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After addition of 181 pL (1.0 mmol) of diisopropylethy-
lamine, the mixture was brought back to room temperature,
followed by stirring for two hours. The reaction was stopped
by addition 0f 0.12 M hydrochloric acid. The reaction mixture
thus obtained was extracted with ethyl acetate (3 mL.x3), and
then combined organic layers were washed with saturated
sodium bicarbonate solution (3 ml.) and saturated saline (3
ml.x2), and then dried over anhydrous sodium sulfate. The
resulting solution was concentrated under reduced pressure,
and the oily substance obtained thereby was purified by col-
umn chromatography (silica gel, hexane-ether 1/2—0/1) to
yield 93 mg (60%) of colorless oily tripeptide intermediate
ethyl esters B4.

(3) Synthesis of Ternatin

Following a series of reactions shown below, ternatin was
synthesized.

[Chemical formula 11]

O
NBoc +
T
B4:R =Et
NaOH
Bl:R=H
| O
.S
RHN Y N HATU
q H / o DIPEA
O - CH2C12
HN
MeO
O
AS5:R=Boc
TFA/CH,Cl,
Al: R=H-TFA
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-continued
[Chemical formula 12]

1. LiOH
2. TFA/
o CH,Cl
3.HATU,
HOAt,
DIPEA

_—

The tripeptide intermediate ethyl esters B4 obtained in the
above (2) (69 mg, 0.16 mmol) were dissolved in 1,4-dioxane,
and the mixture was cooled to 0° C. To this reaction solution,
0.5 mL of 1 M sodium hydroxide solution was added, fol-
lowed by stirring for two hours. The reaction mixture thus
obtained was made acidic (<pH 3) with addition of 0.12 M
hydrochloric acid, followed by extraction with ethyl acetate
(5 mLx4), and then combined organic layers were dried over
anhydrous sodium sulfate. The resulting solution was con-
centrated under reduced pressure to yield 54 mg (84%) of
tripeptide intermediates B1. Under a nitrogen atmosphere,
the Boc-tetrapeptides AS (51 mg, 0.089 mmol) were dis-
solved in 1 mL of dichloromethane, and the mixture was
cooled to 0° C. TFA (1 mL) was added to this reaction solu-
tion, followed by stirring for two hours. The reaction mixture
thus obtained was concentrated under reduced pressure and
then subjected to azeotropic distillation with toluene three
times to give colorless oily tetrapeptide intermediates Al.

Under a nitrogen atmosphere, Al and B1 were dissolved in
0.5 mL of dichloromethane and 0.1 mL of DMF, and the
mixture was cooled to 0° C. After addition of 46 plL. (0.27
mmol) of diisopropylethylamine, the mixture was brought
back to room temperature, followed by stirring for two hours.
The reaction was stopped by addition of 0.12 M hydrochloric
acid. The reaction mixture thus obtained was extracted with
ethyl acetate (5 mL.x3), and then combined organic layers
were washed with saturated sodium bicarbonate solution (5
ml) and saturated saline (5 m[.x2), and then dried over anhy-
drous sodium sulfate. The resulting solution was concen-
trated under reduced pressure, and the oily substance
obtained thereby was purified by column chromatography
(silica gel, hexane-ether 1/1—=0/1—=cther-ethyl acetate
1/1—) to yield 68 mg (88%) of colorless solid heptapeptides
2.

The heptapeptides 2 thus obtained (4.1 mg, 4.7 umol) were
dissolved in 0.1 mL of THF, 0.1 mL of water, and 0.4 mL of
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t-BuOH. To this mixture, 2.0 mg (47 umol) of lithium hydrox-
ide monohydrate was added, followed by stirring for one and
half hours. The reaction mixture thus obtained was made
acidic (<pH 3) with addition of 0.12 M hydrochloric acid,
followed by extraction with ethyl acetate (5 mL.x3), and then
combined organic layers were dried over anhydrous sodium
sulfate. The resulting solution was concentrated under
reduced pressure to yield carboxylic acid.

Under a nitrogen atmosphere, the carboxylic acid thus
obtained was dissolved in 0.5 mL of dichloromethane, and the
mixture was cooled to 0° C. TFA (0.1 mL) was added to this
reaction solution, followed by stirring for one and half hours.
The reaction mixture thus obtained was concentrated under
reduced pressure and then subjected to azeotropic distillation
with toluene three times to give colorless oily cyclization
precursors.

Under a nitrogen atmosphere, the cyclization precursors
thus obtained, 3.6 mg (9.4 umol) of HATU, and 1.3 mg (9.4
mmol) of HOAt were dissolved in 3.0 mL of dichloromethane
and 0.1 mL of DMF, and the mixture was cooled to 0° C. After
addition of 3.7 uL. (21 pmol) of diisopropylethylamine, the
mixture was stirred at 0° C. for one hour. Subsequently, the
mixture was brought back to room temperature, followed by
stirring for twelve hours. The reaction was stopped by addi-
tion of 0.12 M hydrochloric acid. The reaction mixture thus
obtained was extracted with ethyl acetate (5 m[.x3), and then
combined organic layers were washed with saturated sodium
bicarbonate solution (5 mL) and saturated saline (5 mL.x2),
and then dried over anhydrous sodium sulfate. The resulting
solution was concentrated under reduced pressure, and the
oily substance obtained thereby was purified by column chro-
matography (silica gel, chloroform-methanol 1/0—39/1—)
to yield 3.5 mg (100%, three steps) of colorless solid ternatin
(1). FIG. 1 shows "H NMR spectrum of 1 obtained as above.

Ternatin (1): 'H NMR (800 MHz, C,D,)87.95 (d, J=9.2
Hz,1H),7.59 (d, 1=8.7 Hz, 1 H), 6.23 (d, ]=6.4 Hz, 1 H), 5.89
(d, J=2.7 Hz, 1H), 5.69 (q, 1=6.9 Hz, 1 H), 5.66 (q, 1=6.9 Hz,
1 H), 5.20 (td, J=8.0, 2.0 Hz, 1 H), 5.17 (dd, 1 H), 4.48 (dd,
J=6.9,3.2 Hz, 1 H), 4.31 (dd, J=10.1, 4.0 Hz, 1 H), 3.98 (dd,
J=9.4,2.1 Hz, 1 H),3.30 (s, 3 1), 2.79 (s, 3 ), 2.68 (s, 3 ),
2.60 (s, 3 H), 2.36 (m, 1H), 2.23 (m, 1 H), 2.12 (m, 1 H),
1.73-1.84 (m, 2 H), 1.64 (m, 1 H), 1.54 (d, ]=6.4 Hz, 3 H),
1.45(d, J=6.9 Hz, 3H), 1.27 (d,J=7.3 Hz, 3H), 1.25 (m, 1 F),
1.25 (d, 1=6.9 Hz, 3 H), 1.18 (d, J=6.9 Hz, 3 H), 1.01 (ddd,
J=13.3, 9.4, 4.1 Hz, 1 H), 0.97 (d, J=6.4 Hz, 3 H), 0.93 (d,
J=6.9 Hz, 3H),0.90 (d, 1=6.9 Hz, 3 H), 0.90 (m, 1 H), 0.79 (m,
1 H),0.75 (d, J=7.3 Hz, 3 H), 0.60 (d, ]=6.9 Hz, 3 ), 0.57 (t.
J=7.4 Hz, 3 H);

13C NMR (201 MHz, C,D,)3174.6, 174.5, 174.2, 172.7,
169.9, 168.8 (2 C), 76.0, 59.2, 56.3, 5.1, 52.3, 51.3, 49.8 (2
), 40.5, 37.9, 33.7, 30.7, 30.2, 29.7, 29.4 (2C), 26.7, 26.0,
25.3,23.9,23.3,22.6,21.3(2C), 15.9, 14.8,14.2, 13.6, 13.1,
11.6;

HRMS (FAB) caled for C;,HN.OgNa (M+Na)*
760.4949, found 760.4922.

