N cCo0BzlI BocNH \,‘:B
] Me N
Boc Compound 8 ' Compound 10

Referential l

Example 11 .
. Rs
R« S
T4 ]
l}’ M el% N Compound 11
Boc
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by tredting.the conmpound wherein the substituent Y repre- sents a

nmet hoxycar bonyl group with ammonia, a primary am ne or a secondary am ne.
Thys, the desired tetrapeptide derivatives of the fornmula (1) are forned,
and the isolation and purifi- cation thereof fromthe reaction m xtures can
be carried out by recrystallization, ion exchange chromatography, gel
filtration, high performance |iquid chromatography, etc. The conpounds of
the above formulae (11) and (11) used as star{dng materials in the above
reaction are novel conpounds not disclosed in prior literatures, and can
easily be prepared by condensing am no acids,

Flow sheet 3

Compound 6 Compound 11

e /'\n/ /kI(M{\(\co.on %NH/‘\( J
| B | "
Examples 1 to 14 l’
\/VY"”&J
/’\( )\(m LN

Compound 12
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whi ch gre constituents thereof, according to a |liquid phase synthesis

nmet hod. The tetrapeptide derivatives of the formula (1) of this invention
haye a hi gher cytostatic activity than dolastatin 10, and are useful for
treatment of acute nyelocytic | eukem a, acute Lynphocytic | eukem a, chronic
mel anoma, pul nonary adenocar ci noma, neur obl astoma, pul no- nary snmall cel
carci noma, breast cancer, colon cancer, ovary cancer, bladder cancer, etc.
The screening of cytostatic activity was nage1§slng | ynphocytic | eukem a
P388 cells. The results are shown in the follow ng Table. * -14-

Flow sheet 4

Referential Example 12 i Compound 13
- N\
(Rs=0He — OCHPh) BocNH COR,
- N
R4

Q\l/'\coon
[ Olle HoN l
8
B
oc . CORG/.

Compound 14

Referential Example 13 J/

CORs Compound 15

R4 l ;
Q\l/L'/NH \N ]\
l OMe 0

Boc
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[err] The conpounds of this invention, when used as a drug, can be used by
fornulatlng then into any dosage fornlof solid forns (e.g., tablets, hard
capsul es, soft capsul es, granules, powders, fine granules, piIIs, troches,
etc.), sem-solid forms (e.g., suppositories, ointnments, etc.) and liquid
forms (e.g., injections, enulsions, suspensions, |otions, sprays, etc.).
As nontoxic additives usable in the above fornul ations, there can, for
exanpl e, be nentioned starches, gelatin, gluegse. |actose, fructose,
mal t ose, magnesi um carbonate, talc, magnesi um stearate, nethyl cell ul ose,
car boxymet hyl - cellul ose or salts thereof, gum arabic, polyethylene glycol,
p- hydr oxybenzoi c acid al kyl esters, syrups, Qtolg,aggég [gropyl ene gl ycol,
vasel i ne, carbowax, glycerol, sodiumchlori ul fite, sodlum
phosphate, citric

3
l - ? Compound 15
ey NE &Y C00But

e’ g 0 ¥ Qe l
| Compound 6
d \
N
o
v \ OMe )
1
Yoy NH/'\,/N > CooH
e’ o 0 de Que
L |
Examples J/
15 to 22
'\N NH/’[\T/"jYLI/A\ng;:L\]/J\j//N é;i[COR.
Ne Ole

Compound 16
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acid, etc. The drug can also contai-n another therapeu- tically effective
drug. ‘rhe content of the conpound of this. invention - 15 - in the drug
varires depending on the dosage form but it is generally preferable that
thé drug contains the com pound at a concentration of 0.1 to 50 wt%in the
case of solid and sem -solid forns, and at a concentration of 0.05 to 10
W% in the case of liquid form The dose of the conpound of this invention
can widely be varied depending on the kind of 2ar m bl ooded ani nal s
i ncludi ng human bei'ngs and a subj ectgpjogUsfigitsgra- tion routes, 'the
seriousness of synptons, the di agnoses

l C00Bz1
Boc (OMe Compound 8-B

Cﬂj\l/'\COOH ]é— COOH |H:N-A;-R,

Boc Olle

Referential

U\H\COOH HaN-A3-R+ Example 14

NH-As-R,

L

. ? Referent1a1W3U\(|)ll/e‘\{”/C°"p°“nd 17
ue\Nj\./ NE j\'/N\ CO0But Example 15
e’ ¥ 0 lNe Ok [N_/l\rl\n/nn-h—m
Compound 6 I

7  Ole
Compound 18

i l COOH Q\'/'\n/“ﬂ"‘z““
e
\N \ X

e’ le Olie oye ©
| \LExanples 28 to 39 |
. B, ¥ . NH-As-Rq
e I J |
He>N 0 " 0 Ne Ok ° Ole Compound 19
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of doctors, etc., but can generally be on the order of 0.01 to 50 ng/kg per
day. However, it is of course be possible to adm nister the conpound in an
anount smaller than the lower limt of the above range or in an anount

| drger than the upper linit thereof in accordance with the seriousness of

t he synptom of the patient and the diagnosis of the doctor as nentioned
above. The above dose can be adm nistered once a day or in divided several
portions per day. This invention is further ggscribed bel ow according to

Ref erenti al Exanpl es_and.Exappl es: or th&%structure of conpounds
oReRpBkash BarE1ge ok

correspondi ng t in Referential Exanples and
Exanpl es, please refer to PhepéavatdonngfFeompeundt $-4 (GompolWhdr di whePeink,
Bu[err] , Boc anfl Bgh hepresent a benzyl - oxycar bonyl group, a nethyl

group, a tert-but$l gBoup, a . .
11.15 g (50 mmoles) of Z-alanine is dissolved

5 4in 140 ml of tetrahydrofuran, 9.72 g (60 mmoles) of
carbonyldiimidazole is added, and the mixture is stirred at
room temperature for 4 to 5 hours. h

On the other hand, 17.16 g (110 mmoles) of
malonic acid monomethyl ester potassium salt and 7.60 g

10 (80 mmoles) of anhydrous magnesium chloride are suspended
in 150 ml of tetrahydrofuran and is stirred for 6 hours
with heating on a water bath of 55°, The reaction mix-
ture is cooled with ice, the above reaction solution is
poured thereinto all at once, the cooling bath is immedi-

15 ately removed, and the mixture is stirred at room tempe-
rature for 24 to 48 hours, _

A small amount of water is added to the reac-
tion solution, and a clear supernatant is decanted from
the deposited waxy precipitate, and concentrated under

og Ureduced pressure to obtain an oily matter. Ethyl acetate
and ice-~cooled UN hydrochloric acid are added to each of
the above waxy residue and this oily matter, each of the
mixtures is shaken to dissolve, the two solutions are
combined, the layers are separated, and the aqueous layer

25 is extracted again with ethyl acetate. The ethyl acetate
layer is washed with ice~cooled 2N hydrochloric acid and
saturated aqueous sodium bicarbonate and dried, and the
solvent is distilled off to obtain 13.50 g of a pale
vellow oily matter., This is purified by silica gel

30 column chromatography (eluent : ethyl acetate-n-hexane
(1 : 1)) to obtain the desired compound 1-A as a color-
less - pale yellow oily matter. 12.96 g (92.9%).
[alo®®-17.7° (c=1.01, HeOH)
1H—NMR (CDC1;, &) 1.38(3H, d, J=7.1 Hz), 3.55(2H, s). 3.72(3

35 B, s).4.45(1H, m, J=7.1 Hz), 5.11C2H, s).

5.25~5. 55(1H, m). 7.34(5H, s)
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tert-but oxycarbonyl group and a benzyl group, respective- |y, and [err] and
[err] 'have the aforesaid neanings. - 16 - Fl ow Sheet [err]
Referential Exanple 1 [err] Referential Exanple 2 [err] Referenti al

- 23 - _ :
Referential Examples 1-B, 1-C, 1-D and 1-E were

carried out in all the same manner as in Referential
Example 1-A4 to obtain compounds 1-B, 1-C, 1-D and 1-E as
oily matters, respectively.
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17

Exanple 4 R [err]

Ref erenti al

L4

Exanmple 3 R 3 [err]

- 24 -
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REPLAGEMENT SHEET;, - 19 - REPLCEMET SHEE Fl ow Sheet 3 c
9 *-20- low Sheet 4 170 %W J%0 COOBzl HOc A e C fKFJ % %O0R

2., -A 2 -
KkBExaane 9

10

15

20

25

Ale BocOMe Oy e leferential HCOOE  S2N- A2- R7

~

) _ - 25 =~
Referential Example 2-A }
Preparation of compound 2-A (Compound 2 wherein

R :CH3)

3 12.96 g (46.45 mmoles) of compound 1-A obtained
in Referential Example 1-A is dissolved in 380 ml of
methanol, and 3.56 g (93.67 mmoles) of sodium borohydride
is added thereinto all at once under étirring at -7é°.
Cooling and stirring are continued for 6 hours, ice-
cooled 1N hydrochloric acid is added gradually, and when
it is confirmed that the mixture becomes acidic, the
mixture is concentrated under reduced pressure, and the
deposited oily matter is extracted with ethyl acetate.
The ethyl acetate layer is washed with saturated aqueous
sodium bicarbonate and dried, and the solvent is dis-
tilled off to obtain 12.93 g of erystals. The crystals
are recrystallized from isopropyl ether to obtain the
desired compound 2-A as colorless needles of a melting
point of 78°. 11.09g (85.0%).
[a]n?8-4.4° (c=1.00. ¥eOH)
As Cq4H;oNOs .

