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Commissioner;

Reguest For Supplemental Examination
Of U.8. Patent No. 6,346,532

Astellas Pharma, Inc. (hereinafter “Astellas”), is the owner of the entire right, title
and interest of U.S. Patent No. 6,346,532 (“the '532 patent”}). The patent issued on
national stage Application No. 00/529,086 ("the '098 application”) based on PCT
Application No. PCT/PY8/04671, filed October 15, 1998, claiming the benefit of
Japanese Patent Application No. Hei 9-285778, filed Octobar 17, 1897,

L &1.6818(a)

The required fee of $18,860 is submitted herewith, which includes the $4,400.00
filing fee, the $12,100.00 reexamination fee, and a document size fee of $360.00.
Astellas understands that if no reexamination is ordered, the $12,100.00 reexamination
fee will be refunded. Please charge any additional required fees or ap‘piy any cradils to

Deposit Account No. 08-0619.
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In re Raquest for Supplemental
Examination of USP 6,346,532
Attorney Docket No. 07385.0042-00000

0 §1.810(kY1): lidentification of the Number of the Patent for Which
Supplemental Examination is Requested

Supplemental examination under 35 U.8.C. § 257 and 37 C.F.R. §§ 1.601-1.825

is requested for claims 1-14 of the 532 patent.

., §1.8610(b}2): A List of Hems of Information that are Requested {o he
Considered, Reconsidered, or Corrected

The following is a list of the items of information that are requested to be

considered:

1.

[

U.8. Patent No. 6,346,532 ("the '532 patent”)

Table of testing data for compounds including those disclosed in
Examples 1-113 of U.S. Patent No. 6,346,532 (“Testing Data Table")';

Materials for Astellas R&D Mesting. Subcommitiee on Development
Theme Establishment, titled "YM178/Discontinuation of Development
Theme for Diabetes Mellitus,” dated October 27, 2003 ("R&D Meeting
Materials),

YMI178 in Type 2 Diabetes Mellitus 178-CLOC3 Study Report ("Study
Reaport™);

Yamanouchi BAN Compound Evaluation System (“R&D Flawchart") with
English-language transiation;

Yamanouchi Monthly Research Progress Report, dated April 26, 1995
("Monthly Prograss Report”) with English-language transiation;

Excerpts of the prosecution history of US, Patent Application
No. 09/529,086, the U.8. National Stage of PCT/AIP9B/04671, filed
October 15, 1988, that resulted in U.S. Patent No. 6,348,532 (“the
Prosecution File History™);

' The Testing Data Table also contains dats for three compounds that are not
exemplified in the ‘532 patent: (a) BAN-371A (compound number 8), which is the free
base equivalent of BAN-371 {compound number 8}, which is exemplified in Example
041; (b) BAN-3718 (compound number 7), which is the racemic equivalent of BAN-371;
and () BAN-371C {compound number 8}, which is the S-enantiomer equivalent of BAN-

371,
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10.
1.

12.

In re Request for Supplemental
Examination of USP 6,346,632
Attorney Docket No. 07385.0042-00000

Japanese Patent Application Kokal Publication No. H10-218861, “Novsl
Phenethanol Derivative or Salt Thereof,” published August 18, 1998, and
cartified English-language transiation thereof ("JP '8817),

Blin, N. et al, “Structural and Conformational Features Determining
Selective Signal Transduction in the $3-Adrenergic Receptor,” Molecular
Fharmacology, 44:1094-1104 {(1993) ("Blin"};

PCT Publication WO 94/18161, published 18 August 1894 ("WO "1617);

Thormber, C.W., “Isosterism and Molecular Modification in Drug Design,”
Cherm. Soc. Rey, 18:563-580 (1979) (“Thornber”);

Daclaration by Dr. Tetsuo Matsui under 37 C.F.R. § 1.132 ("Matsui Dec.”).

V., & 1.610(bM3Yy A List ldentifying Prior or Concurrent Post-Patent and
Trademark Office Proceedings Involving the Patent for which
Supplemental Examination is Being Requested

A request for g Certificate of Correction under 37 C.F.R. §§ 1.322 and 1.323 was

filed on April 17, 2002. The resulting Certificate of Carraction was granted on July 13,

2002.

An Application for Extension of Patent Term under 35 CF.R. § 186 of the '532

Patent was filed on August 21, 2012, This application is currently pending.

Thare are no other prior or concurrent proceedings involving the '532 patent.

V.  §1.810(b14): An Identification of Each Claim of the Patent for Which
Supplemental Examination is Requested

Supplemental examination is requested for each of the claims 1-14 of the 632

palent.
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Examination of USP 6,346 832
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Vi,

Manm ppﬂyﬁmg Each lem of Information to Each Claim of the Patent
for Which Supplemental Examination is Requested

A summary of the claimed subject matter and a detalled explanation of the
relevance and manner of applying each item of information to each claim of the patent
for which supplemental examination is requested is provided bealow.

A, Summary of Claimed Subject Matter

The '532 patent (Item of Information No.1) discloses and claims phenethanol

amide derivatives representad by general formula (1) below, or salts thereof:

B

Ring “B” in formula (1) is a heteroaryl group, which may be unsubstituted or substituted
and is optionally fused with a benzene ring. "X" may be a bond, or a lower alkylene or
an alkenyiene, both of which may be unsubstituted or substituted with hydroxy or a
lower alkyl group, or X is a carbonyl or a group represented by —NH—, and when X is a
lower alkylene group which is substituted with a lower alkyl group, a carbon atom of the
ring B optionally bonds with the lower alkyl group so that a ring Is formed. "A" may be a
lower alkylene or a group represented by -lower alkylene-O-—. R and R may be the
same or different and each may be a hydrogen atom or a lower alkyl group. R? may be

a hydrogen atom or a halogen atom. “Z2” is a group represented by =CH—. {Seg claim

1)
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Attorney Docket No. 07385.0042-00000

Claims 2-5 and 9 cover phenethanol derivative compounds represented by

general formula (1), which are narrower in some respect compared o the compounds

rapresented by general formula (1) as recited in claim 1.

Claim 8 recites the following nine species of phenethano! amide derivatives that

fall within the scope of claim 1:

®

(R)-4'-2-[{2-Hydroxy-2-phenylethy! Jamino]ethyl]-2-pyridinecarboxyanilide,
{R}-2-{1-{4-chlorobenzyl}-1H-midazol-2-yl)-4"{2-[(2-hydroxy-2-
phanylethyllaminglethyil-acetanilide,
(R}-2-]1-(3,4-dichlorobenzy!)-1H-tetrazol-8-yl-4'-{2-{(2-hydroxy-2-phenyl
ethyhaminclethyllacetanilide,
(R}-2-(2~aminothiazol-4-yl}-4'-{2-(2-hydroxy-2-phenylethyDaminojethyl]
acetanilide,
(R}-2-{2-benzyl-1H-1,2,4-triazol-3-y)-4'-[2-[(2-hydroxy-2-phenylethy)-
aminojethyljacetanilide,
(R)-2-(2-aminopyridin-8-yi)-4'-{2-[(2-hydroxy-2-phenylethyDaminolethyl]
acetanilide,

(R)-4'-[2-[(2-hydroxy-2-phenylethyllaminolethyl]-2-(2-pyridyl) acetanilide,
(R)-4'-{2-{{2-hydroxy-2-phenylethyl-aminolethyl)-2-(2-pyraziny!)
acetanilide,

(R4 2-[{2-hydrony-2-phenylathyDamino]ethyl-2-(2-pyrimidinyg)-

acetanilide,
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Claims 7, 8, and 10-12 recite compositions comprising at least one compound as
claimed in claim 1.6,

Claim 13 recites a method for treating diabetes meliitus comprising administering
{0 a patient an amount of a compound as claimed in claim 1.

Claim 14 recites a method for treating obesity comprising administering to a
patient an amount of a compound as claimed in claim 1.

The '832 patent states that the compounds of the invention have selective
gtimulative action to human Bsreceptor, fe., they are fs-adrenergic receptor-specific
agonists, (‘532 patent at col. 2, Il 28-29, col. 12, Il 9-11.) The '832 patent also states
that it was known that B-adrenaling receptors are classified into B4, By, and B; sublypes.
(‘532 patent at col. 1, Il. 44-47.) Moreover, the '832 patent explains that stimulation of
the Bi-receptor causes an increase in heart rate, that stimulation of the Bs-receptor
stimulates decomposition of glycogen in muscles, whereby synthesis of glycogen is
inhibited, causing action such as muscular tremor, and that stimulation of the Bs-
recaeptor shows anti-obesity and an anti-hyperglycemia action (such as decrease in
triglycaride, decrease in cholesterol, and increase in HDL-cholesterol). (532 patent, col.
1, . 46-54.)

The '532 patent states that, due to their selective stimulating action fo Ba-
receptors, the compounds of the invention are useful for the therapy of diabetes
mellitus, having both an insulin secretion-promoting action and an insulin sensitivity-
potentiating action, and further having anti-obesity and anti-hyperlipemia actions. (832
patent, col. 2, . 31-37.) The '532 patent states that the selective human Rs-receptor

stimulating action of the compounds of the invention was ascertained through R4, Ba,

8
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and Pa testing. (‘532 patent, col. 12, Il 8-12.) Specifically, the patent teaches that the

human Bs-receptor stimulating action was investigated using an SK-N-MC cell system

{cells in which human Ba-receptor and human Bi-receplor were permanently expressed

werg purchased) while human Bz- and fy-stimulating actions were Investigated using a

CHQO celi system (cells in which each of human By~ and By-receptors was compulsorily
expressed were purchased). (832 patent, col. 11, Il 58-63.)

The '532 patent specification concludes with 113 examples, each, with the
exception of example 107, disclosing a different phensthanol derivative compound of
the claimed invention. Example 41 discloses a compound having the chemical formula
(R)-2-{Z2-aminothiazol-4-yl)-4'-[2-(2-hydroxy-2-phenylethyhamino]-ethyllacatanilide
dihydrochloride, which is encompassed by claims 1-14 of the '5832 patent. The
compound of Example 41 is a dihydrochloride salt of a compound commonly known as
mirabagron, which is an FDA-approved drug sold under the trademark, MYRBETRIG™.

None of the current claims is limited fo cover only Astellas’ commercialized
product, mirabegron. Should the Patent and Trademark Office order ex parte
reexamination of the claims of the 832 patent in connection with this request for
supplemental examination, Astellas intends to amend the claims of the 532 patent {0

cover only mirabegron and its salts.

8. Summary of Relevance to Claimed Subject Matter
1. The Testing Data Table (ltem of Information No. 2), Matsui Dec.
{item of Information No. 12), R&D Meeting Materials {ltem of
Information No. 3) and Study Report {item of information No. 4)

As discussed above, the 532 patent states that the compounds of the invention

are useful as therapeutic agents for freating diabeles meliitus. (See, e.g., the '532

7
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patent, col. 2, Il 37-41; col. 8, #. 62-63; Abstract) However, the commercial

embodiment of the claimed invention, mirabegron, is not approved for treating diabetes

meliitus. Instead, MYRBETRIGQ™ received FDA approval in June 2012 for the treatment

of overactive bladder {OAB) with symptoms of urge urinary incontinence, urgency, and
urinary frequency.

The Testing Data Table, discussed in more detail below, shows that the inventors
conducted a series of in vitro and in vivo studies before Qctober 15, 1998, the date on
which the PCT application leading to the issuance of the '532 patent was filed. From the
results of these preliminary studies mirabegron showed promise as an anti-diabetic
medicine, and based upon the available information, the FDA approved commencament
of Phase | clinical trials to determine appropriate dosages of mirabegron for Phase 1l
clinical trials to assess sfficacy for treating diabetes meliitus. (Ses Matsui Dec. § 7; see
afso Testing Data Table, Compound BAN 371, Cols. 4-8.) Based on the resulls of the
ensuing limited Phase Ha clinical trials, performed after the '532 patent issued, the then
current assignes, Yamanouchi Pharmaceutical Co., Lid. (hereinafter "Yamanouchi”),”
decided that mirabegron did not demonstrate sufficient efficacy to be a commercially
competitive drug for the treatment of diabetes mellitus, and so decided it would not
pursue diabetes meliitus as an indicated use. (See Matsui Dec. § 8; see also, e.g., R&D
Meeling Materials at p. 13 ("The results of the phase lla study of [mirabegron]

administered at a dose of 200 mg in the fed state could not confirm the efficacy of

? Yamanouchi Pharmaceutical Co., Lid. is & predecessor company that through a
merger with another pharmaceutical company formed Astelias, the current assignesa.

8
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Imirabegron] in terms of the primary end points (HbAq. and fasting binod glucose
level")).)

Despite the dscision to discontinue the development of mirabegron for the
treatment of diabetes mellitus, Yamanouchi conducted a detailed analysis of the results
of the Phase Hla clinical study prior {o the discontinuance of the project, which revealed
that mirabegron did have some efficacy in certain patient subgroups. {(Ses Matsui Dec.
19 see also, e.g., the Study Report that states:

Some efficacy was found only when HbA1c at baseline was above 7% (data from

central laboratory; local data 7-8%); responses of HbA1c and FPG to
Imirabegron] were mainly found for female patients.

L)

Changes in HbA1c were mainly detected in voung patients; in elderly no
difference betwsen [mirabegron] and placebo could be found, even when
baseling HbA1c was taken into account,

(Study Report at p. 11, slides 21-22).)