(4) Synthesis of B4a

Following a series of reactions shown below, tripeptide
intermediate methyl esters B4a were synthesized. Tripeptide
intermediates (Bla) were obtained by alkaline hydrolysis of
B4a before use.
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[Chemical formula 13]
NBoc
Q COH
)K/NHrHCl HATU, DIPEA
MeO Y >
B2a
e}
I 1. TFA/CH,Cl,
N ?
MeO : NBoc NBoc
= 0 ]
B3a = COH
HATU, DIPEA

e}

||
H
)J\/ N NBoc
MeO H N
O |
B4a

Under a nitrogen atmosphere, 180 mg (1.3 mmol) of
D-Ala-OMe.HCl (B2a), 262 mg (1.3 mmol) of Boc-NMe-D-
Ala-OH, 662 mg (1.4 mmol) of PyBroP were dissolved in 2.5
mL of dichloromethane, and the mixture was cooled to 0° C.
After addition of 674 pL. (3.9 mmol) of diisopropylethy-
lamine, the mixture was brought back to room temperature,
followed by stirring for two hours. The reaction was stopped
by addition 0f0.12 M hydrochloric acid. The reaction mixture
thus obtained was extracted with ethyl acetate (5 mLx3), and
then combined organic layers were washed with saturated
sodium bicarbonate solution (5 ml) and saturated saline (5
ml.x2), and then dried over anhydrous sodium sulfate. The
resulting solution was concentrated under reduced pressure,
and the oily substance obtained thereby was purified by col-
umn chromatography (silica gel, hexane-ether 2/1—1/1) to
yield 306 mg (82%) of colorless solid dipeptides B3a.

The dipeptides B3a thus obtained (209 mg, 0.72 mmol)
were dissolved in 1 mL of dichloromethane under a nitrogen
atmosphere, and the mixture was cooled to 0° C. TFA (1 mL)
was added to this reaction solution, followed by stirring for
two hours. The reaction mixture thus obtained was concen-
trated under reduced pressure and then subjected to azeotro-
pic distillation with toluene three times to give a colorless oily
substance. The oily substance thus obtained, 146 mg (0.72
mmol) of Boc-NMe-L-Ala-OH, 301 mg (0.79 mmol) of
HATU were dissolved in 1.3 mL of dichloromethane and 0.2
ml of DMF, and the resulting mixture was cooled to 0° C.
After addition of 376 pl. (2.2 mmol) of diisopropylethy-
lamine, the mixture was brought back to room temperature,
followed by stirring for two hours. The reaction was stopped
by addition 0f0.12 M hydrochloric acid. The reaction mixture
thus obtained was extracted with ethyl acetate (3 mLx3), and
then combined organic layers were washed with saturated
sodium bicarbonate solution (3 ml) and saturated saline (3
ml.x2), and then dried over anhydrous sodium sulfate. The
resulting solution was concentrated under reduced pressure,
and the oily substance obtained thereby was purified by col-
umn chromatography (silica gel, hexane-ether 1/1—1/2—0/
1) to yield 140 mg (52%) of colorless oily tripeptides B4a.
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(5) Synthesis of Cyclic Heptapeptides (1a)
Following a series of reactions shown below, cyclic hep-
tapeptides (1a) were synthesized.

[Chemical formula 14]

NBoc +

RHN HATU
H F / o DIPEA
(0] = CH,Cl,
HN
MeO
(0]
AS5:R=Boc
TFA/CH,Cl,
Al: R=H-TFA

[Chemical formula 15]

1. LiOH

2. TFA/
CH,Cl

3.HATU,
HOAt,
DIPEA

pE
OO Z—
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-continued

The tripeptides B4a obtained in the above (4) (38 mg, 0.10
mmol) were dissolved in 0.5 mL. of THF, 0.5 mL of water, and
2.0 mL of t-BuOH. To this mixture, 21 mg (0.50 mmol) of
lithium hydroxide monohydrate was added, followed by stir-
ring for two hours. The reaction mixture thus obtained was
made acidic (<pH 3) with addition of 0.12 M hydrochloric
acid, followed by extraction with ethyl acetate (5 mLL.x3), and
then combined organic layers were dried over anhydrous
sodium sulfate. The resulting solution was concentrated
under reduced pressure to yield tripeptide intermediates Bla.

The Boc-tetrapeptides AS (55 mg, 96% mol) were dis-
solved in 0.5 mL of dichloromethane under a nitrogen atmo-
sphere, and the mixture was cooled to 0° C. TFA (0.5 mL.) was
added to this reaction solution, followed by stirring for two
hours. The reaction mixture thus obtained was concentrated
under reduced pressure and then subjected to azeotropic dis-
tillation with toluene three times to give colorless oily tet-
rapeptide intermediates Al. Under a nitrogen atmosphere,
Al, Bla, 40 mg (0.10 mmol) of HATU were dissolved in 0.5
mL of dichloromethane and 0.1 mL. of DMF, and the resulting
mixture was cooled to 0° C. After addition of 50 pL (0.29
mmol) of diisopropylethylamine, the mixture was brought
back to room temperature, followed by stirring for two hours.
The reaction was stopped by addition of 0.12 M hydrochloric
acid. The reaction mixture thus obtained was extracted with
ethyl acetate (5 mL.x3), and then combined organic layers
were washed with saturated sodium bicarbonate solution (5
ml) and saturated saline (5 m[.x2), and then dried over anhy-
drous sodium sulfate. The resulting solution was concen-
trated under reduced pressure, and the oily substance
obtained thereby was purified by column chromatography
(silica gel, hexane-ether 1/1—1/2—0/1—>ether-ethyl acetate
9/1—4/1) to yield 81 mg (100%) of colorless solid heptapep-
tides 2a.

The heptapeptides 2a thus obtained (48 mg, 59 umol) were
dissolved in 0.25 mL of THF, 0.25 mL of water, and 1.0 mL
of t-BuOH. To this mixture, 12 mg (0.30 mmol) of lithium
hydroxide monohydrate was added, followed by stirring for
two and half hours. The reaction mixture thus obtained was
made acidic (<pH 3) with addition of 0.12 M hydrochloric
acid, followed by extraction with ethyl acetate (5 mLL.x3), and
then combined organic layers were dried over anhydrous
sodium sulfate. The resulting solution was concentrated
under reduced pressure to yield carboxylic acid. Under a
nitrogen atmosphere, the carboxylic acid thus obtained was
dissolved in 0.5 mL of dichloromethane, and the mixture was
cooled to 0° C. TFA (0.5 mL) was added to this reaction
solution, followed by stirring for one and half hours. The
reaction mixture thus obtained was concentrated under
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reduced pressure and then subjected to azeotropic distillation
with toluene three times to give colorless oily cyclization
precursors.

Under a nitrogen atmosphere, the cyclization precursors
thus obtained, 45 mg (0.12 mmol) of HATU, and 16 mg (0.12
mmol) of HOAt were dissolved in 39 mL of dichloromethane
and 0.5 mL of DMF, and the mixture was cooled to 0° C. After
addition of 46 uL. (0.27 mmol) of diisopropylethylamine, the
mixture was brought back to room temperature, followed by
stirring for 46 hours. The reaction was stopped by addition of
0.12 M hydrochloric acid. The reaction mixture thus obtained
was extracted with ethyl acetate (100 mL), and then com-
bined organic layers were washed with saturated sodium
bicarbonate solution (15 ml.) and saturated saline (15 mL.x2),
and then dried over anhydrous sodium sulfate. The resulting
solution was concentrated under reduced pressure, and the
oily substance obtained thereby was purified by column chro-
matography (silica gel, chloroform-methanol 1/0—39/1—)
to yield 43 mg of partially purified products. The partially
purified products thus obtained were purified by reverse-
phase high performance liquid chromatography [Develosil
ODS HG-5 (diameter of 20x250 mm), 50% acetonitrile at a
flow rate of 5 mI/min, UV at 215 nm] to yield 24 mg (60%,
three steps) of cyclic heptapeptides (1a). FIG. 2 shows 'H
NMR spectrum of 1a obtained as above.

