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1. Field of the invention

This invention relaﬁés to a methotrexate derivative,
more specifically to a novel methotrexate derivative
available as an antirheumatic agent; psoriasis curing agent
and carcinostatic agent. '
2. Prior art

Methotrexate has been known as a curing agent of
leukemia, and Gubner et al. reported its effectiveness for
rheumatoid arthritis (RA) or psoriasis in 1951 and it has
beéh used until then as a curing agent of RA in Europe and
the United States. Relatively recently, detailed
investigations about method of use and dose have been
carried out, and it has been clarified that methotrexate
thérapy in a low dose develops excellent effectivity with a
relatively limited side effects. However, side effects
such as hepatopathy or fibroid lung caused by the
administration of methotrexate cannot be ignored so that a
drug having fewer side effects and increased effectiveness
has earnestly been desired.

As methotrexate derivatives to which an alkyl group-
other than methyl group is introduced at N0, there have
been known for example, the following formula:

H.N N N
“ { . -/——\ COOH
N CH,N /—— C\!HCHCH CH, COOH

2
NH

(J. Med. Chem., 22, p. 862 (1979)) or the formula:
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(J. Med. Chem. 25, p. 877 (1982)), and the like, however,

they did not necessarily show sufficient activity.

Y NVENTION

The present invention is to provide a novel methotrexate

derivative represented by the following formula (I):

COOR2

Hl 3
CNCH(CHZ)nR ... (1)
b

wherein R! represents one selected from the group
consisting of CHy, CHCHz, CH»0, CH»S and CHpS0; R2
represents hydrogen atom, a lower alkyl group having 1

to 4 carbon atoms or a benzyl group; n represents an

integer of 1 to 4;

R3 represents a group represented

by the formula: COOR! (where R% represents hydrogen

atom or a lower alkyl group having 1 to 4 carbon -

atoms), NHCORS (where RS represents a. phenyl group
which may be substituted), CONRSR? (where R® repre-

sents hydrogen atom or a lower alkyl group having 1 to

4 carbon atoms; R’ represents a lower alkyl group hav-

ing 1 to 4 carbon atoms, a phenyl group or a

carboxylalkyl group each of which may be substituted
or a lower alkylsulfonyl group), PO3Hz; or SOs3H,

The compound of the present invention has an excellent

antirheumatic function,

psoriasis curing function and

carcinostatic function and is also characterised in having

a lower toxicity than that of the conventional

methotrexate.
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Figs. 1 to 3 show amounts (ratio) of 3H-UdR to be
uptake at a respective cohcentration of drugs to be tested.

Fig. 4 shows "rat keratinocyte growth 1nh1blt10n~xunc—
tion" and Fig. 5 shows "human keratinocyte growth inhibi-
tion function", respectively. Absorbances at respective
concentrations of drugs to be tested are shown based on an
absorbance when no drug is added as 100 %.

Fig. 6 shows "growth inhibition function of P388 cell"
and Fig. 7 shows "growth inhibition function of colon 26".
Absorbances at respective concentrations of drugs to be
tested are shown based on an absorbance when no drug is
added as 100 %.

Fig. 8 shown weight changes in rats when methotrexate
or the compound of the present invention is administered,
Fig. 9 shows change in number of white blood cells (WBC)
and red blood cells (RBC), and Fig. 10 shows changes in
liver function and TG content in liver.

DESCRIPTION OF T D_EMB NT

The compounds of the present invention are each novel
and have not yet been described in any of references and
may be synthesized, for example, as follows:

{(Method &)
COOH —_— AlN'—-COCl

(1) , (2) -

L
-R
f ’ 2
5 . \ COOR
COOR Condensation VRN /
+ _— aby =07 \y-coni 7 \(CH,)n&3
| ¢ 2
HyN/ V(Cly) aR? f—

(3) (%)

T
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(CH,)nR3
(5)
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CONH \xcu )ar3
*
HN — COOH

(8)

[Rl :
/ \ — COOH
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COOR?
(9 +
Ho/ N(CH,)nR?

(3)

Condensation
7

COOR?

/
3“ CONH )\ <CH2)nR3
N

(7)
(Method C) When R3 in the formula (I) represents the
formula: "
COOR'*
;,l
-NHCO —{/

wherein R' represents a hydrogen atom or a lower alkyl
group having 1 to 4 carbon atoms,

2 0
COOR /"
Azi;IH CH + ! \0
(CHy)nNH, Y,
!
(10) b ‘
(11}
2 COOR'
COOR
Condensation ,
7 S (CH, ) nNHCO
(12)
COOR?2 9
R o
TN
— a%NK (CHy)nN | I i
\/V
A
-
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aly / —COC1 + (14)
(2)
cooa2
Conaensatlon
A N — CONH (CHZ)nN
(15)
COOR?
Depro;_ectlon A
CONH (Cﬂz)nN
| ¥
(16)
+ (16) .
CHZX
(6)
~HX
H,N N N 1
é 2 \ / -R
<40 ) Ccoor?
\/\N/\ CHZN 7 \>—— CONH / (CHZ)nN l
i )
NHZ 3
O
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' coor?

| /\CHZN — CONH A (CH,) nNHCO -
NH,
(18)

wherein R, R2, R3 and n have the same meanings as

defined above, R' represents hydrogen atom or a lower

alkyl group having 1 to 4 carbon atoms, Al and A? each

represents a protective group and X represents a

halogen atom.

In Method A, the reaction for obtaining the compound
of the formula (2) from the compound of the formula (1) is
carried out by suspending the compound of the formula (1)
in an acid halogenating agent such as thionyl chloride,
oxalyl chloride, etc. and stirring the mixture at room
temperature in the co-presence of a catalytic amount of
dimethylformamide, etc. In the formulae, as a protective
group represented by Al, there may be mentioned a carbo-
benzoxy group, a tosyl group, an acetyl group, etc.

The reaction for obtaining the compound of the formula
(4) from the compound of the formula (2) and the compound
of the formula (3) is carried out by adding a solution of
the compound of the formula (2) dissolved in a solvent such
as dichloromethane, etc. to an aqueous solution of the
compound of the formula (3) under ice cooling or water
cooling and then stirring the mixture at room temperature
in the co-presence of an inorganic base such as potassium
carbonate, sodium hydroxide, sodium hydrogen carbonate,
etc.

The reaction for obtaining the compound of the formula
(5) from the compound of the formula (4) is carried out by.
adding the compound of the formula (4) to a solution of
anisol or phenol, etc. dissolved in a hydrobromide-acetic
acid solution and stirring the mixture at 10 °"C to 60 °C,
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preferably at room temperature. Also, the reaction for

obtaining the compound of the formula (5) from the compound
of the formula (4) may be carried out by dissolving the
compound of the formula (4) in a solvent such as methanol,
ethanol, acetic acid, etc. and then stirring the mixture
after adding palladium-carbon, under a hydrogen atmosphere
at room temperature.

The reaction for obtaining the compound of the formula (7)
from the compound of the formula (6) and the compound of
the formula (5) is carried out by reacting the compound of
the formula (6) and the compound of the formula (5) in a
solvent such as dimethylacetamide, dimethylformamide, etc.
at 0 °C to 100 °C, preferably 50 "C to 60 °C under stir-
ring. Particularly when R? is a hydrogen atom, iN-sodium
hydroxide aqueous solution is added to a solvent such as
methanol, ethanol, etc. and stirring the mixture at 0 °*C to
60 °C, preferably at 35 °‘C to obtain the desired compound.
In the formula, as the halogen atom represented by X, there
may be mentioned a bromine atom, a chlorine atom, etc.

In Method B, the reaction for obtaining the compound
of the formula (9) from the compound of the formula (6) and
the compound of the formula (8) is carried out by reacting
the compound of the formula (6) and the compound of the
formula (8) in a solvent such as dimethylacetamide,
dimethylformamide, etc. at 0 *C to 100 °C, preferably 55 °C
under stirring.

The reaction for obtaining the compound of the formula
(7) from the compound of the formula (9) and the compound
of the formula (3) is carried out by stirring the compound
of the formula (9) in the co-presence of diethylphosphoric
acid cyanide or dicyclohexylcarbodiimide and l-hydroxy-
benzotriazole, etc. in a solvent such as dimethylformamide,
dimethylacetamide, N-methylpyrrolidinone, etc., then adding
the compound of the formula (3) and stirring the mixture at
0 °C to 200 °C, preferably 10 °C to 80 °C under stirring.
Particularly when R2 is hydrogen atom, 1N-sodium hydroxide
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aqueous solution is added to the mixture and stirring the
mixture at 0 *C to 60 °C, preferably at room temperature to
obtain the desired compound.

In Method C, the reaction for obtaining the compound
of the formula (12) from the compound of the formula (10)
and the compound of the formula (11) is carried out by
dissolving the compound of the formula (10) in an aprotic
solvent such as chloroform, dichloromethane, tetrahydro-
furan, dioxane, etc., adding the compound of the formula
(11), water and, for example, potassium carbonate, tri-
ethylamine, sodium hydrogen carbonate, pyridine, etc. to
the mixture and stirring the mixture at room temperature.
In the formulae, as a protective group represented by AZ,
there may be mentioned a carbobenzoxy group, a tosyl group,
an acetyl group, etc.

The reaction for obtaining the compound of the formula
(13) from the compound of the formula (12) is carried out,
in a solvent such as methanol, etc., by stirring at -60 °C
to -20 °C, preferably -30 °C and, after adding thionyl
chloride, refluxing the mixture.

The reaction for obtaining the compound of the formula
(14) from the compound of the formula (13) is carried out
by dissolving the compound of the formula (13) in ethanol,
methanol, tetrahydrofuran, dioxane, etc. and stirring the
mixture in the co-presence of palladium-carbon under hydro—
gen atmosphere at room temperature. The reaction for
obtaining the compound of the formula (15) from the com-
pound of the formula (14) and the compound of the formula
(2) is carried out by dissolving the compound of the
formula (2) in dichloromethane, etc., adding the compound
of the formula (14) and potassium carbonate or triethyl-
amine and water and stirring the mixture at room tempera-
ture, but amidation may be carried out by the mixed acid
anhydride method, active ester or active amide method.

The reaction for obtaining the compound of the formula
(16) from the compound of the formula (15) is carried out
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by adding hydrobromide~acetic acid to which anisol or
phenol is previously dissolved therein to the compound of
the formula (15) and stirring the mixture at room tempera-
ture. '

The reaction for obtaining the compound of the formula
(17) from the compound of the formula (6) and the compound
of the formula (16) is carried out, after stirring in an
aprotic solvent such as dimethylacetamide and dimethylform-
amide, etc. at 25 °C to 100 °C, preferably 50 °C to 65 °C,
stirring the mixture in water containing, for example,
triethylamine, potassium carbonate or sodium hydrogen
carbonate, etc.

The reaction for obtaining the compound (I) from the
compound of the formula (17) is carried out in a solvent
such as ethanol, etc. by adding an aqueous sodium hydroxide
solution and stirring the mixture at room temperature.

The compound represented by the formula (I) obtained
according to the present invention has antirheumatic func-
tion, psoriasis curing function and carcinostatic function.
Also, as compared with methotrexate, it has less toxicity.
These functions are confirmed by examining the following
experiments:

1. Growth inhibition function of human peripheral blood
derived lymphocyte (antirheumatic function)

2. Growth inhibition experiment of rat and human kera-
tinocytes (psoriasis curing function)

3. Mouse cancer cell growth inhibition experiment (car-
cinostatic function)

4. Toxicity comparison of methotrexate (MTX) and the
compound of the present invention according to intraperi-
toneal continuous administration using rats.

Experimental example 1

Growth inhibition function of human peripﬁeral blood
derived lymphocyte (antirheumatic function)
(Method)

AT THIS SHEET HAS BEEN
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Lymphocytes Were separated from human peripheral blood
by using Ficoll-PaqueR and a drug suitably diluted and 105
lymphocytes were cultivated with PHA (0.3 pg/ml) in 96-hole
culture plate for 2 days. Five hours before completion of
the cultivation, 3H-UdR (1 puCi/well) was added and uptake
of 3H-UdR in lymphocytes was measured by a scintillation
counter (here, PHA shows phytohaemagglutinin and UdR
deoxyuridine). Drugs used are as shown below.

Compoundc. 1
Compound 2
Compound. 3
COOH
, NHCO
CONH )\/\/

Control 1

COOoH

(MTX) &J cH
N / 3 !
N/\ cuzblt —/< \\>— cont / M\ cooH

Control 2

NH, —

(Results and consideration)

In Figs. 1 to 3, ratios based on 3H-UdR uptake of PHA
stimulus lymphocytes adding no drug as 100 % are shown. 2as
clearly seen from Figs. 1 to 3, it was confirmed that the
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compounds of the ﬁresent invention have éxcellent growth
inhibition function of lymphocytes (antirheumatic function)
than those of Control compounds.

Experimental example 2

Growth inhibition experiment of rat and human kera-
tinocytes (psoriasis curing function)

(1) Rat keratinocyte growth inhibition experiment

1) The first cultured rat keratinocyte by using Swiss
3T3 cell as a feeder layer was sewed with a concentration
of 4 x 104 cells/ml/well to a 24-hole plate treated by Type
IV.collagen by using MCDB 153/DME/10% FCS medium containing
growth factors (insulin, hydrocortisone, EGF, cholera
toxin) and cultivated under S % CO and 95 % Air at 37 °C.

2) After 24 hours, it was washed twice at MCDB 153
medium containing no thymidine nor adenine and a medium
exchange was carried out with MCDB 153 medium (1.8 mM Ca)
containing growth factors (insulin, hydrocortisone, EGF,
cholera toxin) and containing no thymidine nor adenine, and
after adding a drug thereto, cultivation was carried out
under 5 % CO; and 95 % Air at 37 °C for 4 days.

3) 0.5 % MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide) was added with 100 pl/well and
allowing to stand at 37 °C for 4 hours, and the medium was
sucked up. Dye (formazan) formed by living cells was dis-
solved by adding DMSO {(dimethylsulfoxide) with 200 pl/well.
Absorbance (A 540) of the dye dissolved was measured and an
average of 6-hole was calculated as a relative value of
number of cells.

(2) Human keratinocyte growth inhibition experiment

1) Human keratinocyte obtained from Kurabou K.K. was
sewed with a concentration of 2 x 10% cells/ml/well to a
24-hole plate treated by Type IV collagen by using MCDB 153
medium (0.15 mM Ca) containing growth factors (insulin,
hydrocortisone, rhEGF, ethanolamine, phosphoethanolamine)

and containing no thymidine nor adenine, and cultivated
under S % CO; and 95 % Air at 37 °C.
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2) After 24 hours, a specimen was added thereto and
the mixture was cultivated under 5 % COz and 95 % Air at 37

*C for 4 days.

3) 0.5 % MTT (3-(4,5-dimethylthiazol-2~yl)-2,5-di-
phenyltetrazolium bromide) was added with 100 pl/well and
allowing to stand at 37 °C for 4 hours, and the medium was
sucked up. Dye (formazan) formed by living cells was dis-
solved by adding DMSO (dimethylsulfoxide) with 200 pl/well.
Absorbance (A 550) of the dye dissolved was measured and an
average of 6-hole was calculated as a relative value of
number of cells.

Drugs used are as shown below.

I/

NHZ

Compound 3 - HzN :
\\T/’ i i:;l\\ coox
' NHCO
itby/r\‘ cH N——</ couu/«J“v/
| N _

COOH

= L
iF:;{\-cuzv — ———couu COOR
NHZ

(Results and consideration)

In Fig. 4, the results of "rat keratinocyte growth
inhibition experiment" are shown and in Fig. 5, the results
of "“human keratinocyte growth inhibition experiment" are
shown. Each is shown as a ratio based on the absorbance to

Compound 1 HZN
COOH

’///\\CHZN'—(// CONH /kf\COOH

Control 1 H

o\

which no drug is added as 100
As clearly seen from Fig. 4 and Fig. S5, it was con-
firmed that the compounds of the present invention have

_13_
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excellent keratind&yte growth inhibition function (psoria-

sis curing function) than that of Control compound.
rimen Xamp

Mouse cancer cell growth inhibition experiment (car-
cinostatic function)
(Method)

Mouse lymphoid neoplasma P388 cell floated by REPM
11640 medium (added so as to have 5 % of bovine fetal serum
and 1076 M of 2-mercaptoethanol), or mouse colon 26
carcinoma cell were placed in each well of a flat-bottom
microplate (available from Corning Co., #25870) with 5 x
103, and a drug solution prepared in the same medium was
placed so as to have 0.2 ml of the drug in each well.

These were cultivated in a carbonic gas cultivating device
{(carbonic gas 5 %, air 95 %, humidity 100 %) for 3 days and
then MTT solution (3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide was dissolved in phosphate buffer
' physiological saline solution (pH 7.4, 4.10 mM) with an
amount of 5 mg/ml) was added to each well with an amount of
.10 M1, and cultivated for further 4 hours. Cultivation
supernatant was removed each 150 pl and formed dye
(formazan) was dissolved in DMSO (dimethylsulfoxide; 150
Hl/well), and absorbance (540 nm) was measured by a
spectrophotometer for microplate.

Drugs used are as shown below.

"Compound 1 HyN
COOH

\
< CHZN_",\/:}—CONW \ coow

Compound 3 HZN\ﬁ§ﬁﬁk\¢/’ N

Control 1

_14_
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(Results and consideration) .

In Fig. 6, example of using P388 cell was shown and in
Fig. 7, example of using colon 26 was shown. The data show
with %, by cell growth at a well adding no drug, i.e. its
absorbance as 100 %, and the degree of inhibiting growth by
addition of drugs.

As clearly seen from Fig. 6 and Fig. 7, it was con-
firmed that the compounds of the present invention have a
far better cancer cell growth inhibition function (carcino-
static function) than that of Control drug.

