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Description

Title of Invention: COMPOUNDS HAVING TAFIa INHIBITORY ACTIVITY

Technical Field

[0001] The present invention relates to compounds having
TAFIa (thrombin-activated thrombin-activatable fibrinolysis
inhibitor) inhibitory activity.

Background Art

[0002] Thrombin-activatable fibrinolysis inhibitor (TAFI)
1s a carboxypeptidase that is activated by thrombin and
thrombomodulin to cleave the iysine residues at the C
terminus of the a-chain of fibrin. On the fibrin clot, tissue
plasminogen activator (t-PA) and plasminogen bind to the
lysine residues at the C terminus of the a-chain of fibrin,
whereby plasmin is generated efficiently and fibrinolysis 1is
eventually promoted. On the other hand, TAFIa decreases the
affinity of t-PA and plasminogen for the fibrin clot and
fibrinolysis activity through the cleavage of lysine residue
at the C terminus of the fibrin clot. Hence, TAFIa inhibitors,
 which efficiently enhance the dissolution of fibrin clots but
do not directly 1inhibit coagulation factors, are expected to
contribute to the discovery of.antithrombotics or fibrinolysis
promoters that have higheﬁ,clot specificity than the
conventional anticoagulants and thrombolytics. Thereby, TAFIa
inhibitors are expected to be anti-thrombosis agents that
present a lower risk for bleeding and feature higher safety.

[0003] Several compounds have heretofore been reported as

TAFIa inhibitors and they include thiol derivatives,
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phosphoric acid derivatives, imidazole derivatives and urea

derivatives, all chelating with zinc at the active center of
the enzyme (see PTL 1-14 and NPL 1-8). However, nothing has
been known about tricyclic compounds typified by
dihydroimidazoquinoline derivatives which are.related to the
those known

compounds of the present invention. In addition,

TAFIa inhibitors are not considered to have adequate activity
and it i1s desired to develop compounds that have therapeutic
effects based on the TAFIa inhibitory action and which hence
are satisfactory as pharmaceuticals.
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Summary of Invention

Technical Problem

[0006] An object of the present invention is to provide
compounds having superior TAFIa inhibitory activity.

Solution to Problem

[0007] The present inventors conducted intensive studies
with a view to attaining the stated object and found that
compounds represented by the following formula (I) have
superior TAFIa 1inhibitory activity. Some of the compounds
represented by formula (I) are prodrugs for other compounds of
formula (I). In the section of EXAMPLES, a 2-[(3S)-3-
aminopyrrolidin-1-yl]-3-(4,5-dihydroimidazo[l,5-alJquinolin-3-

vl)propanoic acid derivative was chosen as an exemplary
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prodrug and subjected to an animal experiment, whereupon this
type of prodrug was found to increase the in vivo exposure
level of the parent compound. The present invention has been
accomplished on the basis of this finding.

[0008] Briefly, the present invention provides a
dihydroimidazoquinbline compound represented by the following
formula (I) or a pharmaceutically acceptable salt thereof:

[0009]

wherein R is a hydrogen atom or a C;.;o alkyl group;

R' is a hydrogen atom, a C;.;o alkyl group, a Ci.s cycloalkyl
group or a substituent having the structure represented by the
following formula Ia or Ib:

[0010]
O
O’U\O/Lf: (I a) 2’7\\3\’ (I b)
R

where R’ is a C;.¢ alkyl group;

R* is a C;.¢ alkyl group, a Cs.s cycloalkyl group, or a benzyl
group; and

R’ is a hydrogen atom or a substituent having the structure

represented by the following formula Ic or Id:
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[0011)]
0 GH:Q -
3 O
i
CHj, (Lc) H,C O (1d)

In another embodiment of the present invention, the
dihydroimidazoquinoline compound of formula (I) or a salt
thereof is a dihydroimidazoquinoline compound represented by

the following formula (II) or a pharmaceutically acceptable
salt thereof:

[0012]

wherein R, R' and R? are as defined above in connection with

formula (I).

The steric configuration of the asymmetric carbon atom at

2-position in the 3-(4,5-dihydroimidazo{1l,5-a]Jquinolin-3-
vl)propanoic acid in formula (II) is the (S)-configuration.
In another embodiment of the present inventioq, the
dihydroimidazoquinoline compound of formula (II) or a salt
thereof is a dihydroimidazoquinoline compound represented by

the following formula (III) or a pharmaceutically acceptable

salt thereof:
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[0013]

R (I

wherein R, R' and R® are as defined above in connection with
formula (II).

The steric configuration of the asymmetric carbon atom at
2-position in the 3-(4,5-dihydroimidazo[l,5-aljguinolin-3-
yvl)propanoic acid in formula (III) is the (S)-configuration.

In addition, the pOsition of substitution of R on the
dihydroimidazoquinoline ring in formula (III) is 7-position.

In another embodiment of the present invention, the
dihydroimidazoquinoline compound of formula (III) or a salt
thereof is a dihydroimidazoquinoline compound represented by
the following formula (IV) or a pharmaceutically acceptable
salt thereof:

[0014]

wherein R and R' are as defined above in connection with
formula (III).
The steric configuration of the asymmetric carbon atom at

2-position in the 3-(4,5-dihydroimidazo[l,5-ajJquinolin-3-
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vl)propanoic acid in formula (IV) is the (S)-configuration.
In addition, the position of substitution of R on the
dihydroimidazoquinoline ring in formula (IV) is 7-position.
In another embodiment of the present invention, the
dihydroimidazoquinoline compound of formula (III) or a salt
thereof is a dihydroimidazoquinoline compound represented by
the following formula (V) or a pharmaceutically acceptable

salt thereof:

[0015]
HO\?J)Nﬁa‘
- R (V)
HN #«. ON
R?

wherein R and R’ are as defined above in connection with
formula (III).

The steric configuration of the asymmetric carbon atom at
2-position in the 3-(4,5-dihydroimidazofl,5-alJquinolin-3-
vl )propanoic acid in formula (V) is the (S)-configuration.

In addition, the position of substitution of R on the
dihydroimidazoquinoline ring in formula (V) is 7-position.

In another embodiment of the present invention, the
dihydroimidazoquinoline compound of formula (I) or a salt
thereof is a compound represented by the following formula

(VI) or a pharmaceutically acceptable salt thereof:
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wherein R is as defined above in connection with formula (I).
In another embodiment of the present invention, the

dihydroimidazoquinoline compound of formula (VI) or a salt

thereof is a dihydroimidazoquinoline compound represented by

the following formula (VII) or a pharmaceutically acceptable

salt thereof:

[0017]

HoN . G\l

wherein R is as defined above in connection with formula (VI).

The steric configuration of the asymmetric carbon atom at
2-position in the 3-(4,5-dihydroimidazo[l,5-alquinolin-3-
vl)propanoic acid in formula (VII) is the (S)-configuration.

In another embodiment of the present invention, the
dihydroimidazoquinoline compound of formula (VII) or a salt
thereof is a dihydroimidazoquinoline compound represented by

the following formula (VIII) or a pharmaceutically acceptable

salt thereof:
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wherein R is as defined'above in connection with formula
(VII).

The steric configuration of the asymmetric'carbon atom at
2-position in the 3-(4,5-dihydroimidazofl,5-alJquinolin-3-
vl)propanoic acid in formula (VIII) is the (S)-configuration.

In addition, the position of substitution of R on the
dihydroimidazoquinoline ring in formula (VIII) is 7-position.
Advantageous Effects of Invention
[0019] According to the present invention, compounds having
superior TAFIa inhibitory activity can be provided.
Description of Embodiments
[0020] The present invention provides compounds of formulas
(I) to (VIII) having superior TAFIa inhibitory activity or
pharmaceutically acceptable salts thereof.

In formulas (I), (II), (VI) and (VII), the position of
substitution of R is not limited but it is preferably located
at 7-position on the dihydroimidazoquinoline ring.

In formula (IV), R is preferably a hydrogen atom or a
methyl group; R' is preferably a hydrogen atom or a ‘
substituent having the structure represented by the following
formula Ib (where R* is a C,.¢ alkyl group, a C;.s cycloalkyl
group, or a benzyl group), more preferably a hydrogen atom or

a substituent having the structure represented by the
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following formula Ib (where R’ is an isobutyl group, a tert-
butyl group, a cyclohexyl group, or a benzyl group).

[0021]

O

O
Y (1)
R4

On the following pages, the compounds of the present
invention are described in greater detail.
[0022] The “C;.¢ alkyl group” refers to linear or branched
alkyl groups having 1 to 6 carbon atoms. Examples include a
methyl group, an ethyl group, a n-propyl group, an 1isopropyl
group, a n-butyl group, an isobutyl group, a sec-butyl group,
a tert-butyl group, a n-pentyl group, an isopentyl group, a
- neopentyl group, a n-hexyl group, and an isohexyl group.
[0023] The “C;.10 alkyl group” refers to linear or branched
alkyl groups having 1 to 10 carbon atoms. Examples include a
methyl group, an ethyl group, a n-propyl group, an 1isopropyl
group, a n-butyl group, an isobutyl group, a sec-butyl group,
a tert-butyl group, a n-pentyl group, an isopentyl group, a
neopentyl group, a n-hexyl group, an isohexyl group, a n-
heptyl group, a n-octyl group, a n-nonyl group, and a n-decyl
group.
[0024 ] The “C;_g cycloalkyl group” refers to cyclic alkyl
groups having 3 to 8 carbon atoms. Examplés include a
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, a
cyclohexyl gfoup, a cycloheptyl group, and a cyclooctyl group.

[0025] The compounds of the present invention are tricyclic
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compounds having the dihydroimidazoquinoline ring or they may
be pharmaceutically acceptéble salts of such compounds (either
type is hereinafter called “"the compounds of the present
invention” as appropriate).
[0026] Examples of the pharmaceutically acceptable salts
include acid addition salts such as mineral acid salts (e.gq.
hydrochloride, hydrobromide, hydroiodide, phosphate, sulfate,
and nitrate), sulfonic acid salts (e.g. methanesulfonate,
ethanesulfonate, behzenesulfonate, p-toluenesulfonate, and
trifluoromethanesulfonate), and organic acid salts (e.g.
oxalate, tartrate, citrate, maleate, succlinate, acetate,
benzoate, mandelate, ascorbate, lactate, gluconate, and
malate); amino acid salts such as glycine salt, lysine salt,
arginine salt, ornithine salt, glutamic acid salt, and
aspartic acid salt; and inorgénic salts such as lithium salt,
sodium salt, potassium salt, calcium salt and magnesium salt,
as well as salts with organic bases, as exemplified by
ammonium salt, triethylamine salt, diisopropylamine salt, and
cyclohexylamine salt. The salts may be hydrate salts.
[0027] Some of the compounds of the present invention are
prodrugs. Specifically, those compounds of formula (I) or (II)
in which either R' or R? or both are other than a hydrogen atom
undergo enzymatic or chemical hydrolysis 1in Vivd so that the
amino group and the carboxyl group are deprotected, yielding
compounds in which R' and R? are both a hydrogen atom and which
have a strong inhibitory activity on TAFIla.