(1a):major conformer, ‘H NMR (600 MHz, C4,Dy) 87.85
(d, J=8.8 Hz, 1 H), 7.64 (d, J=8.8 Hz, 1 H), 6.89 (br d, 1 H),
5.71(q,J=6.6Hz, 1 H), 5.61 (q,]=7.3Hz, 1 H), 5.17 (m, 1 H),
5.07 (m, 1 H), 4.65 (t,J=5.5 Hz, 1 H), 4.48 (m, 1 H), 4.31 (q,
J=73Hz, 1H),3.27 (5,3 H),2.98 (s, 3 H), 2.70 (s, 3 H), 2.54
(s, 3 H), 2.32 (m, 1 H), 2.06 (m, 1 H), 1.81 (m, 1 H), 1.75 (d,
J=7.0Hz,3H),1.62 (m, 1 H), 1.56 (m, 1 H), 1.36 (d, J=6.6 Hz,
3 H), 1.32-0.75 (m, 4 H), 1.27 (d, J=7.3 Hz, 3 H), 1.09 (d,
J=6.6 Hz, 3 H), 0.99 (d, J=6.6 Hz, 3 H), 0.95 (d, J=7.0 Hz, 3
H), 0.93 (d, J=6.6 Hz, 3 H), 0.85 (d, J=6.6 Hz, 3 H), 0.78 (t,
J=7.4 Hz, 3 H), 0.77 (d, J=7.3 Hz, 3 H),

13C NMR (150 MHz, CsDg)3174.8, 174.1, 173.7, 171.5,
169.9, 169.8, 169.4, 58.9, 53.7, 51.8, 51.4, 49.9, 49.7, 48.9,
40.2,38.7,35.7,30.7,29.8,29.7,29.6,26 .4,25.8,25.2,23 8,
23.4,22.6,21.4,20.0,157,14.6,13.8,13.3, 11.9.

(6) Synthesis of B4b

Following a series of reactions shown below, tripeptide
intermediate methyl esters B4b were synthesized. Tripeptide
intermediates (B1b) were obtained by alkaline hydrolysis of
B4b before use.

[Chemical formula 16]

\NBoc

0
NIH,+HCl )\
MeO)J\:/ COH

HATU, DIPEA
—_—

~.

B2b
0
)i
N 1. TFA/CH,Cl,
MeO Y NBoc
H 0 | NBoc
Y \\\\“.. co
B3b HATU, DIPEA
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-continued
(@] O
H
)‘\/N NBoc
MeO - N
(@]

B4b

~.

Under a nitrogen atmosphere, 250 mg (1.4 mmol) of
D-Leu-OMe.HCl (B2b), 262 mg (1.4 mmol) of Boc-NMe-D-
Ala-OH, and 577 mg (1.5 mmol) of HATU were dissolved in
2.5 mL of dichloromethane and 0.2 mL of DMF, and the
mixture was cooled to 0° C. After addition of 1.35 ulL (7.74
mmol) of diisopropylethylamine, the mixture was brought
back to room temperature, followed by stirring for three
hours. The reaction was stopped by addition 0£0.12 M hydro-
chloric acid. The reaction mixture thus obtained was
extracted with ethyl acetate (5 mIL.x3), and then combined
organic layers were washed with saturated sodium bicarbon-
ate solution (5 mL) and saturated saline (5 ml.x2), and then
dried over anhydrous sodium sulfate. The resulting solution
was concentrated under reduced pressure, and the oily sub-
stance obtained thereby was purified by column chromatog-
raphy (silica gel, hexane-ether 1/2) to yield 350 mg (77%) of
colorless solid dipeptides B3b.

The dipeptides B3b thus obtained (210 mg, 0.64 mmol)
were dissolved in 1 mL of dichloromethane under a nitrogen
atmosphere, and the mixture was cooled to 0° C. TFA (1 mL)
was added to this reaction solution, followed by stirring for
one and half hours. The reaction mixture thus obtained was
concentrated under reduced pressure and then subjected to
azeotropic distillation with toluene three times to give a col-
orless oily substance. The oily substance thus obtained, 185
mg (0.91 mmol) of Boc-NMe-L-Ala-OH, and 380 mg (1.0
mmol) of HATU were dissolved in 1.5 ml of dichlo-
romethane and 0.2 mL. of DMF, and the resulting mixture was
cooled to 0° C. After addition of 475 ul. (2.7 mmol) of
diisopropylethylamine, the mixture was brought back to
room temperature, followed by stirring for two hours. The
reaction was stopped by addition of 0.12 M hydrochloric acid.
The reaction mixture thus obtained was extracted with ethyl
acetate (5 mLx3), and then combined organic layers were
washed with saturated sodium bicarbonate solution (5 mL)
and saturated saline (5 mL.x2), and then dried over anhydrous
sodium sulfate. The resulting solution was concentrated
under reduced pressure, and the oily substance obtained
thereby was purified by column chromatography (silica gel,
hexane-ether 2/1—+1/1—0/1) to yield 227 mg (85%) of col-
orless oily tripeptides Bob.

(7) Synthesis of Cyclic Heptapeptides (1b)

Following a series of reactions shown below, cyclic hep-

tapeptides (1b) was synthesized.

[Chemical formula 17]

(¢]
. |
N NBoc +
RO N

B4b: R =Me

LiOH

Blb:R=H
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-continued

L&ﬁ
A

AS5:R=Boc
H
w, o]
... 0
H
HN NBoc
N CO,Me

[Chemical formula 18]

HATU
DIPEA

CHCL

RHN

TFA/CH,Cl,

Al: R=H-TFA

1. LiOH
2. TFA/
o CH,ClLy
3.HATU,
HOAt,
DIPEA

ed

The tripeptides B4b obtained in the above (6) (40 mg, 0.10
mmol) were dissolved in 0.5 mL. of THF, 0.5 mL. of water, and
2.0 mL of t-BuOH. To this mixture, 20 mg (0.48 mmol) of
lithium hydroxide monohydrate was added, followed by stir-
ring for two hours. The reaction mixture thus obtained was
made acidic (<pH 3) with addition of 0.12 M hydrochloric
acid, followed by extraction with ethyl acetate (5 mI.x3), and
then combined organic layers were dried over anhydrous
sodium sulfate. The resulting solution was concentrated
under reduced pressure to yield tripeptide intermediates B1b.
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The Boc-tetrapeptides AS (55 mg, 96% mol) were dis-
solved in 0.5 mL of dichloromethane under a nitrogen atmo-
sphere, and the mixture was cooled to 0° C. TFA (0.5 mL.) was
added to this reaction solution, followed by stirring for two
hours. The reaction mixture thus obtained was concentrated
under reduced pressure and then subjected to azeotropic dis-
tillation with toluene three times to give colorless oily tet-
rapeptide intermediates Al. A1, B1b, and 40 mg (0.10 mmol)
of HATU were dissolved in 0.5 mL of dichloromethane and
0.1 mL of DMF, and the resulting mixture was cooled to 0° C.
After addition of 50 ulL (0.29 mmol) of diisopropylethy-
lamine, the mixture was brought back to room temperature,
followed by stirring for three hours. The reaction was stopped
by addition 0f0.12 M hydrochloric acid. The reaction mixture
thus obtained was extracted with ethyl acetate (5 mLx3), and
then combined organic layers were washed with saturated
sodium bicarbonate solution (5 ml) and saturated saline (5
ml.x2), and then dried over anhydrous sodium sulfate. The
resulting solution was concentrated under reduced pressure,
and the oily substance obtained thereby was purified by col-
umn chromatography (silica gel, hexane-ether 1/1—2/1—0/
1—ether-ethyl acetate 9/1—) to yield 57 mg (70%) of color-
less pasty heptapeptides 2b.