Because the Phase lla clinical trial results were not available until mid-2003, this
information was not hefore the Patent and Trademark Office during prosecution of the
'B32 patent, which issued on February 12, 2002. Because no compound encompassed
by claims 1-14 proved sufficiently efficacious to be considered commercially competitive
for the treatment of diabetes mellitus, which was the principal utility described in the

specification, this information may be considered to raise a substantial new question of

patentability with respect to those claims, and in particular with respect to claim 13.
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2. The Testing Data Table (ltem of Information No. 2}, Matsui Dec,
{item of information HNo. 12), R&D Flowchart (ltem of
information No. 5), Monthly Progress Report (llem of

information Mo. ), and the Prosecution File History {item of
information No. 7)

As confirmed by one of the inventors of the 532 patent, Dr. Matsui, the Testing
Data Table was complied from laboratory notebooks and other developmental materials
generated by the inventors of the '832 patent. (Matsui Dec. ¥ 6.) The lable presents
certain testing data for all of the claimed compounds disclosed in Examples 1-106 and
108-113 of the '532 patent.® Column 1 of the Testing Data Table provides the internal
Yamanouchi code (BAN) number for each of the compounds. Column 2 provides the
gxample number from the *532 patent. Column 3 provides the chemical struciure of the
compound. Columns 4-6 provide the B-adrenergic receptor data for sach compound as
pDyz values and 1A% ("Intrinsic Activity” as compared fo isoproterencl - numbers in
parentheticals) using the CHQO screening test. Column 7 provides EDg data for several
of the compounds based on hypoglycemic studies in KK mice. Column 8 provides Bs-
adrenergic receptor data determined using the SK-N-MC screening test. Column 9
provides the test report dates for these data in columns 4-8. (Matsui Dec. §8.)

As discussed above, the '832 patent states that the compounds of the invention
selectively stimulate the ;3 receptor. For example, column 2, lines 28-30, teach that the
compounds of the invention "show a sglective stimulating action to Bs-receptors, leading
to accomplishment of the present invention.” Similarly, column 2, line 37, states that the

insulin secretion-promoting action and insulin sensitivity-potentiating action of the

* As mentioned abom, the compound of Example 107 is not a phenethanol derivative
and, therefore, is not covered by the claims of the '532 patent.

10
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compounds of the invention are due to their “"selective stimulating action io Ba-

receptors.” Likewise, column 9, lines 81-82, discuss the “selective Bs-receplor

stimulating action” of the compounds of the invention. Further, colurmn 10, lines 7-9,

state that “[ithe Ba-receptor stimulating action of the compound of the present invention

is selective to Bs-receptors in human being.” In addition, column 10, lines 61-65, stale

that the compounds of the invention have "been ascertained to be sslective to Pa-
receptors ...

The '532 patent states that Ps-receptor stimulaling action for the compounds of
the invention was ascertained by comparing the effects of the claimed compounds on
the (4, B, and Bs receptor subtypes using cells expressing human-type recaptors. (See
col. 11, L 58 to col. 12, 1. 11, see also col. 10, Il. 61-65.) Specifically, stimulating
activitizs of the compounds were investigated by incubating cells expressing sach of the
p~adrenergic receplor subtypes with the compounds of the invention and measuring
production of cyclic adenosine monophosphate (CAMP), which is a byproduct of 3-
adrenergic receplor activation. {(/d.)

As stated in the '532 patent, the intensily of action of each compound against the
84, Ba, and Be-receptors was compared by calculating the pD; value and the maximum
value (1A% where the maximum reaction of 10°°M isoproterencl, a non-selective B-
agonist, was defined as 100%) from the resulting dose-reaction curve. (See the '532

patentat col. 11,1 86 to col. 12, 1. 11.)

11
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a. Not All of the Claimed Compounds of Examples 1-106 and
108-113 of the ‘532 Patent Were Shown To Have Greater B
Receptor Activity Compared to Either §, or B2 Receptor

Activity
As can be seen in the Testing Data Table, cols. 4-8, the compounds of Examples
1-106 and 108-113 that fall within the scope of claim 1-14 of the 532 patent were tested
using tha CHO B4, B2, and Bsreceptor stimulation screening tests. Although all of the
compounds tested showed some level of Be-receptor agonist activity, depending on
whether the 1A% or pD; test results are used, a number of the claimed compounds
exhibited Ba-receptor agonist activities that were not as high as the corresponding By~ or
Ba-receptor agonist activities., (Matsui Dec. 1 10; sse also table below.) For example,
although the compound of Example 1, designated BAN 404, covered by at least claims
1,2,6,7,8, 9,10, 12, 13, and 14 of the '532 patent, showead Bs-receptor agonist activity
greater than Bs-receptor agonist activity in both the 1A% and pD; tests, it showed B
receptor agonist activity less than Bgreceplor agonist activity. (Id.; see also Testing
Data Table, Compound BAN 404, cols. 4-6.) Because these initial CHO screening data
provided in the Testing Dala Table, which indicate that some of the compounds
encompassed by claims 1-14 may not have Bg-receptor agonist activity selectivity over
both the B¢ and Bereceptors as taught in the 532 patent, were not before the Patent
and Trademark Office during prosecution of the 532 patent, this information may be

considered to raise a substantial new question of patentability with respect claims 1-14

of the '532 patent.

12
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b. Mot All of the Claimed Compounds of Examples 1108 and

108-113 of the °532 Patent Met Yamanouchi’'s Internal
Criteria For Further Development

As of time the '096 application was filed, and up to the time the '532 patent
issued, Yamanouchi utilized certain internal screening criteria to determine whether a
compound has sufficient Ba-receptor agonist activity and selectivity to warrant further
svaiuation for potential eventual submission as an anti-diabetic drug. (Matsul Dec {1 11.)
As the R&D Fiowchart shows, in general, before a candidate compound qualified for
further evaluation, Yamanouchi's initial internal screen sfated that a candidate
compound should have an 1A test result for By-receptor agonism of greater than 0.6 (or
60%) and a pDy value for the Ra-receptor of greater than 6.5, while at the same time
having |A test results for f4- and Be-receptor agonism of less than 0.2 (or 20%). {(id,; see
also R&D Flowchart)

The following data, excerpted from the Testing Data Table, provide examples of
the claimed compounds that did not meet Yamanouchi's initial Bs-raceptor selectivity

and/for aclivity criteria set forth in the R&D Flowchart:

Chart# | BAN# | Example# | Compound Coversd By | 1A% B3 | pD, B3
5 Claims 1A% 32 | pD; B2
1A% 1 phs 81
13 Y A 110G 1,2,7,8,9,10,13,14 58.1 5.23
227 1 565
3 } 2.7 <4
19 -390 108 1,2,7,8,8,10,13,14 24 6.3
1 28 59
1 17 5.3
21 395 88 1,2,7,8,8,10,13,14 18 59
50 4.2
H 20 <4.0
22 3986 3 1.2,7,8,4,10,13,14 18 5.9
&7 4.2
2 i =40

13
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Chart# | BAN#  Example# | Compound Covered By | 1A% 83 | pD B3

Clalms 1a% g2 | pD, B2

A% B1 | pD, 81
23 398 98 1,2,7.8,98,10,13,14 27 5.8
17 59
) 9 <4
29 404 1 1,2,8,7,8,9,10,12,13,14 10 51
25 5.4
0 <4
30 408 2 1,2,7,8,9,10,13,14 11 8.0
18 5.8
0 <4
32 407 1 1,2,3.4,7,8,8,10,13,14 44 6.4
37 8.4
3 <4
35 410 111 1,2,7,8,9,10,13,14 a2 5.6
53 5.5
14 58
36 411 101 1,2,7,8,9,10,13,14 37 8.2
50 5.4
19 4.6
39 414 142 1,2,7,8.9,10,13,14 55 8.8
89 8.8
“““ 25 5.8
49 435 36 1,2,3.4,7,8,8,10,13,14 14 8.2
27 5.3
5 <4
50 440 37 1,2,3,4,7.8,8,10,13,14 27 <5.0
19 5.4

6 (:4 ‘‘‘‘‘‘

53 447 8 1,2,7,8,8,10,13,14 41 8.3
35 52
23 8.6
55 455 18 1,2,7,8.98,10,13,14 49 5.8
34 5.9
o 89 4.4
&1 478 113 1,2,7.8,9,10,13,14 52 £.8
49 8.4
«««««« 14 4,)@
108 548 15 1,2,3.4,5,7,8810,11,13,14 68 7.1
36 &4
74 5.1

14
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Thus, there are 17 claimed compounds shown in the fable above that did not

satisfy Yamanouchi's internal criteria for further development based on either the pDy or

A% values. (Matsul Dec. 9 12-13.) This Bs-receptor selectivity and activity data, and

Yamanouchi's internal criteria for evaluating #t, were not before the Patent and

Trademark Office during prosecution of the '532 patent. Because these examples do

not satisfy Yamanouchi's internal Bs-receptor selectivity and/or activity criteria for some

compounds that arg within the scope of claims 1-14, they may be considered fo raise a
substantial new question of patentability with respect {o claims 1-14 of the '832 patent.

¢ The '532 Patent Did Not Correctly ldentify the Assay

Used to Determine :-Selectivity for the Claimed
Compounds

As discussed above, the inventors determined Ps-stimulating action of the
compounds of the invention by comparing the effects of the claimed compounds on the
81, B, and Bsreceplor subtypes using cells expressing human-type receplors.
According to the specification, an SK-N-MC cell system comprising human
neuroblastoma cells permanently expressing the human £ and Bs-receptor was used
to zssess [y activity, and CHO cell systems comprising Chinese hamster ovary cells
permanently expressing either the human §+ or Byreceptors wera used 0 assess Py
and B, aclivities. (Ses the '532 patent, col. 11, L. B8 to col. 12, 1. 11.)

As shown by the information provided in column 8 of the Testing Data Tablg,
however, none of the claimed compounds of Examples 1-106 and 108-113 in the '832
patent was tested for Bs-stimulating action using the SK-N-MC cell systermn until after the
October 15, 1898, filing date of the international application that led to the '532 patent

{i.e., PCT/IPSB/04671). (See also Matsul Dec. § 158.) As reflected in the R&D Meeting

18
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Materials, the inventors assessed the Bs-selectivity of mirabegron, and all of the claimed

compounds disclosed in examples 1-108 and 108-113 of the '532 patent, using the

CHO cell system. (Sse R&D Meeting Materials at p. 3; see also Matsul Dec. § 15.) The

CHO cell system used {o assess the Bs-agonist activity of the claimed compounds

disclosed in Examples 1-106 and 108-113 was essentially the same as the CHQ cell

system used by the inventors to assess the By~ and Bp-agonist activity of those same

compounds, except the CHO cells permanently expressed the human Bs-receptors only.
(See Matsui Declaration at 4 18.)

The SK-N-MC cell system referred to in the specificstion was used by the
inventors to evaluate potential anti-diabetic compounds that were synthesized before
the compounds encompassed by the claims of the '832 patent, and it was considered
competent as g hasis for assessing the PBa-selectivity of those compounds. (Matsui Dec,
117.) A switch was made o the CHO cell system because the gene for the single
human Ba-receptor became available and could be used to construct a CHO assay,
whereas the calls in the SK-N-MC cell system also contained g By-receptor and required
the use of a By-receptor blocker to mask any B4 effects. (Id.; ses also the '532 patent,
col. 11, line 67 — col. 12, line 2.} The inventors oblained the gene for the By-receptor
from a foreign patent office based upon a foreign patent filing. (Matsui Dec, § 19.) They
did not refer to the Bs-CHO cell system assay in the instant patent application because
of a concern that using the 8, gene in an experimental assay might be asserted to be an
act of patent infringement in Japan. (fd)

The Monthly Progress Report in which the inventors evaluated and compared the

CHO Bs-tast to the SK-N-MC Bs-test, before switching to the CHO fa-test, states that

16
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both cell systermns, the SK-N-MC cell system and the CHO cell system, provide test

results that have “significant correlation” with each other for assessing Ba-stimulating
action. (Matsui Dec. 9 18, see also Monthly Progress Report, page £.)

The fact that the specification did not corrgctly describe the test actually
employed for assassing the [ agonist activity of the compounds encompassed by
claims 1-14 may be considered to raise a substantial new question of patentability with
raspect to claims 1-14 of the '532 patent.

d. The Hypogiycemic Activity of the Claimed Compounds
Compared to Prior Art Compounds

As stated in the '532 patent, the insulin sensitivity-potentiating action of the
compounds of the invention was assessed using a hypoglycemic test in KK mice. (See
the 532 patent at col. 11, 1 1-31.)

The '532 patent explaing that the compounds of the invention were administerad
i the mice for four days, and blood sugar levels were measured 15 to 18 hours after
administration. (/d.) According to the patent, a dose at which the blood sugar level was
lowered by 30% compared with that before administration of the drug was expressed as
an EDjyg value. (Id.) Lower EDgp values suggest stronger activity.

The '532 patent states that compounds of the invention significantly lowered the
blood sugar level of KK mice as compared with blood levels before administration. (1532
patent at Col. 11, . 18-21.) At column 11, Il 22-24, the '832 patent siates “some of the
compounds of the present invention exhibited a strong activity so that the EDgy, value in
the oral administration was 3 mg/kg/day or less.” (Col. 11, Il 22-24.) The '832 patent

notes that ceriain prior art compounds were disclosed in International Publication
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No. WO 95/29159, and states that “the compounds of the present invention have a

superior potentiating action to insulin sensitivity as compared with those of the above-

referenced WO 95/29158. (Col. 11, Il 28-31.) With respect WO 95/29159, the '532

patent states that "the compound of Example 90 had an EDyg vaiue of 30 mg/kg/day or

more, and the compound of Example 82 had an EDgg value of 30 mglfkg/day.” (id. at
Col. 11, I, 25-28.)

During prosecution of the '532 patent, in responding to a quastion raised by the
Examiner about the enablement of the broad range of compounds claimed, reference
was made to those stalements in the specification: “[flhe compounds of the present
invention were shown to have a potentiating action to insulin sensitivity ten times
greater than those compounds disclosed in WO 95/29159. See specification at page 24.
Not only do the inventive amide derivatives of general formula (1) work, but they work
surprisingly better” (The Prosecution File History (item of Information No. 7),
Amendment filed May 4, 2001, at p. 12; emphasis in original.)

Based on the information provided in column 7 of the Testing Data Table,
however, several of the claimed compounds disclosed in Examples 1-106 and 108-113
in the '532 patent did not show EDgo values that are ten times greater than the prior art
compounds disclosed in Examples 90 and 92 of WO 95/28159. Specifically the Testing
Data Table shows that 21 compounds of the claimed invention for which EDsg data is
listed have activities of >10 mg/kg, which is less than three times greater activity than
the 30 mg/ka/day activities of the compounds disclosed in Examples 90 and 92 of
WO 95/29159. Moreover, the Testing Data Table shows that other of the claimed

compounds disclosed in Examples 1-106 and 108-113 have EDj aclivities of between
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3 and 10 mgikg, which is also less than ten times greater activity than the prior art
30 mg/kg/day activity.