Experimen xampl

Toxicity comparison of methotrexate (MTX) and the
compound of the present invention according to intraperi-
toneal continuous administration using rats
{(Method)

To'8—week old SD series male rat was abdominary
administered MTX or the compound of the present invention
one per day with a ratio of 5 days per week for 5 weeks
continuously. Doses administered are two degrees of 0.25
and 0.5 mg/kg in each of MTX and the compound of the
present invention. For control group, a solvent (phosphate
buffer, pH 7.4) was administered similarly. Number of rats
constituting one group are five.

Inspected items are as follows.

1) Alive or dead and symptoms: observed every day.

2) Change in body weight: measured once per week.

3) Blood inspection: at final week for administration,
numbers of white blood cells (WBC) and red blood cells
(RBC) were measured.

4) Liver weight and triglyceride (TG) content in liver:
after final administration, anatomy was effected and liver

weight and TG content in liver were measured.
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Drugs used are as shown below.

Compound 3 H N N COOH
2
\KX\i/\\ / COOH

2

' | ) NHCO—
- CHp — conw’ V'V

H,
Control 1 H N
2 \‘}’/,\\/’\\\\ CH COOH
(MTX) , ,__\
N\/ CH N —(/ ")— CONH /\/ AN COOH
2
{Results)

1) Alive or dead and symptoms

Among MTX administered groups, in a group administered
with a dose of 0.25 mg/kg, no mouse died and abnormal
symptoms were not observed. However, in a group
administered with a dose of 0.5 mg/kg, bad nutriture,
anemia, decrease in amount of dejection, swelling at mouse
peripheral, etc. were observed and one of the five died.

On the other hand, in the gfoup in which the compound
of the present invention was administered, no mouse died in
either 0.25 mg/kg group or 0.5 mg/kg group and no abnormal
symptoms were observed.

2) Change in body weight

In Fig. 8, change in body weight is shown. Prohibi-
tion in body weight increment was weak in the compound of
the present invention than that of MTX.

3} Blood inspection

In Fig. 9, the results of blood inspection are shown.
Decrease in WBC and RBC are clearly weak in the compound of
the present invention than that of MTX.

4) Liver weight and TG content in liver

In Fig. 10, liver weight and TG content in liver are
shown. Increment in liver weight and TG content in liver
are both lower with the compound of the present invention
than those of MTX. |

T
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Toxicities of MTX and the compound of the present
invention were compared by using rats due to abdominal
continuous administration. As the results; in all of the
points of the death ratio, symptom, body weight change,
blood inspection, liver weight and TG content in liver, it
can be considered to be low in toxicity of the compound of
the present invention than those of MTX.

EXAMPLES
Reference example 1

Synthesis of l1-carbobenzoxv-S-carboxvindoline

To a mixture of water (20 ml) and diethyl ether (20
ml) were added S-carboxyindoline (2.0 g) and sodium hydr-
oxide (0.6 g), and then, under ice-water cooling, carbo-
benzoxy chloride (2.59 g) and water (10 ml) containing
sodium hydroxide (2.1 g) were added to the mixture thereto
alternatively. The mixture was stirred at room temperature
for 2 hours. The reaction mixture was made acidic with 2N-
hydrochloric acid and precipitated crystals were collected
by filtration. Precipitates were washed with ether and
air-dried to obtain the title compound (2.8 q).
H-NMR (DMSO-dg, 8): 3.10 (2H, t, J=8Hz), 4.03 (2H, t,

J=8Hz), 5.23 (24, s), 7.2-8.0 (8H, m).

mp; 194-196 °C
Reference example 2

Svnthesis of diethvl N-(l-carboxvbenzoxvindolin-5-
carbonvl) -L-glutamate

After suspending the compound (2.5 g) of Reference

example 1 in thionyl chloride (10 ml), a catalytic amount
of dimethylformamide was added to the mixture and the mix-
ture was stirred at room temperature for 30 minutes. Then,
excessive thionyl chloride was removed under reduced pres-
sure and the residue was triturated by n-hexane. The
resulting crystals were filtered and dissolved in dichloro-
methane (20 ml), and the dichloromethane solution was added

dropwise to a water (50 ml) suspension containing diethyl

THIS SHEET HAS BEEN
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glutamate hydrochloride (3.0 g) and triethylamine (2.8 q)

under ice-water cooling. After stirring the mixture at
room temperature for 2.5 hours, the solvent was removed
under reduced pressure and to the residue was added a mixed
solution of ethyl acetate (200 ml) and dil. hydrochloric
acid (200 ml) under ice-water éoéling. After stirring the
mixture for 5 minutes, the organic layer was obtained by
separation. The organic layer was washed with 5 % aqueous
sodium hydrogen carbonate solution and then dried over
magnesium sulfate. Then, ethyl acetate was removed under
reduced pressure, and the residue was subjected to silica
gel column chromatography using a mixed solvent of
chloroform : methanol = 30 : 1 as an eluent to obtain the
title compound (3.1 q).
1H-NMR (CDCl3, &) : 1.19 (3H, t, J=7Hz), 1.25 (3H, t,
J=7Hz), 2.1-2.6 (44, m), 3.06 (2H, t,
J=8Hz), 3.8-4.3 (6H, m) 4.75 (lH, m),
5.20 (2H, s), 6.79 (1H, d, J=7Hz), 7.2-
7.7 (8H, m).
mp; 120-121 °C
Reference example 3
Svnthesis of diethvl N-(indolin-S5-carbonvl)-L-
glutamate |
The compound (1.8 g) of Reference example 2 was
dissolved in tetrahydrofuran (80 ml), and after adding 10 %
palladium-carbon (0.4 g), the mixture was stirred under
hydrogen étmosphere for 5 hours. Palladium-carbon was
removed by filtration using Celite to obtain the title
compound (1.2 q)
H-NMR (CDCl3, 8 : 1.21 (3H, t, J=7Hz), 1.29 (3H, t,
J=7Hz), 2.0-2.6 (4H, m), 3.00 (2H, ¢t,
J=8Hz), 3.59 (2H, t, J=8Hz), 4.07 (2H,
q, J=7Hz), 4.19 (2H, q, J=7Hz) 4.75 (1lH,
m), 6.47 (1H, d, J=9Hz), 6.68 (lH, d,
J=7Hz), 7.45 (lH, d, J=9Hz), 7.49 (lH,
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In dimethylacetamide (3 ml) were suspended the com-
pound (214 mg) of Reference example 3 and 6-bromomethyl-
2,4~-diaminopteridine hydrobromate-isopropanol adduct (250
mg), and the mixture was stirred at 50-55 °‘C for 4 hours.
After cooling, water (15 ml) containing triethylamine (124
mg) was added to the reaction mixture, and then the mixture
was extracted with chloroform (350 ml) dividing into four
times. After the organic layer was dried over magnesium
sulfate, the solvent was removed under reduced pressure and
the residue subjected to silica gel column chromatography
using a mixed solvent of chloroform : methanol = 10 : 1 as
an eluent to obtain the title compound (200 mg).
14-NMR (DMSO-dg, &) : 1.22 (3H, t, J=7Hz), 1.30 (3H, t,
J=7Hz), 2.0-2.5 (4H, m), 3.07 (2H, t,
J=8Hz), 3.57 (2H, t, J=8Hz), 4.10 (2H,
q, J=7Hz), 4.23 (2H, q, J=7Hz) 4.79
(1H, m), 5.24 (2H, s), 6.51 (1H, d,
J=9Hz), 6.76 (l1H, d, J=7Hz), 7.57 (1iH,
s), 7.59 (1H, d, J=9Hz), 8.82 (1lH, s).

mp; 168-170 °C
Example 2
vnth

in in-5-car vil-L-a mi i n

The compound (170 mg) of Example 1 was dissolved in
ethanol (33 ml), and 1N aqueous sodium hydroxide solution
(0.84 ml) was added to the solution at 35 °C and the mix-
ture was stirred at the same temperature for 4.5 hours.
After continuing stirring at 25 °C for further 20 hours,
water (2 ml) was added to the reaction mixture. The reac-
tion mixture was evaporated to dryness under reduced pres-
sure. The residue obtained was dissolved in water (15 ml),
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and the solution was adjusted to pH=3.7 with 1N-hydrochlor-
ic acid under ice-water cooling and allowed to stand at
cool place overnight. Deposited precipitates were
collected by filtration to obtain the title compound (130
mng) .
1H-NMR (DMSO-dg, &) : 1.94 (2H, m), 2.32 (2H, m), 2.98 (2H,
t, J=8Hz), 3.56 (2H, t, J=8Hz), 4.29
(LH, m), 4.53 (2H, s), 6.71 (1lH, d,
J=9Hz), 7.57 (1H, s), 7.59 (1lH, d,
J=9Hz), 8.72 (1H, s).
mp; 201-204 °C (decomposed)
R n mp 4
\' i imethv -(1- vi in=-5-
v1l)-L-a—-ami iD
After suspending l-carbobenzoxyindolin-S5-carboxylic
acid (3.1 g) in thionyl chloride (10 ml), a catalytic
amount of dimethylformamide was added to the suspension and
the mixture was stirred at room temperature for 2 hours.
Then, excessive thionyl chloride was removed under reduced
pressure and the residue was triturated by n-hexane. The
resulting crystals were filtered and dissolved in dichloro-
methane (30 ml), and the dichloromethane solution was added
dropwise to an aqueous solution (30 ml) containing dimethyl
L-o-aminoadipate hydrochloride (2.7 g) under ice-water
cooling. To the reaction solution was further added potas-
sium carbonate (5.6 g). After stirring the mixture at room
temperature overnight, the reaction mixture was poured into
a saturated aqueous sodium hydrogen carbonate solution and
extracted with chloroform. The chloroform layer was wéshed
with 1N-hydrochloric acid and dried over sodium sulfate,
and then the solvent was removed under reduced pressure.
Then, the residue obtained was subjected to silica gel
column chromatography using a mixed solvent of chloroform
methanol = 100 : 1 as an eluent to obtain the title
compound (3.1 q).
lH-NMR (CDCl3, 8): 1.6-2.1 (4H, m), 2.36 (2H, t, J=6.8Hz),
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3.13 (2H, m), 3.66 (3H, s), 3.77 (3H,
s), 4.09 (2H, m), 4.78 (1H, m), 5.27
(2H, bs), 6.80 (1H, d, J=7.8Hz), 7.2-7.5
(6H, m), 7.63 (2H, m).

aminopdipate
To a 30 % hydrogen bromide-acetic acid (15 ml) solu-
tion containing anisole (1.5 g) was added the compound (1.5
g) of Reference example 4 and the mixture was stirred at
room temperature for 4 hours. Then, when a large amount of
ether was added to the reaction mixture, a red-brownish
Almost all the ether layer
was removed and the oily product was suspended in
chloroform.

oily product was precipitated.

The suspension was washed with a saturated
aqueous sodium hydrogen carbonate solution and the chloro-
form layer was collected by separation. The chloroform
layer was dried over sodium sulfate and the solvent was
removed under reduced pressure to obtain the title compound
(960 mg) .

lH-NMR (CDCl3, 8): 1.6-2.1 (4H, m), 2.36 (2H, t, J=6.8Hz),
3.07 (2H, m), 3.66 (3H, s), 3.66 (2H, m)
3.77 (2H, s), 4.78 (1H, m), 6.62 (2H,

m), 7.54 (2H, m).

In dimethylacetamide (20 ml) were suspended thé
compound (960 mg) of Reference example 5 and 6-bromomethyl-

2,4-diaminopteridine hydrobromide-isopropanol adduct (1140
mg) and the suspension was stirred at 50 to 60 °C for 6
hours. After cooling, the mixture was poured into a satu-
rated aqueous sodium hydrogen carbonate solution, and the
desired product was extracted with chloroform dividing into
three times. The organic layer was dried over sodium

sulfate and the solvent was removed under reduced pressure.
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The residue obtained was applied to silica gel column
chromatography by using a mixed solvent of chloroform :
methanol = 100 : 10 as an eluent to obtain the title

compound (520 mg) .

l1H-NMR (CDCl3, 8): 1.6-2.1 (4H, m),
3.57 (2H,
4.53 (2H,

3.07 (2H, m),
3.78 (3H, s),
m), 6.52 (1lH,

J=7.8Hz), 7.57 (2H,

2,4~

(2H, t, J=6.8Hz),
m), 3.67 (3H, s)
s), 4.74 (1H,
J=8.3Hz), 7.0l (1H, d,
8.77 (lH, s).

invl)methvl] -

=5= nyll-L-g—ami ipi

The compound (400 mg) of Example 3 was dissolved in

ethanol (22 ml), and 1N aqueous sodium hydroxide solution
(3.1 ml) was added to the solution at 35 °‘C and the mixture
was stirred at the same temperature for 4 hours. After

continuing stirring at 25 °C for further 20 hours, water (3

ml) was added to the reaction mixture, and the reaction

mixture was evaporated to dryness under reduced pressure.

During this procedure, the outer temperature was controlled

so as not to exceed 30 °"C. A yellowish solid material was

obtained dissolved in water (10 ml), and the solution was
adjusted to pH=3.7 with 1N-hydrochloric acid and allowed to

stand in a refrigerator for 2 hours.

Deposited

precipitates were collected by filtration to obtain the

title compound (320 mg) .

lH-NMR (CDCl3z, 8): 1.4~1.9 (4H, m),

3.01 (2H, m),

m), 4.55 (2H,

7.63 (2H, m),

8.72 (1H, s).
Reference example 6

2.23 (2H, t, J=6.8Hz),
m), 4.32 (1H,
(1H, d, J=8.3Hz),
d, J=8.3Hz),

Synthesis of N®-(l-carbobenzoxvindolin-S-carbonvl) -N8-
l-L-ornithine methyl r

To thionyl chloride (1.5 ml)
indolin-S5-carboxylic acid (180 mg)
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and a catalytic amount of dimethylformamide was added to
the suspension and the mixture was stirred at room tempera-
ture for 2 hours. Next, the mixture was evaporated to dry-
ness under reduced pressure. The solid material obtained
was dissolved in dichloromethane (4 ml), and to the solu-
tion were added N5~benzoyl—L-ornithine methyl ester (150

- mg) and potassium carbonate (750 mg), and water (4 ml) was

further added thereto and the mixture vigorously stirred at
room temperature for 12 hours. Then, the reaction mixture
was poured into water, extracted with chloroform and the
chloroform layer was washed with a 1N-hydrochloric acid
solution and dried over sodium sulfate. The solvent was
removed under reduced pressure and the residue obtained was
applied to silica gel chromatography by using chloroform
methanol = 100 : 3 as an eluent to obtain the title com-
pound (140 mg) .
lH-NMR (CDCl3, 8): 1.6-2.2 (4H, m), 3.15 (2H, t, J=8.8Hz),
3.56 (2H, m), 3.78 (3H, s), 4.10 (2H, t,
J=8.8Hz), 4.82 (l1H, m), 5.27 (2H, s),
6.70 (1H, m), 6.89 (lH, d, J=8.8Hz),
7.20 (8H, m), 7.80 (2H, m).
feren xample 7
Svnthesis of N%-(indolin-5-carbonv =) NS-penzovl-I.-
ornithine methvl ester
The compound (140 mg) of Reference example 6 was added
to a 30 % hydrogen bromide-acetic acid (2 ml) of phenol
(150 mg), and the mixture was stirred at room temperaturs
for 4 hours. Next, when a large amount of ether was added
to the reaction solution, red-brownish oily product was
precipitated. Almost all the part of the ether layer was
removed and the oily product was suspended in chloroform.
The suspension was washed with a saturated aqueous sodium
hydrogen carbonate solution and extracted with chloroform.
The chloroform layer was dried over sodium sulfate and the
solvent was removed under reduced pressure to obtain the

title compound (50 mg) .
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IH-NMR (CDCl3, &) : 1.6-2.1 (4H, m), 3.02 (2H, t, J=8.8Hz),
3.56 (2H, m), 3.62 (2H, t, J=8.8Hz),
3.75 (34, s), 4.79 (1H, m), 6.55 (1H, d,
J=7.8Hz), 6.86 (2H, m), 6.99 (lH, m),
7.1-7.6 (5H, m), 7.82 (2H, m).

Exampl
Svnthesis of N®—[1-f(2,4-diamino-6-oteridinvl)methvl]-
ingglin—&—ga;bgnvl)—Ns- n 1-L-ornithine methyl r

In dimethylacetamide (1 ml) were suspended the com-
pound (50 mg) of Reference example 7 and 6-bromomethyl-2, 4-
diaminopteridine hydrobromide-isopropanol adduct (44 ng) ,
and the mixture was stirred at 50 to 55 °*C for 4 hours.
After cooling, water (3 ml) containing triethylamine (22
mg) was added to the reaction mixture, and then the mixture
was extracted with chloroform. After the chloroform layer
was dried over sodium sulfate, the solvent was removed
under reduced pressure and the residue was applied to
silica gel chromatography using a mixed solvent of chloro-
form : methanol = 10 : 1 as an eluent to obtain the title
compound (34 mg) .
lH-NMR (CDCl3, 8): 1.6-2.2 (4H, m), 3.07 (2H, t, J=8.8Hz),
3.50 (2H, m), 3.56 (2H, t, J=8.8Hz),
3.79 (3H, s), 4.53 (2H, s), 4.76 (1lH,
s), 6.52 (1H, d, J=8.3Hz), 7.19 (1H, d,
J=7.6Hz), 7.45 (3H, m), 7.62 (2H, m),
7.80 (2H, m), 8.76 (1lH, s).