Calculated C=59.77% H=6.81% N=4.989%

Found_ C=59.83% H=6.92% N=5.07%
'H—NMR (CDCls, &) 1.15(3H, d, J=6.8 Hz). 2.35~2 55(2H, m).
'3.70(3H, s). 3.85~4.15(1H, m). 5.09(2H,

s). 1.34(5H, s)
Referential Examples 2-B, 2-C, 2-D and 2-E were

carried out in all the same manner as in Referential
Example 2-A to obtain compounds 2-B, 2-C, 2-D and 2-E,
respectively.
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- 21 - Referential Exanple 1-A Preparation of conpound 1-A (Conpound 1
wherein [err]) 11.15 g (50 nmol es) of Z-alanine is dissolved in 140 m of

t et.rahydrofuran, 9.72 g (60 nmol es) of carbonyldiimdazole is added, and
the mxture is stirred at roomtenperature for 4 to 5 hours. On the other
hand, 17.16 ‘g (110 nmol es) of mal onic acid nononet hyl ester potassiumsalt
and 7.60 g (80 mmol es) of anhydrous magnesi um chl ori de are suspended in 150
m of tetrahydrofuran and is stirred for 6_hgers with heating on a water
bath of 55[err]. The reaction mx- ture is cooled with ice, the above

reaction solution is

)
=
IEI ~ 0
o 12
LA .
~ e I R =R T2
| @ .1 .S o
M~ . k0O El™ 3
S0 .t . =
™ z o o~ =
= o - ;8 , =
= 5o
= €O ST\ N 8 8
O| YNt ® 2§
T 88t |82
o o N\ -]
S| 7EFeES =
=1l s .S
| -
gy | cod— O~
- ="~ A B
O N/ DN LD
o XXX XXX
— Z D OO0 LW
S W oy B0 v I~ D =
o . - - . - - o
B o= <Ff o) b~ ~F
-t . -
gl O o= Om = ,
< > <
<< - =
—
* i
r—'lq %D/\ Q
> 5 %
-+
&
e I °
iR =
= &
o ~g¢
%) il <
[0) o
= Ll ©0
=
o
g 0
8 S
) ©
[\ R
o Ve Qa O
— (-~ &)
gc .
« o
5 g
= 8, -
< 3 &
s
=] =
(5] 1
= =
o g =
q—‘ 0 l
L S g N
(-=] oﬁ B 3 B
- o &

Sheet Has Been Reraced

T



poured thereinto all at once, the cooling bath is inmmedi- ately renoved,
and tHe mixture is stirred at roomtenpe- rature for 24 to 48 hours. A
smal | amount of water is added to the reac- tion solution, and a clear
supernatant is decanted fromthe deposited waxy precipitate, and
concentrated under reduced pressure to obtain an oily matter. Ethyl
acetate and ice-cool ed 4N hydrochloric acid are added to each of the above

waxy residue and this oily matter, each of t m xtures i s shaken to

di ssolve, the t |.utj.aqn bizngd, thé&™ ayers are separated, and the
aqueous | ayer iﬁqﬁéﬁ?g%‘géﬁaééﬁﬁﬁ@¥¥ﬁ gthyl acetate. The ethyl acetate

| ayer is washed with ice-cPreparaiondodcieompiosngcidtiarfomnonnst &d whgredas
sodiun1bicarbonagp=§ﬁﬁgdried, and the solvent is distilled off to obtain
el

13.50 of a pale w oi | matter. This is purified by silica gel
g P %/ 9}68 g (34.80 mmoles% y

in Referential Example 2-A is dissolved in 100 ml of
dimethylformamide, ¥40.0 g (172.41 mmoles) of silver oxide
and 50 ml1 of methyl iodide are added, and the mixture is
stirred for 5 hours in a water bath of 35°. The mixture
is filtered, silver oxide is washed with dimethylforma-
mide, and the filtrate and washings are combined and
concentrated under reduced pressure at 50° or below. The
. residue is thoroughly extracted with ethyl acetate, the
ethyl acetate layer is washed with 5% sodium thiosulfate
and saturated aqueous sodium bicarbonate and dried, and
the solvent is distilled off to obtain 10.43 g of a
yellow oily matter. The oily matter is purified by
silica gel column chromatography (elueht : benzene-ethyl
acetate (5 : 1)) to obtain the desired Compound 3-A as a
pale yellow oily matter. 7.63 g (71.0%).
o0 L[@]p?%-39.8° (c=1.03. MeOH)
'H—N¥R (CDCl;, &) 1.21(3H, d, J=6.8 Hz), 2.47(2H, d, J=6.2
Hz). 2.80(3H, s). 3.38(3H, s). 3.64(3H,
s) 5.13(2H, s). T7.34(5H, s)
Referential Examples 3-B, 3-C, 3-D and 3-E were
25 carried out in all the same manner as in Referential
Example 3-A to obtain compounds 3-B, 3-C, 3-D and 3-E as
oily matters, respectively.

of the compound obtained

5

10

15
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12. 96
1-D and 1-E were

Exanple 1-A to obtain

respectively.

1)) to obtain
-23-

pale yellow oily matter.

Exanpl es 1-B,
in Referenti al

acet at e- n- hexane (1
| ess
1-C,

Ref erenti al

t he sane manner

et hyl-
as

22
1-D and 1-E as oily matters,

graphy (el uent
in all
1-C,

carried out
conpounds 1- B,

[err]

t he desired conpound 1-A as a col or-

col umm chromat o

g (92.99%.
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- 24 -"Referential Exanple 2-A Preparation of conmpound 2-A (Conpound 2
wherein [err] 12.96 g (46.45 movl es) of compound 1-A obtained in
Referential Exanple 1-A is dissolved in 380 nl of nethanol, and 3.56 g
(93.67 nmmol es) of sodi um borohydride is added thereinto aII at once under
stirring at -78[err]. Cooling and stirring are continued for 6 hours, ice-
cool ed 1N hydrochloric acid is added gradually, and when it is confirnmed
that the m xture becones acidic, the nixture£$f concentrated under reduced
a

pressure, and th%edfeéaroesr'l t edl oé}ig/mpriaet tug_rA is e

10

15

20

25

30

35

icted with ethyl acetate.

Preparation of compound 4-A (Compound 4 wherein

R3=CH )

] 6.60 g (21.36 mmoles) of the compound 3-A
obtained in Referential Example 3-4 is dissolved in 100
ml of dioxane, 23.5 ml (23.5 mmoles) of 1N sodium hy-
droxide is added, and the mixture is stirred at room
temperature for 2 to 3 hours, 20% citric acid is added
to the reaction solution to make the pH 4.0, the mixture
is concentrated under reduced pressure, and the deposited
oily matter is extracted with ethyl acetate. The ethyl
acetate layer is washed with saturated saline and dried,
and the solvent is distilled off to give a colorless -
pale yellow oily matter.

This is dissolved in 60 ml of dichloromethane,
0.8 ml of concentrated sulfuric acid is added, and the
mixture is shaken with 25 ml of isobuﬁene in a pressure
bottle at room temperature for 48 to 96 hours. The
reaction solution is poured into saturated aqueous sodium
bicarbonate, nitrogen gas is blown thereinto to remove
isobutene and the greater part of dichloromethane, the
deposited oily matter is extracted with ethyl acetate,
and the ethyl acetate layer is washed with saturated
aqueous sodium bicarbonate and dried. The solvent is
distilled off, and the remaining yellow oily matter (7.32
g) is purified by silica gel column chromatography (elu-
ent : benzene-ethyl acetate (10 : 1)) to obtain 6.31 g
(84.1%) of the desired compound L4-A as a colorless - pale
yellow oily matter.
[a]027-33.0° (c=1.02. NeOH)
IE—NMR (CDCls, &) 1.21(3H, d, J=6.8 Hz). 1.44(9H, s). 2.38(2
B, d, J=6.2 Hz). 2.82(3H, s). 3.38C3H, s).
3.5~3.85(1H, m). 3.85~4.4(1H, m). 5.13(2

. K s)\ 7.34(5H, s)
Referential Examples 4-B, 4-C, 4-D and 4-E were

carried out in all the same manner as in Referential
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The ethyl acetate layer is washed with saturated aqueous sodi um bi carbonate
and dried, and the solvent is dis- tilled off to obtain 12.93 g of

crystals. The crystals are recrystallized fromisopropyl ether to obtain
the desired conmpound 2-A as colorless needles of a nelting point of 78[err]
. 11.099 (85.0%. [err] [err] Calculated C=59. 77% H=6. 81% N=4. 98%
Found C=59. 83% H=6.92% N=5.07% [err] Referential Exanples 2-B,
2-C, 2-D and 2-E were carried out in all th?ﬁ?ﬁne manner as in Referential

Exanple 2-A to 0%&,&2;1%0@%“%5 o?ﬁt%inz'q%mp% @-%-%,E’HJ(?,SQF-% "4 Y-E as

oily matters, respectively.
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40.0 g

Exanpl e 3-A Preparation of conpound 3-A
9.78 g (34.80 mml es) of the conpound obtained in

Exanple 2-A is dissolved in 100 m of dinethylformam de,
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~and 50-m of nethyl iodide are added, and the m xture is stirred for 5
hours™in a water bath of 35[err]. The mixture is filtered, silver oxide is
washed with dinmethylforma- mde, and the filtrate and washi ngs are conbi ned
aind concentrated under reduced pressure at 50[err] or below. The residue is
t horoughly extracted with ethyl acetate, the ethyl acetate |layer is washed
wth 5% sodiumthiosul fate and saturated aggeous sodi um bi car bonat e and
dried, and the_solvent is distilled off fo“gbfain 10.43 g of a yellow oily
matter. The oi RpTREEDELALSEBAmPALed-By silica gel col um chromat ogr aphy
(eluent : benzene-ethyl ppeparatidn: of) bompouhtiabuat gofpsunadsCanpoena 3- A
as a pale yellomlegly matter. 7.63 g (71.0% . [err] .Referential Exanples
3-B, 3-C 3-D gnd 3EcﬁerechEﬁigd out in all the sanme manner as in '
Ref erenti al 2Ty /T 73TV
CH3
0.70 g (2.00 mmoles) of compound 4-A obtained
5 1in Referential Example 4-A-is dissolved in 20 ml of

t-butanol-water (9 : 1), 0.1 g of 5% palladium carbon is

added, and the mixture is stirred under a hydrogen stream

for 2 hours. After the reaction, the catalyst is fil-

tered and washed, and the filtrate and the washings are '

10 concentrated under reduced pressure. The remaining oily
matter is dissolved in 30 ml of benzene, the solution is
concentrated again under reduced pressure, and the opera-
tion is repeated once more. The resultant oily matter is
dissolved together with 0.56 g (2.23 mmoles) of Z-valine

15 in 10 ml of acetonitrile, and 0.43 g (2.09 mmoles) of DCC
is added under ice cooling and stirring.' Soon, crystals
appear. Stirring is continued at 0° for at least 3
hours, and then overnight during which time the tempera-
ture is allowed to rise as the ice melts, the reaction

20 mixture is diluted with ethyl acetate, and the crystals
are filtered and washed with ethyl acetate. The filtrate
and the washings are concentrated under reduced pressure,
the syrupy residue is dissolved in ethyl acetate, the
insoluble matters, if any, are removed by filtration, the

25 ethyl acetate solution is washed with ice~cooled 2N
hydrochloric acid and saturated aqueous sodium bicarbo-
nate and dried, and the solvent is distilled off to
obtain 1.01 g of a colorless oily matter. This is puri-
fied by silica gel column chromatography (eluent : ben-

30 zene-ethyl acetate (5 : 1)) to obtain 0.67 g (74.4%) of
the dgsired compound 5-8 as a colorless oily matter.