Only two compounds included in the Testing Data Table have EDy values of lesg

than 3.0 mg/kg/day: Compound No. 1 (BAN-388; Example 88) and Compound No. 3

(BAN-369A; Example 99). The following data excerpted from the Testing Data Table

lists examples® of the claimed compounds that did not show an EDso value for oral

administration that was 3 mg/kg/day or less:

Chart# | BAN# | Example Compound Covered By EDag (molkg)
# Claims:

5 371 41 12,3,456,789.10,11,12,13,14 | 6.5
) 372 91 1,2.7.8,9,10,13,14 =10
1 374 94 1.2,7,89,10,13,14 >10
15 384 39 - 1,2,7.89,1013,14 >10
23 408 80 1,2,7.8910,1314 ¥ =10
47 1 433 38 1,2,3,4,7.89,10,13,14 >10
49 | 435 | 36 1,2,3,4,7,89,10,13,14 =10
50 440 | 37 ‘ 1,2,3,4,7,8,9,10,13,14 : >10
63 484 25 ‘ 1,2,7,8,9,10,13,14 ) 10
711 801 56 ] 1,2,7,8,9,10,13,14 i >0
73 1 503 13 | 1,2,7,8,9,10,13,14 >10
78 508 71 | 1,.2,7,89,10,13,14 »10
82 1 513 75 1,2,7,8.8,10,13,14 _ >10
83 514 77 1,2,7,8,8,10,13,14 ; »>10
86 517 70 1,2,7,8,8,10,13,14 =10
87 21 | 64 | 1,2,7,8,910,13,14 »10

88 522 72 1,2.7.8,9,10,13,14 »10
89 523 684 1,2,7,8,910,13,14 >10
84 528 80 1,2,7,8,9,10,13,14 >10
85 529 + 73 | 1,2,7.8.910,13 14 >10
898 | B30 78 1,2,7,8,9,10,13,14 >10
97 | 534 76 1,2,7,.8,9,10,13,14 =10
103 | 538 49 ‘ 1,2,7,8,9,10,13,14 >0
107 | 544 28 1,2,7,89,10,13.14 T 10

4 Testing Data Table shows other clairmed compounds disclosed in examples 1-108 and
108-113 that are not listed in this table and that have EDgy activities of between 3 and
10 myg/kg.
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L 112 1 B52 | 33 1,2,6,7,8,9,10,12,13,14 | 9.5 ]

Thus, while the statement in the specification is correct that “some” of the
claimed compounds “were shown 1o have a potentiating action to Insulin sensitivity fen
times greater than those compounds disclosed in WO 95/29159," that was not the case
for all of the claimed compounds. The EDj KK mouse data for the compounds
encompassed by claims 1-14 that do not meet the asserted criterion was not before the
Patent and Trademark Office during prosecution of the '532 patent, and may be
considered to ralse a substantial new question of patentability with respact to claims 1-
14 of the 832 patent.

3. JP 10-218861 {item of information No. 8)

JPO10-218861 (“JP 861"} describes compounds said fo have Bs-receplor
stimulating action and said to be useful as active components of therapeutic agents for
freating diabetes. {See JP ‘8861 at Abstract.) JP '861 was cited during prosscution of the
‘532 patent agsinst claims 1-8 of the 096 application In a rejection under
35 U.8.C. § 102(a). (See the Prosecution File History, non-final Office Action mailed in
the '098 application on December 7, 2000, at p. 6.)

In lieu of presenting a substantive argument against the Section 102(a) rejection,
a sworn translation of Japanese Application No. Hel 9-285778, filed October 17, 1887
{of which the '532 patent claims benefit under 35 U.S.C. § 119), was submitted to
remove JP 861, which published on August 18, 1988, as prior art. (See i, at
Amendment under 37 CF.R. § 1.111 filed May 4, 2001, at pp. 13-14.) As a result, the
Office withdrew the Section 102(a) rejection. (Sse id. at non-final Office Action mailed in

the '096 application on June 19, 2001, atp. 3.)
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JP Hei 9-285778, however, may not provide sufficient written description support
for the full scope of claims 1-5, 7-11, 13, and 14 of the '532 patent. Specifically, while JP
Hei 8-285778 recites the same formulae as formuia (1) in claim 1 of the 532 patent and
formula (la) in claim & of the '532 patent, not all components of these formulae are
described in the same manner in both documents. JP Hei 9-285778 states that B is “a
nitrogen-containing heteroaryl group which may be substituted and may be fused with a
benzene ring,” while B in claims 1-5 of the '532 patent is “a heteroaryl group.” Also, JP
Hei B-285778 states that A is "methylene, sthylene or a group represented by a formula
-CHa-0- while A in claim 1 of the '532 patent is “lower alkylene or lower alkylene-Q-."
Since claims 1-8, 7-11, 13, and 14 of the 532 patent may not be entitled to the
Qctober 17, 1997, priority date, JP '861 may be prima facle prior art under
35U.8.C §102(a) and may raise a substantial new question of patenisbility with
raspect to those claims, at least for the reason it was cited during prosecution of the
532 patent.
4, JP 10-218861 in view of Blin (Hem of Information No. 8)
JP 861 recites Compound 11 in Table 9

Cormpound. 11

mf:?\\,T w"*‘&iv‘"‘w “V»N
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This Compound 11 differs from the compounds encompassed by claims 1-5, 7-11, 13,
and 14 of the '532 patent only in that the terminal phenyl ring in Compound 11 has a
hydroxyl substituent, whereas the corresponding terminal phenvl ring in the compounds
encompassed by claims 1-8, 7-11, 13, and 14 of the '5632 palent is not substituted with
hydroxyl group.

Blin, which was not of record during the prosecution of the '532 patent, discusses
the structural-activity relationships of a large variety of compounds o determine the
structural features responsible for the 8 potency and selectivity of ligands. {See Blin at
p. 1087.) Blin teaches that polent B; agonists may have the following minimal

pharmacophore:

P Ot CHy N

A

gt

41 Ay =3.83£008
42 (A) = 2.47 £ 0.03
A3 (A) = 3,07 £ 0.08

(Ses id. at pp. 1101-02.)

This minimal pharmacophore shares a similar portion of the skeleton, phenyl
ring-CH{OH)-CH{NH), with Compound 11 of JP '881. However, the phenyl ring in the
minimal pharmacophore of Blin is not substituted,

Blin, therefore, might be construed, arguendo, to teach that the terminal phenyl
ring in Compound 11 of JP '861 need not he substituted with a hydroxyl group to retain

its intended Bs-adrenergic receptor agonist activity, Accordingly, maodification of
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Compound 11 of JP '861 to replace the hydroxy! substituent on the terminal phenyl ring
with hiydrogen might be said to have been prima facie obvious in view of the teachings
in Blin. Thus, as discussed above, since the hydroxyl substitution on the terminal phenyl
ring in Compound 11 of JP '861 is the only difference between this compound and the
compounds encompassed by claims 1-5, 7-11, 13, and 14 of the '§32 patent, the
combination of JP '861 and Blin may raise a substantial new question of pateniability

with respect o those claims.
5. WO 94/18161 (Htem of Information No. 10} in view of Blin, Thornber
{item of Information No. 11}, and JP 10-218861 {lHtem of Information

Mo, 8)

WO 84/18161 ("WO 1817), which was not of record during proseoution of the
‘532 patent, describes a group of substituled sulfonamides that are said {o be selective
Ba-adrenergic receptor agonists having very little 34 and B, adrenergic receptor activity
that are expecied to be useful in the treatment of Type Il diabetes. (Abstract.) Among

the specific compounds described in WO 161 is the following on page 32:

EXAMPLE 8 of WO 7181

OH
g \
,‘“’A‘-\{:::]»"‘O“m,f B ”’\m‘*-“‘m\;ﬂ‘ﬁ%“:i:}
HEO™ e A

This compound differs from the compounds encompassed by claims -5, 7-11,
13, and 14 of the '532 patent in that it has, on the left hand side of the molecule, a
hydroxyl-substituted pheny! ring-O-CHa-CH(OH)-CH,(NH), rather than a phenyl ring-

CHz-CH{OH}-CHp{NH) without the hydroxyl substitution. Alsg, the compound of
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Example 8 of WO 161 has, on the right hand side of the molecule, a —-N(H}-S(0z)-

phenyl ring, while the compounds encompassed by claims 1-8, 7-11, 13, and 14 of the
'532 patent have a ~N{H)}-C{O)-hetercaryl ring (optionally substituted).

Biin, which is discussed above, discloses that potent Bz agonists may have either

of the following two minimal pharmacophores: pheny! rfing-CH{OHCH(NH) and phanyl

A B

ﬁ;‘““‘mwm‘w\"*'«

! . o l{:;:..t y ff f,‘a A N

o e Ry o I ( s G g oo Sy WO

# i \%W»w \\ N ‘l}@" w’i

e N N S
dE{A) =364 £ 011
d1(A) = 1.83 £ 0.08 42 (A) w 240 £ Q.02
42 (A= 2.47 £ 0.03 43 (A3 = 2.95 % 1,03
43 (A} = .07 £ 008 44 (A= 5352018

45 (A= 4,31 £0.12

{See Blin, at pp. 1101-02.} Blin can aiso be said, arguendo, to teach that there is no
need to include a hydroxy! substituent on the phenyl ring in these pharmacophores.
Thornber, which was not of record during prosecution of the '532 patent,
discusses how bivisosterism techniques are used in the pharmaceutical arts to modify a
lead compound and obtain compounds with similar properties. {See Thornber at p. 563
and 585.) Thornber teaches that bicisosteres are groups or molecules which have
chemical and physical similarities that impart similar biological properties to a chemical
compound. (See Thornber at p. 563.) Table 3 in Thornber provides a list of known
bivisosteric replacements. For example, Table 3 teaches that a carbonyl group (—-CO)

may be replaced with a sulfoxide group (~-80,).
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As discussed above, JP '861 might be construed, arguendo, to teach that an
optionally substituted heteroaryl group may be present at the right hand side of a
phenethanol amide Bs-adrenergic receptar agonist.

Therefore, it arguably might have been considered prima facie obvious, based
ont the teachings of Blin, Thomber, and JP '861, {o modify the compound disclosed in
Example 8 of WO "161 to arrive at the claimed invention, by, for example:

{H replacing the phenyl ring-O-CHa-CH{OH-CHa(NH) component at the left hand
side of the molecule with phenyl ring-CH{OH}»CHu(NH) and omitting the
hydroxy!l substitution on the phenyl ring In view of the teachings in Blin,

(i) replacing the ~S(O;}- group with the ~C(0}~ group in view of the teachings in
Thornber, and

ity replacing the terminal phenyl ring at the right hand side of the molecule with a
heteroaryl ring or a methylene-linked heteroaryl ring, whera the helercaryl
ring may be substituted, in view of JP '861.

Moreover, based on the teachings of Blin, Thormnber, and JP 881, there arguably might
have been considered {0 be a reasonable expeciation that these modifications could be
made without adversely affecting the utility of the compound for treating diabetes. Thus,
the combination of WO 181, Thornber, Blin, and JP '861 may raise a substantial new
question of patentability with respect to claims 1-8, 7-11, 13, and 14 of the '832 patent.

V. & 1.810(0b)8): A Copy of The Patent for Which Supplemental Examination is

Reguested and a Copy of any Disclaimer or Certificate Issued for the

Patent

A copy of the '532 palent and a copy of a Certificate of Correction for the 532

patent are submitted herewith.
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Wil

cmmad By A Written English Transiation Of AEE Qf The Necemaw
And Pertinent Parts Of Any Non-English Language tem Of information

A copy of each item of information is submitted herewith.

., 81.810(b}8: A Summary of the Relevant Portions of any Submittaed
Document, Other than the Request, that is Over 50 Pages in Length

Ag the only submitted document over 50 pages in length is WO "161, a separate
summary of the relevant portions of that document is provided as follows:

WO 161, published 18 August 1994, descrives a group of substifuled
phenyisulphonamide compounds that are reported to be selective B:; adrenergic
receptor agonists with very little beta~1 and beta-2 adrenergic receptor activity.
(Abstract.} The compounds are said {o have very potent activity in the treatment of Type
I diabetes and obesity. The scope of the compounds in WO "181 is describad on pages
3-5, with several preferred compounds described on pages 5-7. Among the 219
examples described in WO "181 is Example 8 on page 32 of the specification that is
referenced above on page 27 of this request,

A 8§ 1.810{bY3): An ldentification of the Owner(s) of the Entire Right, Title and
interest in the Patent Requested to be Examined, and a Submission By the

Patent Qwner in Compliance with § 3.73(c) Establishing the Entirety of the

Cwnership in the Patent Requested to be Examined

Astellas Pharma Inc. is the owner of the entire right, title and interest in the '532
patent by virtue of an assignment from the inventors {o Yamanouchi Pharmaceutical
Cao., Lid. recorded at real 010808, starting at frame 0313, on April 17, 2000, and a

change of name to Astellas Pharma Inc., recorded af reel (18784, starting af frame

(381, on November 16, 2008,
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K. Correspondence Address
Plegse send correspondence regarding this  supplemental  examination
proceeding and any subseguent resxamination to the correspondence address
associated with Customer No. 22852,
XH. Conclusion
Astellas respectfully requests supplemental examination of claims 1-14 of the
'532 patent based on the (no more than 12) items of information submitted herewith,
and that a supplemental examination certificate be issued.
Please grant any additional extensions of time required to enter the attached
reply and charge any additional required fees to Deposit Account No. 06-0916,

Respectiully submitted,

FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, LL.P.