The heptapeptides 2b thus obtained (46 mg, 54 pmol) was
dissolved in 0.25 mL of THF, 0.25 mL of water, and 1.0 mL
of t-BuOH. To this mixture, 11 mg (0.27 mmol) of lithium
hydroxide monohydrate was added, followed by stirring for
two and half hours. The reaction mixture thus obtained was
made acidic (<pH 3) with addition of 0.12 M hydrochloric
acid, followed by extraction with ethyl acetate (5 mLL.x3), and
then combined organic layers were dried over anhydrous
sodium sulfate. The resulting solution was concentrated
under reduced pressure to yield carboxylic acid. Under a
nitrogen atmosphere, the carboxylic acid thus obtained was
dissolved in 0.5 mL of dichloromethane, and the mixture was
cooled to 0° C. TFA (0.5 mL) was added to this reaction
solution, followed by stirring for one and half hours. The
reaction mixture thus obtained was concentrated under
reduced pressure and then subjected to azeotropic distillation
with toluene three times to give colorless oily cyclization
precursors.

Under a nitrogen atmosphere, the cyclization precursors
thus obtained, 41 mg (0.11 mmol) of HATU, and 15 mg (0.11
mmol) of HOAt were dissolved in 36 mL of dichloromethane
and 0.5 mL of DMF, and the mixture was cooled to 0° C. After
addition of 43 ul. (0.24 mmol) of diisopropylethylamine, the
mixture was brought back to room temperature, followed by
stirring for 46 hours. The reaction was stopped by addition of
0.12 M hydrochloric acid. The reaction mixture thus obtained
was extracted with ethyl acetate (100 mL), and then com-
bined organic layers were washed with saturated sodium
bicarbonate solution (15 m[) and saturated saline (15 mL.x2),
and then dried over anhydrous sodium sulfate. The resulting
solution was concentrated under reduced pressure, and the
oily substance obtained thereby was purified by column chro-
matography (silica gel, chloroform-methanol 1/0—39/1—)
to yield 43 mg of partially purified products. The partially
purified products thus obtained were purified by reverse-
phase high performance liquid chromatography [Develosil
ODS HG-5 (diameter of 20x250 mm), 50% acetonitrile at a
flow rate of 5 ml./min, UV at 215 nm] to yield 24 mg (60%,
three steps) of cyclic heptapeptides (1b). FIG. 3 shows 'H
NMR spectrum of 1b obtained as above.

(1b):major conformer, "H NMR (600 MHz, C,D) 78.04
(brd, 1 H), 7.94 (d, J=8.4 Hz, 1 H), 7.20 (brs, 1 H), 5.75 (q,
J=6.6Hz,1H),5.61(q,J=7.3Hz,0H), 5.20 (m, 2H), 4.55 (m,
1H),4.47 (m,1H),4.30(q,1=7.3Hz, 1 H),3.30(s,3 H), 2.98
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(s,3H),2.67 (5,3 H), 2.60 (5,3 H), 2.36 (m, 1 H), 2.23 (m, 1
H), 2.13 (m, 1 H), 2.00 (m, 2 H), 1.82 (m, 1 H), 1.77 (m, 1 H),
1.62 (m, 1 H), 1.56 (m, 1 H), 1.36 (d, J=6.2 Hz, 3 H), 1.32-
0.75 (m,3 H), 1.28 (d, I=7.0Hz,3 H), 1.24 (d, J=6.6 Hz, 3 H),
1.16 (d, J=6.5Hz,3 H), 1.15(d,J=6.6 Hz,3 H), 0.99 (d, I=7.0
Hz,3 H),0.98 (d,J=6.5Hz, 3 H), 0.92 (d, J=6.6 Hz, 3 H), 0.83
(t, J=7.0 Hz, 3 H), 0.77 (d, I=7.0 Hz, 3 H),

13C NMR (150 MHz, C,D,)8174.6, 174.2, 174.1, 171.4,
170.8, 169.9, 169.2, 59.1, 54.1, 52.3, 51.6, 51.5, 49.8, 49.7,
43.0,40.4,38.7,35.4,30.8,30.0,29.8,29.7, 26 .4, 25.8, 25.6,
25.4,23.9,23.5,23.3,23.2,21.9,21.3,15.8,14.8,14.1, 13.1,
12.0.
(8) Synthesis of B4c

Following a series of reactions shown below, tripeptide
intermediate methyl esters B4c were synthesized. Tripeptide
intermediates (B1c) were obtained by alkaline hydrolysis of
B4c before use.

[Chemical formula 19]

NBoc
(¢] COH
)J\/NHZ.HCI HATU, DIPEA
MeO Y
Bno””
B2ec
(¢]
H
N 1. TFA/CH,Cl,
MeO Y NBoc 7
B NBoc
2 (0]
Br0”” ,
B3c W Nco,H
HATU, DIPEA
(¢] (¢]
i |
N NBoc
MeO Y N
z )
Bo””

B4e

Under a nitrogen atmosphere, 231 mg (1.1 mmol) of D-Ser
(OBn)-OMe.HCI (B2c¢), 224 mg (1.1 mmol) of Boc-NMe-D-
Ala-OH, and 564 mg (1.2 mmol) of PyBroP were dissolved in
2.1 mL of dichloromethane, and the mixture was cooled to 0°
C. After addition of 570 pL (3.3 mmol) of diisopropylethy-
lamine, the mixture was brought back to room temperature,
followed by stirring for one and half hours. The reaction was
stopped by addition 0f0.12 M hydrochloric acid. The reaction
mixture thus obtained was extracted with ethyl acetate (5
ml.x3), and then combined organic layers were washed with
saturated sodium bicarbonate solution (5 mL) and saturated
saline (5 mL.x2), and then dried over anhydrous sodium sul-
fate. The resulting solution was concentrated under reduced
pressure, and the oily substance obtained thereby was purified
by column chromatography (silica gel, hexane-cther 4/1—=2/
1—1/1) to yield 296 mg (68%) of colorless solid dipeptides
B3c.

The dipeptides B3¢ thus obtained (122 mg, 0.31 mmol)
were dissolved in 1 mL of dichloromethane under a nitrogen
atmosphere, and the mixture was cooled to 0° C. TFA (1 mL)
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was added to this reaction solution, followed by stirring for
one and half hours. The reaction mixture thus obtained was
concentrated under reduced pressure and then subjected to
azeotropic distillation with toluene three times to give a col-
orless oily substance. The oily substance thus obtained, 63 mg
(0.31 mmol) of Boc-NMe-L-Ala-OH, and 129 mg (0.34
mmol) of HATU were dissolved in 0.5 ml of dichlo-
romethane and 0.1 mL. of DMF, and the resulting mixture was
cooled to 0° C. After addition of 161 pL. (0.93 mmol) of
diisopropylethylamine, the mixture was brought back to
room temperature, followed by stirring for three hours. The
reaction was stopped by addition of 0.12 M hydrochloric acid.
The reaction mixture thus obtained was extracted with ethyl
acetate (3 mLx3), and then combined organic layers were
washed with saturated sodium bicarbonate solution (3 mL)
and saturated saline (3 mL.x2), and then dried over anhydrous
sodium sulfate. The resulting solution was concentrated
under reduced pressure, and the oily substance obtained
thereby was purified by column chromatography (silica gel,
hexane-ether 1/1—1/2—0/1) to yield 94 mg (63%) of color-
less oily tripeptides B4c.
(9) Synthesis of Cyclic Heptapeptides (1c)

Following a series of reactions shown below, cyclic hep-
tapeptides (1c) were synthesized.

[Chemical formula 20]

O O
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[Chemical formula 21]

1. LiOH

2. TFA/
o CH,Cl,
| 3. HATU,
N\)I\ HOAt,
BnOo  HN A /N DIPEA

1, (@] = 0
(@] (@]
H | HN
HN NBoc
N COMe
O |

The tripeptides B4c obtained in the above (8) (60 mg, 0.13
mmol) were dissolved in 0.5 mL. of THF, 0.5 mL. of water, and
2.0 mL of t-BuOH. To this mixture, 26 mg (0.63 mmol) of
lithium hydroxide monohydrate was added, followed by stir-
ring for one hour. The reaction mixture thus obtained was
made acidic (<pH 3) with addition of 0.12 M hydrochloric
acid, followed by extraction with ethyl acetate (5 mI.x3), and
then combined organic layers were dried over anhydrous
sodium sulfate. The resulting solution was concentrated
under reduced pressure to yield tripeptide intermediates Blc.

