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ABSTRACT: The benzoxazine derivative, (2S)-4-(3-carboxypropyl)-8-{[4- -CoH
(4-phenylbutoxy)benzoyl]amino }-3,4-dihydro-2H-1,4-benzoxazine-2-carbox-
ylic acid (19, ONO-2050297), was identified as the first potent dual CysLT, ©i° co

and CysLT, antagonist with ICq, values of 0.017 uM (CysLT;) and 0.00087
M (CysLT,), respectively.
HM (CysLT,), resp 7 O 19 (ONO-2050297)

IC,, CysLT, 0.017uM  CysLT, 0.00087 uM
KEYWORDS: Cysteinyl leukotrienes, CysLT,, CysLT,, dual antagonist, asthma

C ysteinyl leukotrienes (CysLTs), LTC,, LTD,, and LTE, and CysLT, antagonist would be useful for nonresponders and
are lipid mediators derived from arachidonic acid.'™* severe asthma.

Pharmacological studies revealed that at least two classes of HAMI3379 and BayCysLT, (Figure 2) were reported as
receptors exist, namely, CysLT, and CysLT, receptors.”® potent CysLT, selective antagonists, and with these com-
CysLT, selective antagonists have been launched as clinically
useful drugs for treating bronchial asthma and allergic rhinitis

COH COMH
(Figure 1). However, it is known that these CysLT, antagonists U I U
COMH COMH
0 Na'
@)L @ HAMI3379 @ BayCysLT,
O, CC
@;g—( CI |c CysLT, :>10 uM CysLT,: >2.5uM
112H,0 % CysLT,:0.038 uM CysLT,:0.053 uM

Praniukast (Gnon m) Montelukast (Singulair ™) Figure 2. CysLT, selective antagonists.
N/ pounds, the cardiac effects of CysLTs were shown to be
Y predominantly mediated by the CysLT, receptor.'”*° BAY-
o u9773 was reported as a dual CysLT, and CysLT, antagonist
and a partial agonist of CysLT, (Figure 3).”** Ohishi and
Zafirlukast (Accolate™) Hg? ° Nishide reported dual CysLT, and CysLT, antagonists.
Figure 1. CysLT, selective antagonists. CH
3
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are effective for mild or moderate bronchial asthma relative to
severe ones. It is also known that in some nonresponders,
CysLT, antagonists do not have sufficient effects in mild or
moderate bronchial asthma. Thus, more effective drugs are
needed for treating bronchial asthma.” o CysLT,:044um CysLT,:9.7 uM

Itis reported that CysLT, is also expressed on airway smooth % CysLT,:0.30 pM CysLT,:7.7 uM
muscle cells,® inflammatory cells,* "' and vascular endothelial
cells'” similar to CysLT,;. Moreover, it is also reported that
LTE,, which is a metabolite of LTD,, is elevated in urine for

BAY-u9773 Benzo[b]furan derivative CN

Figure 3. Dual CysLT, and CysLT), antagonists.

aspirin-sensitive asthmatics and severe asthma.">~'® That is why Received: July 23, 2014
CysLT,, which shows low affinity against LTD,, may participate Accepted: October 6, 2014
in some kinds of asthmatic patients. Therefore, a dual CysLT, Published: October 6, 2014
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However, their reported dual CysLT, and CysLT), antagonists
showed weak antagonist activities for both receptors (Figure
3).>7** So far, a potent dual CysLT; and CysLT, antagonist
has not yet been identified.

A high-throughput screening (HTS) campaign of our in-
house compound library yielded monocarboxylic acid derivative
1, which showed micromolar CysLT, antagonist activity and
potent CysLT, antagonist activity (Table 1). As shown in Table

Table 1. Effect of the Amide Chain Position on Activity

Profile
° H
L0,
o Ty o7 Toon
ICyo (uM)*
cmpd position CysLT, CysLT,
1 8 0.054 4.6
2 7 4.6 36% @10 uM
3 6 0.84 25% @10 uM

“Assay protocols are provided in the Supporting Information. I1Cy,
values represent the mean of at least two experiments.

1, the effect of the amide chain positions was investigated and
revealed that substitution at position 8 in 1 was most favored,
with both 2 (position 7) and 3 (position 6) showing less potent
antagonist activities for both CysLT, and CysLT,. Therefore,
we varied the N-substituent of hit compound 1 to increase
CysLT, antagonist activity.