Example 6

Synthesis of N*~[1-{(2,4-diamino-6-pteridinv]l)methyl]-

lin-S-carbonvl —N5—bgnzgv1—L—ani;hin§

In ethanol (5 ml) was dissolved the compound (34 mg)
of Example 5, and 1N-sodium hydroxide aqueous solution (0.
ml) was further added to the solution and the mixture was
stirred at 35 °*C for 4.5 hours. After stirring at 25 °C
for 20 hours, water (1 ml) was added to the reaction mix-

 aad

ture and the reaction mixture was evaporated to dryness
under reduced pressure. During this procedure, the outer
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temperature was controlled so as not to exceed 30 "C. A
vellowish solid material was obtained and dissolved in
water (5 ml), and the solution was adjusted to pH=3.7 with
1N~hydrochloric acid and allowed to stand in a refrigerator
for 2 hours. Deposited precipitateé were collected by
filtration to obtain the title compound (26 mg).
1H-NMR (DMSO-dg, 8): 1.64 (2H, m), 1.83 (2H, m), 2.98 (2H,
t, J=8.3Hz), 3.57 (2H, t, J=8.3Hz),
4.36 (1H, m), 4.53 (2H, s), 6.64 (2H,
m), 7.45 (3H, m), 7.59 (2H, m), 7.82
(2H, m), 8.12 (1H, d, J=8.6Hz), 8.43
(1H, m), 8.69 (1lH, s).
mp; 179-183 e (decomposed)
Xamp
Svnthesis of Né-phth v1-N%-carb nzoxv-ornithin
methv r |
Phthalic anhydride (2.45 g) was added to a dichloro-
methane (70 ml) solution of N®-carbobenzoxy-L-ornithine
(2.0 g), and then water (70 ml) énd potassium carbonate
(1.12 g) were added to the mixture and the mixture was -
stirred at room temperature for 15 hours. The mixture was
condensed to 60 ml under reduced pressure and adjusted to
pH=3 with 1N-hydrochloric acid. Deposited precipitates
were collected by filtration and vacuum dried. White
crystals obtained were dissolved in low water-content
methanol (80 ml) and the solution was cooled to -30 °*C and
stirred for 10 minutes. Then, at the same temperature,
thionyl chloride (2 ml) was slowly added dropwise. The
reaction mixture was slowly returned to room temperature
and refluxed for a further 2 hours. The solvent was
removed under reduced préssure and the residue obtained was
applied to silica gel chromatography by using chloroform
methanol = 100 : 1 as an eluent to obtain the title
compound (2.16 g). |
lH-NMR (CDCl3, 8): 1.6-2.0 (4H, m), 3.69 (5H, m), 4.20 (lH,
m), 5.06 (2H, s), 5.70 (ld, m), 7.29
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(SH, m), 7.66 (2H, m), 7.81 (2H, m).

Ref n X

Synthesis of N°-phthalovl-ornithine methvl ester

After adding a 10 % palladium-carbon (500 mg) to a
methanol solution (100 ml) of the compound (2.16 g) of
Reference example 8, the mixture was stirred under hydrogen
atmosphere at room temperature for 20 hours. Palladium-
carbon was removed by filtration using Celite and the sol-
vent was removed under reduced pressure. The residue
obtained was subjected to silica gel chromatography by
using chloroform : methanol = 100 : 3 as an eluent to
obtain the title compound (223 mg).
l1H-NMR (CDCl3, 8): 1.7-2.1 (4H, m), 3.75 (2H, m), 3.83 (3H,
s), 7.76 (2H, m), 7.84 (2H, m).
Reference example 10 '

Svnthesis of N%-(l-carbobenzoxvindolin-5-carbonvl) =N8-
halovl-ornithin 1

By adding thionyl chloride (2.5 ml) to l-carbobenzoxy-
indolin-5-carboxylic acid (297 mg) to prepare suspension,
and a catalytic amount of dimethylformamide was added to
the suspension and the mixture was stirred at room
temperature for 2 hours. Then, the mixture was evaporated
to dryness under reduced pressure. The resulting solid
material was dissolved in dichloromethane (7 ml), and to
the solution were added the compound (250 mg) of Reference
example 9 and potassium carbonate (640 mg). Then, water (7
ml) was further added thereto, and the mixture was
vigorously stirred at room temperature for 12 hours. Next,
the reaction mixture was poured into water and extracted
with chloroform, and the chloroform layer was washed with
IN-hydrochloric acid and dried over sodium sulfate. The
solvent was removed under reduced pressure. The residue
obtained was subjected to silica gel chromatography using

chloroform : methanol = 100 : 3 as an eluent to obtain the
title compound (330 mg) .

lH-NMR (CDCl3, 8): 1.6-2.1 (4H, m), 3.12 (2H, ¢, J=8.8Hz),
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3.72 (2H, m), 3.76 (3H, s), 4.08 (2H, t,
J=8.8Hz), 4.84 (1H, m), 5.27 (2H, s),
6.80 (1H, d, J=7.8Hz),.7.1-7.5 (6H, m),
7.5-7.9. (6H, m) . |

R ren xample 11
Synthesis of N®-(indolin-5-carbonvl)-N8-phthalovl-

ornithine methyl ester
To a 30 % hydrogen bromide-acetic acid (8 ml) solution
of phenol (300 mg) was added the compound (330 mg) of
Reference example 10 and the mixture was stirred at room
temperature for 4 hours. Then, when a large amount of
ether was added to the reaction mixture, a red-brownish
oily product was precipitated. Almost all the ether layer
was removed and the oily product was suspended in
chloroform. The suspension was washed with a saturated
aqueous sodium hydrogen carbonate solution and extracted
with chloroform. The chloroform layer was dried over
sodium sulfate and the solvent was removed under reduced
pressure to obtain the title compound (147 mg).
1H-NMR (CDCl3, 8): 1.6-2.1 (4H, m), 3.04 (2H, t, J=8.3Hz),
3.62 (2H, t, J=8.3Hz), 3.72 (2H, m),
3.75 (3H, s), 4.86 (1H, m), 6.5-6.7 (2H,
m), 7.52 (2H, m), 7.68 (2H, m), 7.82

(2H, m).
Examp 7
Synthesis of N*-[1-[(2,4~diamino-6-pteridinvl)imethyll-
indolin-5-carbonvl) -N3-phthalovl-ornithi methy r

In dimethylacetamide (1.0 ml) were suspended the com-
pound (146 mg) of Reference example 11 and 6-bromomethyl-
2,4-diaminopteridine hydrobromide-isopropanol adduct (115
mg) and the suspension was stirred at 50 to 55 °*C for 4
hours. After cooling, to the mixture was added water (4
ml) containing triethylamine (30 mg), and the mixture was
stirred and then extracted with chloroform. The chloroform
layer was dried over sodium sulfate and the solvent was

removed under reduced pressure. The residue obtained was
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applied to silica gel chromatography by using a mixed
solvent of chloroform : methanol = 10 : 1 as an eluent to
obtain the title compound (140 mg).
H-NMR (CDCl3, &): 1.7-2.2 (4H, m), 3.06 (2H, t, J=8.3Hz),
3.56 (2H, t, J=8.3Hz), 3.72 (2H, m),
3.76 (3H, s), 4.53 (2H, s), 4.88 (1H,
m), 6.45-6.62 (2H, m), 7.56 (2H, m),
7.71 (2H, m), 7.84 (2H, m), 8.82 (1H,
s) .
Example §
Svnthesis of N%-{1-((2,4-diamino-6-pteridinvi)methvl]-
indolin-5-carbonyl) -N8-hemiphthalovl-ornithine (Compound 3)
The compound (140 mg) of Example 7 was suspended in
2N-sodium hydroxide aqueous solution (10 ml), and the
mixture was stirred at 30 *‘C for 12 hours. The mixture was
evaporated to dryness under reduced pressure and yellowish
solid material obtained was dissolved in water (5 ml). The
solution was adjusted to pH=3.7 with 1N-hydrochloric acid
and allowed to stand in a refrigerator for 2 hours. Depo-
sited precipitates were collected by filtration. A
yellowish solid material was obtained subjected to silica
gel chromatography by using a mixed solvent of chloroform :
methanol: 28 %-aqueous ammonia = 5 : 4 : 1 as an eluent to
obtain the title compound (20 mg).
l1H-NMR (DMSO-dg, &§): 1.5-2.1 (4H, m), 3.14 (2H, t, J=
8.3Hz), 3.58 (2H, t, J=8.3Hz), 4.38
(1H, m), 4.54 (2H, s), 6.71 (1lH, m),
7.3-7.6 (4H, m), 7.6-7.8 (3H, m), 8.08
(1H, m), 8.71 (1lH, s).
mp; 195-199 °C (decomposed) -
R n xample 12

§zﬂLh§§L§_sﬂL£@:11:m§Lthyggrggnvlbgnzgvl)—N“—ggrpg—

benzoxv-ornithine methvl ester

To a dichloromethane (40 ml) solution of N®-carbo-
benzoxy-L-ornithine (2.4 g) was added methyl isophthalate
chloride (2.1 g), and then, water (40 ml) and potassium
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carbonate (2.4 g) were added to the mixture and the mixture
was stirred at room temperature for 15 hours. The mixture
was condensed under reduced pressure to 30 ml and adjusted
to pH=3 with 1N-hydrochloric acid, and deposited precipi-
tates were collected by filtration and vacuum dried. A
white solid was obtained and dissolved in a low water-
content methanol (100 ml) and the solution was cooled to -
30 °C and stirred for 10 minutes. Then, thionyl chloride
(3 ml) was gradually added dropwise at the same
temperature. The reaction solution was slowly returned to
room temperature and refluxed for a further 2 hours. The
solvent was removed under reduced pressure and the residue
obtained was subjected to silica gel chromatography by
using chloroform : methanol = 100 : 1 as an eluent to
obtain the title compound (600 mg) .
H-NMR (CDCl3, &): 1.6-2.0 (4H, m), 3.46 (2H, m), 3.70 (3H,
s), 3.89 (3H, s), 4.34 (1H, m), 5.08
(2H, s), 5.88 (1H, d, J=7.8Hz), 7.31
(5H, s), 7.45 (1H, m), 8.05 (2H, m),
8.41 (1H, s).
Reference example 13
hesi f N8~ (3-m X n nzovl)-ornithin
methyvl ester
After adding a 10 % palladium-carbon (100 mg) to a
methanol solution (100 ml) of the compound (600 mg) of
Reference example 12, the mixture was stirred under a
hydrogen atmosphere at room temperature for 20 hours.
Palladium-carbon was removed by filtration using Celite and
the solvent was removed under reduced pressure. The
residue obtained was subjected to silica gel chromatography
by using chloroform : methanol = 100 : 3 as an eluent to
obtain the title compound (360 mg) .
lH-NMR (CDCl3, 8): 1.6-2.0 (4H, m), 3.50 (3H, m), 3.72 (3H,
s), 3.92 (3H, s), 7.49 (lH, t, J=7.8Hz),
7.63 (1H, m), 8.0-8.2 (2H, m), 8.43 (1H,
s) .
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Ref Xamo 14

Svnthesis of N%-(1-carbobenzoxyindolin-S-carbonvl)-N-
- X ny vl) - i j vl r

By adding thionyl chloride (5 ml) to l-carbobenzoxy-
indolin-5~-carboxylic acid (350 mg) to prepare suspension,
and a catalytic amount of dimethylformamide was further
added to the suspension and the mixture was stirred at room
temperature for 2 hours. Then, the mixture was evaporated
to dryness under reduced pressure. The resulting solid
material was dissolved in dichloromethane (7 ml), and to
the solution were added the compound (360 mg) of Reference
example 13 and potassium carbonate (650 mg). Then, water
(7 ml) was further added thereto, and the mixture was
vigorously stirred at room temperature for 12 hours. Next,
the reaction mixture was poured into water and extracted
with chloroform, and the chloroform layer was washed with
IN-hydrochloric acid and dried over sodium sulfate. The
solvent was removed under reduced pressure. The residue
obtained was subjected to silica gel chromatography using
chloroform : methanol = 100 : 3 as an eluent to obtain the
title compound (390 mg) :
lH-NMR (CDCls, &) : 1.6-2.1 (4H, m), 3.08 (2H, t, J=8.3Hz),

3.52 (2H, m), 3.75 (3H, s), 3.88 (3H,
s}y, 4.06 (2H, t, J=8.3Hz), 4.78 (1H, m),
5.26 (2H, bs), 7.16 (1H, d, J=7.3Hz),
7.2-7.6 (7H, m), 7.65 (2H, m), 7.9-8.1
(2H, m), 8.43 (1lH, s).

R ren xamo 1
Synthesis of N®-(indolin-S5-carbonyl)-N®-(3-methoxv-
arbonvlbenzovl) -ornithine methyl r

To a 30 % hydrogen bromide-acetic acid (6 ml) solution
of anisol (0.5 g) was added the compound (390 mg) of
Reference example 14 and the mixture was stirred at room
temperature for 4 hours. Then, when a large amount of
ether was added to the reaction mixture, a red-brownish
oily product was precipitated. Almost all the ether layer
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was removed and the oily product was suspended in
chloroform. The suspension was washed with a saturated

aqueous sodium hydrogen carbonate solution_and extracted
with chloroform. The chloroform layer was dried over
sodium sulfate and the solvent was removed under reduced
pressure. White solid obtained was recrystallized from n-
hexane-chloroform-methanol to obtain the title compound
(192 mg) .
l1H-NMR (CDCl3, &) : 1.7-2.1 (4H, m), 3.05 (2H, t, J=8.3Hz),
3.53 (2H, m), 3.67 (2H, t, J=8.3Hz),
3.75 (3H, s), 3.89 (3H, s), 4.75 (1H,
m), 6.73 (1H, d, J=7.8Hz), 7.16 (1lH, d,
J=7.8Hz), 7.47 (1H, m), 7.55 (2H, m),

8.09 (2H, m), 8.45 (1H, s).
xampl

methvl ester

In dimethylacetamide (2.5 ml) were suspended the com-

pound (192 mg) of Reference example 15 and 6-bromomethyl-
2,4-diaminopteridine hydrobromide (142 mg) and the suspen-
sion was stirred at 50 to 55 °C for 4 hours. After cool-
ing, to the mixture was added water (5 ml) containing
triethylamine (43 mg), and the mixture was stirred and then
extracted with chloroform. The chloroform layer was dried
over sodium sulfate and the solvent was removed under
reduced pressure. The residue obtained was applied to
silica gel chromatography by using a mixed solvent of
chloroform : methanol = 10 : 1 as an eluent to obtain the
title compound (110 mg) .
1H-NMR (CDCl3, 8): 1.7-2.14H, m), 3.06 (2H, t, J=8.3Hz),
3.55 (4H, m), 3.78 (3H, s), 3.93 (3H,
s), 4.52 (2H, s), 4.79 (1H, m), 6.51
(1H, d, J=7.8Hz), 7.05 (lH, d, J=7.8Hz),
7.4-7.7 (3H, m), 8.0-8.2 (2H, m), 8.45
(l1H, m), 8.77 (1H, s).
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The compound (110 mg) of Example 9 was dissolved in
ethanol (14 ml), and lN-sodium hydroxide aqueous solution
(0.48 ml) was further added to the solution and the mixture
was stirred at 35 °C for 4.5 hours. After the mixture was
stirred at 25 °C for 20 hours, water (1 ml) was added to

the reaction mixture and the reaction mixture was evaporat-

ed to dryness under reduced pressure. During this proce-
dure, outer temperature was so controlled not to exceeding
30 °C. A yellowish solid material was obtained and
dissolved in Qater (5 ml), and the solution was adjusted to
pH=3.7 with 1IN-hydrochloric acid and allowed to stand in a
refrigerator for 2 hours. Deposited precipitates were
collected by filtration to obtain the title compound (78
ng) . :
lH-NMR (DMSO-dg, &) : 1.5-2.0 (4H, m), 3.00 (2H, t, J=
8.8Hz), 3.32 (2H, m), 3.59 (2H, t,
J=8.8Hz), 4.40 (1H, m), 4.56 (2H, s),
6.69 (1H, d, J=8.3Hz), 7.56 (1lH, m),
7.63 (2H, m), 8.0-8.2 (2H, m), 8.44
(1H, s), 8.65 (1H, m), 8.73 (1H, s).

Referen Xamp 1
Synthesis of NO-(4-methoxycarbonvlbenzoyl)-Ne-carbo-
benzoxv-ornithin hyvl C

To a dichloromethane (60 ml) solution of N®-carbo-
benzoxy-L-ornithine (2.0 g) was added methyl terephthalate
chloride (3.0 g), and then, water (60 ml) and potassium
carbonate (4.8 g) were added to the mixture and the mixture
was stirred at room temperature for 15 hours. The mixture
was condensed under reduced pressure to 50 ml and adjusted
to pH=3 with 1N-hydrochloric acid, and deposited precipi-
tates were collected by filtration and vacuum dried. White
solid obtained was dissolved in a low water-content methan-
ol (100 ml) and the solution was cooled to -30 °C and stir-
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red for 10 minutes. Then, thionyl chloride (3 ml) was

gradually added dropwise at the same temperature. The
reaction solution was slowly returned to room temperature
and refluxed for further 2 hours. The solvent was removed
under reduced pressure and the residue obtained was
subjected to silica gel chromatography by using chloroform
: methanol = 100 : 1 as an eluent to obtain the title
compound (710 mg) .
lH-NMR (CDCl3, &) : 1.6-2.1 (4H, m), 3.51 (2H, m), 3.74 (3H,
s), 3.94 (3H, s), 4.43 (1H, m), 5.11
" (2H, s), 5.53 (1H, m), 6.63 (1H, bs),
7.34 (SH, s), 7.83 (2H, d, J=8.8Hz),
8.08 (2H, d, J=8.8Hz).