[aln28-31.4° (c=1.02. HeOH)
'H—NUR (CDCl5, &) 0.8~1. 1(6H, m). L.17T(3H d, J=6.8 Hz).
1. 45(9Hv s)\ 2. 25~2. 45(ZHs m)\ 3. 00(3]11 S)\
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Exampl € 3-A to obtain compounds 3-B, 3-C, 3-D and 3-E as oily matters,
respectively. 08 OCT 1999 - 28 - 29 Referential Exanple 4-A
Preparati on of conmpound 4-A (Conmpound 4 wherein [ERR] 6.60 g (21.36 nmol es)
of the conmpound 3-A obtained in Referential Exanple 3-A is dissolved in 100

- 34 -

3.37(38, s). 3.68(1H, dd, J=12.1 Hz, 6.2
Hz). 4.35~4.75(20, m). 5.09(2H, s). 5.56
(18, br, d). 7.33(5H, s)

The following compounds were obtained in all
5 the same manner as in Referential Example 5-A.
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m of dioxane, 23.5 mM (23.5 mml es) of 1N sodium hy- droxide is added, and
the mixture is stirred at roomtenperature for 2 to 3 hours. 20%citric
acid is added to the reaction solution to nmake the pH 4.0, the mixture is
concentrated under reduced pressure, and the deposited oily matter is
extracted with ethyl acetate. The ethyl acetate layer is washed with
saturated saline and dried, and the solvent is distilled off to give a
colorless - pale yellow 0|Iy matter. This is S'sgolved in 60 m of

di chl oronet hane, 0.8 ml of concentrated sulfuPfc acid is added, and the
m xture i s shakgn wifth 25 nl of [sobutene inja pressurg bottle at room
tenperature for{48 §o 96 hours. [he reaction{sol ut L1305 I,s{poured into
sat urat ed aqueolis s¢di um bi carbopate, nitrogen gas_; I Bl pwn. therehnto to
renove isobutenp ang the<greater pérft\ of dichl opgr@'t‘ﬁa:ne the
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-30- Exanple 4-A to obtain conpounds 4-B, 4-C, 4-D and 4-E as oily matters,
respettively. 31 -32- Referential Exanple 5-A Preparation of conpound
5-A (Conpound 5 wherein [err] 0.70 g (2.00 nml es) of conpound 4-A obtained
i Referential Exanple 4-Ais dissolved in 20 m of

. - 37 -
Referential Example 6-A

Preparation of compound 6-& (Compound 6 wherein

CH

CH
3\¢H-, R,= 3)CH- and R,=CH.-)

3/ 2'CH3/ 3 3
0.65 g (1.44 mmoles) of compound 5-A obtained

5 in Referential Example 5-A is dissolved in 15 ml of
t-butanol-water (9 : 1), 50 mg of 5% palladium carbon is
added, and the mixture is stirred under a hydrogen stream
for 2 hours. After the reaction, the catalyst is removed
by filtration and washed, and the filtrate and the wash-

10 ings are concentrated under reduced pressure. The oily-
residue is dissolved in 30 ml of benzene and the€ solution
is concentrated again under reduced pressure, and this
operation is further repeated once more. The resultant
oily matter is dissolved in 6 ml of dimethylformamide,

15 0.25 g (1.72 mmoles) of N,N-dimethylvaline and 0.29 g
(1.78 mmoles) of DEPC are added, the mixture is stirred

R.=
Ven

at room temperature until clear solution is obtained,
then the solution is cooled with ice, and the solution of
0.17 g (1.68 mmoles) of triethylamine in 1 ml of dimeth-

20 ylformamide is added dropwise over a period of 4} minutes.
Stirring is continued at 0° for at least 4 hours and then
overnight during which time the temperature is allowed to
rise as the ice melts, the resultant clear reaction
mixture is diluted with ethyl acetate, and the ethyl'

25 acetate solution is thoroughly washed with saturated
aqueous sodium bicarbonate and then dried. The solvent
is distilled off, and 0.66 g of the remaining pale brown
oily matter is purified by silica gel column chromatogra-
phy (eluent : ethyl acetate-hexane (1 : 1)) to obtain

30 0.46 g (71.9%) of the desired compound 6-8 as a colorless
0ily matter.

[alp27-56.5° (c=1.00. MeOH)
TH—NMR (CDCls, &) 0.8~1.1Ci2H, m). 1.15(3H, d, J=7.0 Hz).
1.45(9H, s). 2.27(6H, s)- 3.05(3H, s).

ot Has Been Replaced

T



t “butanol -water (9 : 1), 0.1 g of 5% palladiumcarbon is added, and the

m xture is stirred under a hydrogen streamfor 2 hours. After the reaction,
the catalyst is fil- tered and washed, and the filtrate and the washi ngs
are concentrated under reduced pressure. The remaining oily matter is

di ssolved in 30 mMl of benzene, the solution is concentrated again under
reduced pressure, and the opera- tionis repeated once nore. The resultant
oily matter is dissolved together with 0.56 (2.23 mmoles) of Z-valine in
10 M of acetonitrile, and 0.43 6 nne)eég of DCC i s added._under ice
cooling and stirring. Soon, crysta s3§(§gea$ PATY PO He omxy |4u35r‘at
O[err] for at least 3 hours and t hegb@¥erd) Ot 654, 95 (M) qbt {H?
tenpera- ture is allowed to rise a t?@ I ce nelts t he reactlon ire is
diluted with ethyl acetate, and th stals are frltered and mashed W th
et hyl acetate. The filtrafbe following compounds were obtained in all

5 the same manner as in Referential Example 6-A.
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and t he sol vent
This is puri- fied by silica gel
ben- zene-et hyl
conpound 5-A as a colorless oily matter. [err] [err]

due is dissolved in ethyl
removed by filtration,
-2N hydrochloric acid and saturated aqueous sodi um bi car bo-
Is distilled off to obtain 1.01 g of a colorless oily
col umm chr omat ogr aphy (el uent

acetate (5

and t he washi ngs are concentrated under

acet at e,

t he et hyl

acetate solution

reduced pressure,
the insoluble matters,
is washed with

t he syrupy
I f any,
i ce-cool ed
nate and dri ed,

are

1)) to obtain.0367.g (74.4% of the desi r ed
- 33 - -
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the sane manner as in
Exanpl e 6-A

Ref erenti al

36 -
- 40 -

- 35- -

(o

Exanpl e 5-A

¢

[err]-'The foll ow ng conpounds were obtained in al
Ref erenti al
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Prepar ation- of conpound 6-A (Conpound 6 -wherein CH CH[err] 0.65 g
(1.44 mmol es) of conpound 5-A obtained in Referential Exanple 5-Ais

di ssolved in 15 m of t-butanol-water (9 : 1), 50 ng of 5% pal | adi um car bon
I s added, and the m xture is stirred under a hydrogen stream for 2 hours.
After the reaction, the catalyst is renoved by filtration and washed, and
the filtrate and the wash- ings are concentrated under reduced pressure.
The oily residue is dissolved in 30 m of benéqne and the solution is
concentrated again under reduced pressure, and this operation is further
repeated once nore. The resultant oily matter is dissolved in 6 nm of

di met hyl formam de, 0.2% g (1.72 nmol es) of X N nmet hyl y4ling and P.29 g
(1.78 muol es) of DEPC ﬁre added, the m xtur@ isﬁstirr%d w2
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at roomtenpperature until clear solution is obtained, {h
and the solution of 0.17 g (1.68 nnDIe

ind1 m of dineth- ylformam de is added dropw se over

with ice,

cool ed

m nut es.

Stirring is continued at O[err] for at

| east 4

i

tion IS

overni ght during which tine the tenperature is all owed to rise as the ice

nmelts, the resultant clear reaction mxture iy diluted with ethyl acetate,
and the et hyl etate—sotut+on—i+s—jthorought vastgd—wi-t-h—satturayed agueous
sodi um bi carbgnate and then dried.] The sol S dIStI||ed off{ and 0.66 ¢
of the remainijng palle bv 0|Iy natteaansap«W|f|$d Q{as ica g¢l .col um
o .
chromat ogra- pghy (eluenmcaeethyl dcefdtehaxane (1 ?5 orobt in 0.46 ¢
71.99% of thg desirled.sQ Hd 6-|A Qa 615'Iess [err]
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- 37 [err] The follow ng conpounds were obtained in al
as in Referential Exanple 6-A. - 38 - REPLACENEAPh ““‘\
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een wa manner
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Referential Example 7 '43

Preparation of compound 7-A (Compound 7 wherein
R4=H) .

7 ml (15.5 mmoles) of a 23.8% LDA tetrahydro-
furan : hexane (1 : 1) solution is added dropwise to 10
ml of anhydrous tetrahydrofuran at -20°C under a nitrogen
atmosphere and stirring. Then the mixture is cooled to
-78°C in a dry ice-acetone bath. 2.3 g (15 mmoles) of
benzyl acetate is added dropwise over a period of 30
minutes, the mixture is stirred at -78°C for 5 minutes,
and a solution of 2.0 g (10 mmoles) of Boc-L-prolinal in
10 ml of tetrahydrofuran is added dropwise over a period
of 1 hour. The mixture is stirred at -78°C for 10
minutes, 30 ml of ice-cooled 1N hydrochloric acid is
added, and the temperature is elevated up to room tempe-
rature. The mixture is extracted with ethyl acetate, the
extract is washed with water and dried; the solvent is
distilled off under reduced pressure, and the residue is
purified by silica gel flash chromatography using hexane
: ethyl acetate (5 : 1) as an eluent to obtain 1.12 g
(32.0%) of the desired compound 7-A as an oily matter.