Dated: November 21, 2013 By &« e A
Charles E. Van Horn
Reg. No. 40,266

(202) 408-4000
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7) ABSTRACT
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Amide derivatives represented by general formula (I) or
salts thereof wherein each symbol has the following mean-
ing: ring B: an optionally substituted heteroaryl optionally
fused with a benzene ring; X: a bond, lower alkylene or
lower alkenylene oplionally subslituted by hydroxy or lower
alkyl, carbonyl, or a group represented by —NH— (when X
is lower alkylene optionally substituted by lower alkyl
which may be bonded to the hydrogen atom bonded to a
constituent carbon atom of ring B to form lower alkylene to
thereby form a ring); A: a lower alkylene or a group
represented by ~(lower alkylenc)—O—; R and R': the
same or different and each hydrogen or lower alkyl, R*:
hydrogen or halogeno; and Z: nitrogen or a group repre-
sented by —=CH—. The compounds are useful as a diabetes
remedy which not only functions to both accelerate the
sccrction of insulin and cohance insulin scnsitivity but has
an antiobestic action and an antihyperlipemic action bascd
on its selective stinwlative action on a fi; receptor.

14 Claims, No Drawings
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1
AMIDE DERIVATIVES OR SALTS THEREOF

TECHNICAT, FIEL.D

The present invention relates to pharmaceuticals and,
more particularly, it relates to novel amide derivatives or
salts thereof and also to therapeutic agents for diabetes
wellitus containing them as effective cormponents.

BACKGROUND O TIIE INVENTION

Diabetes mellitus is a disease accompanied by continuous
hyperglycemic state and is said to be resulted by action of
many environmental factors and genetic factors. The main
controlling factor for blood sugar is insulin, and it has been
known that hyperglycemia is resulted by deficiency of
insulin or by excess of factors which inhibit its action (such
as genetic cause, lack of exercise, obesity and stress).

Diabetes mellitus is classified into two main types. One is
isulin-dependent diabetes mellitus (IDDM) caused by a
lowering of insulin-secreting function of pancreas due to
autoimmune diseases, and another is non-insulin-dependent
diabetes mellitus (NIDDM), caused by a lowering of
insulin-secreting function of pancrease due to pancreatic
fatigue accompanied by continuous high insulin secretion.
95% or more of diabetic patients in Japan are said to suffer
from NIDDM, and an increase in the patients due to a
change in daily life style is becoming a problem.

As to the therapy of diabetes mellitus, dietetic treatment,
therapeutic exercise and remedy of obesity are mainly
conducted in mild cases while, when the discase progresses,
oral antidiabetic drugs (for example, insulin secretion pro-
moters such as sulfonylurea compounds and insulin sensi-
tivity potentiators which potentiate the sensitivity of insulin)
are administered. In severe cases, an insulin preparation is
administered. However, there has been a brisk demand for
creation of the drugs whereby higher control for blood sugar
is possible, and development of antidiabetic drugs having a
new mechanism and having high usefulness has been
demanded.

U.S. Pat. Nos. 4,396,627 and 4,478,849 describe phenyle-
thanolamine derivatives and disclose that those compounds
are useful as drugs for obesity and for hyperglycemia.
Action of those compounds is reported to be due to a
stimulating action to fs-receptors. Incidentally, it has been
known that $-adrenaline receptors are classified into 3, B,
and 5 sublypes, thal slimulation ol fi,-receplor causes an
increase in heart rate, that stimulation of [i,-receptor stimu-
lates decomposition of glycogen in muscles, whereby syn-

thesis of glycogen is inhibited, causing an action such as

muscular tremor, and that stimulation of fz-receptor shows
an anti-obesity and an anti-hyperglycemia action (such as
decrease in triglyceride, decrease in cholesterol and increase
in IIDL~cholesterol).

However, those §5-agonists also have actions caused by
stimulation of f,- and f,-receptors such as increase in heart
rate and muscular tremor, and they have a problem in terms
of side effects.

Recently, it was ascertained that f-receptors have differ-
ences (0 species, and it has been reported that even com-
pounds having been confirmed to have a fs-receptor selec-
tivity in rodential animals such as rats show an action due to
stimulating action to ;- and B,-receptors in human being.
In view of the above, investigations for compounds having
a stimulating action which is selective to f;-receptor in
human being have been conducted recently using human
cells or cells where human receptors are expressed. For

10

40

55
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example, WO 95/29159 describes substituted sulfonamide
derivatives represented by the formula set forth below and
discloses that due lo Lheir selective slimulating action (o
Bs-receptors in human being, they arc uscful against obesity,
hyperglycemia, cte. Howcever, this patent docs not specifi-
cally disclosc an insulin scerction promoting action and an
insulin sensitivity potcatiating action of thosc compounds.

R*
cl)u [\I R2 =|=
CHCHoN (Xm N—SOxCHz)—R
oD neaWa
n R} | Rﬁ
RS

(In the formula, the symbols should be referred to in the
specification of this patent.)

As such, there has been still a demand for creation of
therapeutic agents for diabetes mellitus of a new type which
have a highly clinical uscfulness.

DISCLOSURE OF THE INVENTION

The present inventors have conducted an intensive inves-
tigation on compounds having both an insulin secretion
promoting action and an insulin sensitivity potentiating
action and found that novel amide derivatives show both a
good insulin secretion promoting action and a good insulin
sensitivity potentiating action and furthermore show a selec-
tive stimulating action to (3;-receptors, leading to accom-
plishment of the present invention.

‘I'hat is, the present invention relates to an amide deriva-
tive represented by the general formula (I) set forth below or
a sall thereol hal is uselul lor the therapy ol disbeles
mellitus, having both an insulin secretion pramoting action
and an insulin sensitivity potentiating action and further
having anti-obesity and anti-hyperlipemia actions due to a
selective stimulating action o Ps-receptors. The present
invention also relates to a pharmaceutical agent, particularly
to a therapeutic agent for diabetes mellitus containing the
amide derivative or the salt thereof as an effective ingredi-
ent.

[ts]

OH
R2—— ~
LA Rmm L~ ﬁ/lkx/@

(In the formula, each of the symbols means as follows:
ring B: a hetcroaryl group which may be substituted and
may be tused with a benzene ring;

X: a bond, lower alkylene or alkenylene which may be
substituted with hydroxy or a lower alkyl group,
carbonyl, or a group represented by —INH— (when X
is a lower alkylene group which may be substituted
with a lower alkvl group, the hydrogen atoms bonded
to the carbon atom constituting the ring B may form a
lower alkylene group together with the lower alkyl
group so that a ring is formed);

A: lower alkylene or a group represented by -lower
alkylene-O—;

R R*?: they may be the same or different and each is a

hydrogen atom or a lower alkyl group;

R?: a hydrogen atom or a halogen atom; and
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Z: a nitrogen atom or a group represented by =CH—.)

The compound of the general formula (I) is further
illustrated as follows.

In the definitions vsed in the gencral formula in this
specification, the term “lower” means a lincar or branched
hydrocarbon chain haviag from 1 to 6 carbon atoms unless
otherwisc specificd.

Specific examples of the “lower alkyl group™ are methyl,
ethyl, and linear or branched propyl, butyl, pentyl and hexyl,
preferably an alkyl having from 1 to 4 carbon atoms, and
particulatly preferably methyl, ethyl, propyl and isopropyl.

Examples of the “lower alkylene group” is a divalent
group obtained by removing an arbitrary hydrogen atom(s)
from the above “lower alkyl group”, preferably an alkylene
group having from 1 to 4 carbon atoms, and particularly
preferably methylene, othylene, propylene and butylene.
Examples of the “lower alkenylene group” are vinylene,
propenylene, butenylene, pentenylene and hexenylene
groups.

The “heteroaryl group which may be fused with a benzene
ring” in the “heteroaryl group which may be substituted and
may be [used with a benzene ring” means a ring group where
a benzene ring is fused with a heteroaryl group as mentioned
later or a non-fused heteroaryl group.

Specific examples of the “ring group where the benzene
ring is fused with a heteroaryl group” are fused-ring het-
eroaryl groups such as quinolyl, isoquinolyl, quinazolinyl,
quinolidinyl, quinoxalinyl, cinnolinyl, benzimidazolyl,
imidazopyridyl, benzofuranyl, benzoisoxazolyl,
benzoxazolyl, benzothiazolyl, oxazolopyridyl,
isothiazolopyridyl, benzothienyl, etc.; and oxo-added rings
such as oxobenzofurayl, ete.

Examples of the “heteroaryl group” are monocyclic het-
eroaryl groups such as furyl, thienyl, pyrrolyl, imidazolyl,
thiazolyl, pyrazolyl, isothiazolyl, isoxazolyl, pyridyl,
pyrimidyl, pyridazinyl, pyrazinyl, thiadiazolyl, triazolyl,
tetrazolyl, etc.; and bicyclic heteroaryl groups such as
naphthylidinyl, pyridopyrimidinyl, ete.

The substituent in the “heteroaryl group which may be
substituted and may be fused with a benzene ring” may be
any group which can bc usually substituted in this ring
group. Preferred cxamples arc a halogen atom and lower
alkyl, lower alkenyl, lower alkynyl, hydroxy, sultanyl, halo-
geno lower alkyl, lower alkyl-O—, lower alkyl-S—, lower
alkyl-O—CO—, carboxy, sulfonyl, sulfinyl, lower alkyl-
SO0—, lower alkyl-SO,—, lower alkyl-CO—, lower alkyl-
CO—O0—, carbamoyl, lower alkyl-NI[—CO—, di-lower
alkyl-N—CO—, nitro, cyano, amino, guanidino, lower
alkyl-CO—NII—, lower alkyl-SO,—NII—, lower alkyl-

NH—, di-lower alkyl-N—, —O-lower alkylene-O—, etc. 5

These substituents may further be substituted with a sub-
stituent such as an aryl group, a heteroaryl group, a halogen
atom, hydroxy, sulfanyl, halogeno lower alkyl, lower alkyl-
00—, lower alkyl-S—, lower alkyl-O—CO—, carboxy,
sulfonyl, sulfinyl, lower alkyl-SO—, lower alkyl-SO,—,
lower alkyl-CO—, lower alkyl-CO—O—, carbamoyl, lower
alkyl-NH—CO—, di-lower alkyl-N—CO—, nitro, cyano,
amino, guanidino, lower alkyl-CO—NH—, lower alkyl-
SO,—NH—, lower alkyl-NH—, di-lower alkyl-N—, etc.
These substituents such as an aryl group, a heteroaryl group,
ete. may further be substituted with a halogen atom, ete.

The “lower alkenyl group” is a linear or branched alkenyl
group having 2 to 6 carbon atoms, and its specific examples
are vinyl, propenyl, butenyl, pentenyl and hexenyl groups.

The “lower alkynyl group” is a linear or branched alkynyl
group having 2 to 6 carbon atoms, and its specific examples
are ethynyl, propynyl, butynyl, pentynyl and hexynyl.

[
t

40

5

=

4

The “halogen atom” means a fluorine atom, a chlorine
atom, a bromine atom or an iodine atom, and the “halogeno
lower alkyl group” means a group where an arbilrary
hydrogen atom or atoms in the above-mentioncd alkyl group
is/arc substitutcd with a halogen atom or atoms.

The case when X is a bond means that a carbon atom of
the —CO— group is directly bonded to the ring B.

The compound () of the present invention has at least one
asymmetric carbon atom and therefore, there are optical
isomers such as (R)-compounds, (S)-compounds, etc.,
racemates, diastereomers, c¢tc. The present invention
includes all and each of isolated isomers and mixtures
thereof. 'I'he present invention also includes hydrates, sol-
vates (such as those with ethanol) and polymorphic sub-
stances of the compound (I).

The compound (I) of the present invention may form a salt
with an acid. Examples of the salt are acid addition salts with
mineral acids such as hydrochloric acid, hydrobromic acid,
hydroiodic acid, sulturic acid, nitric acid, phosphoric acid,
ete.; and those with organic acids such as formic acid, acetic
acid, propionic acid, oxalic acid, malonic acid, succinic acid,
[umaric aid, maleic acid, lactic acid, malic acid, citric acid,
tartaric acid, carbonic acid, picric acid, methanesulfonic
acid, ethanesulfonic acid, glutamic acid, ete.

Manufacturing Mcthod

The compound of the present invention or the salt thereof
may be manufactured by application of various synthetic
methods utilizing the characteristics of its fundamental
skeleton or type of the substituent. Representative manufac-
turing methods are illustrated as hereunder.

First Manufacturing Method

OH rlaﬂ
~ L N
R_:/j “XA\O\ m
\Z’/ Rla Rrle / NH,

Hh oo
)k @ (IIr)
v X

i) removal of protecting group

OH
S B @\ o Y
ol ~
N R><R NG HJ\X/@

(Ta the formulae, R*, R**, R% A, B, X and Z have the same
meanings as defined already; R* is a protective group for
amino; and Y* is a leaving group, and more specifically
hydroxy, lower alkoxy or halide.)

In this method, the compound (IT) and the compound (I1T)
are subjected to amidation, and the protective group is then
removed therefrom to synthesize the compound (I) of the
present invention.

The amidation in this manufacturing method can be
conducted by customary manners.

The solvent may vary depending upon Y' of the com-
pound (III) and mostly, an inert solvent or an alcoholic
solvent (such as isopropanol, etc.) may be applied.

When Y* is a hydroxy group, a method where the reaction
is conducted in the above-mentioned solvent in the presence
of a condensing agent may be applied. Examples of the
condensing agent are N,N'-dicyclohexylcarbodiimide
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(DCC), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
(EDCI), 1,1'-carbonyldiimidazole (CDI), diphenylphospho-
ryl azide (DPPA), diethylphosphoryl cyanide (DEPC), eic.

When Y is lower alkoxy, a method whete the reaction is
conducted under heating or refluxing as it is or in the
above-mentioned inert solvent may be applied.

When Y' is halide, a method where the reaction is
conducted in the above-mentioned inert solvent in the pres-
ence of a base may be applied.

Examples of the inert solvent are dimethylformamide
(DMFE), dimecthylacctamide, tctrachlorocthane,
dichloromethane, dichloroethane, chloroform, carbon
tetrachloride, tctrahydrofuran, dioxanc, dimcthoxycthanc,
ethyl acetate, benzene, toluene, xylene, acetonitrile, dim-
cthyl sulfoxide, cte., and mixed solvents thercof, and they
may be appropriately selected depending upon each reaction
condition. Examples of the base are inorganic bases such as
sodium hydroxide, potassium hydroxide, sodium carbonate,
potassium carbonate, etc.; and organic bases such as
N-methylmorpholine, triethylamine, diisopropylethylamine,
pytidine, ete.