R D 17
Synthesis of N8-(4-methoxvcarbonvlbenzovl)-ornithine
methvl ester '

After adding a 10 % palladium-carbon (100 mg) to a
methanol solution (100 ml) of the compound (710 mg) of
Reference example 16, the mixture was stirred under hydro-
gen atmosphere at room temperature for 20 hours. Pallad-
ium-carbon was removed by filtration using Celite and the
solvent was removed under reduced pressure. The residue
obtained was subjected to silica gel chromatography by
using chloroform : methanol = 100 : 3 as an eluent to
obtain the title compound (410 mg).
lH-NMR (CDCl3, 8): 1.6-2.1 (4H, m), 3.49 (3H, m), 3.73 (3H,

s), 3.94 (3H, s), 7.20 (l1H, m), 7.84
(2H, d, J=8.3Hz), 8.09 (2H, d, J=8.3Hz).
Ref n xample 1

Svnthesis of N¢-(l-car nzoxvindolin-S-carbonvl) -N8-
4-methoxvcarbonylbenz —ornithine methvl r

By adding thionyl chloride (2.5 ml) to l-carbobenzoxy-
indolin-5-carboxylic acid (260 mg) to prepare suspension,
and a catalytic amount of dimethylformamide was further
added to the suspension and the mixture was stirred at room

temperature for 2 hours. Then, the mixture was evaporated
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to dryness under reduced pressure. The resulting solid
material was dissolved in dichloromethane (6 ml), and to
the solution were added the compound (245 mg) of Reference
example 17 and potassium carbonate (812 mg). Then, water
(6 ml) was further added théreto, and the mixture was
vigorously stirred at room teﬁperature for 12 hours. Next,
the reaction mixture was poured into water and extracted
with chloroform, and the chloroform layer was washed with
IN-hydrochloric acid and dried over sodium sulfate. The
solvent was removed under reduced pressure. The residue
obtained was subjected to silica gel chromatography using
chloroform : methanol = 100 : 3 as an eluent to obtain the
title compound (310 mg). ,
lH-NMR (CDCl3, 8): 1.7-2.2 (4H, m), 3.16 (2H, t, J=8.3Hz),
3.61 (1H, m), 3.79 (3H, s), 3.94 (3H,
s), 4.11 (2H, t, J=8.3Hz), 4.83 (1H, m),
5.29 (2H, s), 6.89 (iH, d, J=7.3Hz),
7.02 (1H, m), 7.40 (SH, m), 7.66 (2H, d,
J=7.3Hz), 7.90 (2H, d, J=8.8Hz), 8.08
_ (2H, d, J=8.8Hz).
feren xample 1 .

Synthesis of N%-(indolin-S-carbonyl)-NS-(4-methoxv-
nvl zovl) —ornithine methvl r

To a2 30 % hydrogen bromide-acetic acid (10 ml) solu-
tion of phenol (1.0 g) was added the compound (400 mg) of
Reference example 18 and the mixture was stirred at room
temperature for 4 hours. Then, when a large amount of
ether was added to the reaction mixture, a red-brownish
oily product was precipitated. Almost all the ether layer
was removed and the oily product was suspended in
chloroform. The suspensioh was washed with a saturated
aqueous sodium hydrogen carbonate solution and extracted
with chloroform. The chloroform layer was dried over
sodium sulfate and the solQent was removed under reduced
pressure. White solid obtained was recrystallized from n-
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hexane—chloroform—methénol to obtain the title compound

(145 mg) .

lH-NMR (CDCl3, &): 1.6-2.1 (4H, m), 3.05 (2H, t, J=8.3Hz),
3.48 (2H, m), 3.62 (2H, t, J=8.3Hz),
3.76 (3H, s), 3.94 (3H, s), 4.75 (1lH,
m), 6.57 (1H, d, J=7.8Hz), 7.19 (1H, d,
J=7.8Hz), 7.55 (2H, m), 7.89 (2H, d,
J=8.3Hz), 8.07 (2H, d, J=8.3Hz).

Example 11

Synthesis of N®-[]-

In dimethylacetamide (2.0 ml) were suépended the com-

pound (140 mg) of Reference example 19 and 6-bromomethyl-
2,4-diaminopteridine hydrobromide (105 mg) and the suspen-
sion was stirred at S0 to 55 °C for 4 hours. After cool-
ing, to the mixture was added water (4 ml) containing
triethylamine (32 mg), and the mixture was stirred and then
extracted with chloroform. The chloroform layer was dried
over sodium sulfate and the solvent was removed under
reduced pressure. The residue obtained was subjected to
silica gel chromatography by using a mixed solvent of
chloroform : methanol = 10 : 1 as an eluent to obtain the
title compound (180 mg) .
lH-NMR (CDCl3, 8): 1.6-2.1 (4H, m), 3.08 (2H, t, J=8.8Hz),
3.4-3.7 (4H, m), 3.79 (3H, s), 3.94 (3H,
s), 4.54 (2H, s}, 4.83 (1H, m), 6.52
(1H, d, J=8.3Hz), 6.79 (1H, d, J=6.8Hz),
7.17 (1H, m), 7.59 (2H, m), 7.92 (2H, d,
J=8.3Hz), 8.09 (2H, d, J=8.3Hz), 8.8l

(1H, s).
Example 12
Synthesis of N%-(1-{(2,4-diaming-6-pteridinvi)methyl]-
indolin-S-carbonvl) -N3-teleisophthaloyl-ornithine

The compound (150 mg) of Example 11 was dissolved in
ethanol (24 ml), and 1N-sodium hydroxide aqueous solution
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(0.8 ml) was further added to the solution and the mixture
was stirred at 35 °C for 4.5 hours. After the mixture was
stirred at 25 “C for 20 hours, water (1 ml) was added to
the reaction mixture and the reaction mixture was evaporat-
ed to dryness under reduced pressure. During this proce-
dure, outer temperature was so controlled not to exceeding
30 *'C. Yellowish solid material obtained was dissolved in
water (5 ml), and the solution was adjusted to pH=3.7 with
1IN-hydrochloric acid and allowed to stand in a refrigerator
for 2 hours. Deposited precipitaﬁes were collected by
filtration to obtain the title compound (109 mg).
1H-NMR (CDCls3, &) : 1.5-2.0 (4H, m), 3.00 (2H, t, J=8.8Hz),
3.30 (2H, m), 3.58 (2H, t, J=8.8Hz),
4.36 (1H, m), 4.54 (2H, s), 6.68 (1H, d,
J=8.8Hz), 7.62 (2H, m), 7.91 (2H, d,
J=8.3Hz), 7.99 (2H, d, J=8.3Hz), 8.10
(1H, d, J=7.8Hz), 8.61 (1H, m), 8.71
(1H, s).
mp; 215-220 °C (decomposed)
Referen xample 2

vnth

To a tetrahydrofuran (8 ml) solution of a-benzyl N-t-

butoxycarbonyl-L-glutamate (2.2 g) and triethylamine (0.92
ml) was added a tetrahydrofuran (2 ml) solution of isobutyl
chlorocarbonate (0.8 ml) at -20 °C under nitrogen atmos-
phere and the mixture was stirred for 30 minutes. Then,
aniline (0.5 ml) was added to the mixture, and the mixture
was stirred for one hour. The mixture was returned slowly
to room temperature and stirred for further 20 hours. The
solvent was removed under reduced pressure and the residue
obtained was dissolved in chloroform. The chloroform layer
was washed with a saturated sodium hydrogen carbonate aque-
ous solution, dried over sodium sulfate and then condensed

under reduced pressure. The residue obtained was applied
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to silica gel chromatography by using chloroform : methanol
= 99 : 1 as an eluent to obtain the title compound (1.7 q).
IH-NMR (CDCl3, 8): 1.44 (9H, s), 1.79-1.97 (1H, m), 2.27-
2.40 (2H, m), 4.32-4.44 (1H, m), 5.16
(2H, s), 5.22-5.38 (1H, m), 7.08 (lH, t,
J=7.3Hz), 7.26-7.33 (7H, m), 7.55 (2H,
d, J=7.8Hz), 8.42 (1lH, s).
mp 21

)
]

hesis of a-benzvl y-anilido-L-gl
The compound (1.7 g) of Reference example 20 was dis-
solved in trifluorocacetic acid (8 ml) under ice cooling and
the mixture was stirred for 30 minutes. The solvent was
removed under reduced pressure and the residue was dissolv-
ed in chloroform. The chloroform layer was washed with a
saturated sodium hydrogen carbonate aqueous solution and
then dried over sodium sulfate. The solvent was removed
under reduced pressure to obtain the title compound (1.3
gl .
1H-NMR (CDCl3, 8): 1.86-2.00 (1H, m), 2.17-2.38 (1H, m),
2.42-2.53 (2H, m), 3.53-3.60 (1H, m),
$.15 (2H, s), 7.07 (1H, t, J=7.3Hz),
7.29-7.35 (7H, m), 7.48 (2H, d,
J=7.8Hz), 8.27 (1H, bs).
Reference example 22

"carbonvl)-vy-anilido~L-glutamate

Thionyl chloride (2 ml) was added to l-carbobenzoxy-
indolin-S5~-carboxylic acid (419 mg) and the mixture was
stirred at room temperature for 2 hours. Then, the mixture
was evaporated to dryness under reduced pressure. Solid
product obtained was dissolved in dichloromethane (2 ml)
and to the solution was added dichloromethane (2 ml)
solution containing the compound (400 mg) of Reference
example 21 and triethylamine (0.21 ml) under ice cooling
and nitrogen atmosphere, and the mixture was stirred over-

night. The reaction mixture was washed successively with
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1N-hydrochloric acid, a saturated sodium hydrogen carbonate

aqueous solution and water, dried over sodium sulfate, and

then the solvent was removed under reduced pressure. The

residue obtained was subjected to silica gel chromatography

using, as eluents, dichloromethane and then chloroform to

obtain the title compound (317 mg).

1y-NMR (CDCl3, 8): 2.10-2.20 (1H, m), 2.29-2.51 (3H, m),
3.05 (2H, t, J=8.8Hz), 4.06 (2H, t, J=
8.8Hz), 4.76-4.88 (1H, m), 5.18 (2H, s),
5.28 (2H, bs), 7.05 (1H, t, J=7.3Hz),
7.18 (1, d, J=7.8Hz), 7.23-7.30 (2H,
m), 7.33 (5H, s), 7.39 (SH, s), 7.43-
7.66 (4H, m), 7.80-7.84 (4H, m), 8.57
(1H, bs).

Referen xample 2

The compound (580 mg) of Reference example 22 was

dissolved in a mixed solvent (30 ml) of chloroform :
methanol = 1 : 2, and 1N-sodium hydroxide aqueous solution
(0.98 ml) was added thereto and the mixture was stirred at
room temperature overnight. While maintaining the water
bath temperature to 30 ‘C or lower, the solvent was removed
under reduced pressure. The residue obtained was dissolved
in water and after the solution was made acidic with 1IN-
hydrochloric acid, the mixture was extracted by using
chloroform. After the chloroform layer was dried over
.sodium sulfate, the solvent was removed under reduced
pressure to obtain the title compound (413 mg).
lH-NMR (CDCl3, &8): 2.17-2.29 (2H, m), 2.52-2.56 (2H, m),
2.79 (2H, t, J=7.8Hz), 3.81 (2H, t, J=
7.8Hz), 4.51-4.61 (1H, m), 5.17 (2H, s),
6.94 (lH, t, J=7.3Hz), 7.13 (2H, t,
J=7.8Hz), 7.34 (S5H, s), 7.43-7.65 (5H,

_ m), 8.03 (1H, bs), 9.02 (lH, s).
R rence examp 24
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carbonyl)-y-anilido-L-glutamate
The compound (470 mg) of Reference example 23 was
dissolved in dried methanol (20 ml), and trimethylsilyl-
diazomethane (2 ml) was added to the solution and the
mixture was stirred for 10 hours. Trimethylsilyldiazo-
methane (3 ml) was further added to the mixture and the
mixture was stirred for 20 hours. After removing the
solvent under reduced pressure, the residue obtained was
subjected to silica gel chromatography by using, as
eluents, chloroform and then chloroform : methanol = 199
1 to obtain the title compound (252 mg).
1H-NMR (CDCl3, 8): 2.06-2.21 (1H, m), 2.31-2.56 (3H, m),
3.08 (2H, t, J=8.8Hz), 3.77 (3H, s),
4.08 (2H, t, J=8.8Hz), 4.77-4.87 (1lH,
m), 5.28 (2H, s), 7.07 (1H, t, J=7.3Hz),
7.15 (1H, d, J=7.8Hz), 7.28 (2H, t,
J=7.8Hz), 7.37-7.43 (5H, m), 7.58 (2H,
d, J=7.8Hz), 7.62-7.68 (2H, m), 7.86

(1H, bs), 8.67 (1H, bs).
Referen xample 2

After adding 10 % palladium-carbon (50 mg) to a
methanol solution (10 ml) of the compound (250 mg) of Ref-
erence example 24, the mixture was stirred under a hydrogen
atmosphere at room temperature for 15 hours. Palladium-
carbon was removed by filtration using Celite, and the

solvent was removed under reduced pressure. The residue

obtained was subjected to silica gel chromatography using,
as eluents, chloroform : methanol = 99 : 1 and then

chloroform : methanol = 19 : 1 to obtain the title compound
(172 mg) .

1H-NMR (CDCls3, 8): 1.99-2.13 (1H, m), 2.36-2.55 (3H, m),
3.03 (2H, t, J=8.8Hz), 3.64 (2H, t, J=
8.8dHz), 3.77 (3H, s), 4.08 (lH, bs),
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4.79-4.88 (1H, m), 6.55 (1H, d, J=
8.3Hz), 6.92 (l1H, d, J=7.3Hz), 7.08 (1H,
t, J=7.3Hz), 7.30 (2H, t, J=7.8Hz)},
7.53-7.65 (4H, m), 9.01 (1H, bs).

vlimeth -in i n-5-carbonvl]-v-anilido-L-gal m

In dimethylacetamide (5 ml) were suspended the com-
pouhd (169 mg) of Reference example 25 and 6-bromomethyl-
2,4-diaminopteridine hydrobromide isopfopanol adduct (223
mg), and the suspension was stirred at room temperature for
24 hours. The reaction mixture was applied to silica gel
chromatography by using, as eluents, ethyl acetate and then
chloroform : methanol = 19 : 1 to obtain the title compound
(82 mg) .
1H-NMR (CDCl3, &) : 2.01-2.09 (1H, m), 2.39-2.48 (3H, m),

' 3.04 (2H, t, J=8.8Hz), 3.58 (2H, t, J=
8.8Hz), 3.78 (3H, s), 4.53 (24, s),
4.79-4.89 (1H, m), 6.48 (1H, d, J=
7.84z), 6.87 (l1H, d, J=7.8Hz}), 7.08 (1lH,
t, J=7.8Hz), 7.26-7.32 (2H, m), 7.59-
7.64 (4H, m), 8.81 (1H, s).
Example 14

The compound (82 mg) of Example 13 was dissolved in a
mixed solvent (15 ml) of ethanol : water = 2 : 1, and 1N-
sodium hydroxide aqueous solution (0.15 ml) was further
added to the solution and the mixture was stirred at room
temperature for 60 hours. While maintaining the tempera-
ture of the water bath 30 ‘C or lower, the solvent was

removed under reduced pressure. The residue obtained was

dissolved in a saturated aqueous sodium hydrogen carbonate
solution and the solution was adjusted to pH=3.7 with 1N-

hydrochloric acid. Deposited orange precipitates were
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collected by filtration to obtain the title compound (61

mg) .

IH-NMR (DMSO-dg, 8): 1.99-2.23 (2H, m), 2.42-2.51 (24, m),
2.98 (2H, t, J=7.8Hz), 3.59 (24, t, J=
8.3Hz), 4.32-4.43 (1H, m), 4.56 (2H,
s), 6.70 (1H, t, J=7.8Hz), 6.90 (2H,
bs), 7.00 (1H, d, J=7.8Hz), 7.26 (2H,
t, J=7.8Hz), 7.55-7.66 (44, m), 7.72-
7.85 (1H, m), 7.89-7.97 (1H, m), 8.20
(1H, d, J=7.3Hz), 8.75 (1H, s), 9.93

(1H, s).
Refer e Dle
i i - vl N-t- XV nvl—y—-(2-meth-
xvcarbonvlanili ) ~L-alutam

N,N'-carbonyldiimidazole (262 mg) was added to a
tetrahydrofuran solution (5 ml) of a-benzyl N-t-butoxy-
carbonyl-L-glutamate under ice cooling and nitrogen atmos-
phere, and the mixture was stirred for one hour. Then, a
tetrahydrofuran solution (2 ml) of methyl o-aminobenzoate
(0.19 ml) was added thereto, and the mixture was stirred
for 5 hours. After gradually returning the temperature-to
room temperature, the mixture was stirred for a further 48
hours. The solvent was removed under reduced pressure, and
the residue obtained was applied to silica gel chromatogra-
phy using chloroform as an eluent to obtain the title
compound (273 mg) .
1H-NMR (CDClj, &) : 1.41 (9H, s), 2.04-2.18 (1H, m), 2.20-

2.32 (1H, m), 2.48-2.57 (2H, m), 3.92
(3H, s), 4.34-4.47 (1H, m), 5.18 (2H,
s), 5.19-5.27 (1H, m), 7.08 (1H€, t, J=
7.8Hz), 7.34 (5H, s), 7.53 (1iH, t, J=
7.3Hz), 8.02 (1H, d, J=7.8Hz), 8.68 (lH,
d, J=7.8Hz), 11.06 (1H, s).
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The compound (632 mg) of Reference example 26 was dis-

solved in trifluoroacetic acid (4.5 ml) under ice cooling

and the mixture was stirred for 90 minutes.
was removed under reduced pressure,

The solvent

and the residue was
The chloroform layer was washed

with a saturated aqueous sodium hydrogen carbonate solution

and the solvent was removed
The residue obtained was subjected

to silica gel chromatography by using, as eluents, chloro-

1.91-2.02 (1H,
2.55-2.64 (2H,
3.92 (3H, s),

J=8.3Hz), 7.35 (SH,

8.8Hz), 8.02 (1lH,
d, J=8.8Hz), 11.08

3 to obtain the

2.20-2.30 (1H, m),
3.56-3.62 (1H, m),
s), 7.07 (1H, t,
7.53 (1H, t, J=
d, J=8.3Hz), 8.69 (lH,
bs) .