[@]p?5-23.7° (c=1.26. CHCl3)

¥S 331, 276 _

1§—NMR (CDCls, &) 1.46(%H, s). 2.47(2H, d, J=6.8 Hz). 3.7~
4.3C2H, m). 5.15Q2H, s). 7,2~7.4(6H, m)

Referential Example 8

Preparation of compound 8-A (Compound 8 wherein
Ruzﬂ) .

560. mg (1.6 mmoles) of compound 7-A obtained in
Referential Example 7 is dissolved in 27 ml of dichloro-
methane, 202 pul (1.6 mmoles) of BF3.Et20 is added thereto
under cooling in ice-salt bath, and an ether solution of
diazomethane (32 mmoles) .is added dropwise over a period
of 30 minutes. After stirring for further two hours
under cooling in ice-salt bath, 2 ml of saturated adueous
sodium bicarbonate is added. The insoluble matter is
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removed by filtration, the filtrate is extracted w1th
ethyl acetate, and the extract is washed with water and
dried. The solvent is distilled off under reduced pres-
sure, and the residue is purified by silica gel flash
5 chromatography using hexane : ethyl acetate (5 : 1) as an
eluent to obtain 378 mg (65.0%) of the desired compound
8-A as an oily matter.
[alo25-58.7° (c=0.52. CHCls)
ES 241, 218
10 'H—NMR (CDCls, &) 1.46(9H, s). 2.47(2H, d, J=7.5 Hz). 3.34Q3
H s).3.6~4.32H m). 5 14CH s)\ 7.2~
7.4(5H, m)
Referential Example 9
Preparation of compound 9-A (Compound 9 wherein
.15 R5=CH3)

6.82 g (60 mmoles) of cysteamine hydrochloride
is dissolved in 50 ml of dimethylformamide, and the
solution ‘is neutralized with 8.4 ml of triethylamine.

The solution is mixed with a solution of crude Boc-L-

5g alaninal obtained by oxidizing 8.75 g (50 mmoles) of
Boc-alaninol in 50 ml of dimethylformamide, and mixture
is stirred overnight at room temperature. The solvent is
distilled off under reduced pressure, the formed crystals
are diésolved in ethyl acetate, the solution is washed

o5 wWith 10% citric acid and saturated aqueous sodium bicar-
bonate, and the ethyl acetate layer is dried. The sol-
vent is distilled off under reduced pressure to obtain
4,93 g (42.6%) of the desired compound 9-A as white
crystals. '

30 Melting point 81.0-84.1°C
¥S 232 (M*). 159
IH—NMR (CDCls, &) 1.24(3H d, J=6.6 Hz). 1.45(%H, s)\ 2.101

H br).4.42(1H d, J=8.1 Hz) '

Referential Example 10 -

35 Preparation of compound 10-A (Compound 10

wherein R3=CH3)
This Sheet Has Been Re
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Referential Exanple 7-A Preparation of conpound 7-C (Conpound 7 wherein
R6=0CH2Ph) 870 ny (2.4 mmol es) of compound 7-A - (conpound 7 wherein [err]

known compound, is dissolved in 5 m of ethanol, cgfiHa @dium
hydroxi de is added. The m xture is stirred at room
m nutes, the solvent is distilled off under reduced

added, the mxture is acidified with citric acid, and the nlxture |s
extracted with ethyl acetate. The extract is shed with water and dried
over anhydrous sodlun1sulfat the sol ventli’s gastllled of f under
reduced pressure to obtain '88¢ % fsd. S%PQﬁe§% ﬁhﬂv- -
(conmpound 7 whemaﬂhéammﬂiﬁmkrentlal Example 9 and 12.5 g of manganese

dioxide are stirred in 58 ml of benzene at 55°C for 1.5
hours. The suspension is filtered, the solvent is dis-
5 tilled off under reduced pressure, and the residue is
purified by silica gel flash chromatography using hexane
ethyl acetate (5 : 1) as an eluent to obtain 118 mg
(9.0%) of the desired compound 10-A as an oil matter.

[alr22-36.0° (c=1.29. CH,C13)
10 XS 228CH*) 172
'H—NMR (CD:Cle:, &) 1.43(9H, s). 1.56(3H, d, J=7.2 Hz). 4.9
~5.2(2H, m), 7.26(1H, d, J=3.3 Hz). 7. 67

(1H, d, J=3.3 Hz)
Referential Example 11-A

15 Preparation of compound 11-A (Compound 11
wherein Ry=H and R;=PhCH, )

220 mg (0.604 mmole) of compound 8-A obtained
in Referential Example 8 is dissolved in 9 ml of t~buta-
nol : water (9 : 1), 50 mg of palladium carbon is added,

20 and the mixture is stirred under 'a hydrogen stream.
After completion of the reaction, the reaction solution
is filtered, and the solvent is distilled off under
reduced pressure to obtain 165 mg (0.604 mmole) of a

. solid matter. This is dissolved in 3 ml of acetonitrile,

25 267 mg (0.604 mmole) of the BOP reagent and 192 mg (0.604
mmole) of a trifluorocacetate salt obtained from known
compound 10-B (compound 10 wherein R5=CH2Ph) are added,
and then 195 mg (1.51 mmoles) of diisopropylethylamine is
added dropwise under ice cooling. The mixture is stirred

30 overnight at room temperature, the solvent is distilled
off under reduced pressure, the residue is dissolved in
dichloromethane, and the solution is washed successively
with 16% citric acid, saturated aqueous sodium bicarbo-
nate and saturated saline and dried. The solvent is

35 distilled off under reduced pressure, and the resultant
crude product is purified by silica gel column chromato-



- 43 - 70 ng. (0.2 mol e) of the crystals are dissolved in 0.5 nm _of
di chl'6ronet hane, 2.4 ng (0.02 mmol e) of 4-dineth%%§'

nopyri dine and 30 ny

(2..4 mol es) of benzyl al cohol are added, and 50 et Has cegf DCC i s
g for 1

stals are

added under ice cooling. The m xture is stirred un
hour and then overnight at roomtenpera- ture. The
renoved by filtration, and the filtrate is diluted with ethyl acetate,
washed wi th saturated aqueous sodi um bi carbonate and saturated saline, and
dried. The solvents are distilled off under fédwced pressure, and the -

resul tant crude mrethgt ussingudifdhderopethaperaeithandlC (5devellddi 8§ a8 vent
hexane ethyl acelifnt 20 obtaih Pgamy (940 u'ig 6$1+8% deki®edsbdmpound
(conpound 7-C having a nelting point of 111
11-A as amorphous powder.
[a21027-86.4° (c=0.43. NeOH)
5 KS 428. 368 |
'"H—NMR (CDCls, &) 1.47(9H, s). 2.29(2H, d, J=6.2 Hz). 3.27Q3
H, s).5.63(1H, m). 7.1~7.3(6H, m). 7.40Q1
H, d, J=3.3Hz)
Referential Example 11-B
10 Preparation of compound 11-B (Compound 11

wherein Ru=CH3 and R5=CH3)

Compound 8-B (compound 8 wherein Ru=CH3), known
compound, and compound 10-A obtained in Referential
Example 10 are treated in all the same manner as in

15 Referential Example 11-A to obtain the desired compound
11-B. Yield 62.0%, an oily matter.
[a1526-100° (c=1.3. MeOH)
¥S 365, 324, 309
'"H—NMR (CDCls, &) 1.26(3H, d, J=6.7 Hz). 1.48(9H s). 1.63(3

20 B, d,J=6.7 Hz). 3.43(3H, s). 5.2~5.6(1H,
m. 7.23(1H, d, J=3.3 Hz). 7.69(1H, s, J=
3.3 Hz)

Referential Example 12-A
Preparation of compound 13-C (Compound 13
25 Wherein R6=OCH2Ph)
870 mg (2.4 mmoles) of compound 13-A (compound
13 wherein R=OCH3), known compound, is dissolved in 5 ml
of ethanol, and 3 ml of 1N sodium hydroxide is added.
The mixture is stirred at room temperature for 30
30 minutes, the solvent is distilled off under reduced
pressure, water is added, the mixture is acidified with
citric acid, and the mixture is extracted with ethyl
acetate. The extract is washed with water and dried over
anhydrous sodium sulfate, and the solvent is distilled
35 Off under reduced pressure to obtain 680 mg (83.3%) of
crystals of compound 13-B (compound 13 wherein R6=0H).



to 113.4[err]. [err] Referential Exanple 7-B Preparation of conpeund 7-D
(Conpound 7 wherein [err]=NHPh) 28.2 ng (0.0809 nmpkiedneQ und 7-B is
dissolved in 0.5 m of dichloromethane, 35.8 ny (1.x . hmﬁ%&? i t he BOP
réagent and 9 ng (1.2 equivalents) of aniline are avﬁwﬂMﬂﬂ ng (1.5
equi val ents) of diisopropylethylamne is added drop er

cooling. The reaction solution is stirred overnight at room tenperature and
t hen concentrated under reduced pressure. esidue is dissolved in