For instance, a compound of formula (I) or (II)

[0028]
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wherein either R' or R®? or both are other than a hydrogen atom
is converted to a 2-[{(3S)-3-aminopyrolidin-1-yl1l]-3-(4,5-
dihydroimidazo[l,5-alJquinolin-3-yl)propanoic acid derivative
that has the structure represented by the following formula
(VI) or (VII) (where R is as defined in connection with
formula (I) or (II)) and which has a strong inhibitory
activity on TAFIa:

[0029]

Thus, the above-described ester derivative and carbamate
derivative which function as prodrugs are extremely useful
compoundsf
[0030] The compounds of the present invention sometimés
have an asymmetric center and in that case they occur as
various optical isomers or with various configurations. Hence,
the compounds of the present invention may be able to occur as
separate optically active substances with the (R) and (S)
configurations; alternatively, they may be able to occur as a
racemate or an (RS) mixture. In the case of a compound having
two or more asymmetric centers, diastereomers can also occur

on account of the optical isomerism of each asymmetric center.
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The compounds of the present invention include ones that
contain all of these forms in desired proportions. For
example, diastereomers can be separated by methods well known
to those in the art, say, fractional crystallization, and
optically active substances can be obtained by techniques in
organic chemistry that are well known for this purpose. The
compounds of the present invention may contain isomers such as
a cis form and a trans form. The compounds of the present
invention include these isomers; as well as compounds that
contain these isomers in desired proportions.

[0031] The compounds of the present invention have-TAFIa
inhibitory activity and can be used as therapeutics or
prophylactics for diseases involving TAFIa, such as deep veiln
thrombosis, disseminated intravascular coagulation syndrome,
pulmonary embolism, cardiogenic cerebral infarction, 1ischemic
heart disease, sepsis, pulmonary fibrosis, respiratory
distress syndrome, cerebral stroke, obstructive renal
disorder, Behcet’s disease, mouth cancer, obesity, tissue
degeneration, preeclampsia, retinél vein occlusion,
inflammatory intestinal disease, arthritis, menihgococcemia,
and complications of kidney transplantation. The compounds of
the present invention can be administered either alone or
together with pharmacologically or pharmaceutically acceptable
cérriers or diluents. If the compounds of the present
invention are to be used typically as TAFIa inhibitors, they
may be administered as such either orally or parenterally. If
desired, the compounds of the present invention may be

administered orally or parenterally as formulations that
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contain them as an active ingredient. An example of the
parenteral administration is intravenous administration by
injection.

[0032] Since the compounds of the present invention have
TAFIa inhibitory activity, patients who are suspected of the
development of thrombotic diseases such as deep veln
thrombosis caused by risk factors including a surgical
operation such as artificial joint replacement, as well as
pulmonary embolism, cardiogenic cerebral infarction and
ischemic heart disease, or patients 1n whom the manifestation
of such diseases has been confirmed may be administered with
these compounds as antithrombotics or fibrinolysis promoters
to prevent or treat those diseases.

[0033] In addition, the compounds of the present invention
are capable of potentiating the action of tissue plasminogen
activator (t-PA) and can be used in combination with t-PA
preparations or they may be formulated as a combination drug
in which they function as an auxiliary agent for t-PA.

[0034] The compounds of the present invention may be
administered in amounts of, say, 1 mg to 1000 mg, preferably
10 mg to 200 mg, per dose, and the frequency of administration
may be once to three times a day. The dosage of the compounds
of the present invention can be adjusted as appropriate for
the age, body weight, and symptoms of the patient under
treatment.

[0035] The compounds of the present invention can be
evaluated for their TAFIa activity by known procedures, such

as the method described in the test procedures described
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hereinafter.
[0036] The methods of producing the compounds according to

the present invention are hereinafter described in detail but
they are not particularly limited to the examples shown below.
The solvents to be used in reactions may be of any kinds thét
do not interfere with the respective reactions and they are
not particularly limited to the following description.
[0037] Production Method 1

The compound (I) of the present invention, in which R is
a hydrogen atom or a C;.;, alkyl group, R' is a hydrogen atom,
and R? is a hydrogen atom can be synthesized by the following

method (scheme 1).
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[0038]

Step 1 Step ?
(cyclization reaction) (reduction)

H N=\ = =
O My, 2NN TN NN
| foc” X MK ——HO S\ R
X : R R
R
(3)

(1) (2)
Step 3 //////
. . EtO O
(oxidation) ':T7 Step 4
(aldol

N=\ = N
— , HN«. reaction)
Ox \ >\ Boc”
—_— R —
- rs

(4)
)
Step 5 Step ©
(acetylation) EtO O N:.ﬁ\ —— (reduction) EtO O N=\ —
\ >~/ \ ¥/
- HN~ O \R e . HN': C/ T R
(7)
Step 7 Step 8 1
(hydrolysis) (deprotection) R

Boc

[0039]
(1) Step 1 (cyclization reaction)

Compound (1) is reacted with a suitable amide activator
such as diethyl chlorophosphate in the presence of a suitable
base to give an intermediate in the reaction system. The
intermediate is reacted with ethyl isocyanoacetate in the
presence of a suitable base to give compound (2). The bases to
be used in this step include potassium tert-butoxide, sodium

hydride, n-butyllithium, lithium diisopropylamide, lithium
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hexamethyldisilazane, etc. The solvents to be used in the
reactions include tetrahydrofuran, diethyl ether, dioxane,
toluene, etc.;.the reactions can be carried out at
temperatures ranging from -78°C to room temperature.
[0040]

(2) Step 2 (reduction)

Compound (2) is reduced with a reducing agent such as
lithium aluminum hydride fo give compound (3). The solvents to
be used in this reaction include tetrahydrofuran, diethyl
ether, dioxane, toluene, etc. The reaction can be carried out
at temperatures ranging from -78°C to room temperature.
Alternatively, compound (2) can be reduced with a reducing
agent such as diisobutyl aluminum hydride, diisopropyl
aluminum hydride, etc. to give compound (4). The solvents to
be used in this reaction include tetrahydrofuran, diethyl
ether, dioxane, toluene, dichloromethane, chloroform, etc.;
the reactions can be carried out at temperatures ranging from
-78°C to room temperature.

[0041]
(3) Step 3 (oxidation)

Compound (3) is reacted with a suitable oxidizing agent,
optionally using a suitable base such as triethylamine or
diisopropylethylamine to give compound (4). The oxidizing
agents to bé used 1in this step include dimethyl sulfoxide-
oxalyl chloride, dimethyl sulfoxide-N,N’ -
dicyclohexylcarbodiimide (DCC), dimethyl sulfoxide-1-
chloropyrrolidine-2,5-dione (NCS), dimethyl sulofixde-acetic

anhydride, manganese dioxide, Dess-Martin periodinane,
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piridinium chlorochromate (PCC), piridinium dichromate (PDC),
etc. The solvents to be used in this reaction include
dichloromethane, chloroform, 1,2-dichloroethane,
tetrahydrofuran, diethyl ether, dioxane, toluene, etc.; the
reaction can be carried out at temperatures ranging from -78°C
to room temperature.

[0042]

(4) Step 4 (aldol reaction)

Compound (4) is reacted with ethyl {(3S)-3-[(tert-
butoxycarbonyl)amino]pyrolidin-1l-yl}acetate in the presence of
a suitable base to give compound (5). The bases to be used in
this step include potassium tert-butoxide} sodium hydride, n-
butyllithium, lithium diisopropylamide, lithium
hexamethyldisilazane, etc. The solvents to be used in the
reaction include tetrahydrofuran, diethyl ether, dioxane,
toluene, etc.; the reactions can be carried out at
temperatures ranging from -78°C to room temperature.

[0043]
(5) Step 5 (acetylation)

Compound (5) is reacted with a suitable acetylating agent
using a suitable base to give compound (6). The acetylating
agents to be used in this step include acetic anhydride,
acetyl chloride, etc. The bases to be used in the reaction
include pyridine, triethylamine, diisopropylethylamine, etc.
The solvents to be used in this reaction include
dichloromethane, chloroform, 1,2-dichloroethane,
tetrahydrofuran, toluene, etc.; the reaction can be carried

out at temperatures ranging from 0°C to room temperature.
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[0044]
(6) Step 6 (reduction)

Compound (6) is catalytically hydrogenated in a hydrogen
atmosphere using a catalyst such as palladium-activated
carbon, éalladiumhydroxide, or platinum-activated carbon to
give compound (7). The solvents to be used in this reaction
include méthanol, ethanol, isopropanol, ethyl acetate,
tetrahydrofuran, acetic acid, mixtures thereof, etc; the
reaction can be carried out at temperatures ranging from room
temperature to the reflux temperature.

[0045]
(7) Step 7 (hydrolysis)

Compound (7) is hydrolyzed with a suitable base to give
compound (8). The bases to be used in this step include
lithium hydroxide, sodium hydroxide, and potassium hydroxide.
The solvents to be used in this reaction include methanol,
ethanol, isopropanol, tetrahydrofuran, water, mixtures
thereof, etc; the reaction can be carried out at temperatures
ranging from 0°C to the reflux temperature.

[0046]
(8) Step 8 (deprotection)

Compound (8) is deprotected with a suitable acid to give
the compound (I) of the present invention. The suitable acids
to be used in this step include hydrochloric acid, sulfuric
aqid, hydrobromic acid, trifluoroacetic acid, methanesulfonic
acid, benzenesulfonic acid, p-toluenesulfonic acid, 10-
camphorsulfonic acid, etc. The solvents to be used in this

reaction include chlorofofm, dichloromethane, methanol,
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ethanol, isopropanol, ethyl acetate, tetrahydrofuran, diethyl
ether, dioxane, toluene, water, etc.; the reaction can be
carried out at temperatures ranging from 0°C to the reflux
temperature.
[0047] Production Method 2

The compound (I) of the present invention, in which R is
a hydrogen atom or a C;. o alkyl group, R!' is a hydrogen atom,
and R®* is a hydrogen atom can also be synthesized by the

following method (scheme 2).
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[0048]

Step 9
(Horner-Emmons reaction)

EtO.__O
:f;¢9

MsO )
EtO OEt
O~ A N \ & EtO O
R :jfﬁf’
AcO EtO O
/ N=\
(4) eid OEt N
- - S
AcO R
(10)
EtO O — Step 12
\ , (mesylation)
©) ~ MsO \R = -
Step 10 (reduction) (11)
Step 11
(deacetylation)
Y EtO OlNﬁf\
(10) > e . N
—
HO R
(13)
Step 13
(amination)
EtO OrNi?\
N
—
-
HNWM<::T R
| Boc”
(11) (7)
Step 7 Step 8 ?‘
hydrolysis (deprotection)
(hy Y ) 0O O N
- - ‘ —_ N
}'}Nllu. HNIM..C?’ R
Boc /
R? (1)
SCHEME 2
[0049]

(9) Step 9 (Horner-Emmons reaction)
Compound (4) is reacted with a suitable Horner-Emmons
reagent such as ethyl

(diethoxyphosphoryl) (methylsulfonyloxy)acetate or ethyl
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(acetoxy) (diethoxyphosphoryl)acetate in the presence of a
suitable base and in the presence or absence of a metal halide
such as lithium chloride to give compound (9) or (10). The
bases to be used in this step include 1,1,3, 3-
tetramethylguanidine, diisopropylethylamine, potassium tert-
butoxide, sodium hydride, n-butyllithium, lithium
diisopropylamide, lithium hexamethyldisilazane, sodium
hexamethyldisilazane, etc. The solvents to be used 1in the
reaction include tetrahydrofuran, diethylether, dioxane,
toluene, etc.; the reaction can be carried out at temperatures
ranging from -78°C to room temperature.