The synthesis of 9a—9f and 11a—11c is described in Scheme
1. Commercially available 3-nitrosalicylic acid 4 was reacted

Scheme 1. Synthesis of 9a—9f and 11a—11c”

NO, NO, NO,
a), b) c),d e
OH _ ; oen 2 ; :OBn —
COH CoM NH,*HCI
4 5 6

NO,

TR

h), i)

“Reagents and conditions: (a) BnBr, K,CO;, KI, DMF, 60 °C; (b)
NaOH aq, MeOH-THEF, 50 °C, 59% 2 steps); (c) DPPA, Et;N,
dioxane, rt, then ‘BuOH, 80 °C, 87%; (d) HCI aq, dioxane, 91% (2
steps); (e) 4-(4-phenylbutoxy)-benzoyl chloride, pyridine, CH,Cl,, tt,
86%; (f) H, Pd—C, MeOH-THF, rt; (g) ethyl 2,3-dibromo-
propionate, K,COs, acetone, S0 °C, 64% (2 steps); (h) AcCl, Et—
COCl, n-PrCOCI, or CO,Et—CH,—(CH,),—COCI (n = 1, 2, and 3),
pyridine, rt; (i) NaOH aq, EtOH—THEF, rt, 47—-75% (2 steps); (j)
CO,R,—CH,—(CH,),—CHO (n = 1, 2, and 3; R, = H, Me, Et), H,,
Pd—C, EtOH; or NaBH(OAc);, AcOH, THF, rt, 68—81%; (k)
NaOHaq, EtOH—THEF, rt, 64—88%.
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with benzyl bromide. Subsequent deprotection of the benzoyl
group afforded carboxylic acid S5, which upon Curtius
rearrangement and deprotection of the Boc group afforded 6.
Acylation of 6 afforded 7. Reduction and deprotection of 7
followed by cyclization with ethyl 2,3-bromopropanoate
afforded 8. Acylation of 8 followed by hydrolysis provided
9a—9f. Reductive amination of ester 8 provided 10a—10c,
which were then converted to carboxylic acids 11a—11c by
alkaline hydrolysis.

The synthesis of 17a—17e is described in Scheme 2.
Reduction of 12 with Pd/C and subsequent cyclization with

Scheme 2. Synthesis of 17a—17¢
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“Reagents and conditions: (a) H, Pd—C, EtOH, rt; (b) ethyl 2,3-
bromo-propionate, K,CO3, DMF, 50 °C, 34% (2 steps); (c) ethyl 4-
oxobutanoate, NaBH(OAc);, AcOH, THF, rt, 85%; (d) TMSOT{,
Et;N, CH,Cl,, 0 °C, 100%; (e) 4-benzyloxybenzoyl chloride, pyridine,
DME; (f) H,, Pd—C, EtOH—THE, rt, 66% (2 steps); (g) R—(CH,),—
Br or R—(CH,),—OH (n = 3, 4, and S; R = Ph or OPh), ADDP, PPh,,
CH,Cl, or K,CO;, DMF, rt, 81-95%; (k) NaOH aq, EtOH—THF
64—97%.

ethyl 2,3-bromopropanoate afforded 13. Reductive amination
of 13 followed by deprotection of the Boc group afforded 14.
Acylation of 14 with 4-benzyloxybenzoyl chloride and
subsequent deprotection afforded common intermediate 18.
O-Alkylation of 15 with the corresponding bromide using
K,CO; as base or Mitsunobu reaction conditions with the
corresponding alcohols afforded 16a—16e, which were then
converted to carboxylic acids 17a—17e by hydrolysis.

The effect of N-substituents was investigated (Table 2).
Monocarboxylic acid derivatives 9b and 9¢ demonstrated weak
antagonist activities for CysLT, and CysLT,, while 9a
demonstrated nearly equipotent antagonist activities for
CysLT, and CysLT, relative to hit compound 1. Since
monocarboxylic acid derivatives showed weak CysLT, antag-
onist activity, substituents that interact with the CysLT,
receptor might be necessary to improve CysLT, antagonist
activity. We focused on the structural features of LTD, and
LTC,. As shown in Figure 4, LTD, and LTC,, which show high
affinities for CysLT,, possess two or three carboxylic acid
moieties. To increase CysLT, antagomst activity, at least two
acidic groups might be needed.”® Therefore, our investigations
focused on structure—activity relationships (SARs) for
dicarboxylic acid derivatives to increase CysLT, antagonist
activity while retaining CysLT, antagonist activity. N-Acyl
derivatives 9d, 9e, and 9f demonstrated slightly improved
antagonist activities for CysLT, relative to 1. Among them, 9d
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Table 2. Activity Profile of N-Substituted Derivatives

ok
@/\m Q(%[o com

ICso (uM)°
d R
cmp ! CysLT,  CysLT,
1 H 0.054 4.6
o
9a P 0.013 3.6
o
9b A 0.15 5.2
o
9¢ . 0.30 3.7
(o]
9d A~ com 0.0014 0.89
o]
9 M _~_copn <0.0010 1.8
o
of A~~com 0.012 0.89
2

11a «CoH 0.011 0.0025
11b - COMH 0.044 0.17
11c +>"""Cco,H 0.13 0.29

“Assay protocols are provided in the Supporting Information. ICy,
values represent the mean of at least two experiments.