Th
| d pr G esid i €
chem oromsthane, and {ne <ghheoRgl 3 HRIET, ST RYk et RO HR BRI
dried. The crudeipr 0d6cmli sfpdiichloromethane, 2.4 mg (0.02 mmole) of
B.dimethylaminopyridine and 30 mg (2.4 mmoles) of benzyl
alcohol are added, and 50 mg (2.4 mmoles) of DCC is added
5 under ice cooling. The mixture is stirred under ice
cooling for 1 hour and then overnight at room tempera-
ture. The deposited crystals are removed by filtration,
and the filtrate is diluted with ethyl acetate, washed
with saturated aqueous sodium bicarbonate and saturated
10 saline, and dried. The solvents are distilled off under
reduced pressure, and the resultant crude product is
purified by preparative TLC (developing solvent, hexane :
ethyl acetate = 2 : 1) to obtain 79.6 mg (91.0%) of
ecrystals (compound 13-C) having a melting point of 111.5
15 to 113.4°,
[al%% +8.38° (c=0.37. NeOH)
NS 438QH*). 382. 365 |
1f—NMR (CDCl;. &) 1.38(9H, s). 3.31C2H br. d, J=5.5 Hz).
5.1~5. 3(26, m). 5.4(2H, s). 7.0~7.5(10H,
20 m). 8.04 (18, s)
Referential Example 12-B
Preparation of compound 13-D (Compound 13
wherein R6=NHPh)
28.2 mg (0.0809 mmole) of compound 13-B is
25 dissolved in 0.5 ml of dichloromethane, 35.8 mg (1.0
equivalent) of the BOP reagent and 9 mg (1.2 equivalents)
of aniline are added, and 15.7 mg (1.5 equivalents) of
diisopropylethylamine is added dropwise under water
cooling. The reaction solution is stirred overnight at
30 room temperature and then concentrated under reduced
pressure. The residue is dissolved in dichloromethane,
and the solution is washed successively with 10% aqueous
citric acid, saturated aqueous sodium bicarbonate and
saturated saline, and dried. The crude product is puri-
35 fied by preparative TLC uéing hexane-ethyl acetate
(2 : 1) as a developing solvent to obtain 35 mg (100%) of



fied by- preparative TLC usi ng hexane-ethyl acetate (2
solvent to obtain 35 ng (100% of VS
Exasples 7-C and 7-D are carried out
t he foll ow ng conmpounds.

1) -as a devel opi ng
423, 368 [err] Referential
in the sane manner as above to obtain

the desired compound as cr;s:glg.
[a]2¢, _i5 7° (c=0. 305. ¥eON)
¥S 423, 368

'"H—NMR (CDCls. &) 1. 42(98, s). 3.31(2H, d 7= 1. 4.9-5 4

QH, m).7.0~7.8(11H, n). 8 09(1H s)
Referential Examples 12

C and 12-D are o s
out in the same manner arried
as above to ob .
¢ompounds. obtain the following

5
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Ref erenti al Exanple 8-A Preparation of conpound 9-A (Conpound 9 wherein
[err] and [err]) 330 ng (0.91 mvol e) of conpound 7-A  known conpound, is
dissolved in 1.4 ml of dichloromethane, 0.6 m of trifluoroacetic acid is
added under ice cooling, and the mxture is stirred at roomtenperature for
1..5 hours. The solvent is distilled off under reduced pres- sure, and
ether is added to cause crystallization. The white crystals are collected
by filtration and dried. Yield : 339 ng (98. . 314 ng (0.835 mml e) of
the crystals are dis- solved in 4.2 ml of acetonitrile, 369 ng (0.835
mole) of the BOP reagent and 240 ng (0 835 mmle) of conpound 8-A
(Conpound 8 wherein ferr])] kmown conppund, ,are added, and 270 ng (2.09
mol es) of diisopropyl et hylamne s adfdedsdndBw se| under
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ice cooling. The reaction solution is stirred overnight at room
tenperature, diluted with ethyl acetate, washed successively with 10%
aqueous citric acid, saturated aqueous sodi um bi carbonate and saturated
saline, and dried. The crude product is purified by silica gel colum
chr omat ogr aphy usi ng di chl or onet hane- net hanol (50 : 1) as an eluent to
obtain 431 ng (97.1% of the desired conpound 9-A as powder. [err] The
foll owi ng conpounds were obtained in the sasg manner as in Referenti al

Exanpl e 8-A. Rg?ePFﬁtg?&k§§gﬂglgeﬁ§ Fntla Exanpl e 8-C, conpound 8-c
(conpound 8 where mat er i al mas

Preparation of compound 15-4 (Compound 15
wherein Ru=CH3 and R6=OCH3)

330 mg (0.91 mmole) of compound 13-A, known

5 compound, is dissolved in 1.4 ml of dichloromethane, 0.6
ml of trifluoroacetic acid is added under ice cooling,
and the mixture is stirred at room temperature for 1.5
hours., The solvent is distilled off under reduced pres-
sure, and ether is added to cause crystallization. The

10 white crystals are collected by filtration and dried.
Yield : 339 mg (98.9%).

314 mg (0.835 mmole) of the crystals are dis-
solved in 4.2 ml of acetonitrile, 369 mg (0.835 mmole) of
the BOP reagent and 240 mg (0.835 mmole) of compound 1k

15 (R4=CH3), known compound, are added, and 270 mg (2.09
mmoles) of diisopropylethylamine is added dropwise under
ice cooling. The reaction solution is stirred overnight
at room temperature, diluted with ethyl acetate, washed
successively with 10% aqueous citric acid, saturated

29 aqueous sodium bicarbonate and saturated saline, and
dried. The crude product is purified by silica gel
column chromatography using dichloromethane-methanol
(50 : 1) as an eluent to obtain 431 mg (97.1%) of the
desired compound 15-A as powder.

o5 [a@l®% -61.5° (c=1.02, HeQH)
¥S 499, 440
TH—NMR (CDCls. &) 1.12(3H, d, J=7.0 Hz). 1.47(9H, s). 3.35

(3, s). 3.95(3H, s). 5.4~5.T(1H m).
7.22(6H, m). 8.05(1H, s)

30 The following compounds were obtained in the

same manner as in Referential Example 13-A.
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synt hesi zed according to Referential Exanples 7 and 8 of WO 93/03054 and
the step of debenzylation (see Referential Exanple 11 of WD 93/03054).
According to Referential Exanple 7 of WO 93/03054, a conpound having the
formula H[err] is prepared as follows: 7 m (15.5 mmol es) of a 23.8% LDA
tetrahydro- furan : hexane (1 : 1) solution is added dropwise to 10 m of
anhydrous tetrahydrofuran at -20[err] C under a nitrogen atnosphere and
stirring. Then the mxture is cooled to -78Fesrf]C in a dry ice-acetone
bath.. 2.3 g-(15 nmol es) of benzyl acetate is added dropw se over a period
of 30 mnutes, thefmxturée[rs stirred pt -78[errJC Tor 5 nnutes, and a

solution of 2.0 g {10 nmmol gs) of B@-Llpro-.l iLQal{in @
v
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10 M of tetrahydrofuran is added dropw se over a period of 1 hour. The
mxture is stirred at -78[err]C for 10 mnutes, 30 m of ice-cooled 1N
hydrochl oric acid is added, and the tenperature is elevated up to room
tenpe- rature. The mxture is extracted wwth ethyl acetate, the extract is
washed with water and dried, the solvent is. distilled off under reduced
pressure, and the residue is purified by silica gel flash chromatography
usi ng hexane 4 8 ethyl acetate (5 : 1) as 32 eluent to obtain 1.12 g
(32.0% of the desired conpound as an oily matter. [err] According

to Referential Exanplfe 8 of O 93/03054,}a com
’ 2,
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pound maving the fornula His prepared as follows: 560 ng (1.6 nmol es) of
t he conpound obtained in Referential Exanple 7 is dissolved in 27 m of
di chl or o-
cooling in ice-salt bath, and an ether solution of diazonethane (32 muol es)
.1's added dropw se over a period of 30 mnutes. After stirring for further
two hours under cooling in ice-salt bath, 2 m of saturated agqueous sodi um
bi carbonate is added. The insoluble matter ks53 ~renpved by filtration, the
filtrate is° extraaeéérwnthaetItha&etaﬂeA and the extract is washed mnth

wat er

and

nmet hane,

10

15

20

25

202 [err] (1.6 moles) of [err] is added thereto under

Preparation of compound 17-A (Compound 17
wherein -A2-R7-CHZCH2—Ph)

30.5 mg (0.106 mmole) of a carboxylic acid
obtained from known compound 8-B (compound 8 wherein
Ru=CH3) according to Referential Example 11 is dissolved
in 1 ml of acetonitrile, 51.6 mg (1.1 equivalents) of the
BOP reagent and 14.1 mg (1.1 equivalents) of phenethyl-
amine are added, and 20.6 mg (1.5 equivalents) of diiso~
propylethylamine is added dropwise under ice cooling.

The reaction solution is stirred overnight at room tempe-
rature, and concentrated under reduced pressure. The
residue is dissolved in dichloromethane, and the solution
is washed successively with 10% aqueous citrie acid,
saturated aqueous sodium bicarbonate and saturated
saline, and dried. The crude product is purified by
preparative TLC using dichloromethane-methanol (10 : 1)
as a developing solvent to obtain 38.3 mg (92.5%) of the
desired eémpound 17-4 as powder,

[a]%% -21.6° (c=1.02. MeOH)
¥S 358, 317
'H—NMR (CDCls. &) 1.19(3H, d, J=7.0 Hz). 1.48(94, s). 3.37

(30, s). 7.1-7.4(5H, m) |
The following compounds were obtaiped in all

the same manner as in Referential Example 14-A.
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reduced pres- sure,
fl ash chromat ography usi ng hexane

50 -

[err]

is distilled of f under

1) as an eluent.to obtain 378 ng (65.0% of the desired
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-52 - ®eferential Exanple 9-A Preparation of conpound 11-A (Conpound 11
wherein [err] 30.5 ng (0.106 mol e) of a carboxylic acid obtained fromthe
f olsFowi ng known conpound [err] according to Referential Exanple 11 of WO
93/ 03054 is dis- solved in 1 m of acetonitrile, 51.6 ng (1.1 equival ents)
of the BOP reagent and 14.1 ng (1.1 equival ents) of phenethyl- amne are
added, and. 20.6 ng (1.5 equivalents) of di so- propylethylamne is added
dropwi se under ice cooling. The reaction soLugkon is stirred overnight at
room .tenpe- rature, and concentrated under reduced pressure. The residue