In dimetylacetamide (2 ml) were suspended l-carbo-

benzoxyindolin-5-carboxylic acid (87 mg) and 6-bromomethyl-

2,4-diaminopteridine hydrobromide 1/2 isopropancl adduct

(136 mg), and the suspension was stirred at 55 °C for 4

hours. To the reaction mixture was added water (20 ml) and

the mixture was allowed to stand in a refrigerator over-

night. Precipitated solid was collected by filtration,

dissolved in a small amount of 1N-sodium hydroxide aqueous

solution and the solution was adjusted to pH=6.5 with 1N-

Deposited brownish precipitates were

collected by filtration to obtain the title compound (56

T

3.01 (24, t,
8.8Hz), 4.60
8.3Hz), 7.16

5 dissolved in chloroform.
and"dried over sodium sulfate,
under reduced pressure.

10 form and then chloroform : methanol
title compound (413 mg) .
lH-NMR (CDCl3, &) :

15
Refer xample 2

20 indolin-S5-carboxvlic aci

25

30 hydrochloric acid.
mg) .
lH-NMR (DMSO-dg, 8):

35

This Sheet Has Been Rep

J=8.8Hz),

(2H, bs),

3.64 (1H, t, J=
6.68 (lH, d, J=
7.58 (lH, s),
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7.65 (1H, d, J=8.3Hz), 8.09 (1lH, bs),
8§.25 (1H, bs), 8.77 (1H, s).

Example 15
Svnthesis of a-benzvl N-[{1-((2.4-diamino-6-pteridin-
hvl}-i in-5- - (2-m v vl-
-L- m

To a dimethylformamide suspension (5 ml) of the com-
pound (134 mg) of Reference Example 28 and l-hydroxybenzo-
triazole (108 mg) was added a dimethylformamide solution
(1.5 ml) of dicyclohexylcarbodiimide (123 mg) under ice

cooling and nitrogen atmosphere, and the mixture was stir-

red for 30 minutes. Then, a dimethylformamide solution
(1.5 ml) of the compound of Reference example 27 was added
to the mixture, the mixture was gradually returned to room
temperature and stirred for 24 hours. The reaction mixture
was subjected to silica gel chromatography by using, as
eluents, ethyl acetate and then chloroform : methanol = 19
1 to obtain the title compound (29 mg) .
1H-NMR (CDCls3, 8): 2.32-2.46 (2H, m), 2.46-2.70 (2H, m),
2.96 (2H, t, J=8.8Hz), 3.49 (2H, t, J=
8.3Hz), 3.89 (3H, s), 4.46 (2H, s),
4.83-4.90 (1H, m), 5.20 (2H, s), 6.40
(1B, d4, J=8.3Hz), 7.05 (1H, t, J=8.3Hz),
7.14 (1H, d, J=7.8Hz), 7.34 (5H, s),
7.41—7.59 (3H,m), 7.96 (1lH, d,
J=8.3Hz), 8.64 (lH, d, J=8.3Hz), 8.77
(1H, s)

The compound (28 mg) of Example 15 was suspended in
methanol (2.5 ml), and 1N-sodium hydroxide aqueous solution
(0.41 ml) was added to the suspension and the mixture was
stirred at 10 "C for 5 hours. sWhile maintaining the tem-
perature of water bath to 30 °*C or lower, the solvent was
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removed under reduced pressure. The residue obtained was

dissolved in a saturated aqueous sodium hydrogen carbonate

solution and the solution was adjusted to pH=3.7 with 1IN-

hydrochloric acid. Deposited orange precipitates were

collected by filtration to obtain the title compound (21

ng) . '

lH~-NMR (DMSO-dg, 8): 1.95-2.25 (2H, m), 2.39-2.58 (2H, m),
2.98 (2H, t, J=8.3Hz), 3.59 (24, t, J=
8.3Hz), 4.38-4.50 (1H, m), 4.57 (2H,
s), 6.69 (1H, d, J=8.3Hz), 7.12 (1H,
t, J=7.8Hz), 7.24-7.35 (2, m), 7.51~-
7.64 (3H, m), 7.96 (1H, d, J= 7.8Hz),
8.04-8.39 (4H, m), 8.47 (1lH, d, J=
7.8Hz), 8.78 (1H, s), 11.25 (2H, s).

Referen mo
. Synthesis of g-methvl y-benzvl N-t-butoxvcarbonwvl-I,~
aglutama

In a dimethylfo;mamide (75 ml) solution of y-benzyl N-
t-butoxycarbonyl-L-glutamate was suspended sodium hydrogen
carbonate (2.5 g), and then a dimethylformamide (75 ml)
solution of methyl iodide (10.52 g) was added to the
suspension and the mixture was stirred at room temperature
for 24 hours. After the reaction mixture was condensed
under reduced pressure, water (70 ml) was added to the
residue and the mixture was extracted with ethyl acetate
n-hexane = 1 : 1 solution. The organic layer was washed
with water and dried over sodium sulfate, and the solvent
was removed under reduced pressure. The residue obtained
was subjected to silica gel chromatography by using ethyl
acetate : n-hexane = 1 : 2 as an eluent to obtain the title
compound (5.2 q).
lH-NMR (CDCl3, 8): 1.43 (9H, s), 1.92-2.01 (1H, m), 2.11-

2.37 (1H, m), 2.42-2.51 (2H, m), 3.73
(3H, s), 4.23-4.40 (1H, m), 5.12 (2H,

s), 7.35 (5H, s).
Refer xampl
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Synthesis of a-methv]l N-t-butoxvcarbonvl-L-glutamate

After adding 10 % palladium—carbon (1.1 g) to a
methanol solution (30 ml) of the compound (5.2 g) of Refer-
ence example 29, the mixture was stirred under hydrogen
atmosphere at room temperature for 15 hours. Palladium-
carbon was removed by filtration using Celite and the
solvent was removed under reduced pressure. The residue
obtained was dissolved in a saturated aqueous sodium
hydrogen carbonate solution and the solution was washed
with chloroform. After separating the aqueous layer, the
aqueous layer was adjusted to pH=4 with 5 % citric acid and
then extracted with chloroform. The chloroform layer was
dried over sodium sulfate and the solvent was removed under
reduced pressure to obtain the title compound (3.9 g).
ly-NMR (CDCl3, &8): 1.44 (9H, s), 1.89-2.04 (1H, m), 2.09-

2.27 (1H, m), 3.75 (3H, s), 4.34 (lH,
m), 5.17-5.21 (1H, m), 9.38 (lH, Dbs).

Referen mo 1
vnthesi f g-meth N-t - XY v]l-y—-(3-ethoxv—
rbonvlanili -I,- a

To a dichloromethane suspension (10 ml) of the com-
pound (1.6 g) of Reference example 30 and l—hydrbxybenzo—.
triazole (0.8 g) was added a dichloromethane solution (5
ml) of dicyclohexylcarbodiimide (1.5 g) under ice cooling
and nitrogen atmosphere, and the mixture was stirred for 30
minutes. Then, ethyl m-aminobenzoate (1.5 g) was added
thereto, the mixture was gradually returned to room tem-
perature and stirred for 20 hours. The solvent was removed
under reduced pressure and to the residue obtained was
added ethyl acetate, and white insolubles were filtered
off. The filtrate was condensed under reduced pressure and
the residue obtained was subjected to silica gel chromato-
graphy by using, as eluents, chloroform and then chloroform
: methanol = 99 : 1 to obtain the title compound (2.5 g).
l4-NMR (CDCl3, 8): 1.38 (3H, t, J=7.1Hz), 1.47 (9H, s),

1.82-2.04 (1H, m), 2.20-2.39 (1lH, m),
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2.45-2.51 (2H, m), 3.74 (3H, s), 4.32-
4.43 (1H, m), 4.37 (2H, g, J=7.1Hz),
5.37 (1H, bd, J=7.3Hz), 7.40 (1lH, t,
J=7.8Hz), 7.78 (lH, d, J=7.8Hz), 7.96
(1H, d, J=9.3Hz), 8.13 (lH, s), 8.83

(1H, bs).

The compound (2.5 g) of Reference example 31 was dis-
solved in trifluoroacetic acid (15 ml) under ice cooling
and the solution was stirred for one hour. The solvent was
removed under reduced pressure and the residue was dissolv-
ed in chloroform. The chloroform layer was washed with a
saturated aqueous sodium hydrogen carbonate solution and
dried over sodium sulfate, and the solvent was removed
under reduced pressure. The residue obtained was subjected
to silica gel chromatography by using chloroform: methanol
= 19 : 1 as an eluent to obtain the title compound (1.6 g).
IH-NMR (CDCl3, &): 1.39 (3H, t, J=7.1Hz), 1.74 (2H, s),
.82-1.99 (1H, m), 2.15-2.32 (1H, m),
.52-2.62 (2H, m), 3.54-3.60 (1H, m),

.74 (3H, s), 4.37 (2H, q, J=7.1Hz2),
.39 (1H, t, J=7.8Hz), 7.77 (1H, d,
J=7.3Hz), 7.94 (lH, d, J=7.8Hz), 7.99
(LH, s), 8.63 (1lH, bs).

N W N

Ref n xampl
vnthesi f g-methvl N-(1- nzoxvindolin-5-
nvl) -y-{3-ethoxwv nv ili ~-L-al

Thionyl chloride (4 ml) was added to l-carbobenzoxy-
indolin-5-carboxylic acid (612 mg), and the mixture was
stirred at room temperéture for 2 hours. Then, the mixture
was evaporated to dryness under reduced pressure. Solid
material obtained was dissolved in dichloromethane (4 ml)
and to the solution was added a dichloromethane solution (4

ml) containing the compound (529 mg) of Reference example

Cae - THIS SHEET HAS BEEN

REPLACED

———




10

15

20

25

30

35

32 and triethylamine (0.36 ml) under ice cooling and nitro-
gen atmosphere, and the mixture was stirred overnight. The
reaction mixture was successively washed with 2N-hydro-
chloric acid, a saturated aqueous sodium hydrogen carbonate
solution and water, and dried over sodium sulfate, and then
the solvent was removed under reduced pressure. The resi-
due obtained was applied to silica gel chromatography by
using, as eluents, chloroform and then chloroform :
methanol = 99 : 1 to obtain the title compound (870 mg) .
l1H-NMR (CDCl3, &): 1.37 (3H, t, J=7.1Hz), 2.08-2.22 (1H,
m), 2.36-2.57 (3H, m), 3.06 (2H, t, J=
8.8Hz), 3.77 (3H, s), 4.07 (2§, t, J=
8.8Hz), 4.30-4.40 (24, q, J=7.1Hz),
4.78-4.87 (1H, m), 5.28 (2H. bs), 7.13
(14, d, J=7.8Hz), 7.30-7.43 (6H, m),
7.60-7.67 (2H, m), 7.74 (1H, d, J=
7.8Hz), 7.89 (l1H, d, J=7.8Hz), 8.12 (1lH,
bs), 8.96 (1H, bs).

eren xamp 4
vnthesi £f g-methvl N-(j lin-5-carbonvl) —vy—{(3-
ethoxvcarbonvlanilido) ~L~glutamate

After adding 10 % palladium-—-carbon (0.17 g) to a
methanol solution (11 ml) of the compound (842 mg) of Ref-
erence example 33, the mixture was stirred under hydrogen
atmosphere at room temperature for 15 hours. Palladium-
carbon was removed by filtration using Celite, and the
solvent was removed under reduced pressure. The residue
obtained was subjected to silica gel chromatography using,
as eluents, chloroform and then chloroform : methanol = 99

1 to obtain the title compound (448 mg) .
lH-NMR (CDCl3, 8): 1.36 (3H, t, J=7.1Hz), 2.05-2.25 (1H,
m), 2.25-2.48 (1lH, m), 2.48-2.59 (2H,
m), 2.93 (2H, t, J= 8.8Hz), 3.57 (2H, t,
J=8.8Hz), 3.71 (3H, s), 4.18 (1H, bs),
4.34 (2H, t, q, J=7.1Hz), 4.73-4.84 (1lH,
m), 6.46 (1H, d, J=8.8Hz), 7.1%6 (lH, d,
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J=7.8Hz), 7.32 (1H, t, J=7.8Hz), 7.50-
7.53 (2H, m), 7.73 (1H, d, J=7.8Hz),
7.87 (1H, d, J=7.3Hz), 8.19 (1lH, s),
9.39 (1H, bs).

To dimethylacetamide (5 ml) were suspended the com-
pound (448 mg) of Reference Example 34 and 6-bromo-2,4-
diaminopteridine hydrobromide isopropancl adduct (587 ng)
and the suspension was stirred at room temperature for 36
hours. The reaction mixture was applied to silica gel
chromatography by using, as eluents, ethyl acetate and then
chloroform : methanol = 9 :. 1 to obtain the title compound
(653 mg) .
1H-NMR (DMSO-dg, 8 : 1.34 (3H, t, J=6.8Hz), 1.96-2.32 (2H,

m), 2.32-2.59 (2H, m), 3.00 (2H, t,
J=7.3Hz), 3.56-3.66 (5H, s), 4.32 (2H,
q, J=6.5Hz), 4.40-4.56 (3H, m), 6.66~
6.71 (3H, bs), 7.39 (1H, t, J=7.8Hz),
7.63-7.67 (3H, m), 7.84 (lH, d, J=
7.3Hz), 8.22 (14, s), 8.32 (1H, d,

J=7.3Hz), 8.73 (1H, s), 10.11 (1H, s).
Examp 1

The compound (303 mg) of Example 17 was dissolved in
methanol (10 ml), and 1N-sodium hydroxide aqueous solution
(1.06 ml) was added to the solution and the mixture was
stirred at room temperature for 12 hours. Water (1 ml) was
added and then the mixture was further stirred for 2 hours.
While maintaining the temperature of water bath to 30 °C or

lower, the solvent was removed under reduced pressure. The

residue obtained was dissolved in a saturated aqueous

sodium hydrogen carbonate solution and the solution was
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adjusted to pH=3.7 with 1N-hydrochloric acid. Deposited

orange precipitates were collected by filtration to obtain

the title compound (157 mg) .

1H-NMR (DMSO-dg, 8): 1.97-2.25 (2H, m), 2.42-2.58 (2H, m),
2.99 (2H, t, J=8.8Hz), 3.59 (2H, t, J=
8.8Hz), 4.33-4.45 (1H, m), 4.59 (2H,
s), 6.71 (lH, d, J=8.3Hz), 6.93 (2H,
bs), 7.39 (lH, t, J=7.8Hz), 7.57-7.82
(5H, m), 7.88-8.04 (1H, m), 8.06-8.12
(1H, m), 8.15-8.26 (2H, m), 8.75 (1H,
s), 10.12 (1H, s).

Ethyl chlorocarbonate (0.14 ml) was added to a tetra-
hydrofuran solution (2 ml) containing a-benzyl N-carbobenz-
oxy-L-glutamate (508 mg) and triethylamine (0.19 ml) at -20
*C under nitrogen atmosphere, and the mixture was stirred
for 30 minutes. Then, a dichloromethane (3 ml) solution of
dimethylamine hydrochloride (112 mg) and triethylamine
(0.19 ml) was added to the mixture and the mixture was
stirred for one hour. The mixture was gradually returned
to room temperature, and the residue obtained was dissolved
in chloroform. The chloroform layer was washed
successively with a saturated aqueous sodium hydrogen
carbonate solution and 1N-hydrochloric acid, and dried over
sodium sulfate, and then the solvent was removed under
reduced pressure. The residue obtained was subjected to
silica gel chromatography by using chloroform : methanol =
49 : 1 as an eluent to obtain the title compound (453 mg) .
1H-NMR (CDCl3, 8): 1.97-2.37 (4H, m), 2.86 (3H, s), 2.90

(3H, s), 4.39-4.41 (14, m), 5.10 (2H,
sy, 5.17 (2H, s), 5.86-5.89 (1H, m),
7.34 (10H, s).
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vnthesi - n -N' . N'-dimethyl-T—
glutamine
To a methanol solution (5 ml) of the compound (450 mg)
of Reference example 35 was added 1N-sodium hydroxide aque-
ous solution and the mixture was stirred at room tempera-
ture overnight. While maintaining the water bath tempera-
ture to 30 °C or lower, thé solvent was removed under
reduced pressure. The residue obtained was dissolved in
water and after the solution was made acidic with 1N-hydro-
chloric acid, the mixture was extracted by using chloro-
form. After the chloroform layer was dried over sodium
sulfate, the solvent was removed under reduced pressure to
obtain the title compound (341 mg).
1H-NMR (CDCl3, 8): 1.93-2.06 (l1H, m), 2.21-2.33 (1H, m),
2.42-2.56 (1H, m), 2.76-2.84 (1lH, m),
2.98 (3H, s), 3.00 (3H, s), 4.19-4.27
(1H, m), 5.09 (2H, s), 6.04-6.06 (1lH,

m), 7.37 (10H, s).
Refere X 1 7

alutaminate

In a dried methanol (4 ml) was dissolved the compound
(3530 mg) of Reference ekample 36 aqg trimethylsilyldiazo-
methane (5 ml) was added to the solution and the mixture
was stirred for 2 hours. The solvent was removed under
reduced pressure to obtain the title compound (338 mg).
1H-NMR (CDCl3, &) : 1.96-2.43 (4H, m), 2.92 (3H, s), 2.95

(3H, s), 3.74 (3H, s), 4.28-4.40 (1H,
m), 5.10 (2H, s), 5.80 (1H, m), 7.35
(SH, s).
R n xamo
ynthesi -meth N' N'-dim ~L-gl min

After adding a 10 % palladium-carbon (70 mg) to a
methanol solution (10 ml) of the compound (580 mg) of Ref-
erence example 37, the mixture was stirred under hydrogen
atmosphere at room temperature for 15 hours. Palladium-
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carbon was removéd by filtration using Celite and the

solvent was removed under reduced pressure. The residue

obtained was subjected to silica gel chromatography by

using chloroform : methanol = 19 : 1 as an eluent to obtain

the title compound (160 mg) .

1H-NMR (CDClz, &) : 1.74-1.92 (1H, m), 2.06-2.23 (lH, m),
2.47 (2H, t, J=7.3Hz), 2.95 (3H, s),
3.02 (34, s), 3.49-3.56 (1H, m), 3.73
(3, s).