Under a nitrogen atmosphere, the Boc-tetrapeptides AS (66
mg, 0.12 mmol) was dissolved in 0.5 mL of dichloromethane,
and the mixture was cooled to 0° C. TFA (0.5 mL) was added
to this reaction solution, followed by stirring for two hours.
The reaction mixture thus obtained was concentrated under
reduced pressure and then subjected to azeotropic distillation
with toluene three times to give colorless oily tetrapeptide
intermediates Al. Under a nitrogen atmosphere, Al, Blc, 48
mg (0.13 mmol) of HATU were dissolved in 0.5 mL of dichlo-
romethane and 0.1 mL of DMF, and the mixture was cooled to
0° C. After addition of 60 uL. (0.35 mmol) of diisopropylethy-
lamine, the mixture was brought back to room temperature,
followed by stirring for 3 hours. The reaction was stopped by
addition of 0.12 M hydrochloric acid. The reaction mixture
thus obtained was extracted with ethyl acetate (5 mL.x3), and
then combined organic layers were washed with saturated
sodium bicarbonate solution (5 mL.) and saturated saline (5
ml.x2), and then dried over anhydrous sodium sulfate. The
resulting solution was concentrated under reduced pressure,
and the oily substance obtained thereby was purified by col-
umn chromatography (silica gel, hexane-ether 1/1—=4/6—3/
7—0/1—ether-ethyl acetate 1/1—) to yield 92 mg (87%) of
colorless pasty heptapeptides 2c.
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The heptapeptides 2c¢ thus obtained (46 mg, 50 umol) were
dissolved in 0.25 mL of THF, 0.25 mL of water, and 1.0 mL
of t-BuOH. To this mixture, 10 mg (0.25 mmol) of lithium
hydroxide monohydrate was added, followed by stirring for
two hours. The reaction mixture thus obtained was made
acidic (<pH 3) with addition of 0.12 M hydrochloric acid,
followed by extraction with ethyl acetate (5 mL.x3), and then
combined organic layers were dried over anhydrous sodium
sulfate. The resulting solution was concentrated under
reduced pressure to yield carboxylic acid. Under a nitrogen
atmosphere, the carboxylic acid thus obtained was dissolved
in 0.5 mL of dichloromethane, and the mixture was cooled to
0° C. TFA (0.5 mL) was added to this reaction solution,
followed by stirring for two hours. The reaction mixture thus
obtained was concentrated under reduced pressure and then
subjected to azeotropic distillation with toluene three times to
give colorless oily cyclization precursors.

Under a nitrogen atmosphere, the cyclization precursors
thus obtained, 38 mg (0.10 mmol) of HATU, and 14 mg (0.10
mmol) of HOAt were dissolved in 34 mL. of dichloromethane
and 0.5 mL of DMF, and the mixture was cooled to 0° C. After
addition of 40 uL. (0.23 mmol) of diisopropylethylamine, the
mixture was brought back to room temperature, followed by
stirring for 45 hours. The reaction was stopped by addition of
0.12 M hydrochloric acid. The reaction mixture thus obtained
was extracted with ethyl acetate (100 mL), and then com-
bined organic layers were washed with saturated sodium
bicarbonate solution (15 m[) and saturated saline (15 mL.x2),
and then dried over anhydrous sodium sulfate. The resulting
solution was concentrated under reduced pressure, and the
oily substance obtained thereby was purified by column chro-
matography (silica gel, chloroform-methanol 1/0—39/1—)
to yield 43 mg of partially purified products. The partially
purified products thus obtained were purified by reverse-
phase high performance liquid chromatography [Develosil
ODS HG-5 (diameter of 20x250 mm), 55% acetonitrile at a
flow rate of 5 ml./min, UV at 215 nm] to yield 22 mg (56%,
three steps) of cyclic heptapeptides (1c). FIG. 4 shows 'H
NMR spectrum of 1c obtained as above.

(1c):major conformer, "HNMR (600 MHz, C,D)87.60 (d,
J=7.7Hz,1H), 7.53 (d, J=8.8 Hz, 1 H), 7.46 (d, J=7.3 Hz, 2
H), 7.19 (t, J=7.3 Hz, 2 H), 7.10 (t, J=7.3 Hz, 1 H), 6.82 (d,
J=8.5Hz, 1 H), 5.75 (q, J=6.6 Hz, 1 H), 5.65 (q, I=7.3 Hz, 1
H),5.22 (m, 1 H), 5.13 (m, 1 H), 4.86 (dd, J=2.9, 8.4 Hz, 1 H),
479 (d, J=11.0 Hz, 1 H), 4.55 (d, J=11.0 Hz, 1 H), 4.52 (dd,
J=5.2,10.3 Hz, 1 H), 4.38 (q, J=7.7 Hz, 1 H), 4.04 (m, 1 H),
3.99 (m, 1 H), 3.26 (s, 3 H), 2.88 (s, 3 H), 2.74 (s, 3 H), 2.50
(s,3H),2.25 (m, 1 H), 1.78 (m, 2 H), 1.64 (m, 1 H), 1.39 (m,
1 H), 1.31 (d, J=6.6 Hz, 3 H), 1.25-0.75 (m, 3 H), 1.23 (d,
J=7.0Hz, 3 H), 1.11 (d, J=6.6 Hz, 3 H), 0.97 (d, J=6.6 Hz, 3
H), 0.93 (d, J=6.6 Hz, 3 H), 0.75 (d, J=7.3 Hz, 3 H), 0.73 (t,
J=7.7 Hz, 3 H), 0.65 (d, J=6.5 Hz, 3 H);

13C NMR (150 MHz, C,Dy)8174.7, 174.1,171.6, 171.5,
170.2,169.8, 169.4, 138.1, 128.6, 128.59 (2C), 128.57 (20),
73.8,71.2,58.4,52.4,52.2,51.8,51.1,49.9,49.6, 40.0, 38.0,
35.1,30.1,29.7,29.6,29.5,26.9,25.9,25.1,23.8,23.4,22.5,
21.3,16.1,14.1, 13.7,13.3, 11.7.

(10) Synthesis of B4d

Following a series of reactions shown below, tripeptide
intermediate methyl esters B4d were synthesized. Tripeptide
intermediates (Bid) were obtained by alkaline hydrolysis of
B4d before use.



US 8,481,484 B2

27

[Chemical formula 22]
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Under a nitrogen atmosphere, 300 mg (1.3 mmol) of Boc-
D-Thr-OMe.HCI1 (B2d) was dissolved in 1 mL of dichlo-
romethane, and the mixture was cooled to 0° C. TFA (1 mL)
was added to this reaction solution, followed by stirring for
two hours. The reaction mixture thus obtained was concen-
trated under reduced pressure and then subjected to azeotro-
pic distillation with toluene three times to give a colorless oily
substance. The oily substance thus obtained, 260 mg (1.3
mmol) of Boc-NMe-L-Ala-OH, and 532 mg (1.4 mmol) of
HATU were dissolved in 1.5 mL of dichloromethane, and the
resulting mixture was cooled to 0° C. After addition of 668 pl,
(3.8 mmol) of diisopropylethylamine, the mixture was
brought back to room temperature, followed by stirring for
two hours. The reaction was stopped by addition of 0.12 M
hydrochloric acid. The reaction mixture thus obtained was
extracted with ethyl acetate (5 mL.x3), and then combined
organic layers were washed with saturated sodium bicarbon-
ate solution (5 mL) and saturated saline (5 mI.x2), and then
dried over anhydrous sodium sulfate. The resulting solution
was concentrated under reduced pressure, and the oily sub-
stance obtained thereby was purified by column chromatog-
raphy (silica gel, hexane-ether 1/1—1/2—0/1) to yield 231
mg (57%) of colorless solid dipeptides B3d.