I's dissolved in dichl gronet hape, and Thg solution | p washed successively
with 10% aqueous citrifc acid, —~ ~ ~
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sat ur dt ed. agueous sodi um bi carbonate and saturated saline, and dried. The

cruede product is purified by preparative TLC using dichl or onet hane- net hanol
(16 : 1) as a developing solvent to obtain 38.3 ng (92.5% of the desired

conmpound 11-A as powder. [err] The foll ow ng conpounds were obtained in al

the sane manner as in Referential Exanple 9-A - 54 -

- 56 -
Referential Example 15

Preparation of compound 18-A (Compound 18

—A;—R,=CH;ClHan___
wherein \H;;ﬂ:::j );

H

Compound 18-A was obtained in the same manner
5 as in Referential Example 14-A from tryptamine and a
benzyloxycarbonylated carboxylic acid obtained from
compound 8 as a starting material through the steps of
debenzylation (see Referential Example 11), de-tert-
butoxycarbonylation and benzyloxycarbonylation as shown
10 in Flow sheet 6.
[al%8, -6.4° (c=1.41. MeOH)
HS 593, 560
1H—NMR (CDCls. &) 1.0-1.3(3H, m), 3.28(3H, s). 6.9-8.0(6H m)
Example 1
15 Preparation of compound 12-4 (Compound 12

I3 CH3\
CH, R CH-CH
/7 B3 g 7 22

3 3

wherein R1, R2- Ru=CH3 and

CH

R -PhCHZ)

° 1 ml1 of concentrated hydrochloric acid is added
with ice cooling to 108 mg (0.222 mmole) of compound 6-G
20 obtained in Referential Example 6-G, and the mixture is
stirred for 1 hour. The mixture is evaporated to dryness
under reduced pressure, the residue is dissolved in 2 ml
of dimethylformamide, and 0.15 ml of triethylamine is
added under ice cooling. Although triethylamine hydro-
25 chloride is deposited, the mixture is evaporated to
dryness under reduced pressure and dried. On the other
hand, 105 mg (0.222 mmole) of known compound 11-C (com-
pound 11 wherein RH=CH3 and R5=PhCH2) is dissolved in 0.4
ml of ethyl acetate, and 3.3 ml of 2N hydrogen chloride/-
30 ethyl acetate is added under ice cooling. The mixture is
stirred at room temperature for 1 hour, the solvent is
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- 55 + REPLACEMENT SHEET Referential Exanple 10 Preparation of conpound
12- A (Conpound 12 [err] wherein Conpound 12-A was obtained in the same
mahner as in Referential Exanple 9-A fromtryptan ne and a

benzyl oxycar bonyl at ed carboxylic acid obtained fromthe foll ow ng conpound
[err] as a starting material through the steps of debenzylation (see
Referential Exanple 11 of WO 93/03054), de-tert-butoxy- carbonyl ation and
benzyl oxycar bonyl ati on as shown in Fl ow 57

distilled off under reduced pressure, and the residue is
dried. The resultant hygroscopic crystals are dissolved
in 1.6 ml of dimethylformamide and is added to the above
tripeptide carboxylic acid, and 40 mg (0.222 mmole) of
5 90% DEPC and 62 pl (0.444 mmole) of triethylamine are
added under ice cooling. The mixture is stirred for 1
hour under ice cooling and then overnight at room tempe-
rature. The solvent is distilled off under reduced
pressure, the residue is dissolved in dichloromethane,
and the solution is washed with saturated aqueous sodium
bicarbonate and saturated saline and dried. The solvent
is distilled off, the residue is purified by silica gel
flash chromatography using dichloromethane-methanol
(20 : 1) as an eluent, and the fractions containing the
15 desired compound is further purified by Sephadex LH-20
chromatography using hexane : dichloromethane : methanol
(2 : 7.5 : 2.5) as an eluent to obtain 137 mg (78.4%) of
the desired compound 12-A as amorphous powder.
[al5%27-89.0° (c=0.60. NeOH)
20 ¥S 741, 693
'H—NMR (CDCl;, &) 2.32(6H, s). 2.96(3H, s). 3.32(3H, s).
3.40(3H, s). 5.56(1H, m). 6.8~7.3(9H, m).
7.73(1H, d, J=3.3 Hz)

10

Examples 2-14
The following compounds were obtained by

carrying out Examples 2-14 in all the same manner as in

25

Example 1.
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1

is stirred for

and the m xture

i ce cooling,

Exanple 1 Preparation of conpound 10- A ( Conpound
The m xture is evaporated to dryness under reduced pressure,

56 -

0.5 mM of concentrated hydrochloric acid is added to 93 ng (0.192

lerr]

s 4.

nel e) of conpound 6-H under

10.[err]
hour .

sheet

t he
and 0.15 nml of .

I ce cooling. Although triethylam ne

t he

- 58 -

residue is dissolved in 2 m of dinethylformam de,

triethylam ne is added under

hydrochl ori de i s deposited,
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m xture is evaporated to dryness under reduced pressure and dried. On the
ot het hand, 102 ng (0.192 mmol e) of conpound 9-A obtained in Referenti al
Exanple 8-A is dissolved in 0.4 m of ethyl acetate, and 3.3 m of 2N
hydrogen chl ori de/ethyl acetate is added under ice cool- ing. The m xture
Is stirred at roomtenperature for 1 hour, the solvent is distilled off
under reduced pres- sure, and the residue is dried. The resultant hygrosco-
pic crystals are dissolved in 0.8 ml of diqetfylforma- nide, the solution

i s added to the above trlpeptlde carboxyllc aC|d and 35 ng (0.192 nmol e)

of 90% DEPC and 54 %rr] ,;u, Aot c; of L|)c;||y|a|||||c arg—pdded—tundgr i ce
cooling. The mxtur¢ is s |ﬁ;€ﬁ under ice|copld ng for 1 h@ifg and t hen
overni ght at roomte¢nperajurge. The &polveht is distillegflloff upfles redyced
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pressure, the residue is dissolved in dichloronethangm

washed with saturated aqueous sodi um bi carbonate and

dri&d.

The sol vent

is distilled off,

fl ash chromat ography using di chl oronet hane

el uent,
purified by Sephadex LH 20
di chl or onet hang¢

(62.0% of the

2-8

Examples 2 to 14 (continued)

t he residue

i's a
nmet hano

and the fraction containing the desired product aré further
57 Chr omat ogr apB0 usi ng hexane

ig»%aa”znzf
Iﬂ}ca gel
n

T methanol, (2 7 [/.5 , 2.9) [as apwel uent to obtaln] 100 ny
desgired cqpyfynd [10- £2Rs annrphéqg powder. [err] Ekanples
© STl B pCIE
- SOV v=—if y—i vt PN - TN —
oy (N NS~ g ons f g .
—i COL—CD [=3=] [l =2 L~ i
8 AL L /(mi:lf ! 'LD.EEH AAALLYL £
(S} meEe{ﬁ\ mu%:ms nLSsed nunaag
E B o AN | e e = el el ey
R/~ 1/~ ™ . L= .. CCO) v ) N
NN £ Var—g NN l = g
] [ g D o . - | - - OOCO(D&C'O‘YJ
= 3= o) o g Ot i IO L
-t N~ ol ] L0, = o o o~ .,
[ N T o\ N\ O/ I\ CRENLEY | b~
2 = 213 25 98
o~ [ g b~ [t §
. N\
[~V S N 7\ Ve uo
f-=] o =¥ 0 DN o_ T~ o O\
l—ﬁ% GICO~ Q'C\'MLL O)Ngo HCD?-Q
U= Sob- oo S =TS o =1
N/ [=> W~ o~ o0 j| o— N\
I ONY 1 O () [
NS o/ \ o/
1 t | ]
2 = = = =
= S S = S
a o ™ -9
N" o0 -] (-3
= B 5 B
I
=
o 1
o ey =
/ N\ /7 N\ = 5]
P~ g = o B <
N
O &) S (&) 5
o e £y s
//Lh\ //CK\ //D\\ /;)\\
>y &5 m | o= | o= = | o= B
) (& & (&) %) o o o
o o e e
//La\ //ca\ //Lh\ //u\\
o = = B = | o= = | = B
o o o &) o o o &)
o
g = H > s
8. o o o [ ]
§ —t . i i —
@
B
=] [+ o] [«2] <o -
g — v
=




REPLACEMENT SHEET

ﬁmd

ing out Exanples 2 to 8
(Conpound 10 [err]

- 61

58

=
.
P R
g —
T, m—
mmnmn
.MII‘
(ZET ‘B=C
.Ewmbm,m% ”m AM%%& . . \m%
(s HNEE E (5 HE) S0g- | B BN e B
RN 0
(ZHe 'g=( ‘P
s L gy | B | | ¢
— = - 2 -
S EOYEE (5 ) 3 1o e Ao W | ¥
668 %S )06 7 o
(@1 51
e G o | 0B | e |
“EEOEE'E S5 ) | QL | o8 6l A B N N L
10 (S H9)%9 2 o
. (HOOK |
(9 “STOM)IN-1; N oy | v 2 g | punoduog | o7duexg

Exanpl e 9 Preparati on of conpound 10-1

The foll ow ng conmpounds were obtained by.carry-
60

according to Exanple 1
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1. v . 120 ng (0.142 mmol e) of compound 10-A is dis- solved in 5 m of
di met hyl f ormanmi de, and 0.16 m of I N sodi um hydroxi de is added under ice
cotling.. The mxture is stirred under ice cooling for 30 m nutes and then
at roomtenperature for 90 mnutes. 0.16 m of 1N hydro- chloric acid is
added under ice cooling, the solvent is distilled off under reduced
pressure, the residue is dissolved in dichloronethane,. and the deposited
sodiumchloride is renmoved by filtration. _Tige filtrate is purified by .
Sephadex LH 20 gyLupiodHsphy using hexane : dichloronethane : nethanol (2

1 7.5 1 2.5) as an eluent. 1ﬂThe d%sior edg_or%duct i @6&;%‘%% agal n,in water,
and t he solutlonlsIyophlqleﬁd'atdélbtolﬁi“fﬁ’ ('9%.759 otPe olnd 10
carboxyl 16 2ol d Wit rog T0GID.,5 Rge of Wl Begoma PGl OF <0 md
y LA e S K ek e At
R6=0CH3) |
5 0.5 ml of concentrated hydrochloric acid is
added to 93 mg (0.192 mmole) of compound 6-H under ice
cooling, and the mixture is stirred for 1 hour. The
mixture is evaporated to dryness under reduced pressure,
the residue is dissolved in 2 ml of dimethylformamide,
10 and 0.15 ml of triethylamine is added under ice cooling.
Although triethylamine hydrochloride is deposited, the
mixture is evaporated to dryness under reduced pressure
and dried.