R n Xamo

Thionyl chloride (2 ml) was added to l-carbobenzoxy-
indolin-5-carboxylic acid (295 mg) and the mixture was
stirred at room temperature for 2 hours. Then, the mixture
was evaporated to dryness under reduced pressure. Solid
material obtained was dissolved in dichloromethane (2 ml)
and to the solution was added a dichloromethane solution
(2.5 ml) containing the compound (160 mg) of Reference
example 38 and triethylamine (0.18 ml) under ice cooling
and nitrogen atmosphere, and the mixture was stirred over-
night. The reaction mixture was successively washed with
IN-hydrochloric acid, a saturated aqueous sodium hydrogen
carbonate solution and water, and dried over sodium sulfate
and then the solvent was removed under reduced pressure.
The residue obtained was applied to silica gel chromato-
graphy using, as eluents, chloroform and then chloroform :
methanol = 99 : 1 to obtain the title compound (359 mg).
IH-NMR (CDCli3, §): 2.22-2.32 (2H, m), 2.43-2.55 (2H, m),
2.94 (3H, s), 2.98 (3H, s), 3.15 (2H, t,
J=8.8Hz), 3.76 (3H, s), 4.10 (24, t,
J=8.8Hz), 4.58-4.68 (1H, m), 5.28 (2H,
s), 7.36-7.41 (6H, m), 7.71 (lH, s),
7.90 (1H, d, J=5.9Hz).

Referen xamo 4
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Svnthesis of .a-methyl N-(indolin-S-carbonyl)-N',N'-

dimethvl-L-glutaminate

After adding a 10 % palladium-carbon (70 mg) to a

methanol solution (5 ml) of

erence example 39,

atmosphere at room temperature for 15 hours.

the compound (359 mg) of Ref-

the mixture was stirred under hydrogen

Palladium-

carbon was removed by filtration using Celite and the

solvent was removed under reduced pressure.

The residue

obtained was subjebfed to silica gel chromatography by

using chloroform : methanol

the title compound (131 ng).

1H-NMR (CDClj3, 8): 2.19-2.30
2.93 (3H,
J=8.3Hz),
(3H,

m),

s},
6.56
(3H, m).

4.14

99 1 as an eluent to obtain

2.44-2.53
(3H,

(2H, m),
s), 2.97
3.62 (2H, t,

(1H, bs),
d, J= 7.8Hz),

(2H, m),
s), 3.04 (2H,

J=8.3Hz), 3.75
4.60-4.70 (1H,

7.51-7.62

L,

(1H,

In dimetylacetamide (4

ml) were suspended the compound

(131 mg) of Reference example 40 and 6-bromomethyl-2,4-

diaminopteridine hydrobromide isopropanol adduct (233 mg),

and the suspension was stirred at room temperature for 24

hours.

The reaction mixture was applied to silica gel

chromatography by using, as eluents, ethyl acetate and then

chloroform : methanol = 9 1 to obtain the title compound

(395 mg) . '

1H-NMR (CDCl3, 8): 1.98-2.17 (2H, m), 2.42 (24, t, J=
6.8Hz), 2.84 (3H, s), 2.94 (3H, s), 3.00
(2H, t, J=8.3Hz), 3.59 (2H, t, J=8.3Hz),
3.64 (3H, s), 4.30-4.42 (1H, m), 4.55
(2H, s), 6.68 (1H, d, J=7.3Hz), 7.60-
7.64 (24, m), 8.34 (lH, d, J=7.3Hz),
8.71 (lH, s).

Examop 2
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The compound (70 mg) of Example 19 was dissolved in

methanol (5 ml) and to the solution was added 1N-sodium
hydroxide aqueous solution (0.15 ml), and the mixture was
stirred at room temperature for 12 hours. Water (2 ml) was
added thereto and the mixture was further stirred for S
hours. While maintaining the water bath temperatufe to 30
‘C or lower, the solvent was removed under reduced pres-
sure. The residue obtained was dissolved in a saturated
aqueous sodium hydrogen carbonate solution and the solution
was adjusted to pH=3.7 with 1N-hydrochloric acid. Deposit~
ed orange precipitates were collected by filtration to
obtain the title compound (16 mg) .
lH-NMR (DMSO-dg, 8): 1.96-2.08 (2H, m), 2.41 (2H, t, J=
7.1Hz), 2.82 (3H, s), 2.92 (3H, s), 3.01
(2H, t, J=7.8Hz), 3.62 (24, t, J=7.8Hz),
4.27-4.37 (1H, m), 4.62 (2H, s), 6.72
(1H, d, J=8.8Hz), 7.61-7.64 (2H, m),
8.24 (1H, d, J=6.8Hz), 8.87 (lH, s},
12.46 (1H, bs).
Reference example 41
vnthesi - 4~-diamino-6-pteridinvlimethvl
2 4- rahvdro-6-qui i xvli id
In dimethylacetamide (3 ml) were suspended 6-bromo-
methyl- 2 4-diaminopteridine hydrobromide-isopropanol adduct
(178 mg) and 1,2,3,4-tetrahydro-6-quinolinecarboxylic acid
(55 mg), and the suspension was stirred at 60 to 65 °C
overnight. After cooling, water (10 ml) was added to the
reaction mixture, and the mixture was adjusted to pH=3.5
with 1N-hydrochloric acid under ice-water cooling and
allowed to stand at cool place overnight. Deposited
precipitates were collected by filtration to obtain the
title compound (70 mg) . :
1H-NMR (DMSO-dg, &) : 2.08 (2H, t, J=8Hz), 2.88 (2H, t, J=
8Hz), 3.68 (2H, t, J=8Hz), 4.72 (2H,

o
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s), 6.62 (1H, d, J=9Hz), 7.48 (2H, m),
8.51 (1H, s).
Example 21

Svnthesis of diethvl N—[l—((2.4-diamiﬁo-6—oteridinvl)-

- -6- vil-L-g m
In anhydrous dimethylformamide (6 ml) were suspended
triethylamine (60 mg) and diethylphosphorcyanidate (98 mg),
and the compound (60 mg) of Reference example 41 was
further added thereto and the mixture was stirred. After
dissolving, the mixture was stirred at 80 °*C for 3 minutes,
and returned to room temperature, followéd by stirring for
10 minutes. Then, triethylamine (20 mg) and diethyl
glutamate hydrochloride (40 mg) were added to the mixture
and the mixture was stirred at 80 °C for 2 hours. After
the reaction, the solvent was removed under reduced pres-
sure, to the residue was added chloroform and the chloro-
form layer was washed with a saturated aqueous sodium
bicarbonate solution. After drying the chloroform layer
over magnesium sulfate, the solvent was removed under
reduced pressure and the residue obtained was applied to
silica gel chromatography by using a mixed solvent of
chloroform : methanol = 10 : 1 as an eluent to obtain the
title compound (50 mg).
lH-NMR (DMSO-dg, 8): 1.1-1.4 (6H, m), 1.8-2.4 (4H, m), 2.40
(2H, t, J=8Hz), 2.82 (2H, t, J= 8Hz),
3.51 (2H, t, J=8Hz), 4.0-4.3 (4H, m),
4.64 (1H, m), 4.75 (2H, s), 6.65 (1H,.
d, J=9Hz), 7.47 (2H, m), 8.685 (1lH, s).

In ethanol (10 ml) was dissolved the compound (50 mg)
of Exémple 21, and to the solution was added 1N-sodium
hydroxide aqueous solution (0.24 ml) at 35 °C, and the
mixture was stirred at the same temperature for 4.5 hours.

Stirring was further continued at 25 °"C for 20 hours, and
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water (1 ml) was added to the reaction mixture. Under ice-
water cooling, the reaction mixture was adjusted to pH=3.7
with 1N-hydrochloric acid and allowed to stand at cool
place overnight. Deposited precipitates were collected by

filtration to obtain the title compound (27 mg) .

lH-NMR (DMSO-dg, 8): 1.8-2.2 (4H, m), 2.31 (2H, t, J=8Hz),
2.75 (2H, t, J=8Hz), 3.60 (2H, t, J=
8Hz), 4.36 (1H, m), 4.70 (2H, s), 6.62
(1H, d, J=9Hz), 7.51 (2H, m), 8.62
(1H, s).

mp; 204-208 °C (decomposed)

m vil-— ~dihv -2H~-1,4-ben zin-7-carboxvlia
In dimethylacetamide (10 ml) were suspended 6-bromo-
methyl-2, 4~diaminopteridine hydrobromide-isopropanol adduct
(410 mg) and methyl 3,4-dihydro-2H-1,4-benzoxazin-7-carbo-
xylate (200 mg), and the suspension was stirred at a bath
temperature of 65 "C for 4 hours and at 90 °‘C for 19 hours.
After cooling, dimethylacetamide was condensed under reduc-
ed pressure, and chloroform and an aqueous sodium hydrogen
carbonate solution were added to the condensate. After
precipitates were filtered off, the organic layer was
washed with water and dried over magnesium sulfate, and the
solvent was removed under reduced pressure. The residue
was subjected to silica gel chromatography and eluted by
using a mixed solvent of chloroform : methanol = 97 : 3 to
obtain the title compound (100 mg) .
1H-NMR (CDCl3 : CD3OD = 9: 1, &) : 3.63 (2H, brt), 3.84 (3H,
s), 4.32 (2H, brt), 4.72 (2H, s), 6.68
(1H, d, J=9.0Hz), 7.47 (lH, s), 7.50
(14, d, J=9.0Hz), 8.71 (1lH, s).

hyll-

ihy -2H-1.4-benzoxazin=-7- xvlic aci
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The compound (60 mg) of Reference example 42 was sus-
pended in a mixed solvent of 1N-sodium hydroxide aqueous
solution (20 ml) and methanol (20 ml) and the suspension
was refluxed for 2.5 hours under heating. .After cooling,
the solvent was removed and water was added and the mixture
was adjusted to pH=5 (suspended) with 1N-hydrochloric acid.
It was allowed to stand at cool place, deposited
precipitates were collected by filtration and dried to
obtain the title compound (60.8 mg).
1H-NMR (DMSO-dg, 8): 3.63 (2H, m), 4.22 (2H, m), 4.71 (24,

s), 7.21 (1H, s), 8.29 (1lH, s).
Example 23
Svnthesis of diethyl N-[4-7(2, -dlamlno -6-pteridinvl) -

glutamate
To a solution of diethylphosphorcyanidate (64 TR

triethylamine (60 pl) and anhydrous dimethylformamide (5
ml) was added the compound (Sb mg) of Reference example 43
and the mixture was stirred under nitrogen atmosphere at 80
‘C for 5 minutes. After cooling to the room temperature,
triethylamine (20 pl) and diethyl glutamate (34 mg) were
added to the mixture and the mixture was again heated to 80
*C and stirred for 2.5 hours. After cooling, the reaction
mixture was extracted with chloroform, and the chloroform
layer was washed successively with a saturated aqueous
sodium hydrogen carbonate solution and a saline solution.
After drying the chloroform layer over magnesium sulfate,
the solvent was removed under reduced pressure. The
residue obtained was subjected to silica gel chromatography
by using a mixed solvent of chloroform : methanol =19 : 1
as an eluent to obtain the title compound (10 mg).
lH-NMR (CDCl3:CD3OD = 9:1, 8): 1.23 (3H, t, J=6.8Hz), 1.29
(3H, t, J=6.8Hz), 3.60 (2H, m), 4.1l1
(2H, q, J=6.8Hz), 4.22 (2H, q, J=
6.8Hz), 4.32 (2H, m), 4.71 (2H, s),
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6.69 (1H, d, J=10.0Hz), 7.29 (lH, d,
J=10.0Hz), 7.36 (1H, s), 8.70 (14, s).

methvl

In ethanol (3 ml) was dissolved the compound (9 mg) of
Example 23, and to the solution was added 1N-sodium hydr-
oxide aqueous solution, and the mixture was stirred at room
temperature for 4 days. The solvent was removed and the
residue was subjected to silica gel column chromatography
by using a mixed solvent of chloroform : methanol : aqueous
ammonia = 5: 4 : 1. Fractions containing the title com-
pound were collected and the solvent was removed therefrom.
The reside was dissolved by adding a saturated aqueous
sodium hydrogen carbonate solution (200 pl) and the solu-
tion was adjusted to pH about 4 (suspended) by dropping 1N-
hydrochloric acid and allowed to stand at cool place over-
night. Deposited precipitates were collected by filtration
to obtain the title compound (2.8 mg).
1H-NMR (DMSO-dg, 8): 1.86-1.95 (1H, m), 1.95-2.03 (1H, m),

2.24-2.38 (2H, m), 3.67 (2H, t, J=
3.8Hz), 4.25 (2H, t, J=3.8Hz), 4.30
(1H, m), 4.70 (2H, s), 6.83 (1H, d,
J=8.6Hz), 7.26 (1H, s), 7.30 (1H, d, -
J=8.6Hz), 8.09 (1H, m), 8.70 (1lH, s).
IR (KBr) v max 3464, 1642 and 1512 cm~l.
Example 25

methylli lin-S5-carbonyll-DL-2-amingo-4-ohosphon vr

In anhydrous dimethylformamide (30 ml) were suspended
triethylamine (272 mg) and diethyl cyanophosphonic acid
(440 mg). Then, to the suspension was added 1-{(2,4-
diamino-6-pteridinyl)methyl}indolin-S-carboxylic acid (303
mg) and the mixture was stirred at room temperature
overnight (Solution A). On the other hand, in anhydrous
methanol (5 ml) was dissolved DL-2-amino-4-phosphonobutyric
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acid at 0 °*C and then thionyl chloride (1 ml) was gradually

added to the solution at the same temperature. After the
mixture was returned to room temperature and stirred
overnight, the solvent was removed under reduced pressure.
The residue obtained was dissolved in anhydrous
dimethylformamide (Solution B). Then, Solutions A and B
were mixed. To the mixed solution was further added
triethylamine (505 mg) and the mixture was stirred at room
temperature for 3 days. Then, the solvent was removed
under reduced pressure to obtain a residue (700 mg). From
the residue obtained, 100 mg thereof was taken and
fractionation was carried out by using a high performance
liquid chromatography (column: YMC-A323) with an eluent of
water : acetonitrile : trifluoroacetic acid = 87.5 : 12.5
1 to obtain the title compound (2 ng) .
1H-NMR (D0, &) : 1.7-2.3 (4H, m), 3.06 (2H, t, J=8Hz), 3.58
(2H, t, J=8Hz), 3.84 (3H, s), 4.36 (1H, m),
4.70 (2H, s), 6.63 (lH, d, J=8.6Hz), 7.60
(2H, m), 8.78 (1H, s}.
Refer mple 44
vnthesi methyl 4-amino-3-hvdroxv- z
In methanol (40 ml) was suspended 4-amino-3-hydroxy-
benzoic acid and to the suspension was passed through a
hydrogen chloride gas for 10 minutes, and the mixture was
stirred at room temperature for 6 hours. Deposited pre-
cipitates were collected by filtration,washed three times
with ether and then vacuum dried to obtain the title
compound (4.15 q).
1H-NMR (CDCls3: 8): 3.83 (3H, s), 6.68 (1H, d, J=8Hz), 7.41

(2, m).
Reference examole 45
vathesis 4-methoxvcarbonvl-2-hvdroxv-chloroa v]-

nili
In dichloromethane (30 ml) were dissolved the compound
(L.0 g) of Reference example 44 and triethylamine (4.0 ml)

and the solution was made 0 °C. To the solution was added
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dropwise a dichloromethane solution (5 ml) of chloroacetyl
chloride (1.0 ml) under nitrogen atmosphere over 8 minutes,
and the mixture was stirred at the same temperature for one
hour. Then, to the reaction mixture was added a saturated
aqueous ammonium chloride solution and deposited precipi-
tates were collected by filtration. Recrystallization was
carried out by using chloroform-acetone to obtain the title
compound (0.83 g).
1H-NMR (CDCl3: 8): 3.90 (3H, s), 4.25 (2H, s), 7.52 (2H,
m), 8.37 (1H, d, J=8Hz).

Reference example 46

Svnthesis of methyl 3-oxo-3,4-dihvdro-2H-1,4-benzo-

xazin-7-carboxv

In ethanol (300 ml) was suspended the compound (6.0 g)
of Reference example 45, and to the suspension was added
potassium acetate (5.0 g) and the mixture was refluxed
under nitrogen atmosphere for 90 minutes. After cooling
the reaction mixture, precipitates were collected by
filtration and vacuum dried to obtain the title compound
(5.2 g).
1H-NMR (DMSO-dg: & : 3.80 (3H, s), 4.63 (2H, s), 6.95 (1lH,

m), 7.43 (1H, m), 7.56 (1H, m).

Reference example 47

Svnthesis of methvl 3. 4-dihvdro—-2H-1,4-benzoxazin-7-
carboxylate

Under nitrogen atmosphere, to tetrahydrofuran (30 ml)

were added tetrahydrofuran-borane complex (1 (M] solution,
10 ml) and the compound (440 mg) of Reference example 46 at
0 °C, and the mixture was stirred at room temperature for
15 minutes, and then refluxed for 4 hours. The reaction
mixture was cooled to room temperature and 6N-hydrochloric
acid (2.7 ml) was added thereto. The reaction mixture was
condensed under reduced pressure and poured into water and
made alkaline with 2N-sodium hydroxide aqueous solution.
Then, the title compound was extracted with ethyl acetate
and the organic layer obtained was washed with a saline
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solution and dried over magnesium sulfate. After removing
the solvent under reduced pressure, the residue obtained
was subjected to silica gel column chromatography. The
residue was developed and eluted with a mixed solvent of
hexane : ethyl acetate = 3 : 2 to obtain the title compound
(310 mg) .
1H-NMR (CDCl3: 8): 3.46 (2H, m), 3.84 (3H, s), 4.22 (2H, t,
J=4.4Hz), 4.30 (1H, m), 6.53 (1iH, d, J=
9.8 Hz), 7.45 (lH, s), 7.47 (1, d, J=
9.8Hz).

hesi hvl N- nzoxv—3,4-dihvdro-2H~1,4—-
nz in-7-
In tetrahydrofuran (50 ml) was dissolved the compound
(1.4 g) of Reference example 47, and to the solution was
added gradually sodium hydride (700 mg) and the mixture was
stirred at room temperature for 30 minutes. Then, carbo-
benzoxy chloride (3 ml) was added to the mixture and the

mixture was stirred ovérnight. After several drops of

- water were added to the reaction mixture, the reaction

mixture was poured into cool water and the title compound

was extracted with ethyl acetate. The organic layer

obtained was dried over sodium sulfate and the solvent was

removed under reduced pressure. The residue was

recrystallized from hexan-ethylacetate to obtain the title

compound (1.79 g).

lH-NMR (CDCls3: 8): 3.85 (3H, s), 3.91 (2H, m), 4.25 (2H,
m), 5.34 (2H, s), 7.35 (5H, m), 7.53
(2H, m), 7.99 (1H, m).