[0050]

(10) Step 10 (reduction)

Compound (9) or (10) is catalytically hydrogenated in a
hydrogen atmosphere using a catalyst such as palladium-
activated carbon, palladium hydroxide, or platinum-activated
carbon to give compound (1l1l) or (12). The splvents to be used
in this reaction include methanol, ethanol, isopropanol, ethyl
acetate, tetrahydrofuran, acetic acid, mixtures thereof, etc;
the reaction can be carried out at temperatures ranging from
room temperature to the reflux temperature.

[0051]
(11) Step 11 (deacetylation)

Compound (12) is reacted with a suitable base such as
potassium carbonate, sodium ethoxide, etc. to give compound
(13). The solvents to be used'in this reaction include
ethanol, tetrahydrofuran, diethyl ether, dioxane, toluene,

etc.; the reaction can be carried out at temperatures ranging
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from 0°C to room temperature.
[0052]
(12) Step 12 (mesylation)

Compound (13) is reacted with methanesulfonyl chloride in
the presence of a suitable base to give compound (11). The
bases to be used in this step include potassium carbonate,
cesium carbonate, triethylamine, diisopropylethylamine,
pyridine, 4-dimethylaminopyridine, etc. The solvents to be
used in this reaction include tetrahydrofuran, diethyl ether,
dioxane, toluene, dichloromethane, chloroform, acetonitrile,
etc.; the reaction can be carried out at temperatures ranging
from 0°C to room temperature.

[0053]
(13) Step 13 (amination)

Compound (1l1) is reacted with tert-butyl (3S)-pyrrolidin-
3-yl-carbamate 1n the presence of a suitable base to give
compound (7). The bases to be used in this step include
triethylamine, diisopropylethylamine, pyridine, 4-
dimethylaminopyridine, etc. The solvents to be used in this
reaction include tetrahydrofuran, diethyl ether, dioxane,
toluene, dichloromethane, chloroform, acetonitrile, N,N-
dimethylformamide, etc.; the reaction can be carried out at
temperatures ranging from 0°C to the reflux temperature.

From compound (7), the compound (I) of the present
invention can be synthesiZed by the same procedures as steps 7
and 8 described in production method 1.

[0054 ] Production Method 3

The compound (I) of the present invention, in which R is
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a hydrogen atom or a C;.;o alkyl group, R! is a hydrogen atom,
and R®* is a hydrogen atom can also be synthesized by the

following method (scheme 3).

[0055]

Step 14

(epoxidation) Step 15

(reduction)
O
Nﬁﬁh == ‘JL\/C’ EtO
EtO
O \ >4,
\R
(4) (14) Step 13
Step 12 (amination)
(mesylation)

HNm“<i:j"‘
806’

Step 7
(hydrolysis)

Step 8
(deprotection)

[0056]
(14) Step 14 (epoxidation)

Compound (4) is reacted with ethyl chloroacetate in the
presence of a suitable base to give compound (14). The bases
to be used in this step include sodium ethoxide, sodium
methoxide, potassium tert-butoxide, sodium hydride, n-

butyllithium, lithium diisopropylamide, lithium
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hexamethyldisilazane, sodium hexamethyldisilazane, etc. The
solvents to be used in this reaction include tetrahydrofuran,
diethyl ether, dioxane, toluene, etc.; the reaction can'be
carried out at temperatures ranging from -78°C to the reflux
temperature.

[0057])

(15) Step 15 (reduction)

Compound (14) is catalytically hydrogenated in a hydrogen
atmosphere using a catalyst such as palladium-activated
carbon, palladium hydroxide, or platinum-activated carbon to
give compound (13). The solvents to be used in this reaction
include ethanol, ethyl acetate, tetrahydrofuran, mixtures
thereof, etc; the reaction can be'carried out at temperatures
ranging from room temperature to the reflux temperature.

From compound (13), the compound (I) of the present
invention can be synthesized via four steps in production
method 2, i.e., step 12, step 13, step 7 and step 8, by taking
the same procedures.

[0058] Production Method 4

The compound (II) of the present invention, in which R is
a hydrogen atom or a C;_;o alkyl group, R' is a hydrogen atom,
and R? is a hydrogen atom can be synthesized by the following

method (scheme 4).
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[0059]
Step 16
(esterifiaction)
RPOH
———— .

Step 17
(hydrogenolylis or
hydrolysis)
Step 8 ?1

(deprotection)

0\?0 N:”'——»\N —

- T ~~— \ /

HM'<::] HMM<C:? j%\R
/
(17) R? ( II ) |
SCHEME 4

[0060]
(15) Step 16 (esterification)

Compound (8) is reacted with a chiral alcohol (RbOH) such
as (1R,2S)-1-phenyl-2-(pyrrolidin-1l-yl)propan-1-0l, (1R)-1-
phenylethanol, (1S,2R,5S)-5-methyl-2-(propan-2-
vl)cyclohexanol, or (3R)-3-hydroxy-4,4-dimethyldihydrofuran-
2(3H)-one using a condensing agent in the presence or absence
of a suitable base to give compound (15) and compound (16) as
diastereomers that are separable by silica gel column
chromatography. Suitable bases i1nclude triethylamine,
diisopropylamine, pyridine, 4-dimethylaminopyridine, etc. The
condensing agents to be used in this step include N-{3-

(dimethylamino )propyl]-N’ -ethylcarbodiimide hydrochloride,
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N,N’ -dicyclohexylcarbodiimide, di-lH-imidazol-1l-yl-methanone,
etc. The solvents to be used in the reaction include
dichloromethane, chloroform, 1,2-dichloroethane,
tetrahydrofuran, toluene, N,N-dimethylformamide, etc.; the
reaction can be carried out at temperatures ranging from 0°C
to the reflux temperature.

[0061]

(17) Step 17 (hydrogenolysis or hydrolysis)

Compound (15) is catalytically hydrogenated in a hydrogen
atmosphere using a catalyst such as palladium-activated
- carbon, palladium hydroxide, or platinum-activated carbon to
give compound (17). The solvents to be used in this reaction
include methanol, ethanol, isopropanol, ethyl acetate,
tetrahydrofuran, mixtures thereof, etc; the reaction can be
carried out at temperatures ranging from room temperature to
the reflux temperature. Alternatively, compound (15) is
hydrolyzed using a'suitable base to give compound (17). The
bases to be used in this step include 1lithium hydroxide,
sodium hydroxide, potassium hydroxide, etc. The solvents to be
used 1n this reaction include methanol, ethanol, isopropanol,
tetrahydrofuran, water, mixtures thereof, etc; the reaction
can be carried out at temperatures ranging from 0°C to the
reflux temperature.

From compound (17), the compound (II) of the present
invention can be synthesized by the same procedure as step 8
described in production method 1.

[0062] Production Method 5

The compound (II) of the present invention, in which R is
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a hydrogen atom or a C;.;0 alkyl group, R' is a Ci-10 alkyl
group, a Ci3.g cycloalkyl group, or a substituent having the
structure represented by the following formula Ia or 1Ib:

[0063]
O
O)Lo);,r,: (I a) fkf\’ (Ib)
R

where R’ is a C;_¢ alkyl group and R* is a C;.¢ alkyl group, a
C;.s cycloalkyl group, or a benzyl group, and R?’ is a hydrogen

atom can be synthesized by the following method (scheme 5).

[0064]
Step 18 ?1
HO : O N\ _ (esterifiaction) 0\%0 SN __
= z N
\ N e 2 ~ \ /
Nu G@R HN::...C?’ NR
(17) Boc (18)
Step 8 R
(deprotection) é O
T NN\ =
HNw~<::}' Z
RZ/ (n)
SCHEME 5
[0065]

(18) Step 18 (esterification)

Compound (17) is reacted with an alcohol such as
methanol, ethanol or propanol using a condensing agent in the
presence or absence of a suitable base to give compound (18).

Sultable bases include triethylamine, diisopropylamine,
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pyridine, 4-dimethylaminopyridine, etc. The condensing agents
to be used in this step include N-{3-(dimethylamino)propyl]-
N’ -ethylcarbodiimide hydrochloride, N,N’ -
dicyclohexylcarbodiimide, di-l1lH-imidazol-1l-yl-methanone, etc.
The solvents to be used in the reaction include
dichloromethane, chloroform, 1,2-dichloroethane,
tetrahydrofuran, toluene, N,N-dimethylformamide, etc.; the
reaction can be carried out at temperatures ranging from 0°C
to the reflux temperature. Alternatively, compound (17) 1is
reacted with an alkyl halide such as methyl i1odide, ethyl
iodide or propyl i1odide 1n the presence of a suitable base to
give compound (18). Suitable bases include potassium
carbonate, cesium carbonate, etc. The solvents to be used in
this reaction include tetrahydrofuran, toluene, N,6N-
dimethylformamide, acetone, etc.; the reaction can be carried
out at temperatures ranging from 0°C to the reflux
temperature. As a further approach, compound (17) is reacted
with an alcohol such as methanol, ethanol or propanol using a
suitable azd reagent in the presence of a suitable phosphine
reagent to give compound (18). Suitable phosphine reagents
include triphenylphosphine, tri-n-butylphosphine, tri-tert-
butylphosphine, etc. Suifable azo reagents include diethyl
azodicarboxylate, diisopropyl azodicarboxylate, tetramethyl
azodicarboxamide, azodicarbonyl dipiperidine, etc.

From compound (18), the compound (II) of the present
invention can be synthesized by the same procedures as step 8
described in production method 1.