On the other hand, 102 mg (0.192 mmole) of

15 compound 15-A obtained in Referential Example 13-4 is
dissolved in 0.4 ml of ethyl acetate, and 3.3 ml of 2N
hydrogen chloride/ethyl acetate is added under ice cool-
ing. The mixture is stirred at room temperature for 1
hour, the solvent is distilled off under reduced prés-

20 sure, and the residue is dried. The resultant hygrosco-
pic crystals are dissolved in 0.8 ml of dimethylforma-
mide, the solution is added to the above tripeptide
carboxylic acid, and 35 mg (0.192 mmole) of 90% DEPC and
54 nl (0.384 mmole) of triethylamine are added under ice

25 cooling. The mixture is stirred under ice cooling for 1
hour and then overnight at room temperature.

The solvent is distilled off under reduced
pressure, the residue is dissolved in dichloromethane,
and the solution is washed with saturated aqueous sodium

30 bicarbonate and saturated saline and dried. The solvent
is distilled off, the residue is purified by silica gel
flash chromatography using dichloromethane : methanol
(30 : 1) as an eluent, and the fraction containing the
desired product are further purified by Sephadex LH-20
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concentrated sulfuric acid and 1 m of isobutene are added under cooling in
dry ite-acetone bath, and the mxture is stirred for 2 days in a seal ed
tub€. 5 nml of saturated aqueous sodi um bicarbonate is added to the
reaction solution, the mxture is extracted with di- chloromethane, and the
extract is washed with water and dried. The solvent is distilled off under
reduced pres- sure, and the residue is purified by Sephadex LH 20
chromat ogr aphy using hexane : dichl oronethaneg3 aethanol (2 : 7.5 : 2.5) as

an eluent to obt aierhr%%a%g@Q%h§%s@Bgt hexdasi . ediRhdronetoaneundntenhndl
anor phous pomder.(%enr .5 :62.5) as an eluent to obtain 100 mg (62.0%) of
the desired compound 16-A as amorphous powder.
[al?"s -64.7° (c=0.66. NeOH)
5 NS 799, 751
IH—-NMR (CDCls. &) 2.33(6H, s). 3.02(3H, s). 3.32(6H, s).
3.95C3H, s). 5.53(1H, m). 6.8~T.5(7TH, m).
8.05(1H, s)
Examples 16-22
10 The following compounds were obtained by carry-
ing out Examples 16 to 22 according to Example 15.

This Sheet Has Been Reﬂaced

i



of ~dacetonitrile, 11.5 ng (1 equivalent) of the BOP re rrg (1
equi va- lent) of 2-am nothiazole and added, and 5 ng ents) of
di i sopropyl et hyl am ne is added dropw se underéhce cool i ng. The m xt ure is

[err] Exanple 10 Preparation of conmpound-10-J (Corrpound %
(0.026 nmol e) of conpound 10 carboxylic acid [err] %:gﬁ 0 5 n1

stirred overnight at roomtem:)erature and Th&€’reéaction solution is
concentrated un e,r\recuced, pressyr rThe cgncentrate ifs dissolved in
di chl or onet hane| &hd {h&%y utison is Saxashed |sucgrssi®elly with ,10%[aqueous
citric acid, safurgtec aqgeu@cdl‘-‘eﬁﬁl car hoRL st satﬁ@g&s@ line and
dried. The crudp gocht,(m“’E’.t@ ecl“éﬁb’@o pre‘p&f’ﬁ‘\"*&élLC"ﬂ ﬁg‘w hl or o-
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met hane- met hanol (10 : 1) as a devel oping solvent, and are further purified
by Sephadex LH 20 chronmat ography using hexane : dichl oronet hane : net hanol
(2« 7.5 : 2.5) as an eluent to obtain 13.7 ng (57.7% of the desired
conpound 10-J as anor phous powder. [err] Exanpl e 11 Preparation of
conmpound 10- K (Conpound 10 [err] 21 ng (O. 8265l e) of conpound 10-A is
dis- solved in 3 nm] of anponi a-saturpted nethanpl, and the|solution is

all owed to stand at{ reom temﬁlrﬂatu e f,g.lg“l'ﬂour m solvent is distilled

of f under reduced fréS- Beideo | Y o | oSy
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sure, and.the residue is purified by Sephadex LH 20 using hexane :

di chForonethane : nethanol (2 : 7.5 : 2.5) as an eluent to obtain 20 ng
(962 0% of the desired conpound 10-K as anorphous powder. [err] Exanples 12
and 13 Conmpounds shown in the follow ng table were obtained in the sane
manner as in Exanple 11 except that 70% aqueous ethyl am ne solution or 5%
aqueous di nethyl - am ne solution was used i'n place of ammoni a-sat urat ed

net hanol . 08 OCT 1999 - 63 - - 66 - EPLACEMENT SHM
Example 23 _
Preparation of compound 16-I (Compound 16
CH |
wherein R, 3\CH- R.= 3)CH-, R,= 2 ?‘CH-, Ry=CH, and
/ 2 / 3 / y 3
CH CH CH
£ 3 3 3
5 1. 120 mg (0.7142 mmole) of compound 16-A is dis-

solved in 5 ml of dimethylformamide, and 0.16 ml of 1N
sodium hydroxide is added under ice cooling. The mixture
is stirred under ice cooling for 30 minutes and then at
room temperature for 90 minutes. 0.16 ml of 1N hydro-

10 chloric acid is added under ice cooling, the solvent is
distilled off under reduced pressure, the residue is
dissolved in dichloromethane, and the deposited sodium
chloride is removed by filtration. The filtrate is
purified by Sephadex LH~20 chromatography using hexane :

15 dichloromethane : methanol (2 : 7.5 : 2.5) as an eluent.
The desired product is dissolved again in water, and the
solution is lyophilized to obtain 114 mg (96.5%) of
compound 16 carboxylic acid (R6=0H) as powder.
2. 30 mg (0.024 mmole) of the above carboxylic

20 acid is dissolved in 0.5 ml of dichloromethane, 10 pl of

‘ concentrated sulfuric acid and 1 ml of isobutene are

added under cooling in dry ice-acetone bath, and the
mixture is stirred for 2 days in a sealed tube. 5 ml of
saturated aqueous sodium bicarbonate is added to the

25 reaction solution, the mixture is extracted with di-
chloromethane, and the extract is washed with water and
dried. The solvent is distilled off under reduced pres-
sure, and the residue is purified by Sephadex LH-20
chromatography using hexane : dichloromethane : methanol

30 (2 : 7.5 : 2.5) as an eluent to obtain 13 mg (62.5%) of
the desired product compound 16-I as amorphous powder.

[al%% -60.6° (c=0.35. MeOH)
uS 841, 840< 793
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- 64 2 Exanple 14 Preparation of conpound-13-A (Conpound 13 [err] 27.7 ny
(0.057 nmmmol e) of conpound 6-His dis- solved in 0.3 ml of dichloronethane,
ard 0.3 m of tri- fluoroacetic acid is added under ice cooling. The m x-
ture is stirred at roomtenperature for 1 hour, the solvent is distilled
of f under reduced pressure, and the residue is sufficiently dried under
reduced pressure. On the other hand, 22.3 ng (0.057 muvol e) of conpound
11-A is dissolved in 2N hydrogen chloridelelhyﬂ _acetate under ice cooling,

and the mxture iy Shi"@,81,7 8 '£RUWAE Y 2. 57¢68 br.). 3.02G3H, s).
3.31(6H, s). 5.46(1H, m). T7.0~T.4(7L,
. 7.93(1H, s)

Example 24
5 Preparation of compound 16-J (Compound 16
C,H
wherein R 3\CH-, R, 3\CH- R,z 2 )CH-, R,=CH, and
17 / / 3 / 4 3
CH3 CH3 CH3

Ize==—nn—<::ﬂ )

21.5 mg (0.026 mmole) of compound 16 carboxylic

acid (R6=OH) is dissolved in 0.5 ml of acetonitrile, 11.5

10 mg (1 equivalent) of the BOP reagent and 2.6 mg (1 equiva-
lent) of 2-aminothiazole and added, and 5 mg (1.5 equiva-
lents) of diisopropylethylamine is added dropwise under
ice cooling. The mixture is stirred overnight at room
temperature, and the reaction solution is concentrated

15 under reduced pressure. The concentrate is dissolved in
dichloromethane, and the solution is washed successively
with 10% aqueous citric acid, saturated aqueous sodium
bicarbonate and saturated saline and dried. The crude
product is subjected to preparative TLC using dichloro-

20 methane-methanol (10 : 1) as a developing solvent, and
are further purified by Sephadex LH-20 chromatography
using hexane : dichloromethane : methanol (2 : 7.5 : 2.5)
as an eluent to obtain 13.7 mg (57.7%) of the desired
compound 16-J as amorphous powder.