OH

LTD,;R=H
LTC,;R=Glu

Figure 4. Endogenous ligands of CysLT; and CysLT,.

and 9e demonstrated significantly more potent CysLT,
antagonist activities than 1. However, N-alkyl derivatives
1la—11c demonstrated different SAR from the N-acyl
derivatives. N-Alkyl derivatives 11a, 11b, and 11c demonstrated
significantly more potent CysLT, antagonist activities than 1.
Especially, N-alkyl derivative 11a demonstrated 1840-fold more
potent antagonist activity for CysLT, than hit compound 1.
Moreover, N-alkyl derivative 11a demonstrated >350-fold more
potent antagonist activity for CysLT, than N-acyl derivative 9d,
which possesses an amide linkage to the benzoxazine ring.

As shown in Table 3, the effect of side chain length between
the terminal phenyl and internal phenyl rings of 1la was
investigated. Compound 1la with a 4-phenylbutyl moiety
demonstrated >10-fold more potent CysLT, antagonist activity
than 17a with a 3-phenylpropyl and 17b with a S-phenylpentyl
moiety. With respect to CysLT, antagonist activity, 17a, 17b,
17d, and 17e demonstrated potent CysLT, antagonist
activities, and only 17e demonstrated potent dual CysLT,
and CysLT, antagonist activity that approached the activity
11a. As a result, the side chain of 11a was determined to have
the optimal length.

In general, it is hard to discover selective antagonists for the
same family of receptors. However, it seems to be different in
this series. So far, a number of potent CysLT, antagonists were
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Table 3. Activity Profile of O-Substituted Derivatives

- coH
3|
R1'°©\E>o CO,H
NH
o
ompd R IC5o(uM)?
k CysLT, CysLT,
17a o 13 0.068
11a o 0.011 0.0025
17b Sh 0.12 0.00062
[o]
17¢ o 3.0 15
o _~_+*
17d @] 0.29 0.016
o
17e @ e 0032 0.017

“Assay protocols are provided in the Supporting Information. ICq,
values represent the mean of at least two experiments.

discovered; however, they did not show potent CysLT,
antagonist activity. HAMI3379 with potent CyLT, antagonist
activity did not show any CysLT, antagonist activity. According
to the data of Tables 2 and 3, there are three important factors
to achieve dual potent CysLT, and CysLT, antagonist
activities, that is, two acidic moieties and the correct length
of both the N-substituent and the O-substituent. With respect
to CysLT, antagonist activity, different lengths of the N-
substituent were tolerated somewhat (Table 2), while variation
in the length of the O-substituent was not tolerated. In contrast,
with respect to CysLT, antagonist activity, variation in the
length of the N-substituent was not tolerated at all, although
different lengths of the O-substituent were well tolerated. As a
result, compounds with potent dual CysLT, and CysLT,
antagonist activities possessed both a butyl carboxylic acid
moiety as the N-substituent and a 4-phenylbutyl (or
phenoxybutyl) moiety as the O-substituent.

Since racemic 1la demonstrated highly potent dual
antagonist activity for CysLT, and CysLT,; the two
enantiomers of 11a were separated using a chiral column and
evaluated (Table 4). The configuration of 19 and 18 was
confirmed by X-ray crystal structure analysis of a precursor of
19. The detailed data are summarized in the Supporting
Information. Enantiomer 19 (S-form) demonstrated more
potent CysLT, and CysLT, antagonist activities than
enantiomer 18 (R-form) with ICg, values of 0.017 and
0.00087 uM for CysLT, and CysLT),, respectively.

The pharmacokinetic profile of racemic compound 11a was
evaluated. Unfortunately, 11a demonstrated a poor PK profile
with bioavailability of only 1.5% in rat (Table S). Further
optimization of compound 11a to improve its PK profile will be
reported in due course.

In summary, we have discovered 19 (ONO-2050297) as the
first potent dual CysLT, and CysLT, antagonist. Our results
indicate that it is essential to possess two acidic moieties for
dual CysLT, and CysLT, antagonist activity and that the
lengths of O- and N-substituents are also important factors.
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Table 4. Activity Profile of Enantiomers of 11a

ICso (M)
CysLT, CysLT,

cmpd Structure

_~_COH
NS
H
18 B °\‘A\ 7o com
‘ S A NH
Rform o

0.051 0.055

~_COH
N

0& V\ol:ozu
T

S form (o}

19 0.017 0.00087

“Assay protocols are provided in the Supporting Information. I1Cy,
values represent the mean of at least two experiments.

Table S. Pharmacokinetics Profile of 11a in Rat

oral dosing (30 mg/kg)
AUC (ug h/mL) F (%)
1.6 15

iv. dosing (1 mg/kg)
CL (mL/min/kg) Ty (h)
47 3.4

Compound 19 (ONO-2050297), which is the S-enantiomer of
11a, demonstrated the most potent dual CysLT, and CysLT,
antagonist activity with ICs, values of 0.017 and 0.00087 uM,
respectively.
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Experimental preparation of compounds, characterization, and
conditions for the biological assays. This material is available
free of charge via the Internet at http://pubs.acs.org.
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