[0066] Production Method 6
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The compound (II) of the present invention, in which R is
a hydrogen atom or a C;.1o alkyl group, R!' is a hydrogen atom,
and R®’ is a substituent having the structure represented by

the following formula Ic or Id:

[0067)
[ A
°Q 0
Ha O o_ﬁk OAL o, X
cht TC IR g GINTE"

can be synthesized by the following method (scheme 6).

[0068]

Step 19
(carbamate formation)

NO,
R{t) é) O
HO - O N=\ — 20 \;/ N:.-’-—-'\N —
\ // - . - ? ~= \ X
HZN:. CI /\/K@\R EjN"“'Gq | R
(I)

(19) R2
SCHEME 6

[0069]
(19) Step 19 (carbamate formation)

Compound (19) is reacted with active carbonate (20) to
give the compound (II) of the present invention. The sol?ents
to be used in this reaction include N,N-dimethylformamide,
N,N-dimethyl acetamide, N-methylpyrrolidone, tetrahydrofuran,
toluene, dichloromethane, chloroform, water, etc.; the
reaction can be carried out at temperatures ranging from 0°C
to the reflux temperature.

[0070] Production Method 7
The compound (II) of the present invention, in which R is

a hydrogen atom or a C;.;o alkyl group; R' is a C;.;, alkyl
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group, a Ci;.g cycloalkyl group or a substituent having the
structure represented by the following formula Ia or Ib:

[0071]

o R’ O
O‘o’u\o/"ﬂ- (Ia) . )’/"K\’ (Ib)

where R? is a C,.¢ alkyl group:
R* is a C;.¢ alkyl group, a C3.g cycloalkyl group, or a benzyl
group; and

R’ is a substituent having the structure represented by the

following formula Ic or Id:

[0072]
O <m1ji %L
3 O
G~ (X0 Hg/\\/ T (14
3 3 O
can be synthesized by the following method (scheme 7).
[0073]
1
?1 Step 8 ?
O 0 n=\ - (deprotection) O P N\

3 N N

. — \ ¢
HN!m.C?] KR g HZN“"'@MR
Boc’ (18) | | (21)

Step 19 (carbamate formation)

NO,
R1
RZ O/ |
~o O

(20) : N \
g HNm“<::j‘ ‘>\\R
RZ/ (II)
SCHEME 7

From compound (18), the compound (II) of the present
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invention can be synthesized via step 8 in production method
l and via step 19 in production method 6 by taking the same
procedures.

On the followling pages, the present invention 1is
described even more specifically by showing Reference
Examples, Examplés of the invention, and Tests.

Examples

[0074] The NH silica gel column chromatography as referred
to in the following Examples means purification by column
chromatographic separation using an NH2 type silica gel
(Chromatorex NH2 type; FUJI SILYSIA CHEMICAL LTD.) The diol
silica gel column chromatography means purification by column
chromatographic separation using a diol type silica gel
(Purif-Pack DIOL-60 um; Shoko Scientific Co., Ltd.) The
optical purities of compounds of the present invention were
calculated based on measurements under the following
conditions:

Column: CHIRALPACK AD-3, 49 x 250 mm, 3 um (DAICEL CHEMICAL
INDUSTRIES, LTD.)

Column temperature: 10°C

Flow rate: 1.0 mL/min

Detection: UV, 240 nm

Sample concentration: 1 mg/mL

Injection volume: 2 uL

Mobile phase: n-Hexane:IPA:TFA:DEA = 85:15:0.5:0.5

[0075] Reference Example 1

Synthesis of 4-(bromomethyl)-5-tert-butyl-1,3-dioxol-2-

one
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(1) Synthesis of benzyl 4,4-dimethyl-3-oxopentanoate

To a solution of methyl 4,4-dimethyl-3-oxopentanoate
(8.01 g) in toluene (150 ml), benzyl alcohol (12.14 g) and
lithium perchlorate (1.09 g) were added and the mixture was
heated under reflux for 5 hours. After removing the solvent in
vacuo, the resulting residue was purified by silica gel column
chromatography (eluent; n-hexane/ethyl acetate = 9:1) to give
the titled compound (9.64 g) as a pale yellow oil.

MS(ESI/APCI Dual) m/z 235 [M+H]"
[0076]
(2) Synthesis of [l1-(benzyloxy)-4,4-dimethyl-1,3-dioxopentan-
2-yvl]ldiazen-2-ium-1-ide

To a solution of benzyl 4,4-dimethyl-3-oxopentanoate
(9.63 g) in acetonitrile (200 ml), triethylamine (17.3 ml) and
4-(acetylamino)benzenesulfonyl azide (9.88 g) were added in
small portions under cooling with ice and the mixture was
stirred for an hour at the same temperature and for an
additional three hours at room temperature. The precipitating
crystal was recovered by filtration and the filtrate was
concentrated. The resulting residue was purified by silica gel
column chromatography (elueﬁt; n-hexane/ethyl acetate = 19:1
to 9:1) to give the titled compound (8.37 g) as a yvellow oil.

MS(ESI/APCI Dual) m/z 261 [M+H]®
[0077]
(3) Synthesis of benzyl 2-hydroxy-4,4-dimethyl-3-
oxopentanoate

To a solution of [l-(benzyloxy)-4,4-dimethyl-1, 3-

dioxopentan-2-yl]l]diazen-2-jum-1-ide (8.36 g) in a 2:1 mixture



CA 02773125 2012-03-02
WO 2011/0342135 PCT/JP2010/066637

34

(150 ml) of tetrahydrofuran and water, rhodium(II) acetate
(dimer) (75 mg) was added and the resulting mixture was
stirred for 3 hours at 90°C. Rhodium(II) acetate (dimer)
(79 mg) was then added and the resulting mixtﬁre was stirred
for an additional four hours at 90°C. Rhodium(II) acetate
(dimer) (281 mg) was further added and the resulting mixture
was stirred for an additional five hours at 90°C. The solvents
were removed in vacuo and after adding brine, extracting with
ethyl acetate was performed twice. After drying the combined
organic layers with anhydrous magnesium sulfate, the desiccant
was filtered off and the solvents were removed in vacuo. The
resulting residue was purified, first by silica gel column
chromatography (eluent; n-hexane/ethyl acetate = 85:15), then
‘by NH silica gel column chromatography (eluent; n-hexane/ethyl
acetate = 9:1) to give the titled compound (3.45 g) as a
vellow o1il.

MS(ESI/APCI Dual) m/z 273 [M+H]"
[0078]
(4) Synthesis of benzyl 5-tert-butyl-2-oxo-1,3-dioxol-4-
carboxylate '

To a solution of benzyl 2-hydroxy-4,4-dimethyl-3-
oxopentanoate (3.44 g) in tetrahydrofuran (70 ml),
diisopropylethylamine (179 mg) and di-lH-imidazol-1-yl-
methanone (4.44 g) were added under cooling with ice and the
mixture was stirred for an hour at the same temperature and
for an additional 5.5 hours at room temperature. To the
reaction mixture, an aqueous solution of 1 M HCl was added and

extracting with ethyl acetate was performed twice. After
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washing the combined organic layers with brine and drying the
same with anhydrous magnesium sulfate, the desiccant was
filtered off and the solvents were removed in vacuo. The
resulting residue was washed with n-hexane to give the titled
compound (1l.28 g) as a colorless powder.
MS(EI) m/z 276 [M]"

[0079]
(5) Synthesis of 5-tert-butyl-2-oxo-1,3-dioxol-4-carboxylic
acid

To a solution of benzyl 5-tert-butyl-2-oxo-1,3-dioxol-4-
carboxylate (2.52 g) in ethanol (45 ml), 20% palladium
hydroxide (50% hydrous; 129 mg) was added and the mixture was
stirred for an hour at room temperature under hydrogen purge.
The reaction mixture was filtered through Celite and the
solvent was removed 1in vaéuo to give the titled compound
(1.71 g) as an unpurified colorless powder.

MS(ESI/APCI Dual) m/z 185 [M-H]"

[0080]
(6) Synthesis of 4-tert-butyl-5-(hydroxymethyl)-1,3-dioxol-2-
one

To a solution of 5-tert-butyl-2-0oxo-1,3-dioxol-4-
carboxylic acid (1.70 g) in chloroform (50 ml), N,N-
dimethylformamide (70 ul) and oxalyl chloride (0.88 ml) were
added dropwise under cooling with ice and the mixture was
stirred for 30 minutes at the same temperature and for.an
additional hour at room temperature. The solvent was removed
in vacuo and after adding chloroform (45 ml) to the resulting

residue, the mixture was cooled to —-60°C. A solution of
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tetrabutylammonium borohydride (2.60 g) in chloroform (15 ml)
was added dropwise and the mixture was stirred for 1.5 hours
at the same temperature. To the reaction mikture, an aqueous
solution of 1 M HCl was added and the mixture was left to
stand until room temperature was reached; thereafter, brine
and chloroform were added to cause liquid separation. After
extracting the aqueous layer with chloroform, the organic
layers were combined and dried over anhydrous magnesium
sulfate; thereafter, the desiccant was filtered off and the
solvent was removed in vacuo. The resulting residue was
purified by silica gel column chromatography (eluent; n-
hexane/ethyl acetate = 3:2) to give the titled compound
(854 mg) as a colorless oil.

MS(EI) m/z 172 [M]®
[0081]
(7) Synthesis of 4-(bromomethyl)-5-tert-butyl-1,3-dioxol-2-
one

To a solution of 4-tert-butyl-5-(hydroxymethyl)-1,3-
dioxol-2-one (406 mg) in chloroform (5 ml), carbon
tetrabromide (943 mg) and triphenylphosphine (750 mg) were
added and the mixture was stirred for 18 hours at room
temperature. The solvent was removed in vacuo and the
resulting residue was purified by silica gel column
chromatography (eluent; n-hexane/ethyl acetate = 85:15) to
give the titled compound (490 mg) as a colorless oil.
MS(EI) m/z 234 [M]°
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.32 (s, 9 H), 4.29 (s,

2 H)
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[0082] Reference Example 2

Synthesis of 4-(bromomethyl)-5-(2-methylpropyl)-1, 3-

dioxol-2-one

Using ethyl 5-methyl-3-oxohexanoate instead of methyl
4,4-dimethyl-3-oxopentanoate, the procedures of (1) to (7) in
Reference Example 1 were’repeated to give the titled compound.

MS(EI) m/z 234 [M]"

'H NMR (300 MHz, CHLOROFORM-d) & ppm 0.99 (d, J=6.7 Hz,. 6H),
1.92 - 2.08 (m, 1 H), 2.31 (4, J=7.0 Hz, 2 H), 4.18 (s, 2 H)
[0083] Reference Example 3

Synthesis of 4-(bromomethyl)-5-cyclohexyl-1,3-dioxol-2-

one

Using ethyl 3-cyclohexyl-3-oxopropanoate instead of
methyl 4,4-dimethyl-3-oxopentanoate, the procedures of (1) to
(7) in Reference Example 1 were repeated to give the titled
compound.
'H NMR (300 MHz, CHLOROFORM-d) 8 ppm 1.16 - 1.57 (m, 5 H),
1.65 - 1.79 (m, 1 H), 1.80 - 1.93 (m, 4 H), 2.40 - 2.57 (m,
1H), 4.22 (s, 2 H)

{0084] Reference Example 4

Synthesis of 4-benzyl-5-(bromomethyl)-1,3-dioxol-2-one

Using ethyl 3-oxo-4-phenylbutanoate instead of methyl
4,4-dimethyl-3-oxopentanoate, the procedures of (1) to (7) in
Reference Example 1 were repeated to give the titled compound.