Reference example 49

xazin-7-carboxylic acid

In ethanol (50 ml) was suspended the compound (1.79 g)
of Reference example 48, and to the suspension was added
1IN-sodium hydroxide aqueous solution (8.2 ml) and the miwx-
ture was stirred overnight. The solvent was removed under
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reduced pressure and the residue obtained was dissolved in
water (20 ml). Then, 1N-hydrochloric acid was gradually
added thereto to adjust pH=2, and deposited precipitates
were collected by filtration and vacuum dried to obtain the

title compound (1.39 g).
lH-NMR (CDCl3: &): 3.82 (2H, m), 4.14 (2H, m), 5.13 (24,

s), 7.2-7.7 (7€, m), 7.95 (1lH, m).

In thionyl chloride (5 ml) was suspended the compound
(800 mg) of Reference example 49, and a catalytic amount of
dimethylformamide was added to the mixture and the mixture
was stirred at room temperature for 2 hours. Then, excess
thionyl chloride was removed under reduced pressure, and
the residue was triturated with hexane. After collecting
the resulting crystals by filtration, the crystals were
dissolved in dichloromethane (20 ml) and to the dichloro-
methane solution was added dropwise an aqueous solution
containing L-ac-amino-adipic acid dimethyl ester hydrochlor-
ide (1.0 g) and triethylamine (1.0 g) under ice-water cool-
ing. The mixture was stirred at room temperature over-
night, and the solvent was removed under reduced pressure.
To the residue was added a mixed solution of ethyl acetate
and dil. hydrochloric acid under ice-water cooling. After
stirring for 5 minutes, the organic layer was separated and
then the organic layer was washed with a saturated aqueous
sodium hydrogen carbonate solution. After drying over
magnesium sulfate, the solvent was removed under reduced
pressure. The residue obtained was dissolved in ethanol
(80 ml) and after adding 10 %-palladium-carbon (400 mg),
the mixture was stirred under hydrogen atmosphere at room
temperature overnight. Palladium-carbon was removed by
filtration using Celite, and the solvent was removed under
reduced preésure. The residue obtained was subjected to

silica gel column chromatography by using chloroform
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methanol = 100 : 1 as an eluent to obtain the title

compound (230 mg) .

1H-NMR (CDClj3: &) : 1.6-2.1 (4H, m), 2.38 (2H, t, J=6.8Hz),
3.46 (2H, m), 3.68 (3H, s), 3.77 (3H,
s), 4.24 (2H, m), 4.72 (1H, m), 6.59
(1§, d, J=8.3Hz), 7.33 (2H, m).

In dimethylacetamide (3 ml) were suspended the com-
pound (200 mg) of Reference example 50 and 6-bromomethyl-
2,4-diaminopteridine hydrobromide-isopropanol adduct (226
mg), and the suspension was stirred at 60 °C for 6 hours.
After cooling, the reaction mixture was poured into a
saturated aqueous sodium hydrogen carbonate solution and
extracted with chloroform. The organic layer was dried
over magnesium sulfate and the solvent was removed under
reduced pressure. . The residue obtained was subjected to
silica gel column chromatography by using a mixed solvent
of chloroform : methanol = 10 : 1 as an eluent to obtain

the title compound (260 mg).

14-NMR (CD30D, 8): 1.6-2.0 (4H, m), 2.36 (2H, t, J=6.8Hz),
3.58 (2H, m), 3.66 (3H, s), 3.76 (3H,
s), 4.39 (2H, m), 4.67 (2H, bs), 4.73
(1H, m), 6.66 (1H, d, J=8.3Hz), 6.99
(14, t, J=7.3Hz), 7.29 (2H, m), 8.70
(1H, s).

The compound (260 mg) of Example 26 was dissolved in
ethanol (12 ml), and 1N-sodium hydroxide aqueous solution
(0.45 ml) was added to the solution at 35 °C and the mix-
ture was stirred at the same temperature for 4 hours.
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After continuing stirring at 25 °*C for 20 hours, water (0.5
ml) was added to the reaction mixture and ethanol was
removed under reduced pressure. The residue obtained was
dissolved in water (6 ml), adjusted to pH=3.7 with 1N-
hydrochloric acid under ice-water cooling and allowed to
stand overnight at cool place. Deposited precipitates were
collected by filtration to obtain the title compound (176
mng) .

1H-NMR (DMSO-dg, 8): 1.5-2.0 (4H, m), 2.14 (2H, t, J=
6.8Hz), 3.68 (2H, m), 4.28 (3H, m),
4.71 (2H, bs), 6.80 (lH, t, J=8.3Hz),
7.31 (2H, m), 8.13 (1H, d, J=7.3Hz),
8

.71 (1H, s).
R ren xampl
vn i £ o vy y- N-t - Xy nvl-1,-
glutamate

In a dimethylformamide solution (75 ml) of y-benzyl N-
t-butoxycarbonyl-L-glutamate (5.0 g) was suspended sodium
hydrogen carbonate (2.5 g), and a dimethylformamide solu-
tion (75 ml) of methyl iodide (10.5 g) was added to the
suspension and the mixture was stirred at room temperature
for 24 hours. After the reaction mixture was condensed
under reduced pressure, the residue was poured into water
(70 ml) and extracted with a mixed solution of ethyl
acetate : n-hexane = 1 : 1. The organic layer was washed
with water and dried over sodium sulfate, and the solvent
was removed under reduced pressure. The residue obtained
was subjected to silica gel column chromatography by using
ethyl acetate : n-hexane = 1 : 2 as an eluent to obtain the
title compound (5.2 qg).
lH-NMR (CDClj3, 8): 1.43 (94, s), 1.92-2.01 (1H, m), 2.11-

2.37 {(lH, m), 2.42-2.51 (2H, m), 3.73
(34, s), 4.23-4.40 (1lH, m), 5.12 (2H,

s), 7.35 (5H, s).
Referen xampl 2
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After adding 10 % palladium-carbon (1.1 g) to a
methanol solution (30 ml) of the compound (5.2 g) of Refer-

ence example 51, the mixture was stirred under hydrogen
atmosphere at room temperature for 15 hours. Palladium-
carbon was removed by filtration using Celite and the
solvent was removed under reduced pressure. The residue
obtained was dissolved in a saturated aqueous sodium
hydrogen carbonate soluﬁioﬁ and the solution was washed
with chloroform. After separating the aqueous layer, it
was adjusted to pH=4 with 5% citric acid and extracted with
chloroform. The chloroform layer was dried over sodium
sulfate, and the solvent was removed under reduced pressure
to obtain the title compound (3.9 g).
1H-NMR (CDCl3, &): 1.44 (9H, s), 1.89-2.04 (1H, m), 2.09-
2.27 (1H, m), 2.33-2.59 (2H, m), 3.75
(3H, s), 4.24-4.44 (1H, m), 5.17-5.21
(1H, m), 9.38 (1lH, bs).
Reference example 53
v i m vl 4-amino-n- \ v ri
Into a methanol solution (20 ml) of 4-amino-n-butyric
acid (1.0 g) was passed through a hydrogen chloride gas for
10 minutes and the mixture was stirred at room temperature
for 5 hours. The solvent was removed under reduced pres-
sure to obtain the title compound (1.5 g).
lH-NMR (DMSO-dg, 8): 1.83-2.24 (2H, m), 2.32-2.60 (2H, m),
2.76-3.26 (2H, m), 3.61 (3H, s), 8.26

(2H, bs).
Reference example 54
vnthesi f o hvl N-t- XV nvl-N'—(3-

methoxvcarbonvlipropvl) ~L-gl min

To a tetrahydrofuran solution (5 ml) of the compound
(518 mg) of Reference example 52 and triethylamine (0.33
ml) was added a tetrahydrofuran solution (1 ml) of isobutyl
chlorocarbonate (0.31 ml) at -20 °C under nitrogen atmos-
phere, and the mixture was stirred for 30 minutes. Then,

after adding a tetrahydrofuran suspension (5 ml) of the
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compound (366 mg) ¢f Reference example 53 and triethylamine
(0.33 ml) to the mixture, the mixture was stirred for one
hour. The mixture was gradually returned to room tempera-
ture and further stirred for 24 hours. The solvent was
removed under reduced pressure and the residue obtained was
dissolved in ethyl acetate. The'ethyl écetate layer was
washed successively with a 5 % citric acid aqueous solu-
tion, a saturated aqueous sodium hydrogen carbonate solu-
tion and water, and dried over sodium sulfate. The solvent
was removed under reduced pressure and the residue obtained
was subjected to silica gel column chromatography by using
chloroform : methanol = 99 : 1 as an eluent to obtain the
title compound (575 mg).
14-NMR (CDCl3, 8): 1.44 (9H, s), 1.78-1.99 (3H, m), 2.16-
2.19 (1H, m), 2.22-2.31 (2H, m), 2.39
(24, t, J=7.1Hz), 2.70 (2H, g, J=6.5Hz),
3.68 (3H, s), 3.74 (3H, s), 4.14-4.31
(1H, m), 5.35 (lH, bs), 6.43 (1H, bs).
Ref n xampl
vnthesi f g- hyvl N'-(3-methoxv nvlpropvl) -TL-
al mi ri r
‘The compound (726 mg) of Reference example 54 was
dissolved in,triflubroacetic acid (2 ml) under ice-cooling
and the mixture was stirred for one hour. The solvent was
removed under reduced pressure to obtain the title compound
(754 mg) .
1H-NMR (CDCl3 : CD30D = 20 : 1, 8 : 0.92 (2H, quint, J=
6.3Hz), 2.04-2.42 (4H, m), 2.50 (2H, t,
J=6.3Hz), 3.17-3.24 (2H, m), 3.67 (3H,
s), 3.81 (3H, s), 4.09-4.15 (1H, m),
7.44 (1H, t, J=6.0Hz).

R ren Xamo
vnthesi -nethyl N-(i-car nzoxvindolin-5-
nvl)-N'-({3-methox nvlprooyvl) -L-g minat

By adding thionyl chloride (5 ml) to l-carbobenzoxy-

indolin-5-carboxylic acid (599 mg) and the mixture was

oy
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stirred at room temperature for 2 hours. Then, the mixture

was evaporated to dryness under reduced pressure. The
solid material obtained was dissolved in methylene chloride
(7 ml), and to the solution was added an aqueous solution
(3 ml) of the compound (754 mg) of Reference example 55 and
sodium hydrogen carbonate (534 mg) at room temperature and
the mixture was stirred for 15 hours. Sodium hydrogen
carbonate was added to the mixture .until pH became 8 and
insolubles were removed by filtration using Celite, and the
methylene chloride layer was collected by separation. The
methylene chloride layer was washed successively with 1N-
hydrochloric acid and water, and dried over sodium sulfate.
The solvent was removed under reduced pressure and the
residue obtained was_subjecéed to silica gel column
chromatography using chloroform : methanol = 99 : 1 as an
eluent to obtain the title compound (474 mg).
1H-NMR (CDCls, 8): 1.81 (2H, quint, J=7.0Hz), 2.09-2.27

(4H, m), 2.34 (2H, t, J=7.3Hz), 3.15

. (2H, t, J=9.0Hz), 3.27 (2H, t, J=5.4Hz},

3.65 (3H, s), 3.77 (3H, s), 4.10 (2H, t,

J=8.8Hz), 4.65-4.75 (lH, m), 5.28 (2H,

s), 6.38-6.45 (1H, m), 7.36-7.46 (6H,

m), 7.66-7.68 (2H, m).

m xvcarbonvlpropyl) -L-a min
After adding 10 % palladium-carbon (90 mg) to a

methanol solution (10 ml) of the compound (470 mg) of

Reference example 56, the mixture was stirred under

hydrogen atmosphere at room temperature for 15 hours.

After removing palladium-carbon by filtration using Celite,

the solvent was removed under reduced pressure to obtain

the title compound (350 mg).

lH-NMR (CDCls3, 8): 1.66-2.48 (8H, m), 2.81-3.30 (4H, m),
3.50 (2H, t, J=6.0Hz), 3.64 (3H, s),
3.73 (3H, s), 4.49-4.81 (lH, m), 6.51
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(2H, d, J=9.0Hz), 6.62-6.84 (1lH, m),
7.21-7.33 (1H, m), 7.42-7.57 (2H, m).
Xamo
Svnthesis of a-methyl N-{1-[(2,4-diamino-6-pteridin-
vlimethvll-indolin-5-carbonvll-N'—-(3-methoxvcarbonvliproovl-
) -L-glutaminate
In.dimethylacetamide (7 ml) were suspended the com-

pound (350 mg) of Reference example 57 and 6-bromomethyl-
2,4-diaminopteridine hydrobromide-isopropanol adduct (414
mg) , and the suspension was stirred at room temperature for
24 hours. To the mixture was added triethylamine (0.29 ml)
and the mixture was stirred for 10 minutes, it was
subjected to silica gel column chromatography by using, as
eluents, ethyl acetate and then chloroform : methanol = 9
1 as an eluent to obtain the title compound (263 mg).
1H-NMR (DMSO-dg : CDCl3 = 7 : 3, 8): 1.67 (2H, quint, J=
6.9Hz), 1.91-2.14 (2H, m), 2.19-2.33
(4H, m), 2.97-3.13 (4H, m), 3.56-3.59
(SH, m), 3.65 (3H, s), 4.34-4.44 (1H,
m), 4.55 (2H, s), 6.67 (1H, d, J=8.3Hz),
7.32 (4H, bs), 7.62-7.66 (2H, m), 7.84
(1H, t, J=8.3Hz), 8.33 (1H, d&, J=7.3Hz),
8.71 (1H, s).

To a methanol (5 ml) solution of the compound (250 ma)
of Example 28 was added 1N-sodium hydroxide aqueous solu-
tion (0.95 ml) and the mixture was stirred at room tempera-
ture for 20 hours. While maintaining the temperature of
water bath to 30 ‘C or lower, the solvent was removed under
reduced pressure. The residue obtained was subjected to
silica gel column chromatography using chloroform : methan-
ol : 28 % aqueous ammonia =S5 : 4 : 1 as an eluent to
obtain brownish solid material. The solid material obtain-

ed was dissolved in water and insolubles were filtered off,
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and the solution was adjusted to pH=3.7 with 1IN-hydrochlor-
ic acid. Deposited brownish precipitates were collected by
filtration to obtain the title compound (144 mg).
1H-NMR (DMSO-dg : CDCl3 = 9 : 1, &) : 1.61 (2H, quint, J=
5 7.0Hz), 1.89-2.08 (2H, m), 2.13-2.30
(4H, m), 2.95-3.10 (4H, m), 3.58 (2H, t,
J=8.0Hz), 4.25-4.38 (1H, m), 4.55 (2H,
s), 6.70 (1H, 4, J=8.3Hz), 7.61-7.65
(2H, m), 7.85 (1H, t, J=5.8Hz), 8.21
10 (14, d, J=7.3Hz), 8.73 (1H, s).

vlimethvll=in in=-5- nvll]l-homocv

To a benzene suspension (6 ml) of homocysteic acid

15 hydrobromide (330 ml) were added triethylamine (870 ul) and
chlorotrimethyl silane (630 wl) under nitrogen atmosphere,
and the mixture was stirred at room temperature for 3 days.
Deposited precipitates were filtered off and the filtrate
was condensed to obtain silylated homocysteié acid (450

20 mg) . Under a nitrogén atmosphere, in dimethylformamide (18
ml) were dissolved dimethyl cyanophosphonate (213 pl) and
triethylamine (172 pl), and 1—[(2,4—diamino)—6—p£eridinyl)—
methyl]indolin~5~carboxylic acid (170 mg) was added little
by little at room temperature and the mixture was stirred

25 at the same temperature for 3 hours. To the solution was
added a dimethylformamide solution (2 ml) of silylated
homocysteic acid (450 mg) and the mixture was stirred at
room temperature for 2 days. Then, water (1 ml) was added
to the reaction mixture and the solvent was removed under

30 reduced pressure. ' To the residue was added 3 % ammonium
bicarbonate aqueous solution and after removing insolubles
by filtration, the filtrate was applied to DEAE-cellulose
column, washed with water and eluted by 3 % ammonium
bicarbonate aqueous solution to obtain the title compound

35 (18 mg).
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1H-NMR (D30, 8): 2.0-2.4 (2H, m), 3.15 (4H, m), 3.49 (24,
m), 4.34 (14, m), 4.49 (2H, s), 6.66 (1lH,
m), 7.55 (2H, m), 8.69 (1lH, s).