The dipeptides thus obtained (214 mg, 0.67 mmol) were
dissolved in 1 mL of dichloromethane under a nitrogen atmo-
sphere, and the mixture was cooled to 0° C. TFA (1 mL) was
added to this reaction solution, followed by stirring for two
hours. The reaction mixture thus obtained was concentrated
under reduced pressure and then subjected to azeotropic dis-
tillation with toluene three times to give a colorless oily
substance. The oily substance thus obtained, 137 mg (0.67
mmol) of Boc-NMe-L-Ala-OH, and 280 mg (0.73 mmol) of
HATU were dissolved in 1.5 mL of dichloromethane and 0.2
ml of DMF, and the resulting mixture was cooled to 0° C.
After addition of 348 pL. (2.0 mmol) of diisopropylethy-
lamine, the mixture was brought back to room temperature,
followed by stirring for two hours. The reaction was stopped
by addition 0f 0.12 M hydrochloric acid. The reaction mixture
thus obtained was extracted with ethyl acetate (5 mL.x3), and
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then combined organic layers were washed with saturated
sodium bicarbonate solution (5 ml) and saturated saline (5
ml.x2), and then dried over anhydrous sodium sulfate. The
resulting solution was concentrated under reduced pressure,
and the oily substance obtained thereby was purified by col-
umn chromatography (silica gel, hexane-ether 1/1—1/2—0/
1) to yield 138 mg (51%) of colorless oily tripeptides B4d.

(11) Synthesis of Cyclic Heptapeptides (1d)
Following a series of reactions shown below, cyclic hep-
tapeptides (1d) were synthesized.

[Chemical formula 23]

(¢] (¢]
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[Chemical formula 24]
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The tripeptides B4d obtained in the above (10) (55 mg,
0.14 mmol) were dissolved in 0.5 mL of THF, 0.5 mL of
water, and 2.0 mL of t-BuOH. To this mixture, 28 mg (0.68
mmol) of lithium hydroxide monohydrate was added, fol-
lowed by stirring for one and half hours. The reaction mixture
thus obtained was made acidic (<pH 3) with addition 0 0.12
M hydrochloric acid, followed by extraction with ethyl
acetate (5 mLx3), and then combined organic layers were
dried over anhydrous sodium sulfate. The resulting solution
was concentrated under reduced pressure to yield tripeptide
intermediates Bid.

Under a nitrogen atmosphere, the Boc-tetrapeptides AS (78
mg, 0.14 mmol) was dissolved in 0.5 mL of dichloromethane,
and the mixture was cooled to 0° C. TFA (0.5 mL) was added
to this reaction solution, followed by stirring for two hours.
The reaction mixture thus obtained was concentrated under
reduced pressure and then subjected to azeotropic distillation
with toluene three times to give colorless oily tetrapeptide
intermediates Al.

Under a nitrogen atmosphere, Al, B1d, and 57 mg (0.15
mmol) of HATU were dissolved in 0.5 ml of dichlo-
romethane and 0.1 mL of DMF, and the mixture was cooled to
0° C. After addition of 71 puL. (0.41 mmol) of diisopropylethy-
lamine, the mixture was brought back to room temperature,
followed by stirring for two hours. The reaction was stopped
by addition 0f 0.12 M hydrochloric acid. The reaction mixture
thus obtained was extracted with ethyl acetate (5 mL.x3), and
then combined organic layers were washed with saturated
sodium bicarbonate solution (5 mL.) and saturated saline (5
ml.x2), and then dried over anhydrous sodium sulfate. The
resulting solution was concentrated under reduced pressure,
and the oily substance obtained thereby was purified by col-
umn chromatography (silica gel, hexane-ether 1/1—=0/
1—ether-ethyl acetate 9/1—=5/1) to yield 74 mg (69%) of
colorless pasty heptapeptides 2d.

The heptapeptides 2d thus obtained (53 mg, 63 pmol) were
dissolved in 0.25 mL of THF, 0.25 mL of water, and 1.0 mL
of t-BuOH. To this mixture, 13 mg (0.31 mmol) of lithium
hydroxide monohydrate was added, followed by stirring for
two hours. The reaction mixture thus obtained was made
acidic (<pH 3) with addition of 0.12 M hydrochloric acid,
followed by extraction with ethyl acetate (5 mL.x3), and then
combined organic layers were dried over anhydrous sodium
sulfate. The resulting solution was concentrated under
reduced pressure to yield carboxylic acid. Under a nitrogen
atmosphere, the carboxylic acid thus obtained was dissolved
in 0.5 mL of dichloromethane, and the mixture was cooled to
0° C. TFA (0.5 mL) was added to this reaction solution,
followed by stirring for two hours. The reaction mixture thus
obtained was concentrated under reduced pressure and then
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subjected to azeotropic distillation with toluene three times to
give colorless oily cyclization precursors.

Under a nitrogen atmosphere, the cyclization precursors
thus obtained, 48 mg (0.13 mmol) of HATU, and 17 mg (0.13
mmol) of HOAt were dissolved in 42 mL. of dichloromethane
and 0.5 mL of DMF, and the mixture was cooled to 0° C. After
addition of 49 L. (0.28 mmol) of diisopropylethylamine, the
mixture was brought back to room temperature, followed by
stirring for 45 hours. The reaction was stopped by addition of
0.12 M hydrochloric acid. The reaction mixture thus obtained
was extracted with ethyl acetate (100 mL), and then com-
bined organic layers were washed with saturated sodium
bicarbonate solution (15 m[) and saturated saline (15 mL.x2),
and then dried over anhydrous sodium sulfate. The resulting
solution was concentrated under reduced pressure, and the
oily substance obtained thereby was purified by column chro-
matography (silica gel, chloroform-methanol 1/0—39/1—)
to yield 51 mg of partially purified products. The partially
purified products thus obtained were purified by reverse-
phase high performance liquid chromatography [Develosil
ODS HG-5 (diameter of 20x250 mm), 60% acetonitrile at a
flow rate of 5 ml./min, UV at 215 nm] to yield 25 mg (56%,
three steps) of cyclic heptapeptides (1d). FIG. 5 shows 'H
NMR spectrum of 1d obtained as above.

(1d):major conformer, 'H NMR (600 MHz, C,D,)87.74
(br, 1 H),7.05(d, I=8.8 Hz, 1 H), 5.76 (9, J=6.5Hz, 1 H), 5.66
(9, I=8.5Hz, 1 H), 5.17 (m, 1 H), 5.11 (m, 1 H) 4.69 (d d,
J=3.7,7.7Hz,1H), 4.48 (m, 1H), 4.38 (m, 1 H), 4.35br, 1 H),
4.26 (q,J=7.3Hz, 1 H),3.26 (5,3 H), 2.89 (5,3 H), 2.69 (5,3
H), 2.53 (s, 3 H), 2.29 (ddd, J=3.7, 11.7, 15.4 Hz, 1 H), 2.18
(m,2H),1.79 (m, 1 H), 1.69 (m, 1 H), 1.61 (d, J=6.6 Hz, 3 H),
1.42 (m, 1 H), 1.35(d, J=6.6 Hz, 3 H), 1.35-0.98 (m, 3H), 1.27
(d, I=7.0Hz, 3 H), 1.04 (d, J=6.6 Hz, 3 H), 1.00 (d, J=6.6 Hz,
3 H), 0.96 (d, J=6.6 Hz, 3 H), 0.93 (d, J=7.0 Hz, 3 H), 0.81 (d,
J=6.2Hz,3H),0.76 (d,]J=7.3Hz,3H),0.72 (t,J=7.3Hz,3H),
an amide NH proton could not be specified;

13C NMR (150 MHz, C,Dy)3174.6, 174.3,171.8, 171.4,
169.9, 169.8, 169.5, 69.2, 59.0, 57.8, 53.3, 51.9, 51.2, 50.2,
49.9, 40.3,37.8, 34.8,30.6, 30.1, 29.6 (2C), 26.9, 25.9, 25.2,
23.6,23.4,233,21.2,185,15.5,14.2,14.1,13.2, 11.7.

(12) Synthesis of le

Following a series of reactions shown below, cyclic hep-
tapeptides (le) were synthesized.