MS(EI) m/z 268[M]"

'H NMR (300 MHz, CHLOROFORM-d) & ppm 3.78 (s, 2 H), 3.97 (s,

2 H), 7.25 - 7.42 (m, 5 H)
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[0085] Example 1

Synthesis of (2S)-2-[(3S)-3-aminopyrrolidin-1-y1]-3-(4,5-

dihydroimidazo[l,5-alJquinolin-3-yl)propanoic acid

trihydrochloride

(1) Synthesis of ethyl 4,5-dihydroimidazo{[l,5-alquinoline-3-
carboxylate
To a solution of 3,4-dihyvdroquinolin-2(1H)-one (50 g) in
tetrahydrofuran (1 L), potassium tert-butoxide (46 g) was
added under cooling with ice and the mixture was stirred for
30 minutes at the same temperature. Diethyl chlorophosphate
(70 g) was added and after stirring the mixture for 30 minutes
at the same temperature, ethyl isocyanoacetate (31 g) and
potassium tert-butoxide (46 g) were added at -30°C and the
mixture was stirred for an hour at room temperature. To the
reaction mixture, an aqueous solution of 15% citric acid was
added and extracting with ethyl acetate and washing with brine
were performed. After drying over anhydrous sodium sulfate,
the desiccant was filtered off and the solvents were removed
in vacuo. The resulting residue was purified by silica gel
column chromatography (eluent; n-hexane/ethyl acetate = 1:1 to
1:3) to give the titled compond (64.4 g) as a brown powder.
MS(ESI/APCI Dual) m/z 243 [M+H]"

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.43 (t, J=7.2 Hz, 3H),

2.96 (t, J=7.2 Hz, 2 H), 3.35 (t, J=7.2 Hz, 2 H), 4.41 (q,

J=7.2 Hz, 2 H), 7.20 - 7.30 (m, 1 H), 7.30 - 7.41 (m, 2 H),

7.42 - 7.52 (m, 1 H), 8.03 (s, 1 H)
[0086]

'(2) Synthesié of 4,5-dihydroimidazofl,5-alquinolin-3-yl-
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methanol
To a solution of ethyl 4,5-dihydroimidazo[1l,5-

alquinoline-3-carboxylate (56.4 g) in tetrahydrofuran
(583 ml), lithium aluminum hydride (10.6 g) was added under
coolihg with ice and the mixture was stirred for an hour at
the same temperature. Ethy acetate and water were added to the
reaction system and the mixture was filtered; brine was added
to the filtrate and the mixture was subjected to extraction
with chloroform. After drying over anhydrous sodium sulfate,
the desiccant was filtered off and the solvents were removed
in vacuo to give the titled compound (50.1 g) as a brown oil.

'H NMR (300 MHz, CHLOROFORM-d) O ppm 2.84 - 3.07 (m, 4 H),

4.64 (s, 2 H), 7.14 - 7.25 (m, 1 H), 7.27 - 7.37 (m, 2 H),

7.40 - 7.45 (m, 1 H), 8.00 (s, 1 H)
[0087]
(3) Synthesis of 4,5-dihydroimidazo[l,5-alJquinoline-3-
carbaldehyde

To a solution of 4,5-dihydroimidazo[l,5-ajquinolin-3-yl-

methanol (50.1 g) in chloroform (777 ml), manganese dioxide
(101 g) was added and the mixture was stirred for 15 hours at
room temperature. The reaction system was filtered through
Celite and the solvent was removed 1in Vécuo. The resulting
powder was washed with 1:1 n-hexane/ethyl acetate to give the
titled compound (20 g) as a light brown powder.

- MS(ESI/APCI Dual) m/z 199 [M+H]"

'H NMR (300 MHz, CHLOROFORM-d) & ppm 2.97 (t, J=7.2 Hz,

2 H), 3.35 (t, J=7.2 Hz, 2 H), 7.21 - 7.31 (m, 1 H), 7.31 -

7.42 (m, 2 H), 7.42 - 7.54 (m, 1 H), 8.07 (s, 1 H), 10.02
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(s, 1 H)
[0088]
(4) Synthesis of ethyl (2Z)-2-(acetoxy)-3-(4,5-
dihydroimidazo[l,5-alJgquinolin-3-yl)-2-propenoate and ethyl
(2E)-2-(acetoxy)-3-(4,5-dihydroimidazo[l,5-alJquinolin-3-yl)-2-
propenoate

To a solution of ethyl

(acetoxy) (diethoxyphosphoryl)acetate (26.7 g) in
tetrahydrofuran (200 ml), lithium chloride (3.99 g) was added,
fdllowed by dropwise addition of 1,1,3,3-tetramethylguanidine
(11.0 g) at -78°C and the mixture was stirred for 25 minutes
‘at the same temperautre. Subsequently, a solution of 4,5-
dihydroimidazo[l,5-alquinoline-3-carbaldehyde (14.4 g) in
tetrahydrofuran (800 ml) was added dropwise and the mixture
was stirred for 30 minutes at the same temperature. After
stirring the mixture for an additional 1.5 hours at room
temperature, a saturated aqueous solution of ammonium chloride
(200 ml) was added under cooling with ice to quench the
reaction. Water (500 ml) was added to separate the organic
layer, which was then concentrated. The residue was dissolved
in chloroform (1000 ml); after extracting the previously
obtained aqueous layer, the organic layer was washed with
brine. After drying over anhydrous magnesium sulfate, the
desiccanf was filtered off and the solvents were removed 1n
vacuo to give the titled compound (34.0 g; a mixture of E and
Z forms) as an unpurified orange oil. A 3.38 g (ca. 10%)
portion of the o0il was purified by silica gel column

chromatography (eluent: chloroform/ethyl acetate = 80:20 to
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50:50), then by another run of silica gel column
chromatography (eluent: n-hexane/ethyl acetate = 65:35 to
20:80); the resulting powder was washed with n-hexane to give
the two titled compounds as a colorless powder, i.e., the low-
polarity compound ethyl (2Z)-2-(acetoxy)-3-(4,5-
dihydroimidazo[l,5-alJquinolin-3-yl)-2-propenoate (588 mg) and
the high-polarity compound ethyl (2E)-2-(acetoxy)-3-(4,5-
dihydroimidazo[l,5-alJquinolin-3-yl)-2-propenoate (1.22 g).

Ethyl (2Z)-2-(acetoxy)-3-(4,5-
dihydroimidazo{l,5-alJquinolin-3-yl)-2-propenoate

MS(ESI/APCI Dual) m/z 327 [M+H]"

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.34 (t, J=7.1 Hz,

3 H), 2.40 (s, 3 H), 2.90 - 2.98 (m, 2 H), 3.00 - 3.09 (m,

2 H), 4.30 (q, J=7.1 Hz, 2 H), 7.18 - 7.25 (m, 1 H), 7.29 -

7.37 (m, 3 H), 7.39 - 7.45 (m, 1 H), 8.06 (s, 1 H)

Ethyl (2E)-2-(acetoxy)-3-(4,5-
dihydroimidazo[l,5-alquinolin-3-yl)-2-propenoate

MS(ESI/APCI Dual) m/z 327 [M+H]’

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.25 (t, J=7.1 Hz,

3 H), 2.25 (s, 3 H), 2.79 - 2.95 (m, 4 H), 4.25 (g, J=7.1

Hz, 2 H), 6.69 (s, 1 H), 7.15 - 7.24 (m, 1 H), 7.28 - 7.38

(m, 2 H), 7.40 - 7.47 (m, 1 H), 8.04 (s, 1 H)
[0089]
(5) Synthesis of ethyl 2-(acetoxy)-3-(4,5-
dihydroimidazol[l,5-alquinolin-3-yl)propanoate

The unpurified ethyl 2-(acetoxy)-3-(4,5-

dihydroimidazol[l,5-alJquinolin-3-yl)-2-propenoate (30.6 g; a

mixture of E and Z forms), as obtained in the previous
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reaction, was dissolved in 1l:1 ethanol/tetrahydrofuran
'(200 ml); to the resulting solution, 5% palladium-activated
carbon (52% hydrous; 8.1 g) was added and the mixture was
stirred for 67 hours at room temperature udner hydrogen purge.
Another portion of palladium-activated carbon (52% hydrous:
4.0 g) was added and the mixture was stirred for 24 hours at
room temperature udner hydrogen purge. The reaction mixture
was passed through Celite and the solvents were removed in
vacuo. The resulting residue was purified by NH silica gel
column chromatography (eluent: chloroform), then by silica gel
column chromatography (eluent: n-hexane/ethyl acetate = 1l:1 to
1:3) to give the titled compound (16.5 g) as a yellow oil.
MS(ESI/APCI Dual) m/z 329 [M+H]’

'H NMR (300 MHz, CHLOROFORM-d) § ppm 1.26 (t, J=7.1 Hz,

3 H), 2.09 (s, 3 H), 2.90 (s, 4 H), 3.05 - 3.21 (m, 2 H),

4.21 (q, J=7.1 Hz, 2 H), 5.25 - 5.30 (m, 1 H), 7.14 - 7.21

(m, 1 H), 7.28 - 7.34 (m, 2 H), 7.39 - 7.44 (m, 1 H), 7.95

(s, 1 H)
[0090]
(6) Synthesis of ethyl 3-(4,5-
dihydroimidazo[l,5-ajJquinolin-3-yl)-2-hydroxypropanoate

To a solution of ethyl 2-(acetoxy)-3-(4,5-

dihydroimidazo[l,5-alJquinolin-3-yl)-2-propanoate (16.5 g) in
ethanol (150 ml), sodium ethoxide (15.3 g as 20% ethanol
solution) was added and the mixture was stirred for 3 hours at
room temperature. The reaction mixture was evapolated under
reduced pressure until 1ts volume decreased to about a quarter

of the initial value; thereafter, a saturated aqueous solution
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of ammonium chloride (100 ml) was added and extracting with
chloroform was performed. The organic layer was washed with
brine and after drying over anhydrous magnesium sulfate, the
desiccant was filtered off and the solvents were removed in
vacuo to give the titled compound (12.0 g) as an unpurified
light brown powder.
MS(ESI/APCI Dual) m/z 287 [M+H]®