25 [al%®, -48.8° (c=0.25. NeOH)
NS 910, 867
IH—NNR (CDCls. &) 3.01(3H, s). 3.33(3H, s). 3.37(3H s).
5.52C1H, m). 7.05(1H,d, J=3,50z). T.2-T.3
(6, m). 7.50(1H, d, J=3.3Hz). 8. 16(IH, s)
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for l.hour. The solvent is distilled off under reduced pressure, the
residue is dried and dissolved in 0.5 m of dinmethylforman de, the solution
i s-added to the above tripeptide carboxylic acid, and 9.8 ng (1.0
equi val ent) of 95% DEPC and 16 [err] (2 equivalents) of triethylam ne are
added under ice cooling. The mxture is stirred under ice cooling for 1
hour and then overnight at roomtenperature. The.solvent is distilled off
under reduced pressure, and the residue is-di68sel ved in dichl oroneth- ane,
washed succi ssi vaxamiditd) Bat urat ed aqueous sodi um bi carbonate and saturat ed

saline, and then dried. The solvent is stilled off resi due i
subj ected to preparative T%@ﬁ?ﬁrﬁgrl&ncﬁ oPOMRPERE. r?ét'ﬁ[ R§ Lé 11)65as a
devel opi ng sol vent, and thedlBactions oCH%he de5|re@2ﬂ%RQUct are further
purified by Sephadmrdi}& 2-'0|=ch 0il-g- R, = CH- 3 /CH- Ru_CH3 and
CH CH CH
3 3 3
5 21 mg (0.025 mmole) of compound 16-4& is dis-
solved in 3 ml of ammonia-saturated methanol, and the
solution is allowed to stand at room temperature for 1
hour., The solvent is distilled off under reduced pres-
sure, and the residue is purified by Sephadex LH-20 using
10 hexane : dichloromethane : methanol (2 : 7.5 : 2.5) as an
eluent to obtain 20 mg (96.0%) of the desired compound
16-K as amorphous powder.
[a]l2%p -65.8° (c=0.41. NeOH)
¥S 784, 736
15 1H—NMR (CDCls.. 6) 2.48(6H, s). 3.06(3H, s). 3.33(6H, s).

5.50(1H, m). 7.0~7.6(TH, m), 8.04(1H, s)
Examples 26 and 27 '

Compounds shown in the following table were

obtained in the same manner as in Example 25 except that

20 T70% aqueous ethylamine solution or 5% aqueous dimethyl-
amine solution was used in place of ammonia-saturated

methanol.
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gr aphy iusi ng hexane : :

to obtain 35.8 ng (89.5% of the desired conpound 13-A as anorphous powder.

[er+r] The foll ow ng conpounds were obtained in the sane manner as in
REPLACEMENT SHEET

Exanpl e 14.
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69 Exanpl e 25 Preparatien of conpound i3-L (Conpound 13 [err] The desired
conpeund 13-L is obtained by react- ing a product obtained by renoving of Z
of -.conpound 12- A according to Referential Exanple 5-A with conpound 6-H
according to Exanple 14. [err]

- 70 -
Example 28 :
Preparation of compound 19-A (Compound 19
CH H
wherein R 3\CH- R,= 3'CH-, R Cafisy, CH-,
17 / 2 / 37 /
CH CH CH
3 3 3
-A2-R7 =CH,CH,Ph)
5 27.7 mg (0.057 mmole) of compound 6-H is dis-

solved in 0.3 ml of dichloromethane, and 0.3 ml of tri-
fluorocacetic acid is added under ice cooling. The mix-
ture is stirred at room temperature for 1 hour, the
solvent is distilled off under reduced pressure, and the

10 residue is sufficiently dried under reduced pressure. On
the other hand, 22.3 mg (0.057 mmole) of compound 7-A is
dissolved in 2N hydrogen chloride/ethyl acetate under ice
cooling, and the mixture is stirred at room temperature
for 1 hour. The solvent is distilled off under reduced

15 pressure, the residue is dried and dissolved in 0.5 ml of
dimethylformamide, the solution is added to the above
tripeptide carboxylic acid, and 9.8 mg (1.0 equivalent)
of 95% DEPC and 16 pl (2 equivalents) of triethylamine
are added under ice cooling. The mixture is stirred

20 under ice cooling for 1 hour and then overnight at room
temperature.

The solvent is distilled off under reduced
pressure, and the residue is dissolved in dichlorometh-
ane, washed succissively with saturated agueous sodium

25 bicarbonate and saturated saline, and then dried. The
solvent is distilled off, the residue is subjected to
preparative TLC using dichlorometane-methanol (10 : 1) as
a developing solvent, and the fractions of the desired
product are further purified by Sephadex LH-20 chromato-

30 graphy using hexane : dichloromethane : methanol (2
7.5 : 2.5) as an eluent to obtain 35.8 mg (89.5%) of the
desired compound 19-A as amoqphous powder.
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- 70 % CLAIMS 1. A tetrapeptide derivative represented by the
following formula or a salt thereof [err] wherein, [err] and [err] are the
safre or different and each represent a hydrogen atom an al kyl group havi ng
6 or | ess carbon atons or an aral kyl group; Qrepresents [err]

or a group of [err], wherein, [err] represents a direct bond or [err],
Y.represents [err] represents a hydrogen atom an al kyl group having

- 71 -
[@]2%5, -38.0° (c=0.566, MeOH)

¥S 701, 658
'H—NMR (CD,Cl.. &) 1.16(3H, d, J=T.0Hz). 2.23(6H, s). 3.00
(30, s). 3.30(3H, s). 3.34(3H, s)

5 The following compounds were obtained in the
same manner as in Example 28.

This Sheet Has Been Replaced

[T




an al koxy group having 6 or | ess carbon atons, an ara or [err]
wHerein, [err] and [err] are the sane or different an nt a

hydrogen atom an al kyl group having 6 or | ess carbon atons, a phenyl group
or a 4- to 7-nmenbered heterocyclic group cerffai«ing one or two hetero atons

6 or tess carbon atons or an aral kyl group, R6 repreaiShst ldesh l d gr oup,

selected from 0 gnd N, -or altmnatlveiy ferrj—anmd—errij ) conbi ne
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formd% 4- to 7-nmenbered heterocyclic ring optional Ths SheﬁtHlibEBeerCRpra&Idnl ng one

hetero atom selected fromS, 0 and N, A2 represents,glm 'W“‘Imu

atkyl ene group having 6 or |ess carbon atons, and [¢
tetrapeptide derivative or a salt thereof -[e'?f3]-accord| ng to claim1

cycl oal kyl group, an aryl group or an indol

wherein Q reprgSentsywherein [enNr] and Y NAVE the sa meany,nds asjin claim
1. 3. e tetjapgptide dgriyative oq a Salt thereggceordihg to
claim2 wherei ;@ot h [g‘P"’and [eﬁ:£ represests @ sopr opybﬁ@‘ﬁ [Brr]
represents a sec-butyl : [érf'[@represwn met hyi Sgrog =R5
represents a b rgyl ;rguﬁéapd \ mggresent ?@33 whel el_lp represents
the same S -63«5’3? Besw st "umvcpb-
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meanéng as in claimi. 4. The tetrapeptide d&¥ nReplaced ¢
t hereof according to claim1 wherein Q represents a Im I{herei n A2
represents an al kyl ene group having 6 or |ess carbon . The
tetrapeptide derivative or a salt thereof according to claim4 wherein both

[err] and [err] represent isopropyl groups, THerr] represents a sec-butyl
group, [err] repr“e__t_fmfsen S net hyl group} and [err] represents an arlyl
group. 6. An Aptitinoet agent conf aidi ng{&>t et r ppeptLde deri vjative or
a salt thereof adcotedi ng|taScdeal’m 1 as amﬁe&f&&'i ve n%?gi ent .
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Example 39 .
Preparation of compound 19-L (Compound 19
H C,H
wherein R,= 3\CH-, R,= 3\CH-, R,= 2 5\CH-, and
1 / 2 / 3 /
CH CH CH
3 3 3
CHzCsz I >
)
A:;—Rq.=
! N

The desired compound 19-L is obtained by react-
ing a product obtained by removing of Z of compound 18-A
according to Referential Example 5-A with compound 6-H
according to Example 28.
[al?7p -25.9° (c=0.255, MeOH)
¥S 140, 697
IH—NMR (CDCls. &) 2.64(6H, br.). 3.03(3H, s). 3.30(6H, s).

7.0-7. 7(5H, m). 8.4(1H, m)
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CLAIMS

1. A tetrapeptide derivative represented by the
following formula or a salt thereof

Rs 1
. 2 . NH-Q
N
CHs\ /L/NH)\./ 0
N 0
wherein,
R1, R2, R3 and RM are the same or different and

each represent a hydrogen atom, a lower alkyl
group or an aralkyl group;

Q represents _Al—<f:ﬂ\ or a group of -A,-Rq,
. N\y '

wherein,
5
1
A, represents a direct bond or -CH-,

1
Y represents a hydrogen atom or -C0R6,

RS represents a hydrogen atom, a lower alkyl
group or an aralkyl group,
6 represents a hydroxyl group, a lower alkoxy

group, an aralkyloxy group or

/8

TN\

R
9

wherein,
R8 and R9
each represent a hydrogen atoém, a lower

are the same or different and

alkyl group, a phenyl group or a 4- to
7-membered heterocyclic group containing

one or two hetero atoms selected from S, O
This Sheet Has Been Replaced
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and N, or alte:Zatively'
RB and Rg may combine together with the
nitrogen atom to which they are bonded to
form a 4- to 7-membered heterocyclic ring
optionally further containing one hetero
atom selected from S, 0 and N,
A2 represents a direct bond or a lower alkylene
group, and
R7 represents a cycloalkyl group, an aryl group
or an indolyl group,
provided that the case is excluded where both
R1 and R2 represent isopropyl groups, R3 repre-
sents a sec-butyl group, R,4 represents a methyl
group, and Q represents an &(-(2-thiazolyl)phene-
thyl group.
2. The tetrapeptide derivative or a salt thereof

Rs
aceording_to claim 1 wherein Q represents _éﬁ_<§:n\
N\

wherein R5 and Y have the same meanings as in c¢claim 1.
3. The tetrapeptide derivative or a salt thereof
according to c¢laim 2 wherein Y represents a hydrogen
atom. _
y, ‘ The tetrapeptide derivative or a salt thereof
according to eclaim 2 wherein both R1 and R2 represent
isopropyl groups, R3 represents a sec-butyl group, Rh
represents a methyl group, R5 represents a benzyl group,
and Y represents -COR6 wherein R6 represents the same
meaning as in c¢laim 1.

5. The tetrapeptide derivative or a salt thereof

.according to claim 1 wherein Q represents a group -A2—R7

wherein A2 represents a lower alkylene group.

6. The tetrapeptide derivative or a salt thereof
according to elaim'S wherein both R1 and R2 represent
isopropyl groups, R3 represents a sec-butyl group, Rh
represents a methyl group, and R7 represents an ary;_ﬂ
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group. )
7. An antitumor agent containing a tetrapeptide
derivative or a salt thereof according to claim 1 as an
effective ingredient.
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