[Chemical formula 25]
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Under a nitrogen atmosphere, the 1¢ obtained as above (10
mg, 12.7 mmol) and 10 mg of 5% Pd/C were dissolved in 1
mL of methanol. The atmosphere in the above reaction sys-
tem was replaced with hydrogen gas, followed by stirring for
three and half days. Then, the reaction mixture was filtrated
through Celite, and the filtrate thus obtained was concentrated
under reduced pressure. The oily substance obtained thereby
was purified by reverse-phase high performance liquid chro-
matography [Develosil ODS HG-5 (diameter of 20x250
mm), 50% acetonitrile at a flow rate of S mI/min, UV at 215
nm] to yield 6.5 mg (74%) of cyclic heptapeptides (1e). FIG.
6 shows "H NMR spectrum of le obtained as above.

(1e):major conformer, "HNMR (600 MHz, C,D4)87.70 (d,
J=9.2 Hz, 1 H), 7.49 (d, J=8.8 Hz, 1 H), 6.89 (d, J=7.0 Hz, 1
H), 5.72 (q, J=6.5 Hz, 1 H), 5.64 (q, I=7.3 Hz, 1 H), 5.43 (m,
1H), 5.28 (m, 1 H), 5.15 (m, 1 H), 4.60 (dd, J=3.7, 7.0 Hz, 1
H), 4.37 (dd, J=4.4, 11.0 Hz, 1 H), 4.32 (q, J=7.3 Hz, 1 H),
4.16 (m, 1 H), 4.10 (dd, J=7.0, 11.7 Hz, 1 H), 3.29 (s, 3 H),
2.85 (s, 3 H), 2.68 (s, 3 H), 2.51 (s, 3 H), 2.36 (m, 1 H), 2.17
(m, 1 H), 1.80 (m, 2 H), 1.61 (m, 1 H), 1.40 (m, 1 H), 1.29 (d,
J=6.2 Hz,3 H), 1.25 (d, I=7.0 Hz, 3 H), 1.24-0.74 (m, 12 H),
1.17(d,J=6.6 Hz,3 H),0.75 (d,J=7.3 Hz,3 H), 0.74 (d, ]=6.5
Hz, 3 H), 0.69 (t, J=7.3 Hz, 3 H);

13C NMR (150 MHz, C,D,)8174.7, 174.3, 173.2, 172.5,
169.8, 169.2, 169.0, 64.1, 59.2, 54.7 (2C), 51.9, 51.3, 49.9
(20),40.6,37.7,34.2,30.6,29.7 (2C), 29.5,26.7, 26.1,25 .3,
23.8,23.3,22.5,21.4,15.8,14.0,13.8,13.2, 11.7.

3. Evaluation of the Effects of the Novel Cyclic
Heptapeptide

(A Preadipocyte Differentiation-Inhibitory Effect and an Adi-
pocyte Fat Accumulation-Inhibitory Effect)

Murine preadipocytes (3T3-L.1) have such a property as to
accumulate fat following differentiation. In the present test,
while differentiation of313-L1 preadipocytes was induced by
insulin and the like, test compounds were simultaneously
added. Then, an amount of fat in the cells was measured to
evaluate that the test compounds exert inhibition of differen-
tiation of the preadipocytes or an inhibitory effect on fat
accumulation following differentiation. In this test, in a case
where cells die due to the test compounds, there is concern
that the test might unintentionally result in a low fat accumu-
lation rate, which is seemingly a favorable result. In order to
judge presence or absence of cytotoxicity as described above,
evaluation based on a cell survival rate was adopted in the
present test, and in this way the present test was elaborated so
that a compound with low cytotoxicity that would strongly
inhibit fat accumulation could be efficiently assayed. Also, fat
accumulation was observed under a microscope from time to
time during the test.
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Preadipocytes (3T3-L.1) were cultured to confluence in the
presence of 5% CO, at 37° C. for two days in 150 puL. of
culture media (DMEM containing 10% fetal bovine serum
(glucose concentration of 4500 mg/ml)) in two 96-well
microplates. Then, with respect to both plates, the culture
media were aspirated and replaced with 150 pl of differen-
tiation-inducing media containing a certain concentration of
test compounds (DMEM containing 10% fetal bovine serum
(glucose concentration of 4500 mg/ml.) in which 1 uM dex-
amethasone, 10 pg/mL insulin, and 0.5 mM 3-isobutyl-1-
methylxanthine were dissolved). Normally, methanol solu-
tion containing a 200-fold concentration of test compounds
(1a, 1b, 1c, 1d, and le) was prepared, and 7.5 ul. of the
solution was added with respect to 1.5 mL of the differentia-
tion-inducing media. At this time, a well that was not replaced
with the differentiation-inducing medium and a well to which
only methanol was added instead of a sample solution were
prepared as a control. The plates were cultured in the presence
0of'5% CO, at 37° C. for seven days. Thereafter, one plate was
served for measurement of an amount of fat, and the other
plate was served for measurement of a survival rate.

To each well of the plate for measurement of an amount of
fat, 10 uLL of 2% Triton X-100 was added, and the plate was
left to stand for 30 minutes. Subsequently, the plate was
sealed with a sealing tape (a product of Asahi Techno Glass
Corporation) and sonicated for one minute in an ultrasonic
cleaner. Subsequently, 20 uL. of solution was collected from
each well and added to a 96-well microplate in which 150 pL.
of Triglyceride E-test Wako (a product of Wako Pure Chemi-
cal Industries, Ltd.), a coloring reagent, had been added to
each well, and then the plate was incubated at 37° C. for 30
minutes, after which absorbance (at 630 nm, control at 690
nm) was measured by a plate reader. A ratio of absorbance in
a compound-added group to absorbance in a compound-free
group was obtained as a percentage, which was provided as a
fat accumulation rate. Fat accumulation rates with respect to
a concentration in each sample were represented as a semi-
logarithmic graph. From this graph a compound concentra-
tion at which a fat accumulation rate was 50% was read off,
which was provided as a 50% effective concentration (EC50).
EC50 values obtained for each compound was shown in FIG.
7. It can be interpreted that the smaller the EC50 value is, the
stronger the inhibitory effect on differentiation of adipocytes
or on fat accumulation in adipocytes is.

To each well of the plate for measurement of a survival rate,
5 uLL of Cell counting kit-8 (a product of Dojindo Laborato-
ries) was added, and then the plate was incubated at 37° C. for
four hours, after which absorbance (at 450 nm) was measured
by aplate reader. A ratio of absorbance in a compound-added
group to absorbance in a compound-free group was obtained
as a percentage, which was provided as a cell survival rate.
Cell survival rates with respect to a concentration of each
compound were represented as a semilogarithmic graph.
From this graph, a compound concentration at which a cell
survival rate was 50% was read off, which was provided as a
50% inhibitory concentration (IC50). IC50 values obtained
for each compound was shown in FIG. 7. It can be interpreted
that the larger the IC50 value is, the less toxic the compound
is against adipocytes.

Furthermore, in order to evaluate usefulness of the com-
pounds, IC50/EC50 values were obtained and shown in FIG.
7. The less toxic the compound is against cells, the larger the
value is, and further, the stronger the inhibitory effect on
differentiation or the inhibitory effect on fat accumulation,
the larger the value is. That is, it can be interpreted that the
larger the IC50/EC50 value is, the safer the compound is as a
medicine, and therefore the more potent the compound is.
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From the EC50 values, it is understood that any of the novel
compounds (la, 1b, lc, 1d, and le) excellently exerts an
inhibitory effect on differentiation of adipocytes or on fat
accumulation in adipocytes (FIG. 7). Further, the IC50 values
of'the novel compounds are higher than that of ternatin, based
on which it is understood that the compounds have a low
cytotoxicity (FIG. 7). Focusing on the IC50/EC50 values,
which serve as an indication of safety as a medicine, it can be
said that the novel compounds are as potent as or more potent
than ternatin (FIG. 7).