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.27 (t, J=7.1 Hz,

3 H), 2.82 - 2.93 (m, 4 H), 2.94 - 3.14 (m, 2 H), 4.14 -

4.27 (m, 2 H), 4.49 - 4.58 (m, 1 H), 7.14 - 7.21 (m, 1 H),

7.27 - 7.34 (m, 2 H), 7.38 - 7.43 (m, 1 H), 7.95 (s, 1 H)
[0091]
(7)) Synthesis of ethyl 2-{(3S)-3-[(tert-
butoxycarbonyl )amino]pyrrolidin-1-yl}-3-(4,5-
dihydroimidazo[l,5-alJquinolin-3-yl)propanoate

To a solution of ethyl 3-(4,5-

dihydroimidazo[l,5-alquinolin-3-yl)-2-hydroxypropanoate
(1.25 g) in chloroform (25 ml),'methanesulfonyl chloride
(0.51 ml) was added under cooling with ice, followed by
dropwise addition of triethylamine (1.85 ml) and stirring for
an hour at the same temperature. Brine was added to the
reaction mixture and extracting with chloroform was performed.
After drying over anhydrous magnesium sulfate, the desiccant
was filtered off and the solvent was removed in vacuo. The
residue was dissolvd in chloroform (25 ml) and after adding
tert-butyl (3S)-pyrrolidin-3-yl-carbamate (2.45 g) and
triethylamine (2.45 ml), the mixture was stirred for 16 hours

at 60°C. Brine was added to the reaction mixture and
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extracting with chloroform was performed. After drying over
anhydrous magnesium sulfate, the desiccant was filtered off
and the solvent was removed in vacuo. The residue was purified
by silica gel column chromatography (eluent: ethyl acetate —
chloroform/methanol = 95:5), then by NH silica gel column
chromatography (eluent: n-hexane/ethyl acetate = 2:3 to 0:1),
and again by silica gel column chromatography (eluent: ethyl
acetate — chloroform/methanol = 90:10) to give the titled
compound (l1.14 g) as a pale yellow gum.
MS(ESI/APCI Dual) m/z 455 [M+H]"
'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.13 - 1.21 (m, 3 H),
1.41 , 1.43 (S, 9 H), 1.54 - 1.70 (m, 1 H), 2.08 - 2.26 (m,
1 H), 2.58 - 2.79 (m, 2 H), 2.82 - 3.11 (m, 8 H), 3.67 -
3.74 (m, 1 H), 4.00 - 4.20 (m, 3 H), 4.95 - 5.23 (m, 1 H),
7.12 - 7.20 (m, 1 H), 7.26 - 7.33 (m, 2 H), 7.38 - 7.43 (m,
1 H), 7.94, 7.95 (S, 1 H)
[0092]
(8) Synthesis of (1R)-l-phénylethyl (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl)amino]pyrrolidin-1-y1}-3-(4,5-
dihydroimidazo[l,5-alJquinolin-3-yl)propanoate
To a solution of ethyl 2-{(35)-3—f(tert—
butoxycarbonyl )amino]pyrrolidin-1-yl1}-3-(4,5-
dihydroimidazo[l,5-alJquinolin-3-yl)propanoate (96 mg) in
methanol (3 ml), an aqueous solution of 2 M sodium hydroxide
(2 ml) was added and the mixture was stirred for an hour at
60°C. The reaction mixture was evapolated under reduced
pressure; after adding water, the aqueous layer was washed

with ethyl acetate. The aqueous layer was neutralized with an
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aqueous solution of 1 M HCl and after adding sodium chloride,
extraction was performed with chloroform and then with a mixed
solvent of 5:1 chloform/methanol. After drying over anhydrous
magnesium sulfate, the desiccant was filtered off and the
solvents were removed in vacuo. The resulting residue was
dissoslved in chloroform (2 ml) and after adding (1R)-1-
phenylethanol (34 mg), 4-dimethylaminopyridine (4 mg) and N-
[3-(dimethylamino)propyl]-N’ -ethylcarbodiimide hydrochloride
(52 mg), the mixture was stirred for 15 hours at room
temperature. The reaction mixture was purified by silica gel
column chromatography (eluent: ethyl acetaté —>
chloroform/methanol = 95:5), then by another run of silica gel
column chromatography (eluent: ethyl acetate/2-propanol =
95:5) to give the titled compound (21 mg) as a colorless gum
of low-polarity compound.
MS(ESI/APCI Dual) m/z 531 [M+H]"

'H NMR (300 MHz, CHLOROFORM-d) 8 ppm 1.38 (d, J=6.5 Hz,

3 H), 1.40 (s, 9 H), 1.51 - 1.75 (m, 1 H), 1.98 - 2.14 (m,

1 H), 2.53 - 2.72 (m, 2 H), 2.74 - 3.06 (m, 8 H), 3.80 (t,

J=7.7 Hz, 1 H), 4.02 - 4.14 (m, 1 H), 5.07 - 5.16 (m, 1 H),

5.85 (q, J=6.5 Hz, 1 H), 7.12 - 7.19 (m, 1 H), 7.21 - 7.34

(m, 7 H), 7.37 - 7.43 (m, 1 H), 7.95 (s, 1 H)
[0093]
(9) Synthesis of (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl )amino]pyrrolidin-1-yl1l}-3-(4,5-
dihydroimidazof[l,5-alquinolin-3-yl)propanoic acid

To a solution of (1R)-1-phenylethyl (2S)-2-{(3S)-3-

[ (tert-butoxycarbonyl )aminol}pyrrolidin-1-yl}-3-(4,5-
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dihydroimidazo[l,5-alJquinolin-3-yl)propanoate (231 mg) in
methanol (20 ml), 10% palladium—activated carbon (100 mg) was
added and the mixture was stirred for 9 hours at room
temperature under hydrogen purge. The reaction mixture was
filtered through Celite and the solvent was removed 1n vacuo.

The resulting residue was purified by silica gel column

chromatography (eluent: chloroform/methanol 9:1 to 7:3). To
a solution of the recovered material (10 mg) in'methanol
(2 ml), 10% palladium-activated carbon (20 mg) was added and
the mixture was stirred for 16 hours at room temperature under
hydrogen purge. The reaction mixture was filtered through
Celite and the solvent was removed in vacuo. The resulting
residue was purified by silica gel column chromatography
(eluent: chloroform/methanol = 9:1 to 7:3). The broducts were
combined to give the titled compound (195 mg) as a.colorless
powder.
MS(ESI/APCI Dual) m/z 427 [M+H]"
'H NMR (600 MHz, CHLOROFORM-d) & ppm 1.42 (s, 9 H), 2.03 -
2.117 (m, 1 H), 2.23 - 2.32 (m, 1 H), 2.87 - 2.97 (m, 4 H),
3.11 - 3.20 (m, 1 H), 3.28 - 3.62 (m, 4 H), 3.70 - 3.80 (m,
l H), 3.86 - 3.95 (m, 1 H), 4.38 - 4.47 (m, 1 H), 6.56 -
6.68 (m, 1 H), 7.18 - 7.24 (m, 1 H), 7.27 - 7.34 (m, 2 H),
7.38 - 7.42 (m,.l H), 8.03 - 8.10 (m, 1 H)
[0094]
(10) Synthesis of (2S)-2-[(3S)-3-aminopyrrolidin-1-yl}-3-
(4,5-dihydroimidazo[l,5-alquinolin-3-yl)propanoic acid
trihydrochloride

An aqueous solution of 6 M HCl (4 ml) having (2S)-2-
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{(3S)-[(tert-butoxycarbonyl)amino]pyrrolidin-1-y1}-3-(4,5-
dihydroimidazo[l,5-alJquinolin-3-yl)propanoic acid (195 mg)
dissolved therein was stirred for 2 hours at room temperature
and, thereafter, the solvent was removed in vacuo to give the
titled compound (compound 1l; 180 mg) as a light brown
amorphous mass . ‘
MS(ESI/APCI Dual) m/z 327 [M+H]"
'H NMR (600 MHz, DEUTERIUM OXIDE) & ppm 2.26 - 2.36 (m,
1 H), 2.70 - 2.77 (m, 1 H), 2.96 - 3.07 (m, 4 H), 3.36 -
3.43 (m, 1 H), 3.51 - 3.58 (m, 1 H), 3.66 - 3.73 (m, 1 H),
3.77 - 3.83 (m, 1 H), 3.86 - 3.92 (m, 1 H), 3.96 - 4.02 (m,
1 H), 4.08 - 4.17 (m, 1 H), 4.26 - 4.34 (m, 1 H), 7.42 -
7.51 - (m, 3 H), 7.70 (4, J=7.8 Hz, 1 H), 9.29 (s, 1 H)
[@],” = +28.1 (c = 0.25, H,0)
Optical purity: >»99%ee
r.t. :15.30 min
[0095] Example 2

Synthesis of (2S)-2-[(3S)-3-aminopyrrolidin-1-yl1l]-3-(7-

methyl-4,5-dihydroimidazo[1l,5-ajJquinolin-3-yl)propanoic acid

trihydrochloride

(1) Synthesis of ethyl 7-methyl-4,5-dihydroimidazo[l,5-
alquinoline-3-carboxylate

Using 6-methyl-3,4-dihydrogquinolin-2(1H)-one (3.3 g),
reaction and purification were performed by repeating the
procedures of (1) in Example 1 to give the titled compound
(2.14 g) as'a colorless powder.