The protective group of the amino represented by R®
means a protective group which is commonly used for
amino by those skilled in the art, and its representative
examples are acyl such as formyl, acetyl, propionyl,
methoxyacetyl, methoxypropionyl, benzoyl, thienylacetyl,
thiazolylacetyl, tetrazolylacetyl, thiazolylglyoxyloyl,
lhienylglyoxyloyl, etc.; lower alkoxycarbonyl such as
methoxycarbonyl, ethoxycarbonyl, tert-butoxycarbonyl,
ete.; aralkyloxy-carbonyl such as benzyloxycarbonyl,
p-nitrobenzyloxycarbonyl, ete.; lower alkanesulfonyl such
as methanesulfonyl, ethanesulfonyl, etc.; aralkyl such as
benzyl, p-nitrobenzyl, benzhydryl, trityl, cte.; tri-(lower
alkyl)silyl such as trimethylsilyl, ctc.; and the like.

Removal of the protective group in this manufacturing
method may be conducted by customary manners. For
example, the protective group for amino represented by R®
may be easily removed, for example, by i) a method where
in case that the protective group is benzhydryl,
p-methoxybenzyl, trityl, tert-butoxycarbonyl, formyl, etc.,
treatment with an acid such as formic acid, trifluoroacetic
acid, a trifluoroacetic acid-anisole mixed solution, a hydro-
bromic acid-acetic acid mixed solution, a hydrochloric acid-
dioxane mixed solution, etc. is conducted; i) a method
where in case that the protective group is benzyl,
p-nitrobenzyl, benzhydryl, trityl, ete., a catalytic reduction
method using palladium-carbon or palladium hydroxide-
carbon is conducted; and iii) a method where in case that the
protective group is a tri-(lower alkyl) silyl or the like,

treatment with water, fluoride anion (e.g., tetra-n- °

butylammonium fluoride, sodium fluoride, potassium
fluoride, hydrofluoric acid), etc. is conducted.

10
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Second Manufacturing Method

HZNXA\l T o ™
|
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H
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(In the formulae, R'# R*®, R%, A, B, X and Z have the same
meanings as defined already.)

In this manulacturing method, the compound (IV) is
reacted with the compound (V) to give the compound (I) of
the present invention.

The amine compound (IV) and the compound (V) are
reacted under heating or refluxing lor 1 to 24 hours as they
arc or in an incrt solvent, to give the compound (T) of the
present invention.

Examples ol the inert solvenl are acelonilrile,
tetrahydrofuran, 2-butanone, dimethyl sulfoxide and
N-methylpyrrolidone. In the reaction, a base such as sodium
bicarbonate, potassium carbonate or diisopropylethylamine
may be added to the reaction mixture.

Incidentally, in the above manufacturing mcthods, it is
possible to purify the resulting substance by removing
undesired by-products by means of recrystallization,
pulverization, preparative thin layer chromatography, silica
gel flash chromatography (as described in W. C. Still, ct al.,

J. Org. Chem., 43, 2923 (1978)), medium-pressure liquic

chromatography and HPLC. The compound produced
through HPLC can be isolated as a corresponding salt.
The starting material used in the above-mentioned manu-
facturing methods may be easily manufactured by the meth-
ods which are known to those skilled in the art. One of the
represeatative methods is showa as bereunder.

Manufacturing Method for the
Starting Compound (IT)

)

OH v

R
|
NO, z_l/\l\\)\/N A\\'\ S
¢ K/) R“><R“’ O\NOZ

/ z
(Vi)
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~continued
OH

.
R—I/\\)\/ILX A\O\ . Rz_l/\)\/N
I\ Z) rla’ oo I &7 NO,

A [{Kw L~

(VIILL)

10

(In the formulae, R**, R**, R%, R* A and Z have the same
meanings as defined already; R® is a hydrogen atorm or an
arallkiyl-based protective group for amino; and R® is epoxy,
2-haloacetyl or 1-carboxymethan-1-ol.)

This manufacturing method is composed of from step (a)
to step (¢) in which the step (a) is a step where the compound
(VI) is reacted with the compound (VII), followed by
reduction reaction to give the compound (VIIIa) depending

upon the type of R°,; the step (b) is a step where protection 20

is conducted when R of the compound (VIIIa) is a hydrogen
atom; and the step (¢) Is a step where nitro is reduced to
amino Lo give the compound (IT).

Examples of the aralkyl-based protective group for amino
used in this manufacturing method are benzyl,
p-nitrobenzyl, benzhydryl, etc.

Step (a)

Hlustration is made for the following three cases.

1) When R¢ is epoxy, the compound (V) may be reacted 30

with the compound (VII) by the same manner as in the
abovc-mentioned sccond manufacturing method. Reac-

[
t

OH R?

A\'\l« I

NHj
(1)

3) When R° is 1-carboxymethan-1-ol, the compound (VI)
Is reacted with the compound (VII) in the presence of
4 condensing agent, followed by reduction reaction in
the same manner as in 2) to prepare the compound
(VIIla). The condensing agent is the same as that
mentioned in the first manufacturing method.

Step (b):

When R? in the compound (VIIIa) is a hydrogen atom, the
amino group is protected by customary manncrs using
di-tert-butyl dicarbonate, etc., to prepare the compound
(VIIIa).

Step (o)

A method for the reduction of nitro to amino may be
conducted by customary manners such as metallic reduction
using iron, zing, ete. and catalytic reduction using a catalyst
such as palladium-carbon, palladivm hydroxide-carbon,
Raney nickel, ete. R becomes a hydrogen atom depending
upon the reduction conditions, but it may be protected again
by customary manners.

Manufacturing Mcthod for Starting Compound (IV)

A)
9
Yl)l\ /@
RONEL A BN RONEL A X o)
T = AP
RIv R # NH, Rl R 7 N x

@)

tion conditions such as reaction temperature, solvent,

efe. are the same as well. 55

2) When R° is 2-haloacetyl, the compound (VI) is reacted
with the compound (VIT) in the presence of a base,
followed by reduction reaction to prepare the com-
pound (VIIIa). The base is the same as that mentioned
in the first manufacturing mcthod. The reduction reac-
tion may be conducted in the above-mentioned inert
solvent or in a solvent of an alcohol type with stirring
in the presence of a reducing agent. Examples of the

reducing agent arc sodium borohydride, sodium 45

cyanaborohydride, lithium aluminum hydride, borane,
efe.

(tva)

HoN. A = O

A S Wor
v
rla” Rib 7~ X - ™)

(In the formulae, R, R1%, RE, A, B, X and Y* have the same
meanings as defined already.)

This reaction 1s a reaction where the compound (IX) and
the compound (III) are subjected to amidation reaction to
give a compound (IVa) and, when R? is a protective group
for amino, the protective group is removed to give a com-
pound (IV). The amidation reaction can be conducted by the
same manner as in the above-mentioned first manulacturing
method, and the reaction conditions such as reaction
temperature, solvent, etc. are the same as well.
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This reaction is a reaction where the compound (X) and
the compound (III) are subjected to amidation reaction and
then to reduction reaction to give a compound (IVb). The
amidation reaction can be conducted by the same manner as
in the above-mentioned first manufacturing method, and the
rcaction conditions such as reaction temperature, solvent,
etc. are the same as well. In the reduction reaction, the
above-mentioned catalytic reduction, or a mcthod wherce
reduction is conducted using sodivm borohydride in the
presence of cobalt chloride, may be applied.

With regard to other compounds such as the compound
(1), the compound (V), the compound (VI), and the com-
pound (VII), those which are available in the market ot are
appropriulely synthesized by known methods (such as
N-alkylation reaction, cyclization reaction, hydrolysis
reaction, etc.) from the commercially available compounds
may be used.

‘Ihe compound (1) of the present invention which is
manufactured as such {s isolated and purified as a free
compound, a salt thercof obtained by means of salt forma-
tion by customary manners, a hydrate, a solvate with various
solvents such as ethanol, etc., or polymorphic crystals, etc.
The isolation and purification may be conducted by applying
common chemical operations such as extraction,
concentration, evaporation, crystallization, filtration,
recrystallization, various chromatographic methods, ete.

Various isomers may be isolated by customary manners
utilizing the physico-chemical dillerences between the iso-
mers. For example, the racemate can be converted to stere-
ochemically pure isomers by common racemic resolution
(such as a method where the racemate is changed to dias-
tereomer salts with usual optically active acid (for example,
tartaric acid), followed by optical resolution, and the like).
Incidentally, a mixture of diastereomers may be separated by
customary method such as fractional crystallizaiton or
chromatography, etc. In the case of an optically active
compound, il may be manulactured starling (rom an appro-
priate optically active material.

Industrial Applicability

The phenethanol derivative of the present invention rep-
resented by the general formula (I) or the salt thereof has
both an insulin secretion promoting action and an insulin
scositivity potentiating action and also has a sclective
Pa-receptor stimulating action, so that it is uscful as a
therapeutic agent for diabetes mellitus.

As confirmed by a glucose tolerance test and a hypogly-
cemic test in insulin-resisting model animals as described
later, the compound of the present invention has both a good
insulin secretion promoting action and a good insulin sen-

10

15

30

40

65

10

sitivity potentiating action, so that its usefulness in diabetes
mellitus is expected. Although the P;-receptor stimulating
action may have a possibility ol participating in expression
of the insulin scerction promoting action and the insulin
sensitivity potentiating action, other mechanism might also
possibly participate thercin, and the details thercof have
been still vnknown yot. The Bs-receptor stimmulating action
of the compound of the present invention is sclective to
fis-receptors in human being. It has been known that the
stimulation of fi5-receptor stimulates decomposition of fat
(decormposition of the fat tissue triglyceride iato glycerol
and free fatty acid), whereby a disappearance of fat mass is
promoted. Therefore, the compound of the present invention
has an anti-obesity action and an anti-hyperlipemia action
(such as triglyceride lowering action, cholesterol lowering
action and HDL cholesterol increasing action) and is useful
as a preventive and therapeutic agent tor obesity and hypet-
lipemia (such as hypertriglyceridemia, hypercholester-
olemia and hypo-HDL-lipoprotcinemia). These discascs
have been known as animus factors in diabetes mellitus, and
amelioration of those diseases is useful for prevention and
therapy of diabetes mellitus as well.

The compound of the present invention is also usetul as
a preventive and therapeutic agent for other diseases where
the improvement of symptom can be achieved by reducing
the symptoms of obesity and hyperlipemia such as ischemic
coronary diseases such as arteriosclerosis, myocardial
infarction, angina pectoris, etc. cerebral arteriosclerosis such
as cerebral infarction, etc., or aneurysm, etc.

Further, the selective f3,-receptor stimulating action of the
compound of the present invention is useful for prevention
and therapy of s several diseases which have been reported
to be improved hy the stimulation of f;-receptor. Examples
of thosc discascs arc shown as follows.

It has been mentioned that the B5-receptor mediates the
motility of non-sphincteral smooth muscle contraction, and
because it is belicved that the selective Py-receptor stimu-
lating action assists the pharmacological control of intestinal
motility without being accompanied by cardiovascular
action, the compound of the present invention has a possi-
bility of being useful in therapy of the diseases caused by
abnormal intestinal motility such as various gastrointestinal
diseases including irritable colon syndrome. It is also useful
as the therapy for peptic ulcer, esophagitis, gastritis and
duodenitis (including that induced by H. pylori), enterelcosis
(such as inflammatory intestinal diseases, ulcerative colitis,
clonal disease and proctitis).

It is further shown that the f,-receptor affects the inhibi-
tion of release of neuropeptide of some sensory fibers in
lung. The sensory nerve plays an important role in neuro-
genic inflammation of respiratory tract including cough, and
therefore, the specific B5-agonist of the present invention is
useful in the therapy of neurogenic inflammation and in
addition, has little action to cariopulmonary system.

Moreover, the 5-adrenaline receptor is capable of result-
ing in a selective antidepressant action due to stimulation of
the [3,-receptor in brain, and accordingly, the compound of
the present invention has a possibility of being useful as an
antidepressarl.

The action of the compound of the present invention has
been ascertaited to be selective to fy-receptors as a result of
experiments using cells expressing human type receptors,
and the adverse action caused by other fy-receptor stimu-
lation is low or none.

Effects of the compound of the present invention have
been ascertained by the following tests.
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1. Hypoglycemic Test in kk Mice (insulin-resisting model;
Obesity and Hyperglycemia)

Male kk mice (blood sugar level: not lower than 200
mg/dl) were subjected to a measurement of blood sugar level
under feeding and then randomly classified into groups. The
drug to be tested was compulsorily administered orally or
subcutancously once daily for four days, and the blood sugar
level after 15 to 18 hours from the final administration was
compared with that before the administration (n=6). The
blood was collected from a tail vein of the mice using a glass
capillary (previously treated with heparin), the protein was
removed therefrom, and the amount of glucose in the
supernatant liquid (mg/dl) was measured by calorimetric
determmination by means of a glucose oxidase method.
Hurther, a dose at which the blood sugar level was lowered
by 30% as compared with that before the administration
with the drug to be tested was expressed as an ED,, value.

As a result, the compound of the present invention sig-
nificantly lowered the blood sugar level as compared with
that before the administration with the drug to be tested in
both cases of oral and subcutancous administrations. In
particular, some of the compounds of the present invention
exhibited a strong activity so that the ED., value in the oral
administration was 3 mg/kg/day or less. On the other hand,
in the above-referenced WO 95/29159, the compound of
Example 90 had an ED, value of 30 mg/kg/day or more,
and the compound of Example 92 had an ED5, value of 30
mg/kg/day. From this fact, it has become clear that the
compounds of the present invention have a superior poten-
tiating action to insulin sensitivity as compared with those of
the above-referenced WO 95/29159.