INDUSTRIAL APPLICABILITY

Since the cyclic heptapeptide of the present invention
inhibits the differentiation of preadipocytes and the accumu-
lation of fat in adipocytes, it is useful for the prophylaxis or
treatment (inhibition and improvement) of obesity. Also, the
cyclic heptapeptide of the present invention is useful as a lead

34

compound for the development of a prophylactic or therapeu-
tic medicine for obesity. Furthermore, the cyclic heptapeptide
of the present invention is useful as a reagent to be used in
studies for elucidating the molecular mechanisms and fat-
accumulation mechanisms in adipocytes, and the like. In
addition, since the cyclic heptapeptide of the present inven-
tion can be used as a reagent that acts at a point of action at
which a useful effect is elicited, it is useful as a tool for
elucidating operational mechanisms.

The present invention is not limited by the above-described
embodiments of the invention or by the description of the
Examples in any way. Various modified embodiments are
encompassed in the present invention to the extent that a
person skilled in the art would be able to easily conceive
without going beyond the description of the Claims.

The contents of papers, the publication of patent applica-
tions, and the patent gazette stated in the present specification
are wholly incorporated herein by reference.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 6
<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

SEQ ID NO 1

LENGTH: 7

TYPE: PRT

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Synthetic Construct
FEATURE:

NAME/KEY: MOD_RES
LOCATION: (1)..(1)
OTHER INFORMATION:
FEATURE:

NAME/KEY: MOD_RES
LOCATION: (2)..(2)
OTHER INFORMATION:
FEATURE:

NAME/KEY: MOD_RES
LOCATION: (3)..(3)
OTHER INFORMATION:
FEATURE:

NAME/KEY: MOD_RES
LOCATION: (5)..(5)
OTHER INFORMATION:
FEATURE:

NAME/KEY: MOD_RES
LOCATION: (6)..(6)
OTHER INFORMATION:
FEATURE:

NAME/KEY: MOD_RES
LOCATION: (7)..(7)
OTHER INFORMATION:
D-Ser.

D-allo-Ile

NMe-L-Ala

NMe-L-Leu

NMe-L-Ala

NMe-D-Ala

Xaa is D-Ala, D-Leu,

<400> SEQUENCE: 1
Xaa Xaa Xaa Leu Xaa Xaa Xaa
1 5

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

SEQ ID NO 2

LENGTH: 7

TYPE: PRT

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Synthetic Construct
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (1)..(1)

OTHER INFORMATION: D-allo-Ile
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (2)..(2)

OTHER INFORMATION: NMe-L-Ala

D-Ser (OBn),

D-Thr or
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<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

-continued

FEATURE:

NAME/KEY: MOD_RES

LOCATION: (3)..(3)

OTHER INFORMATION: NMe-L-Leu
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (5)..(5)

OTHER INFORMATION: NMe-L-Ala
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (6)..(6)

OTHER INFORMATION: NMe-D-Ala
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (7)..(7)

OTHER INFORMATION: D-Ala

SEQUENCE: 2

Xaa Xaa Xaa Leu Xaa Xaa Xaa

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 3

LENGTH: 7

TYPE: PRT

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Synthetic Construct
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (1)..(1)

OTHER INFORMATION: D-allo-Ile
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (2)..(2)

OTHER INFORMATION: NMe-L-Ala
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (3)..(3)

OTHER INFORMATION: NMe-L-Leu
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (5)..(5)

OTHER INFORMATION: NMe-L-Ala
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (6)..(6)

OTHER INFORMATION: NMe-D-Ala
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (7)..(7)

OTHER INFORMATION: D-Leu

SEQUENCE: 3

Xaa Xaa Xaa Leu Xaa Xaa Xaa

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>

5

SEQ ID NO 4

LENGTH: 7

TYPE: PRT

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Synthetic Construct
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (1)..(1)

OTHER INFORMATION: D-allo-Ile
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (2)..(2)

OTHER INFORMATION: NMe-L-Ala
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (3)..(3)

OTHER INFORMATION: NMe-L-Leu
FEATURE:

NAME/KEY: MOD_RES
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-continued
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<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: NMe-L-Ala
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: NMe-D-Ala
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: D-Ser (OBn)

<400> SEQUENCE: 4

Xaa Xaa Xaa Leu Xaa Xaa Xaa
1 5

<210> SEQ ID NO 5

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: D-allo-Ile
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: NMe-L-Ala
<220> FEATURE:

<221> NAME/KEY: MOD_RES

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: NMe-L-Leu
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: NMe-L-Ala
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: NMe-D-Ala
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: D-Thr

<400> SEQUENCE: 5

Xaa Xaa Xaa Leu Xaa Xaa Xaa
1 5

<210> SEQ ID NO 6

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: D-allo-Ile
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: NMe-L-Ala
<220> FEATURE:

<221> NAME/KEY: MOD_RES

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: NMe-L-Ala
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: NMe-L-Ala
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: NMe-D-Ala
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-continued

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: D-Ser
<400> SEQUENCE: 6

Xaa Xaa Xaa Leu Xaa Xaa Xaa
1 5

The invention claimed is:
1. A cyclic heptapeptide represented by the following for-
mula;

[Chemical formula 1]

wherein R is CH,, CH,CH (CH,),, CH,OCH,C.Hs,, or
CH,OH.

2. A composition that contains the cyclic heptapeptide
according to claim 1 as an active ingredient.

3. The composition according to claim 2, wherein the com-
position is food product comprising the cyclic heptapeptide
and a grain, vegetable, meat, processed food, snack, milk, soft
drink, alcoholic beverage, nutritional supplement, food
supplement, or energy drink.

4. The composition of claim 3, wherein the cyclic hep-
tapeptide is provided in the form of a powder, granule, tablet,
paste, or liquid.

5. The composition of claim 2, wherein the composition is
a pharmaceutical composition comprising the cyclic hep-
tapeptide and one or more of the group consisting of pharma-
ceutically-acceptable carrier, excipient, disintegrant, buffer,
emulsifier, suspension agent, pain-killing agent, stabilizer,
preservative, antiseptic agent, and physiological saline.

6. The composition of claim 5, wherein the composition is
a tablet, a powder, a fine-granule, a granule, a capsule, a
syrup, an injection, an external agent, or a suppository.
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7. The composition of claim 5, wherein the composition is
formulated for oral or parenteral administration.

8. The composition of claim 2, wherein the composition is
a cosmetic composition comprising the cyclic heptapeptide
and one or more ingredients that are normally used in a
cosmetic agent selected from the group consisting of fat, oil,
mineral oil, vaseline, squalane, lanolin, beeswax, denatured
alcohol, dextrin palmitate, glycerin, a glycerin fatty acid
ester, ethylene glycol, paraben, camphor, menthol, vitamins,
zinc oxide, titanium oxide, benzoic acid, edetic acid, chamo-
mile oil, carrageenan, chitin powder, chitosan, perfume, and
colorant.

9. The composition of claim 8, wherein the composition is
an emulsion for the face or body, a toner, a cream, a lotion, an
essence, an oil, a pack, a sheet, or a cleansing agent.

10. A method for inhibiting fat accumulation in an adipo-
cyte, the method comprising administering to an adipocyte an
effective amount of a composition of claim 2.

11. The method of claim 10, wherein the adipocyte is in
vitro.

12. The method of claim 10, wherein the preadipocyte is in
a subject.

13. The method of claim 12, wherein the subject is a
human.

14. The method of claim 12, wherein the composition is a
food product, a pharmaceutical composition, or a cosmetic
composition.

15. The method of claim 12, wherein inhibiting fat accu-
mulation in an adipocyte treats obesity.

16. A method for inhibiting preadipocyte differentiation,
the method comprising administering to a preadipocyte an
effective amount of a composition of claim 2.

17. The method of claim 16, wherein the preadipocyte is in
vitro.

18. The method of claim 16, wherein the preadipocyte is in
a subject.

19. The method of claim 18, wherein the subject is a
human.

20. The method of claim 18, wherein inhibiting preadipo-
cyte differentiation treats obesity.

#* #* #* #* #*