MS(ESI/APCI Dual) m/z 279 [M+Na]®

'H NMR (300 MHz, CHLOROFORM-d) & ppm 1.42 (t, J=7.1 Hz,
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3 H), 2.37 (s, 3 H), 2.87 - 2.94 (m, 2 H) , 3.29 - 3.37 (m,
2 H), 4.40 (q, J=7.1 Hz, 2 H), 7.11 - 7.16 (m, 2 H), 7.33 -
7.37 (m, 1 H), 7.98 (s, 1 H)
[0096]
'(2) Synthesis of 7-methYl-4,5—dihydroimidazo[l,5-a]quinoline-
3-carbaldehyde
A solution of ethyl 7-methyl-4,5-dihydroimidazo[1l,5-
alJquinoline-3-carboxylate (2.98 g) in tetrahydrofuran (35 ml)
was cooled to -78°C and after adding diisobutylaluminum
hydride (59.0 ml as 1.01 M toluene solution) dropwise, the
mixture was stirred for an hour at the same temperature.
Methanol (10 ml) was added to quench the reaction; thereafter,
an aqueous solution of 15% citric acid (25 ml) Qas added and
the mixture was stirred for an hour at room temperature. After
ektracting with chloroform, the organic layer was washed with
brine. After drying over anhydrous magnesium sulfate, the
desiccant was filtered off and the solvents were removed in
vacuo. The resulting residue was purified by silica gel column
chromatography (eluent: chloroform/ethyl acetate = 7:3 to 1:1)
to give the titled compound (2.03 g) as a coloress powder.
MS(ESI/APCI Dual) m/z 213 [M+H]"
'H NMR (300 MHz, CHLOROFORM-d) § ppm 2.38 (s, 3 H), 2.89 -
2.96 (m, 2 H), 3.29 - 3.37 (m, 2 H), 7.13 - 7.19 (m, 2 H),
7.36 (d, J=8.7 Hz, 1 H), 8.03 (s, 1 H), 10.00 (s, 1 H)
[0097]
(3) Synthesis of ethyl 2-(acetoxy)-3-(7-methyl-4,5-
dihydroimidazo[l,5-a]quinolin—3-yl)-2-propenoate

To a solution of ethyl
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(acetoxy) (diethoxyphosphoryl)acetate (3.91 g) in
tetrahydrofuran (95 ml), lithium chloride (522 mg) was added,
followed by dropwise addition of 1,1,3,3-tetramethylguanidine
(1.42 g) at -78°C, and the mixture was sti;:red for 15 minutes
at the same temperature. A solution of 7-methyl-4,5-
dihydroimidazo[l,5-alJquinoline-3-carbaldehyde (2.01 g) in
tetrahydrofuran was added dropwise and the mixture was stirred
for 3 hours as the temperature was raised from —-78°C to room
temperature. A saturated aqueous solution of ammonium chloride
was added under cooling with ice‘to quench the reaction. After
evaporating the solvent, brine was added to the residue and
extracting with chloroform was performed. After drying the
organic layer with anhydrous sodium sulfate, the desiccant was
filtered off and the solvents were removed in vacuo. The
resulting residue was purified by silica gel column
chromatography (eluent: chloroform/ethyl acetate = 1:1) to

givé the titled compound (4.47 g) as a pale yellow powder.

'H NMR (300 MHz, CHLOROFORM-4d) § ppm 1.20 - 1.43 (m, 3 H),
2.22, 2.25 (s, 3 H), 2.35 (s, 3 H), 2.78 - 3.06 (m, 4 H),
4.15 - 4.37 (m, 2 H), 6.68, 7.35 (s, 1 H), 7.09 - 7.17 (m,

2 H)Y, 7.28 - 7.34 (m, 1 H), 7.98 - 8.02 (m, 1 H)

[0098]
(4) Synthesis of ethyl 2-(acetoxy)-3-(7-methyl-4,5-
dihydroimidazo[1,5-a]quiﬁolin-3-yl)propanoate

To a solution of ethyl 2-(acetoxy)-3-(7-methyl-4,5-
dihydroimidazo[l,5-aljquinolin-3-yl)-2-propenoate (4.47 g) in
2:1 ethanol/tetrahydrofuran (71 ml), 10% palladium-activated

carbon (894 mg) was added and the mixture was stirred for
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15 hours at room temperature under hydrogen purge. The
reaction mixture was filtered through Celite and the solvents
were removed in vacuo to give the titled compound (4.42 g) as

an unpurified dark yellow oil.

'H NMR (300 MHz, CHLOROFORM-d) § ppm 1.17 - 1.43 (m, 3 H),
2.09 (s, 3 H), 2.36 (s, 3 H), 2.88 (s, 4 H), 3.04 - 3.26 (m,
2 H), 4.18 - 4.41 (m, 2 H), 5.21 - 5.33 (m, 1 H), 7.07 -

7.20 (m, 2 H), 7.30 - 7.36 (m, 1 H), 8.03 (s, 1 H)

[0099]
(5) Synthesis of ethyl 2-hydroxy-3-(7-methyl-4,5-
dihydorimidazo[l,5-alJquinolin-3-yl)propanoate

To a solution of ethyl 2-(acetoxy)-3-(7-methyl-4,5-
dihydorimidazo[l,5-alJquinolin-3-vyl)propanoate (4.42 g) in
ethanol (47 ml), sodium ethoxide (3.22 g as 20%.ethanol
solution) was added and the mixture was stirred for 3 hours at
room temperature. The reaction mixture was evapolated under
reduced pressure and after adding a saturated aqueous solution
of ammonium chloride and brine, extracting with chloroform was
performed. After drying the organic layer with anhydrous
sodium sulfate, the desiccant was filtered off and the
solvents were removed in vacuo. The reéulting residue was
purified by silica gel column chromatography (eluent: n-
hexane/ethyl acetate = 1:1 to 1:4) to give the titled compound
(1.80 g) as a pale yellow powder.

MS(ESI/APCI Dual) m/z 301 [M+H]"

'H NMR (300 MHz, CHLOROFORM-d) § ppm 1.26 (t, J=7.1 Hz,
3 H), 2.35 (s, 3 H), 2.85 (s, 4 H), 2.92 - 3.15 (m, 2 H),

4.07 - 4.31 (m, 2 H), 4.46 - 4.62 (m, 1 H), 7.04 - 7.15 (m,
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2 H), 7.27 - 7.34 (m, 1 H), 7.91 (s, 1 H)

[0100]
(6) Synthesis of ethyl 2—{(38)—3—[(tert-butoxycarbonyl)-
amino]pyrrolidin-1-yl}-3-(7-methyl-4,5-dihydroimidazof1l,5-
alJquinolin-3-yl)propanoate

Using ethyl 2-hydroxy-3-(7-methyl-4,5-
dihydroimidazo[1l,5-alJquinolin-3-yl)propanoate (1.80 g),
reaction and purification were performed by repeating the
procedures of (7) in Example 1 to give the titled compound
(2.80 g) as a yellow oil.

MS(ESI/APCI Dual) m/z 469 [M+H]"

'H NMR (300 MHz, CHLOROFORM-d4) § ppm 1.09 - 1.21 (m, 3 H),
1.42, 1.43 (s, 9 H), 1.55 - 1.72 (m, 1 H), 2.07 - 2.27 (m,
l1 H), 2.34 (s, 3 H), 2.52 - 3.10 (m, 10 H), 3.62 - 3.76 (m,
1 H), 3.98 - 4.24 (m, 3 H), 4.92 - 5.28 (m, 1 H), 7.04 -

7.14 (m, 2 H), 7.24 - 7.32 (m, 1 H), 7.911, 7.905 (s, 1 H)

[0101]
(7) Synthesis of 2-{(3S)-3-[(tert-butoxycarbonyl)-
amino]pyrrolidin-l—yl}-3-(7—methyl—4,5-dihydroimidazo[1,5-
alJquinolin-3-yl)propanoic acid

To a solution of ethyl 2-{(3S)-3-[(tert-butoxycarbonyl)-
amino]pyrrolidin-1-yl}-3-(7-methyl-4,5-dihydroimidazo[1l, 5-
alquinolin-3-yl)propanoate (2.80 g) in methanol (30 ml), an
aqueous solution of 2 M sodium hydroxide (14.9 ml) was added
and the mixture was stirred for 2 hours at 60°C. The reaction
'mixture was evapolated under reduced pressure and after adding
water, the aqueous layer was washed with diethyl ether. The

agqueous layer was neutralized with an aqueous solution of 15%
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citric acid and extracting was performed with 5:1
chloroform/methanol. After drying over anhydrous sodium
sulfate, the desiccant was filtered off and the solvents were
removed in vacuo. The resulting residue was purified by silica
gel column chromatography (eluent: chloroform/methanol = 10:1
to 4:1) to give the titled compound (2.63 g) as a light brown
powder.

MS(ESI/APCI Dual) m/z 441 [M+H]"

'H NMR (300 MHz, CHLOROFORM-d) § ppm 1.41 (s, 9 H), 1.94 -

2.15 (m, 1 H), 2.15 - 2.33 (m, 1 H), 2.33 (s, 3 H), 2.76 -

2.98 (m, 4 H), 2.98 - 3.84 (m, 6 H), 3.89 (t, J=6.2 Hz, 1

H), 4.33 - 4.53 (m, 1 H), 6.81 - 6.98 (m, 1 H), 7.03 - 7.15

(m, 2 H), 7.2 - 7.34 (m, 1 H), 7.96, 7.97 (s, 1 H)
[0102]
(8) Synthesis of (1R)-1-phenylethyl (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl ) -amino]pyrrolidin-1-yl}-3-(7-methyl-4,5-
dihydroimidazo[l,5-alquinolin-3-yl)propanoate

To a solution of 2-{(3S)-3-[(tert-butoxycarbonyl)-

amino]lpyrrolidin-1-yl1l}-3-(7-methyl-4,5-dihydroimidazo[1l,5-
alquinolin-3-yl)propanoic acid (2.23 g) in chloroform (25 ml),
(1R)-1-phenylethanol (927 mg), 4-dimethylaminopyridine (62 mg)
and N-[3-(dimethylamino)propyl]-N’-ethylcarbodiimide
hydrochloride (1.46 g) were added and the mixture was stirred
for 15 hours at room temperature. After adding a saturated
solution of sodium hydrogencarbonate, extracting with
chloroform was performed. After drying over anhydrous sodium
sulfate, the desiccant was filtered off and the solvent was

removed in vacuo. The resulting residue was purified by silica
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gel column chromatography (eluent: n-hexane/ethyl acetate =
1:1 to 1:4) to give the titled compound (660 mg) as a brown
olil.

MS(ESI/APCI Dual) m/z 545 [M+H]*

'H NMR (300 MHz, CHLOROFORM-d4) § ppm 1.32 - 1.49 (m, 12 H),

1.51 - 1.72 (m, 1 H), 1.98 - 2.16 (m, 1 H), 2.34 (s, 3 H),

2.50 - 3.07 (m, 10 H), 3.79 (t, J=7.7 Hz, 1 H), 4.01 - 4.15
(m, 1 H), 5.07 - 5.20 (m, 1 H), 5.84 (q, J=6.5 Hz, 1 H),

7.03 - 7.14 (m, 2 H), 7.22 - 7.36 (m, 6 H), 7.92 (s, 1 H)

[0103]
(9) Synthesis of (25)-2-{(3S)-3-[(tert-butoxycarbonyl) -
amino]pyrrolidin-1-yl}-3-(7-methyl-4,5-dihydroimidazo[1l, 5-
alquinolin-3-yl)propanoic acid

To a solution of (1R)-1l-phenylethyl (2S)-2-{(3S)-3-
[ (tert-butoxycarbonyl)-amino]pyrrolidin-1-yl}-3-(7-methyl-4,5-
dihydroimidazo[l,5-ajquinolin-3-yl)propanoate (660 mg) in
methanol (12 ml), 10% palladium-activated carbon (132 mg) was
added and the mixture was stirred for 5 hours at 60°C under
hydrogen purge. The reaction mixture was filtered through
Celite and the solvent was removed in vacuo. The resulting

residue was purified by silica gel column chromatography

(eluent: chloroform/methanol = 10:1) to give the titled

compound (280 mg) as a light brown powder.