2. Glucose Tolerance Test in Normal Rats

Male rats of SD strain of seven weeks age were fasted for
a whole day and night, then randomly classified into groups
and subjected to an oral glucose tolerance test (OGTT)
(n+4). The compound to be tested was administered orally or
subcutaneously at 30 minutes before administration of glu-
cose (2 g/kg by oral administration). The blood was col-
lected from an abdominal aorta using a heparin-treated glass
syringe from the rats which were anesthetized with pento-
barbital (65 mg/kg), the protein was removed therefrom, and
the amount of glucose in the supcrnatant liquid (mg/dl) was
measurcd by colorimetric determination by mcans of a
glucose oxidase method. The insulin value in blood was
determined by measuring the amount of insulin in plasma
(ng/ml) by means of radioimmunoassay (RIA).

As a result, in a group where the compound of the present
invention was administered orally or subcutaneously, a
sigificant increase in the iosulin value in blood was

observed as compated with the group to which no drug was 5

given. An increase in the sugatr blood level after adminis-
tration of glucose was significantly inhibited as well, From
those results, it is apparent that the compound of the present
invention has a good insulin secretion promoting action and
a good hyperglycemia inhibiting action.
3. Stimulating Test to Human fi-, f,- and f,-receptors
Human (3;-stimulating action was investigated using an
SK-N-MC cell system (cells in which human f;-receptor
and human By-receptor were permanently expressed were
purchased) while human B,- and ,-stimulating actions were
investigated using 2 CHO cell system (eells in which each of
human f,- and B-receptors was compulsorily expressed
were purchased). Stimulating action of the compound (107¢
to 10~ M) were investigated by incubating 10° cells/well of
each of the cells on a 24-well plate and checking under a
subconfluent state after two days using a producing activity
of cyclic AMP (cAMP) as an index. Incidentally, the human
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fs-stimulating action was investigated in the presence of a
B,-receptor blocker (CGP20712A, 107¢ M). Amount of
production of cAMP in each cell (pmol/ml) was measured
by an RIA method using ***I-cAMP. Intensity of action of
cach compound was comparcd by calculating the pD2 valuc
and the maximum activity (LA. (%) where the maximum
rcaction of 107° M isoproterenol was defined as 100%) from
the resulting dose-reaction curve.

As a result, it has been ascertained that the compound of
the present invention has a sclective stimulating action to
human f§,-receptot.

A pharmaceutical composition containing one ot more of
the corpound of the present invention or the salt thereof as
an effective ingredient is prepared using common pharma-
ceutically acceptable vehicles, Administration of the phar-
maceutical composition according to the present invention
may be either by oral administration or by parenteral admin-
istration by, for example, injection, suppository, subcutane-
ous agoent, inhaling agent or intracystic infusioa.

The dose may be appropriately decided depending upon
each particular case while taking into consideration
symptom, age, sex, ete. of the patient but usually, is around
0.01 mg/kg to 100 mg/kg per day for adults in the case of
oral administration, and that is administered at a time or by
dividing into 2 to 4 times a day. When intravenous injection
is conducted depending upon the symptom, the dose is
usually around 0.001 mg/kg to 10 mg/kg per day for adults,
and that is administered at a time or by dividing into two or
more times a day.

With regard to a vehicle for the preparation, nontoxic
solid or liquid substances for pharmaceuticals may be used.

Examples of the solid composition for use by means of
oral administration according to the present invention are
tablets, pills, capsules, diluted powder and granules. In such
a solid composition, one or more active substances are
mixed with at least one inert excipient such as lactose,
mannitol, glucose, hydroxypropyl cellulose, microcrystal-
line cellulose, starch, polyvinylpyrrolidone, agar, pectin,
magnesium metasilicate aluminate and magoesium alumi-
nate. T'he composition may also contain additives other than
the inert cxcipient such as lubricants such as magnesium
stearate; disintegrants such as caleium cellulose glycolate;
stabilizers such as lactose; and avxiliary solubilizers such as
glutamic acid or aspartic acid by customary manaers, Tab-
lets and pills may, if necessary, be coated with sugar coat
such as sucrose, gelatin, hydroxypropyl cellulose, hydrox-
ypropylmethyl cellulose phthalate, etc., or with film of
gastric or enteric coating substances.

The liquid composition for oral adwministration {ncludes
pharmaceutically acceptable emulsions, solutions,
suspensios, syrups and elixirs and contains commonly used
inert excipients such as purified water or ethanol. In addition
to the inert excipient, the composition may turther contain
auxiliary agents such as moisturizing or suspending agents,
sweeteners, tasting agents, aromatic agents and antiseptic
agents. The injection for parenteral administration includes
aseptic aqueous or non-aqueous solutions, suspensions and
emulsions. The non-aqueous solutions and suspensions
include, for example, distilled water for injection and a
physiological saline solution. Examples of the solvent for
non-agueous solution and suspension are propylene glycol;
polyethylene glycol; plant oils such as cacao butter, olive oil
and sesame oil; alcohols such as ethanol; gum arabic; and
Polysolvate 80 (frade name). Such a composition may
further contain auxiliary agents such as isotonizing agents;
antiseptic agents; moisturizing agents; emulsifiers; dispers-
ing agents; stabilizers such as lactose; and auxiliary solubi-
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lizers such as glutamic acid and aspartic acid). These may be
sterilized, for example, by filtration passing through a
bacteria-preserving filler or by compounding of or irradia-
tion with & bactcricide. These may also be uscd by manu-
facturing a sterile solid compoasition, followed by dissolving
in sterile water or a sterile solvent for injection before usc.

Best Mode for Carrying Out the Invention

The present invention is further illustrated by way of
Examples as hercunder. Compounds of the present invention
are nol limited (o those mentioned in the (ollowing
Examples but cover all of the compounds teprescated by the
above gencral formula (I), salts thercof, hydrates thercof,
geometric and optical isomers thercof and polymorphic
forms thereof. lncidentally, the case where the material
which is used in the present invention is novel is illustrated
by way of the following Referential Example.

REFERENTIAL EXAMPLE 1

To a mixcd solution of cthyl acctate and a IN aqucous
solution of sodium hydroxide was added 25.2 g of
4-nitrophenyl cthylamine hydrochloride, and the mixture
was vigorously stirred. The organic layer was dried over
anhydrous magnesium sulfate, and the solvent was evapo-
rated. To the resulting residuc were added 100 ml of
2-propanol and 15.0 g of (R)-styrene oxide successively, and
the reaction mixture was heated to reflux for 12 hours. The
solvent was evaporated in vacuo, and the residue was
purified by silica gel column chromatography (eluent:
chloroform/methanol=100/1—10/1) The resulting residue
was again subjected to silica gel column chromatography
(eluenl: hexanefethyl acelale/tricthylamine=1/5/trace) Lo
give 8.05 g of (R)-1-phenyl-2-| 2-(4-nitrophenyl) ethyl]

aminoJethanol.
REFERENTIAL EXAMPLE 2

Asclution of 8,02 g of (R)-1-phenyl-2-[[2-(4-nitrophenyl)
cthylJamino Jethanol and 6.30 g of di-tert-butyl dicarbonate
in 80 rul of tetrahydrofuran was stirted for 12 hours at room
temperature. The residue obtained by evaporation of the
solvent was purified by silica gel column chromatography
(eluent: hexane/ethyl acetate=3/1) to give 10.8 g of tert-butyl
(R)-N-(2-hydroxy-2-phenylethyl)-N-[2-(4-nitro-phenyl)
ethyl]catbamate.

REFERENTIAL EXAMPLE 3
To a solution of tert-butyl (R)-N-(2-hydroxy-2-

pheaylethyl)-N-{2-(4-nitropheayl)cthyl]carbamate in 200

ml of cthanol was added 1.03 g of 10% palladivm-carbon
and the mixture was sticred for two hours at room tempera-
ture in a hydrogen atmosphere under atmospheric pressure.
[nsoluble matters were removed using Celite, and the filtrate
was concentrated 1n vacuo to give 954 g of tert-butyl
(R)-N-[2-(4-aminophenyl)-N-(2-hydroxy-2-phenylethyl)
othyl]-carbamate.

REFERENTIAL EXAMPLE 4

To a solution of 448 mg of tert-butyl (R)-N-[2-(4-
aminophenyl)-N-(2-hydroxy-2-phenylethyl)ethyl]
carbamate and 330 mg of triethylamine in 4 ml of chloro-
form was added 146 mg ol 2-pyridinecarbonyl chloride. The
reaction solution was stirred at room temperature for two
hours, and the solvent was evaporated in vacuo. The residue
was diluted with chloroform, and the organic layer was
washed with a saturated aqueous solution of sodium hydro-

40
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gen carbonate and dried over anhydrous magnesium sulfate.
The residue obtained by evaporating the solvent in vacuo
was purified by silica gel column chromatograpby (eluent:
hexanc/cthyl acctate=1/3) to give 321 mg of tert-butyl
(R)-N-(2-hydroxy-2-phenylethyl)-N-[2-[4-[(2-
pyridinccarbonyl)amino Jphenyl Jethyl]carbamate.

REFERENTIAL EXAMPLE 5

To a solution of 377 mg of tert-butyl (R)-N-[2-(4-
aminophenyl)-N-(2-hydroxy-2-phenylethyl)ethyl]
carbamate in 10 ml of tetrahydrofuran were added 203 mg
of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride, 143 mg of 1-hydroxybenzotriazole and 202
mg of 8-quinolinecarboxylic acid successively. The teaction
solution was stirred at roomm temperature for 18.5 hours, and
the solvent was evaporated in vacuo. 'Ihe residue was
diluted with ethyl acetate, and the organic layer was washed
with a saturated agqueous solution of sodium hydrogen
carbonate and dried over anhydrous magnesium sulfate. The
residue obtained by evaporation of the solvent was purified
by silica gel column chromatography (eluent: hexane/ethyl
acetate=2/1) to give 302 mg of tert-butyl (R)-N~2-hydroxy-
2-phenylethyl)-N-[2-[4-[(8-quinolinecarbonyl)amino]
phenyljethyljearbamate.

REFERENTIAL EXAMPLE 6

To a solution of 403 mg of tert-butyl (R)-N«(2-hydroxy-
2-phenylethyl)-N-{2-[4-[(2-1H-imidazol-2-ylacetyl)amino]
phenyl]ethyl]carbamate in 10 ml of acetonitrile were added
120 mg of potassium carbonate and 164 mg of
2-fluorobenzyl bromide successively at room temperature.
The reaction solution was stirred at 50° C. for 12 hours.
Insoluble matters were filtered off using Celite, and the
solvent was evaporated. The resulting residue was purified
by silica gel column chromatography to give 253 mg of
tert-butyl (R)-N{2-[4-[[2-[ 1-(2-fluorobenzyl)-1H-imidazol-
2-y1]-acetyl]amino]phenyl]ethyl]-N-(2-hydroxy-2-
phenylethyl)-carbamate.

REFERENTIAL EXAMPLE 7

To a solution of 134 g of (R)-2-[N-benzyl-N-[2-(4-
nitrophenyl)cthyl]lamino]-1-phenylethanol in 150 ml of
methanol were added 8.6 g of iron powder and 40 ml of a
2N aqueous hydrochloric acid solution. The reaction mix-
ture was heated to reflux for two hours, & IN aqueous
solution of sodium hydroxide was added thereto, and the
insoluble matters thus produced were filtered off using
Celite. The filtrate was concentrated in vacuo to remove the
methanol, The resulting aqueous phase was extracted with
chloroform, the organic layer was dried over anhydrous
magnesium sulfate, and the solvent was evaporated in
vacuo. ‘lhe resulting residue was purified by silica gel
column chromatography (eluent: hexane/ethyl acetate=1/1)
to give 11.45 g of (R)-2{N-[2-(4-amino-phenyDethyl]-N-
benzylamino]-1-phenylethanol.

REFERENTIAL EXAMPLE 8

To 502 mg of (R)-2-[N-[2-(4-aminophenyl)ethyl]-N-
benzylamino]-1-phenylethanol were added 336 mg of ethyl
2-(3-methylpyridin-2-yl)acetate and 10 ml of xylene. The
reaction mixture was refluxed for nine hours, and the solvent
was evaporated in vacuo. The resulting residue was purified
by silica gel column chromatography (eluent: hexane/ethy!
acetate=1/3) to give 222 mg of (R)-4'-[2-[N-benzyl-N-(2-
hydroxy-2-phenylethyl)aminoJethyl3-2-(3-methylpyridin-
2-yDacetanilide.
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REFERENTIAI. EXAMPLE 9

"lo a solution of 0.96 g of 2-fluoroacetophenone in 20 ml
of tetrahydroturan was added 2.65 g of benzyltrimethylam-
moniwm tribromide. The reaction mixture was stirred at
room temperature for 30 minutes, insoluble matters were
filtered ofT, and the solvent was concentrated in vacuo. The
resulting residue was dissolved in 40 wl of 2-bulanone, then
1.81 g of N-benzyl-4-nitrophenethylamine and 0.92 g of
diisopropyl ethylamine were added, and the reaction mixture
was heated to reflux for one hour. The solvent was evapo-
rated in vacuo, ethyl acetate was added thereto, and the
mixture was washed with water and a saturated saline
solution successively. The organic layer was dricd over
anhydrous magnesium sulfate and evaporated in vacuo. The
resulting residue was dissolved in 40 ml of methanol, 0.34
g of sodium borohydride was added thereto, and the reaction
mixture was stirred at room temperature for one hour. The
solvent was evaporated in vacuo, ethyl acetate was added,
and the mixture was washed with water and a saturated
saline solution successively. The organic layer was dried
over anhydrous magnesium sulfate and evaporated in vacuo.
The resulting residue was purified by silica gel column
chromatography (clucnt: chloroform) to give 1.95 g of

2-[N-benzyl-N-[2-(4-nitrophenyl)ethyl]Jamino]-1-(2-

fluorophcnyl)cthanol.
REFERENTIAL EXAMPLE 10

A rcaction mixture of 5.12 g of methyl 2-pyridylacctate,
5.14 g of 4-aminobenzyl cyanide and 50 ml of xylene was
heated to reflux for 24 hours. An appropriate amount of the
solvent was evaporated, diethyl ether was added to the
resicue, and the resulting crystals were taken by filtration to
give 5.65 g of 4-cyanomethyl-2-(2-pyridyl)acetanilide.