A mixture of 2-aminobenzothiazol-6-carboxylic acid (15
g), potassium hydroxide (22 g ) and water (22 g) was re-
fluxed under a nitrogen atmosphere for 3 hours. The
mixture was cooled to room temperature, and water (20 ml),
1,2-dibromoethane (40 ml) and hexadecyltributylphosphonium
bromide (3 g) were added thereto and the mixture was
refluxed for 6 hours. The mixture was cooled to room
temperature, water and chloroform were added thereto and
insolubles were removed by decantation. The aqueous layer
was adjusted to pH=3 with hydrochloric acid and the
chloroform layer was collected by separation. The
chloroform layer obtained was washed with a saturated
saline solution and dried over anhydrous sodium sulfate.
The solvent was removed under reduced pressure and the
residue was dissolved in methanol. To the solution was
passed through a hydrogen chloride gas for 10 minutes and
the mixture was stirred at room temperature overnight. To
the residue obtained by removing the solvent under reduced
pressure were added water and ethyl acetate, and the
aqueous layer was adjusted to pH=5 with 1N sodium hydroxide
aqueous solution and then extracted with ethyl acetate.
The organic layer obtained was washed with a saturated
saline solution and dried over anhydrous sodium sulfate.
The solvent was removed under reduced pressure and the
residue was subjected to silica gel column chromatography
by using ethyl acetate : hexane = 1 : 4 as an eluent to
obtain the title compound (721 mg).
l4-NMR (CDCl3, 8): 2.9-3.1 (2H, m), 3.6-3.9 (2H, m), 3.83

(34, s), 4.0-5.0 (1H, br), 6.39 (1H, d,
J=8.4Hz), 7.45-7.75 (2H, m).
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Reference example 59

Synthesis of N-carbobenzoxv-3,4-dihvdro=-2H-1,4-benzo-

=7= X
_ The compound (313 mg) of Reference example 58 was dis-
solved in tetrahydrofuran (10 ml) and to the solution was
gradually added sodium hydride (180 mg), and the mixture
was stirred at room temperature for 20 minutes. Then,
carbobenzoxy chloride (1.3 ml) was added to the mixture and
the mixture was stirred overnight. After adding water to
the mixture, the mixture was extracted with ethyl acetate.
The organic layer obtained was dried over anhydrous sodium
sulfate and then the solvent was removed under reduced
pressure. The residue was applied to silica gel column
chromatography by using ethyl acetate : hexane =1 : 10 as
an eluent, and methyl N—caerbehzoxy-3,4-dihydro—2H—1,4-
benzothiazine-7-carboxylate obtained was suspended in
ethanol (15 ml). To the suspension was added 1N-sodium
hydroxide aqueous solution (1.9 ml) and the mixture was
stirred overnight.. The solvent was removed under reduced
pressure, and the residue obtained was dissolved in water
(20 ml). Then, 1N-hydrochloric acid was gradually added to
adjust pH=3 and the mixture was extracted with chloroform.
The organic layer was washed with a saturated saline solu-
tion and dried over anhydrous sodium sulfate. The residue
obtained by removing the solvent under reduced pressure was
applied to silica gel column chromatography by using
chloroform : methanol = 95 : 5 as an eluent to obtain the
title compound (208 mg).
1H~-NMR (CDClz : CD3OD = 9 : 1, & : 3.0-3.3 (2H, m), 3.8-4.1
(2H, m), 5.25 (2H, s), 7.3-7.9 (8H, m).

Refer xampl

Synthesis of diethyl N-(3,4-dihvdro-2H-1,4-benzo-

hiazine-7-car v])-L-

To a dimethylformamide solution (5 ml) containing the
compound (208 mg) of Reference example 59, diethyl L-
glutamate hydrochloride (151 mg), l-hydroxybenzotriazole

Sheet Has Been Replaced THIS SHP E T HAS BEEN

BT a7




10

15

20

25

30

35

(90 mg) and N-methylmorpholine (70 pl) was added dicyclo-
hexylcarbodiimide (145 mg) under ice-cooling, and the
mixture was stirred at the same temperature for one hour
and then at room temperature for overnight. To the mixture
was added ethyl acetate, and precipitates were filtered off
and the filtrate was washed successively with an aqueous
sodium hydrogen carbonate solution and a saturated saline
solution and dried over anhydrous sodium sulfate. The

residue obtained by removing the solvent under reduced

pressure was applied to silica gel column chromatography by
using ethyl acetate : hexane = 1 : 2 as an eluent, and
diethyl N-[N'-carbobenzoxy-3,4-dihydro-2H-1,4-benzothia-
zine-7-carbonyl]-L-glutamate obtained was dissolved in
ethanol (20 ml). After adding 10 % palladium-carbon (700
mg) to the solution, the solution was stirred under hydro-
gen atmosphere at room temperature overnight. Palladium-
carbon was removed by filtration using Celite, and the
solvent was removed under reduced pressure. The residue
obtained was subjected to silica gel column chromatography
by using a mixed solvent of ethyl acetate : hexane = 2: 3

as an eluent to obtain the title compound (83 mg).

lH-NMR (CDCl3 : CD3OD = 9 : 1, 8§): 1.25 (6H, m), 2.0-2.7
(4H, m), 2.9-3.1 (2H, m), 3.6-3.8 (2H,
m), 3.9-4.4 (5H, m), 6.45 (1H, d, J=
8.0Hz), 7.2-7.6 (2H, m).

glutamate _

In dimethylacetamide (3 ml) were suspended the com-
pound (83 mg) of Reference example 60 and 6~bromomethyl-
2,4-diaminopteridine hydrobromide-isopropanol adduct (85
mg), and the suspension was stirred at 60 °‘C for 3 hours
and then at 100 °C for 30 minutes. After cooling, the
reaction mixture was poured into a saturated aqueous sodium

hydrogen carbonate solution and extracted three times with
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chloroform. The organic layer was dried over anhydrous

sodium éulfate and the solvent was removed under reduced
pressure. The residue obtained was applied to silica gel
column chromatography by using a mixed solvent of chloro-
form : methanol = 93 : 7 as an eluent to obtain the title

compound (21 mg) .

1H-NMR (CDCl3 : CD3OD = 9 : 1, &) : 1.26 (6H, m), 2.0-2.3
(2H, m), 2.46 (2H, m), 3.12 (2H, m),
3.91 (2H, m), 4.1-4.3 (4H, m), 4.62 (1lH,
m), 4.78 (2H, s), 6.69 (lH, d, J=8.9Hz),
7.04 (1H,m), 7.60 (1H, d, J=2.2Hz), 8.66
(1H, s).

glutamic acid

The compound (20 mg) of Example'31 was dissolved in
ethanol (2 ml), and 1N-sodium hydroxide aqueous solution
(170 pl) was added.to the solution at 35 °C and the mixture
was stirred at the same temperature for 4 hours. After
continuing stirring at 25 °C for 20 hours, water (0.5 ml)
was added to the reaction mixture and ethanol was removed
under reduced pressure. The residue obtained was dissolved
in water (6 ml), adjusted to pH=3.7 with 1N-hydrochloric
acid under ice-water cooling and allowed to stand overnight
at cool place. Deposited precipitates were collected by
filtration to obtain the title compound (18 mqg).
lH-NMR (DMSO-dg, 8): 1.8-2.2 (2H, m), 2.30 (2H, m), 3.18

(2H, m), 3.95 (2H, m), 4.37 (1H, m),
4.76 (2H, s), 6.79 (1H, d, J=8.8Hz),
7.42 (1H, m), 7.59 (1H, d, J=2.0Hz),
8.22 (1H, d, J=7.3Hz), 8.67 (1H, s).
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The compound (10 mg) of Example 32 was suspended in

water (1 ml) and 1N-sodium hydroxide aqueous solution was
added thereto to dissolve the mixture. Under ice-cooling,
0.5M sodium metaperiodate (50 pl) was added to the solution
and the mixture was stirred at the same temperature for 5
hours. The reaction mixture was adjustéd to pH=3.5 and
deposited precipitates were collected by filtration to
obtain the title compound (4 mg) .
lH-NMR (DMSO-dg, 8): 1.8-2.2 (2H, m), 2.33 (2H, m), 2.9-3.3
(2H, m), 3.8-4.0 (1H, m), 4.2-4.5 (2H,
m), 4.83 (1H, d, J=17.1Hz), 5.19 (lH,
d, J=17.1Hz), 7.07 (1H, d, J=9.3Hz),
7.7-7.9 (1H, m), 8.1-8.2 (1H, m), 8.42
(1H, m), 8.72 (1H, s).
IR (KBr) vmax 2800-3600, 1644, 1608, 1552, 1504 and 1008
cm~l
FAB MS 515 (M+1)*
fer xamp 1 .
vnthesi nzvl N-t-butoxvcarbonvl-N'- ne-
sulfonvlglutaminate
In tetrahydrofuran (268 ml) were dissolved N,N'-
carbonyldiimidazole (13.6 g) and a-benzyl [N-(t-butoxy-
carbonyl)glutamate] (25 g) and the mixture was stirred
under ice-cooling for one hour. Then, the solution was
added dropwise to a tetrahydrofuran (132 ml) solution
containing methanesulfoneamide (20.5 g) and 1,8-diazabi-
cyclo[5.4.0]-7-undecene (32.9 g) under ice-cooling. After
dropwise addition, the mixture was returned to room tem-
perature and stirred for 4 days. After adding 500 ml of 1N
hydrochloric acid to the mixture, it was extracted with
chloroform. The organic layer was dried over anhydrous
magnesium sulfate and the solvent was removed under reduced
pressure to obtain the title compound (30 mg).
l4-NMR (CDCl3, &) : 1.42 (9H, s), 1.8-2.8 (4H, m), 3.25 (3H,
sy, 4.32 (l1H, m), S5.14 (2H, s), 7.40
(SH, s).
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Reference examplé .62

Synthesis of benzvl N'-methanesulfonvlglutaminate-tri-
fluoroacetate
The compound (4.65 g) of Reference example 61 was

dissolved in trifluoroacetic acid (60 ml) and the solution
was stirred at room temperature for one hour. Then, the
reaction mixture was condensed at 30 °C and triturated by
adding ether to obtain the title compound (4.5 g).
lH-NMR (CDCls, &): 1.8-2.8 (4H, m), 3.20 (3H, s), 4.50 (1H,
m)., 5.28 (2H, s), 7.42 (S5H, s).
mpl 4

Synthesis of benzvl N-{1-[ (2, 4~diamino—-6-pteridin-

viimethvllin in-5- nvl]-N'-methan nvlgl min
In dimethylformamide (18 ml) were dissolved diethyl
cyanophosphonate (213 pl) and triethylamine (172 pl) under
nitrogen atmosphere, and to the solution was added 1-[(2,4~
diamino-6-pteridinyl)methyl]indolin-5-carboxylic acid (160
mg) little by little and the mixture was stirfed at the
same temperéture for 3 hours.. To the mixture was added a
dimetylformamide solution (3 ml) containing the compound
(450 mg) of Referénce example 62 and triethylamine (180 pl)
and the mixture was stirred at room temperature for 3 days.
Then, water (1 ml) was added to the reaction mixture and
the solvent was removed under reduced pressure. The
residue was subjected to silica gel column chromatography
by using a mixed solvent of chloroform : methanol : aqueous
ammonia = 15 : 5 : 1 as an eluent to obtain the title
compound (60 mg) .
1H-NMR (DMSO-dg, 8): 1.9-2.1 (2H, m), 2.3-2.5 (2H, m), 2.98
(2H, t, J=8.6Hz), 3.28 (3H, s), 3.55
(2H, t, J=8.6Hz), 4.21 (1H, m), 4.53
(24, s), 5.04 (2H, s), 6.71 (1H, d,
J=8.6Hz), 7.34 (S5H, s), 7.55 (2H, m),
8.72 (1H, s).
Example 35
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indolin-S-carbonvl]-N'-methanesulfonvlglutamine

The compound (25 mg) of Example 34 was suspended in
ethanol (5 ml), and 1N-sodium hydroxide aqueous solution
(200 pl) was added to the suspension and the mixture was
stirred at room temperature overnight. Then, water (0.5
ml) was added to the mixture and ethanol was removed under
reduced pressure. The residue obtained was dissolved in
water (6 ml) and the solution was adjusted to pH=3.7 with
1N-hydrochloric acid under ice-water cooling and allowed to
stand at cold place overnight. Deposited precipitates were
collected by filtration to obtain the title compound (20

'mg).

1H-NMR (DMSO-dg, 8): 1.9-2.1 (2H, m), 2.2-2.4 (2H, m), 3.00
(2H, t, J=8.6Hz), 3.19 (3H, s), 3.60
(24, t, J=8.6Hz), 4.35 (1H, m), 4.56
(2H, s), 6.70 (1H, d, J=8.6Hz), 7.63
(2H, m), 8.75 (1H, s).
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CHRUGAI SEIYAKU KABUSHIKI KAISHA (case: PE/C-1-~ 11123?)

CLAIMS: This Sheet Has Been Replaced
1. A compound represented by the formula: HII‘l“ |II|“ ‘“I ‘ll ‘“l
]
coor?
HI
V\—CNCH(CH)nR?  *vc (1)

wherein Rl represents one selected from the group
consisting of CHz, CHCHz, CH20, CH2S and CH2S0; R2
répresents a hydrogen atom, a lower alkyl group having 1
to 4 carbon atoms or a benzyl group; n represents an
integer of 1 to 4; R3 represents a group represented
by the fornmmla: coort (where r4 represents a hydrogen
atom or a lower alkyl group having 1 to 4 carbon
atoms), NHCORS (where RS represents a phenyl group
which may be substituted), CONRSR? (where R6 repre-
sents a hydrogen atom or a hmmm-auqﬂ.grouplunﬁng‘lto
4 carbon atoms; R7 represents a lower alkyl group
having 1 to 4 carbon atoms, a phenyl group or a
carboxylalkyl group each of which may be substituted
or a lower alkylsulfonyl group), PO3Hz or SO3H.
2. The compound according to Claim 1, wherein R3 is COOR%
(R* has the same meaning as defined in Claim 1), POs3H, or
SO3H.
3. The compound_éccording to Claim 1, wherein R3 is NHCORS
(R’ has the same meaning as defined in Claim 1).
4. The compound according to Claim 1, wherein R3 is
CONRSR? (R€ and R? have the same meanings as defined in
Claim 1) .

5. A pharmaceutical composition comprising a compound as defined

in anv one of Claims 1 to 4.

6. An antirheumatic agent containing the comnound according to anvy
one of Claims 1 to 4 as an effective ingredient.

7. A psoriasis curing agent containing the compound according to

any one of Claims 1 to 4 as an effective ingredient.
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8. A carcinostatic agent containing the compound according

to any one of Claims 1 to 4 as an effective ingredient.

9. A process for preparing a compound represented by the

formula (I):

HZN\[//\'}/ — Rl
W\\/\ / H Ii:—"—_-‘\\— -

N (CH,)aR>
NHZ 2 —\__ 2

wherein R},
above,

2
\ COOR

... (D)

R2, R3 and n have the meanings as defined

which comprises reacting a compound represented by the

formula (I)-1:

aly \\ COOH

() -1

wherein R! has the meaning as defined above and Al

represents a protective group,

with a compound represented by the formula (I)-2:

c‘:ooa2

HZN/A\ (CHy) nR? B

wherein R2,

above,

(L) - 2

.

R3 and n have the meanings as defined

-according to a conventional synthetic method for preparing an acid amide

to obtain a compound represented by the formula

(I)-3:

T

THIS SHEET HAS BEEN
REPLACED
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coor?
aln— \\» coNH /N (CHnR® . (1) - 3

wherein R!, R2, R3, n and Al have the meanings as
defined above, '
deprotecting said compound and reacting it with a compound
represented by the formula (I)-4:

NN X
.,
g CH,X e (D) -4

NHZ

wherein X represents a halogen atom.
10. A process for preparing a compound represented by the
formula (I):

N _ N N R
2 \.V \,T/\l g CoOR?
|. i i g 3 4
b§/‘ \%I"*CHZN —Z!_‘_\\_—CONH / ‘\(CHz)nR3
N, \:' ---- (D)

wherein R, R2, R3 and n have the meanings as defined
_above,
which comprises reacting a compound represented by the
formula (I)-4

HZN
i e (1) - 4

NH2

wherein X has the meaning as defined above,
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with a compound represented by the formula (I)-5:

1'
RN

eeee (1) -5

wherein Rl has the meaning as defined above and R'

represents hydrogeh atom or a lower alkyl group,

to obtain a compound represented by the formula (I)-6:

H)N

ceee (I) -6

wherein R! and R' have the meanings as defined above,
and when R' is a substituent other than a hydrogen atcm, hydrolyz- -
ing said compound and then reacting it with a compound

represented by the formula (I)-2:

Ccoor?

|

HZN/ N\ (CH,)aR3

eees (1)

- 2

wherein R2, R3 and n have the meanings as derinea

above.

11. A process for preparing a compound represented by the

formula (I):

H N ~N N
2 P
i\//.\
: N CH

NH,

|

\

\

oN =

coor?

— conn /™ (cH,)nr3

... ()
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wherein Rl, Rz, R3 and n have the same meanings as
defined above,

. = .o ce
- A o~ . -

.
- - P - N e

- « ® . .
- e wnm  as ee  geve

which comprises reacting a compound represented by the
formula (I)-7:

COOR?

J\ h ceee (D)= 7

2 N

wherein R? and n have the meanings as defined above
and A; represants a protective group,

with a compound represented by the formula (I)-8:
o] eea (1) - 8

to obtain a compound represented by the formula (I)}-S:

0
COOR? I
A?NH/L\ (CHZ)nﬁ\\//Jiiiij

wherein R2, n and A? have the meanings as defined
above,

cees () -9

and after deprotecting said compound, reacting it with a
compound represented by the- formula (I)-1

— gl

aly COOH e (D) -1
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wherein R! and Al have the meanings as defined above.

according to a conventionally synthetic method for preparing an acid
amide to obtain a compound represented by the formula (I)-

10:

wherein R!, R2,
defined above,

cooa2

’/
A N—-’ CONH (CHZ)N .. (1) - 10

n and Al have the same meanings as

reacting it with a compound represented by the formula (I)-

4;

N N
_HZN

NH,

CHZX

ceen (I) - 4

wherein X has the same meaning as defined above,
and subjecting the resulting compound to a ring opening

reaction.

e N @ CONH

RS 0 T
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