MS(ESI/APCI Dual) m/z 441 [M+H]"

'H NMR (300 MHz, CHLOROFORM-d) § ppm 1.42 (s, 9 H), 2.08 (br.
s, 1 H), 2.18 - 2.33 (m, 1 H), 2.34 (s, 3 H), 2.75 - 2.99
(m, 4 H), 3.01 - 3.19 (m, 1 H), 3.21 - 3.59 (m, 3 H), 3.69 -

3.85 (m, 1 H), 3.89 (t, J=6.1 Hz, 1 H), 4.30 - 4.54 (m, 1
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H), 6.77 - 6.93 (m, 1 H), 7.03 - 7.17 (m, 1 H), 7.23 - 7.33

(m, 2 H), 7.97 (s, 1 H)
[0104]
(10) Synthesis of (2S)-2-[(3S)-3-aminopyrrolidin-1-y1]-3-(7-
methyl-4,5-dihydroimidazo[l,5-alJquinolin-3-yl)propanoic acid
trihydrochloride

To a suspension of (2S)-2-{(3S)-3-[(tert-butoxycarbonyl) -
amino]pyrrolidin-1-yl}-3-(7-methyl-4,5-dihydroimidazo[l, 5-
aljquinolin-3-yl)propanoic acid (140 mg) in ethyl acetate
(1.59 ml1), a 4 M HC1 solutibn in ethyl acetate (1.59 ml) was
added and the mixture was stirred for 4 hours at room
temperature; thereafter, the solvent was removed 1n vacuo to
give the titled compound (compound 2; 110 mg) as a brown
powder.
MS(ESI/APCI Dual) m/z 341 [M+H]®

'H NMR (600 MHz, DEUTERIUM OXIDE) 6 ppm 2.23 - 2.33 (m,

1 H), 2.37 (s, 3 H), 2.67 - 2.77 (m, 1 H), 2.96 (s, 4 H),

3.30 - 3.38 (m, 1 H), 3.44 - 3.52 (m, 1 H), 3.61 - 3.69 (m,

1 H), 3.73 - 3.80 (m, 1 H), 3.82 - 3.90 (m, 1 H), 3.90 -

3.96 (m, 1 H), 3.96 - 4.02 (m, 1 H), 4.22 - 4.33 (m, 1 H),

7.26 - 7.35 (m, 2 H), 7.55 - 7.63 (m, 1 H), 9.21 (s, 1 H)
[0105] Example 3

Synthesis of (2S)-3-(4,5-dihydroimidazo{1l,5-ajquinolin-3-

y1l)-2-{(3S)-3-[({1-[(2-

methylpropanoyl)oxylethoxy}carbonyl)amino]pyrrolidin-1-

yl)}propanoic acid

(1) Synthesis of (2S)-2-[(3S)-3-aminopyrrolidin-1l-y1l]-(3-

(4,5-dihydroimidazol[l,5-alJquinolin-3-yl)propanoic acid
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To a solution of (2S5)-2-{(3S)-3-[(tert-
butoxycarbonyl )amino]pyrrolidin-1-yv1}-(3-(4,5-
dihydroimidazo[l,5-alJquinolin-3-yl)propanoic acid (400 mg) in
ethyl acetate (10ml), a 4 M HCl solution in ethyl acetate
(10 ml) was added and the mixture was stirred for 4 hours at
room temperature. The solvent was removed in vacuo and after
adding water and Amberlite IRA-67 (3.0 g) to the resulting
residue, the mixture was stirred for 30 minutes at room
temperature. The reaction mixture was filtered and the
filtrate was concentrated under reduced pressure to give the
titled compound (288 mg) as a light brown powder.
MS(ESI) m/z 327 [M+H]"
'H NMR (600 MHz, DEUTERIUM OXIDE) § ppm 1.84 - 1.92 (m,
1 H), 2.30 - 2.37 (m, 1 H), 2.82 - 3.04 (m, 8 H), 3.16 -
3.28 (m, 2 H), 3.37 - 3.45 (m, 1 H), 3.80 - 3.88 (m, 1 H),
7.24 - 7.29 (m, 1 H), 7.35 - 7.43 (m, 2 H), 7.55 - 7.60 (m,
1 H), 8.17 (s, 1 H)
[0106] '
(2) Synthesis of (2S)-(3-(4,5-dihydroimidazo[l,5-alJguinolin-3-
y1l)-2-{(3S)-3-[({1-[(2-
methylpropanoyl)oxyl]ethoxy}carbonyl)amino]pyrrolidin-1-
vl }propanoic acid
To a solution of (2S5)-2-[(3S)-3-aminopyrrolidin-1l-yl]-(3-
(4,5-dihydroimidazo[1l,5-a]Jquinolin-3-yl)propanoic acid
(140 mg) in N,N-dimethylformamide (5 ml), 1-{[(4-
nitrophenoxy)carbonyl]oxylethyl 2-methyl propanoate (155 mg)
was added and the mixture was stirred overnight at room

temperature. Water was added to the reaction mixture, which



CA 02773125 2012-03-02
WO 2011/0342135 | PCT/JP2010/066637

56

was then washed with diethyl ether. The aqueous layer was
extracted with chloroform and the organic layerwas dried over
anhydrous sodium sulfate, followed by removing the solvents 1in
vacuo. The resulting residue was purified by diol silica gel
column chromatography (eluent: chloroform/methanol = 100:0 to
80:20) and after adding diethyl ether, the recovered fractions
were reduced to a powder form, whcih was subjected to
decantation to give the titled compound (compound 3; 77 mg) as
a yellow powder.

MS(ESI/APCI Dual) m/z 485 [M+H]"

'H NMR (600 MHz, DMSO-d.) § ppm 1.04 - 1.09 (m, 6 H), 1.35 -

1.41 (m, 3 H), 1.57 - 1.65 (m, 1 H), 1.97 - 2.06 (m, 1 H),

2.57 - 2.63 (m, 1 H), 2.71 - 2.92 (m, 9 H), 3.02 - 3.07 (m,

1 H), 3.46 - 3.52 (m, 1 H), 3.88 - 3.97 (m, 1 H), 6.61 -

6.66 (m, 1 H), 7.15 - 7.19 (m, 1 H), 7.29 - 7.38 (m, 2 H),

7.63 - 7.68 (m, 1 H), 7.68 - 7.72 (m, 1 H), 8.27 (s, 1 H)
[0107] ' Example 4

Synthesis of (2S5)-3-(4,5-dihydroimidazo{l,5-alJquinolin-3-

yl)-2—[(38)—3—({[5—methy1-2-oxb-1,3—dioxol:4-

yl)methoxyl]carbonyl}amino)pyrrolidin-l-yl]propanoic acid

To a solution of (2S)-2-[(3S)-3-aminopyrrolidin-1l-y1]-(3-
(4,5-dihydroimidazo{l,5-aljquinolin-3-yl)propanoic acid (148
mg) in N,N-dimethylformamide (5 ml), (5-methyl-2-oxo-1,3-
dioxol-4-yvl)methyl 4-nitrophenyl carbonate (159 mg) was added
and the mixture was stirred overnight at room temperature.
Water was added to the reaction mixture, which was then washed
with diethyl ether. The aqueous layer was extracted with

chloroform and the organic layer was dried over anhydrous
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sodium sulfate, followed by removing the solvents in vacuo.
The resulting rsdidue was purified by diol silica gel column'
chromatography (eluent: chloroform/methanol = 100:0 to 90:10)
and after adding diethyl ether, the fractions were reduced to
a powder form, whcih was subjected to decantation. After
adding water, azeotropic distillation was performed twice to
give the titled compound (compound 4; 55 mg) as a light brown
amorphous mass.

MS(ESI/APCI Dual) m/z 483 [M+H]"

'H NMR (600 MHz, DMSO-d,) § ppm 1.56 - 1.66 (m, 1 H), 1.98 -
2.07 (m, 1 H), 2.15 (s, 3 H), 2.57 - 2.64 (m, 1 H), 2.72 -
2.93 (m, 8 H), 3.02 - 3.10 (m, 1 H), 3.46 - 3.53 (m, 1 H),
3.91 - 4.01 (m, 1 H), 4.79 - 4.91 (m, 2 H), 7.15 - 7.20 (m,
1 H), 7.30 - 7.38 (m, 2 H), 7.55 - 7.60 (m, 1 H), 7.68 -
7.72 (m, 1 H), 8.27 (s, 1 H)

[0108] Example 5

Synthesis of ethyl (2S)-2-[(3S)-3-aminopyrrolidin-1l-yl]-

3-(4,5-dihydroimidazo[l,5-alJquinolin-3-yl)propanoate

trihydrochloride

(1) Synthesis of ethyl (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl )amino]pyrrolidin-1-y1}-(3-(4,5-
dihydroimidazo[l,5-alJquinolin-3-yl)propanoate
To a solution of (2S)-2-{(3S)-3-[(tert-
butoxycarbonyl )amino]lpyrrolidin-1-y1}-(3-(4,5-
dihydroimidazo[l,5-alJquinolin-3-yl)propanoic acid (154 mg) in
N,N-dimethylformamide (2 ml), cesium carboante (178 mg) and .
ethyl iodide (45 unl) were added under cooling with ice and the

mixture was stirred for an hour at the same temperature. Water
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was added to the reacion mixture, followed by extracting with
chloroform. Brine was added to the aqueous layer, followed by
extracting with chloroform. After drying the combined organic
layers with anhydrous magnesium sulfate, the desiccant was
filtered off and the solvents were removed in vacuo. The
resulting residue was purified by silica gel column
chromatography (eluent: n-hexane/ethyl acetate = 1:4 to 0:1 —
chloroform/methanol = 9:1). Since the recovered fractions
contained N,N-dimethylformamide, they were dissolved in ethyl
acetate and washed with brine three times. After drying the
organic layer with anhydrous magnesium sulfate, the desiccant
was filtered off and the solvents were removed in vacuo. The
resulting residue was purified by silica gel column
chromatography (eluent: n-hexane/ethyl acetate = 1:4 to 0:1 —
chloroform/methanol = 19:1) to give the titled compound (61
mg) as a colorless oil.
MS(ESi/APCI Dual) m/z 455 [M+H]"

'H NMR (300 MHz, CHLOROFORM—d) O ppm 1.18 (t, J=7.1 Hz,

3 H), 1.41 (s, 9 H), 1.61 - 1.72 (m, 1 H), 2.08 - 2.24 (m,

l H), 2.58 - 2.68 (m, 1 H), 2.71 - 2.79 (m, 1 H), 2.82 -

3.06 (m, 8 H), 3.67 - 3.75 (m, 1 H), 4.10 (g, J=7.1 Hz, 2

H), 4.07 - 4.20 (m, 1 H), 5.15 - 5.26 (m, 1 H), 7.13 - 7.19

(m, 1 H),<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>