REFERENTIAL EXAMPLE 11

‘To a solution of 640 mg of 4'-cyanomethyl-2-(4,6-
dimethyl-2-pyridyl)acetanilide in 15 ml of tetrahydrofuran
was added 15 ml of an ethanolic suspension of a Raney
nickel, and concentrated aqueous ammonia was added to
adjust the pH of the mixture to about 10. The mixture was
stirred at room temperatute for one hour in a hydrogen
atmosphere under atmospheric pressure. The reaction mix-
ture was filtered using Celite, and the solvent was evapo-
rated In vacuo o give 640 mg of 4'-(2-aminomethyl)-2-(4,
6-dimethyl-2-pyridyl)acetanilide.

REFERENTIAL EXAMPLE 12

To a solution of 630 mg of 4'-(2-aminomethyl)-2-(4,6- 5

dimethyl-2-pyridyl)acetanilide in 20 ml of toluene was
added 0.27 ml of benzaldehyde, and the mixture was heated
to reflux for three hours using a Dean-Starke apparatus. The
reaction mixtute was filtered, and the solvent was evapo-
rated in vacuo. A solution of the resulting residue in 30 ml
of methanol was cooled at 0° C., 63 mg of sodium borohy-
dride was added, and the mixture was stirred at 0° C. for one
hour. About vne-hall of the solvent of the reaction mixture
was evaporated in vacuo, water and ethyl acetate were added
to the residue, the organic layer was washed with a saturated
saline solution twice and dried over anhydrous magnesium
sulfate and the solvent was evaporated in vacuo. To a
solution of the resulting residue in S0 ml of isopropanol was
added 0.26 ml of (R)-styrene oxide, and the mixture was
heated to reflux for 12 hours. The solvent was evaporated in
vacuo, and the resulting residue was purified by silica gel
column chromatography (eluent: chloroform/methanol=

o
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100/3) to give 920 mg of (R)-4'{2-[N-benzyl-N-(2-
hydroxy-2-phenylethyl)-aminoJethyl]-2-(4,6-dimethyl-2-
pyridylacetanilide.

EXAMPLE 1

A 4N hydrogen chloride-cthyl acctate solution (10 ml)
was added to 10 ml of an cthanolic solution of 458 mg of
tert-butyl (R)-N-(2-hydroxy-2-phenylethyl)-N-{2-[4-[(2-
pyridinecarbonyl)amino JphenylJethyl]carbamate. The reac-
tion solution was stirred at room temperature for three bours,
and the solvent was then evaporated in vacuo. The obtained
crude crystals were recrystallized from methanal-ethanol-
ethyl acetate to give 289 mg of (R)-4'2-[(2-hydroxy-2-
phenyl-elbhylaminolethyl]-2-pyridinecarboxanilide dihy-
drochloride.

The compounds of Lxamples 2 to 33 were prepared by the
same manner as in Cxample 1.

EXAMPLE 2
(R)-4'-[24{(2-Hydroxy-2-phenylethyl)amino Jethyl]-
3-pyridinecarboxanilide dihydrochloride
EXAMPLE 3
(R)-41{2{(2-Hydroxy-2-phcanylcthyl)aminolethyl]-
§-quinolinccarboxanilide dihydrochloride
EXAMPILE 4
(R)-4'-[2{(2-Hydroxy-2-phenylethyl)amino Jethyl]-
(E)-3-(2-pyridyl)acrylic anilide dihydrochloride
EXAMPLL 5
(R)-2-(Benzothiazol-2-y1)-4'-[2-[(2-hydroxy-2-
phenyl-ethyl)amino Jethyl]acetanilide
dihydrochloride
EXAMPLE 6
(R)-4'-[2{(2-Hydroxy-2-phenylethyl)aminoJethyl]-
2-(imidazof 2,1-b]thiazol-3-yDacetanilide
dihydrochloride
EXAMPLE 7
(R)-4'-[2{(2-1Tydroxy-2-phenylethyl)amino Jethyl]-
2-(2-methylthiazol-4-yl)acetanilide hydrochloride
EXAMPLE 8
(R)-4'-[2{(2-11ydroxy-2-phenylethyl)amino Jethyl]-
2-(1-imidazol-2-ylacetanilide dihydrochloride
EXAMPLE 9

(R)-4'-[2{(2-Hydroxy-2-phenylethyl)amino Jethyl]-
2-(1H-tetrazol-5-yl)acetanilide hydrochloride
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EXAMPLE 10

(R)-4'-[2{(2-Hydroxy-2-phenylethyl)amino Jethyl]-
2-(5-sulfanyl-1H-1,2,4-triazol-3-yl)acetanilide
hydrochloride

EXAMPLE 11

(R)-2-(2-Aminothiazol-4-yl)-4'{ 2-[ (2-hydroxy-2-
phenyl-ethyl)amino Jethyl]-2-oxoacetanilide
dihydrochloride

EXAMPLE 12

(R)-2-(5-Amino-1,2,4-thiadiazol-3-y)-4'{ 2-[(2-
hydroxy-2-phenylethyl)amino]ethyl]acetanilide
dihydrochloride

EXAMPLE 13

(R)-2«5-Lthoxycarbonylamino-1,2 4-thiadiazol-3-
yU)-4'-[2-[(2-hydroxy-2-phenylethyl)amino Jethyl]
acetanilide hydrochloride

EXAMPLE 14
(R)-2-[(2-(3-Tluorophenylamino) thiazol-4-yl)-4'-[2-
[(2-hydroxy-2-phenylethyl)amino Jethyl]acetanilide
dihydrochloride
LXAMPLL 15
(R)-2-(2-Chloropyridin-6-yl)-4'[2-[ (2-hydroxy-2-
phenyl-ethyl)amino Jethyl]acetanilide hydrochloride
EXAMPLE 16
(R)-2-(2-Beuzyloxypyridin-6-yl)-4'-(2-[(2-hydroxy-
2-phenylethyl)amino Jethyl]acetanilide hydrochloride
EXAMPLE 17
(R)-4-[2[ (2-ITydroxy-2-phenylethyl)amino Jethyl]-
2 [-(2-methyl-3-propenyl)-1H-imidazol-2-yl)
acetanilide dihydrochloride
EXAMPLE 18

(R)-2-(1-Benzyl-1H-imidazol-4-yl)-4'{ 2-[ (2-
hydroxy-2-phenylethyl)amino]ethyl]acetanilide
dibhydrochloride

EXAMPLE 19

(R)-2-[1-(2-Chlorobenzyl)-1H-imidazol-4-yl]-4'-[2-
[(2-hydroxy-2-phenylethyl)amino JethylJacetanilide
ditiydrochloride

EXAMPLE 20

(R)-2-[1-(3-Chlorobenzyl)-1H-imidazol-4-yl)-4'-[2-
[(2-hydroxy-2-phenylethyl)amino Jethyl]acetanilide
dibydrochloride
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EXAMPLE 21

(R)-2-[1-(4-Chlorobenzyl)-11I-imidazol-4-yl]-4'[ 2-
[(2-hydroxy-2-phenylethyl)amino JethylJacetanilide
dihydro-chloride
EXAMPLE 22
(R)-2-[1-(4-Fluorobenzyl)-1 H-imidazol-2-yl]-4'{ 2-
[(2-hydroxy-2-phenylethyl)aminoJethyl]acetanilide
dihydrochloride
EXAMPLE 23
(R)-2-[1-(4-Chlotobenzyl)-1H-imidazol-2-y1]-4'-[2-
[(2-hydroxy-2-phenylethyl)aminoJethylJacetanilide
dihydrochloride
EXAMPLE 24
(R)-2-[1-(4-Bromobenzyl)-1H-imidazol-2-y1]-4'-[ 2-
[(2-hydroxy-2-phenylethyl)amino Jethyl]acestanilide
dihydrochloride
LEXAMPLE 25
(R)-4'-[2{(2-1Tydroxy-2-phenylethyl)amino Jethyl]-
2 1-(4-iodobenzyl)-1I-imidazol-2-yl]Jacetanilide
dihiydrochloride
EXAMPLE 26
(R)-4'-[2{(2-Hydroxy-2-phenylethyl)amino Jethyl]-
2 1-(4-trilluoromethylbenzyl)-1H-imidazol-2-y1]
acetanilide dihydrochloride
EXAMPLE 27
(R)-4'-[2{(2-Hydroxy-2-phenylethyl)amino Jethyl]-
2-[1-(2-naphthyl)-1H-imidazol-2-yl]acetanilide
dihydrochloride
EXAMPLE 28
(R)-2-[1-(4-Fluorobenzyl)-5-methyl-1H-imidazol-2-
yl]-4-[ 2 (2-hydroxy-2-phenylethyl)aminaJethyl ]
acetanilide dihydrochloride
EXAMPLE 29
(R)-2{1-(4-Fluorobenzyl)-4-methyl-1H-imidazol-2-
vI}-4'-[2-[ (2-hydroxy-2-phenylethyl)aminoJethyl]
acetanilide dihydrochloride
LXAMPLE 30
(R)-2[1-(4-Fluorobenzyl)-1H-tetrazol-5-y1]-4'{2-

[(2-hydroxy-2-phenylethyl)amino Jethyl]acstanilide
hydrochloride
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EXAMPLE 31
(R)-2-[2-(3,4-Dichlotobenzyl)-1H-tetrazol-5-y1]-4'-
[2-[(2-hydroxy-2-phenylethyl)amino Jethyl]
acetanilide hydrochloride

EXAMPLE 32
(R)-2{2-(4-Fluorobenzyl)-1H-tetrazol-5-y1]-4'-[2-

[(2-hydroxy-2-phenylethyl)amino ethyl Jacetanilide
hydrochloride

EXAMPLE 33

(R)-2-[1-(3,4-Dichlotobenzyl)-1H-tetrazol-5-y1]-4'-
[2-[(2-hydroxy-2-phenylethyl)amino Jethyl]
acetanilide hydrochloride
EXAMPLE 34

To a solution of 175 mg of tert-butyl (R)-N-[2{4-[2-(1H-
1,2,4-triazol-3-yl)acetylaminolphenyl]ethyl [N-(2-hydroxy-
2-phenylethyl) carbamate in 5 ml of methanol was added 4
ml of a solution of 4N hydrogen chloride in ethyl acetate.
The mixture was stirred at room temperature for three hours,
the solvent was filtered off, and the resulting powder was
washed with ethanol. The resulting powder was dried to give
125 mg of (R)-4'-[2-[(2-hydroxy-2-phenylethyl)amino]
ethyl]-2<(1H-1,24-triazol-3-yl)acetanilide dihydrochloride.

‘The compounds of Examples 35 to 40 were prepated by
the same manrer as in Example 34.

EXAMPLE 35

(R)-2-(3-Benzylsulfanyl-111-1,2,4-triazol-3-y[)-4'-[ 2-
[(2-hydroxy-2-phenylethyl)amino JethylJacetanilide
dihydrochloride

EXAMPLE 36

(R)-2-(2-Acetamidothiazol-4-yl)-4'{ 2-[(2-hydroxy-
2-phenylethyl)amino Jethyl]acetanilide hydrochloride

EXAMPLE 37

(R)-4'-[2-[(2-Hydroxy-2-phenylethyl)amino Jethyl]-
2-(2-methanesullonamidothiazol-4-ylyacelanilide
hydrochloride

EXAMPLE 38

(R)-2-(2-Guanidinothiazol-d-yD)-4'-[2-[ (2-hydroxy-
2-phenylethyDaminoJethyl Jacetanilide
dibydrochloride

EXAMPLE 39

(R)-4'-[2-[(2-Hydroxy-2-phcnylcthyl)aminolethyl]-
2-(2-phenylaminothiazol-4-ylacetanilide
hydrochloride

EXAMPLE 40

(R)-4-[2{(2-Hydroxy-2-phenylethyl)amino Jethyl]-
2-[1-(4-nitrobenzyl)-111-imidazol-2-ylJacetanilide
hydrochloride
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EXAMPLE 41

To 690 mg of tert-butyl (R)-N{2-[4-[2-(2-amino-thiazol-
4-yDacetamino]phenyl]ethyl]-N-[(2-hydroxy-2-phenyl)
ethylJcarbamate were added 30 ml of methanol and 15 ml of
a solution of 4N hydrogen chloride in ethyl acetate, and the
mixture was stitred at room temperature for two hours. The
solvent was evaporated in vacuo, and (he residue wus
purified by a reverses phase column chromatography
(eluent: water/methanol 2/1) to give 310 mg of (R)-2-(2-
aminothiazol-4-yl)-4'{2-(2-hydroxy-2-phenylethyl)amino]-
ethylJacetanilide dihydrochloride.

The compounds of Examples 42 to 57 were prepared by
the same manner as in Example 41.

EXAMPLE 42
(R)-4'-[2{(2-Hydroxy-2-phenylethyl)amino Jethyl]-
(2-amino-thiazol-4-ylcarboxanilide hydrochloride

EXAMPLE 43

(R)-2-(2-Amino-5-methylthiazol-4-yl)-4'-2{(2-
hydroxy-2-phenylethyl)amino JethylJecetanilide
dihydrochloride

EXAMPLE 44

(R)-2-(2-Aminothiazol-4-y1)-2-methyl-4 {2-[(2-
hydroxy-2-phenylethyl)amino Jethyl propionanilide
hydrochloride

EXAMPLE 45
(R)-4'-[2{(2-Hydroxy-2-phenylethyl)aminoJethyl]-

(2-amino-4,5,6,7-tetrahydrobenzothiazol-4-y1)
carboxanilide dihydrochloride

EXAMPLE 46

-4'-[2-] (2-Hydroxy-2-phenylethyl)amino Jethyl |-
R)-4'-[2-[(2-Hydroxy-2-phenylethyl)ami hyl
2-(imidaso 2,1-b]thiazol-6-yDacelanilide
hydrochloride

LXAMPLL 47

(R)-2-(2-Benzyl-1H-1,2 4-triazol-3-y1)-4'{ 24 (2-
hydroxy-2-phenylethyl)amino Jethyl Jacetanilide
hydrochloride

EXAMPLE 48

(R)-2-(1-Benzyl-1H-1,2 4-triazol-3-y1)-4'{ 2 (2-
hydroxy-2-phenylethyl)amino Jethyl]acctanilide
hydrochloride

EXAMPLE 49

(R)-2-(3-Benzyl-2-thioxothiazol-4-y1)-4'-[ 2 (2-

hydroxy-2-phenylethyl)amino Jethyl]acetanilide
hydrochloride
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EXAMPLE 50

(R)-4-[2[ (2-ITydroxy-2-phenylethyl)amino Jethyl]-
(5,6,7 8-tetrahydroyuinolin-8-yl)carboxanilide
dihydrochloride

EXAMPLE 51

(R)-4-[2-[(2-Hydroxy-2-phenylethyl)amino Jethyl]-
2-(1-phenyl-1H-imidazol-2-yl)acetanilide
dihydrochloridc

EXAMPLE 52

(R)-4'-[2{(2-Hydroxy-2-phenylethyl)aminoJethyl]-
2-[(1-(4-isopropylbenzyl)-1H-imidazol-2-yl)
acetanilide dihydrochloride

EXAMPLE 53

(R)-4'-[2{(2-Hydroxy-2-phenylethyl)amino Jethyl]-
2-[(1-(4-phenylbenzyl)-1H-imidazol-2-yl)acetanilide
dibydrochloride

LXAMPLL 54

(R)-2-[1-(2-Chlorobenzyl)- 11 I-imidazol-2-yl]-4'-[2-
[(2-hydroxy-2-phenylethyl)amino JethylJacetanilide
ditiydrochloride

EXAMPLE 55

(R)-2-[1-(3-Chlorobenzyl)-1H-imidazol-2-yl]-4'-[2-
[(2-hydroxy-2-phenylethyDamino Jethyl]acetanilide
dihydrochloride

EXAMPLE 56

(R)-2-[1+(3,4-Dichlorobenzyl)-1 H-imidazol-2-y1]-4*-
[2-[(2-hydroxy-2-phenylethyl)amino Jethyl]
acetanilide dihydrochloride

EXAMPLE 57

(R)-1-[2{(2-Hydroxy-2-phenylethyl)amino Jethyl]-
2-[(1-(2-pyridyl)methyl-1H-imidazol-2-y1)
acetanilide dihydrochloride

The compound of Lxample 58 was prepared by the same
mannet as in Example 1.

EXAMPLE 58

(R)-2-(2-aminopyridin-6-y1)-4'-[ 2{(2-hydroxy-2-
phenyl-cthyl)amino Jethyl]acctanilide
dihydrochloride

EXAMPLE 59

To a solution of tert-butyl (R)-N-[2-[4-[[2-(2-amino-
thiazol-4-yl)-2-oxoacetyl]amino]phenyl]ethyl]-N-(2-
hydroxy-2-phenylethyl) carbamate in 30 ml of methanol was
added 130 mg of sodium borohydride at room temperature.

10

15

30

40

45

G

.

22

The reaction mixture was stirred at room temperature for
three hours, and the solvent was evaporated in vacuo. The
residue was dissolved in 5 ml of methanol, and to this
reaction solution was added 10 ml of a solution of 4N
hydrogen chloride-cthyl acetate. The reaction solution was
stirred at room temperature for ecight hours and the solvent
was cvaporated in vacuo. The residuc was purificd by silica
gel column chromatography (eluent: chloroform/methanol=
5/1). The resulting residue was purified by reversed phase
column chromatography (eluent: water/methanol=2/1) to
give 77 mg of (R)-2-(2-amino-thiazol-4-yl)-2-hydroxy-4 -
[2-(2-hydroxy-2-phenylethyl)-aminoJacetanilide hydrochlo-
ride.
EXAMPLE 60

To 349 mg of tert-butyl (R)-N-[2-[4-[[2-(2-benzyl-
oxypyridin-6-yl)acetylJamino]phenyl]ethyl]-N-(2-hydroxy-
2-phenylethyl) carbamate were added 478 mg of pentam-
ethylbenzene and 5 ml of trifluoroacetic acid successively.
The reaction solution was stirred at room tcmperatuee for
four hours, and the solvent was cvaporated in vacuo. To the
residue were added water and polassivm carbonate (o make
the solution basic, and the aqueous phase was extracted with
a mixed solvent of chloroform and tetrahydrofuran. The
organic layer was dried over anhydrous maguesium sulfate,
and the solvent was evaporated in vacuo. The residue was
purified by silica gel column chromatography (eluent:
chloroform/methancl=10/1—5/1). To an ethanolic solution
of the resulting residue was added 100 ul of & 4N hydrogen
chloride-ethyl acetate solution, and then the solvent was
evaporated in vacwo. lhe resulting crude crystals were
rectystallized from ethanol-ethyl acetate to give 65 mg of
(R)-2-(2-benzyloxypyridin-6-yl)-4'-[2-[(2-hydroxy-2-
phenylethyl)amino Jethyl]acetanilide hydrochloride.

The compounds of Examples 61 to 76, 83 and 85 were
prepared by the same manner as in Example 1; and the
compounds of Examples 77 to 82 were prepared by the same
manner as in Example 41.

EXAMPLE 61

(R)-4'-[2{(2-Hydroxy-2-phenylethyl)aminolethyl]-
2-(2-methylpropyl-1H-imidazol-2-yl)acetanilide
dihydrochloride

LEXAMPLE 62
(R)-2-[1-(2-Fluorobenzyl)-1H-imidazol-2-yl]-4'-[2-
(2-hydroxy-2-phenylethyl)amino]ethyl Jacetanilide
dihydrochloride

EXAMPLE 63

(R) 1-(3-T'uorabenzyl)-LI-imidazol-2-y1]-4'-[2-(2-
hydroxy-2-phenylethyl)amino JethylJecetanilide
dihydrochloride

EXAMPLE 64

(R)-2{1-(2 4-Difluorobenzyl)- 1 H-imidazol-2-yl]-4'-
[2-(2-hydroxy-2-phenylethyl)amino]ethyl]
acetanilide dihydrochloride

EXAMPLE 65
(R)-2{1-(2,6-Difluorobenzyl)-111-imidazol-2-yl]-4'-
[2-(2-hydroxy-2-phenylethyl)amino]ethyl]
acetanilide dihydrochloride
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EXAMPLE 66 EXAMPLE 76
(R)-2{1-(3,5-Difluorobenzyl)-111-imidazol-2-yl]-4 - (R)-4'-[2{(2-Hydroxy-2-phenylethyl)amino Jethyl]-
[2-(2-hydroxy-2-phenylethyl)aminolethyl] 2 1-(quinolin-2-yl)-1[I-imidazol-2-ylJacetanilide
acetanilide dihydrochloride 5 trihydrochloride
EXAMPLE 67 EXAMPLE 77
(R)-2{1-(2,5-Difluorobenzyl)-1H-imidazol-2-y1])- 0 (‘R)—Q-Fl-(2-C11]0r()-6-ﬂuor0beuzyl)—1H-i‘1nidazol-2-
4[2-(2-hydroxy-2-phenylethyl)amino]ethyl | y1]-4'{2-(2-hydroxy-2-phenylethyl)aminoJethyl]
acctanilide dihydrochloride acetanilide
EXAMPLE 68 LXAMPLE 78
15
’ . N R)-2-[1-(2-Chloro-4-fluorobenzyl)- 1H-imidazol-2-
(R)-2{1-(3,4-Difluorobenzyl)-1H-imidazol-2-y13-4'- ( ah e R
[2-(2-hydroxy-2-phenylethylamino]ethyl] yll-4{2-C-hydro XZ__")_;Elhﬁilg/‘kthy Daminolethyl]
acetanilide dihydrochloride cetantiice
20
EXAMPLE 69 E PLE79
. (R)-2{1-(2,5-Dichiorobenzyl)-1H-imidazol-2-y1]-4'-
(R)-4'-[2-[(2-Hy@roxy-2-phenylethyl)ammo]ethyl]- [2-(2-hydroxy-2-phenylethyl)amino]ethyl]
21-(2,3,6-triftuorobenzyl)-1H-imidazol-2-y1] ’s acetanilide dihydrochloride
acetanilide dihydrochloride -
EXAMPLE 80
EXAMPLE 70
(R)-4'-[2{(2-Hydroxy-2-phenylethyl)amino Jethyl]-
(R)-4'-[2{(2-Hydroxy-2-phenylethyl)aminoJethyl]- 30 2{1-(2,3 4-trilluorobenzyl)-1H-imidazol-2-y1]
2-[1-(2,4,5-trifluorobenzyl)-1H-imidazol-2-y1] acetanilide dihydrochloride
acetanilide dihydrochloride
EXAMPLE 81
XAM 35
E PLE 71 (R)-4'-[2{(2-Hydroxy-2-phenylethyl)amino Jethyl]-
‘ ‘ ‘ s ‘ 2-[1-(4-methoxycarbonylbenzyl)-1H-imidazol-2-y1]
(R)-4-[2(2-Hydroxy-2-phenylethylamino Jethyl]- i )
2-1-(3,4,5-trilluorobenzyl)-1H-imidazol-2-y1] acetanilide dihydrochloride
acetanilide dihydrochloride
“ EXAMPIE 82
EXAMPLE 72 (R)-4-[2-[(2-Hydroxy-2-phenylcthyl)amino Jethyl]-
‘ o 2{1-[(pipcridinc-1-carbonyl)benzyl]- L H-imidazol-2-
(R)-4{2-[(2-Hyd roxy-2-phenylethyl)a minoJethyl]- ylJacetanilide dihydrochloride
241-(2,3,4,5,6-pentafluotobenzyl)- 1H-imidazol -2- 45
yl]acetanilide dibydrochloride
LXAMPLE 83
LXAMPLE 73 (R)-4-[2(2-Hydroxy-2-phenylethyl)aminoJethyl]-
50 2-(1-pyrazolyl)acetanilide hydroctloride
(R)-4-[2-[(2-Hydroxy-2-phenylethyl)amino Jethyl]-
2-[1«(3-iodobenzyl)-11I-imidazol-2-ylJacctanilide ‘ :
dihydrochloride EXAMPLE 84
(R)-4'-[2{(2-Hydroxy-2-phenylethyl)amino Jethyl]-
55 2-(1,2,4-triazol-1-ylacetanilide dihydrochlotide
LXAMPLE 74 k
(R)-2-[1-(2,6-Dichiorobenzyl)-1 H-imidazol-2-y1]-4*- EXAMPLE 85
[(2-hydroxy-2-phenylethyl)amino JethylJacctanilide ‘
hydrochloride 50 (R)-2-(2-Awinobenzimidazol-1-y[)-4'-[(2{(2-
hydroxy-2-phenylethyl)aminoJethyl Jacetanilide
dihydrochloride
EXAMPLE 75
(R)-2-[1-(4-Cyanobenzyl)-11I-imidazol-2-y1]-4'{ 2- 65 EXAMPLE 86
(2-hydroxy-2-phenylethyl)aminoJethyl]acetanilide To a solution of 20.1 g of 4'2-[N-benzyl-N«(2-hydroxy-
dihydrochloride 2-phenylethyl)aminoJethyl]-2-(2-pyridyl) acetanilide in 400
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ml of methanol was added 5.96 g of 10% palladium-carbon.,
The reaction solution was stirred for six hours in a hydrogen
atmosphere under atmospheric pressure. Insoluble matters
were filtered off using Cclitc and the filtratc was concen-
trated in vacuo. To a methanolic solution of the resulting 5
residue was added 10.8 ml of a 4N hydrogen chloride-cthyl
acctate solution, and the solvent was cvaporated in vacuo.
The resulting crude crystals were recrystallized from
methanol-ethanol to give (R)-4'-[2-[(2-hydroxy-2-
phenylethylaminoJethyl]-2-(2-pyridyl)acetanilide hydro- 10
chloride.

The compounds of 87 to 90 were prepared by the same
manace as in Examplc 86.

15
EXAMPLE 87
(R)-4-[2-(2-Hydroxy-2-phenylethyl)amino Jethyl]-
2-(3-pyridyl)acctanilide hydrochloride
20
EXAMPLE 88
(R)-4"-[2-[(2-Hydroxy-2-phenylethyl)amino Jethyl]-
2-(4-pyridyl)acetanilide hydrochloride 25

LXAMPLEL 89

(R)-4'{2-[(2-Hydroxy-2-phenylethyl)amino Jethyl]-
3~2-pyridyl)propionanilide hydrochloride

EXAMPLE 90

€

(R)-4-[2{(2-Hydroxy-2-phenylethyl)amino Jethyl]- 3
2-[(1-phenylethyl)-1H-imidazol-2-yl]acetanilide
dihydrochloride
LXAMPLEL, 91
(R)-2-(1H-Benzimidazol-2-y1)-4'[4-[2- N-benzyl-N-(2-
hydroxy-2-phenylethylyamino Jethyl]phenyl]acetanilide
(240 mg) was dissolved in 30 ml of ethanol, then 170 mg of
10% palladium-carbon was added thereto and the mixture
was stirred for nine hours in a hydrogen atmosphere under
atmospheric pressure. The catalyst was [iltered off, the
solvent was evaporated in vacuo, and the residue was
washed with cthanol-cthyl acctate to give 200 mg of (R)-2-(
1H-benzimidazol-2-yl)-4'-[2-[ (2-hydroxy-2-phenylethyl)
amino]-ethyl]acetanilide.
The compounds of Examples 92 and 93 were prepared by
the same manner as in Example 86.

EXAMPLE 92
(R)-4'{2-[(2-Hydroxy-2-phenylethyl)amino Jethyl ]-
2-(3-methylpyridin-2-yl]acetanilide hydrochloride

EXAMPLE 93 50
(R)-4-[2] (2-Hydroxy-2-phenylethyl)amino Jethyl]-

2-(2-pyrazinyl)acetanilide hydrochloride
EXAMPLE 94

(R)-4'-[4-[2-[N-Benzyl-N-(2-hydroxy-2-phenylethyl)-
amino]ethyl]phenyl]-2-(1-benzyl-1H-imidazol-2-yl)

65

26

acetanilide (350 mg) was dissolved in 20 ml of ethanol, then
130 mg of 10% palladium-carbon was added thereto, and the
mixture was stirred for 17.5 hours in a hydrogen aumosphere
undcr atmosphcric pressure. The catalyst was filicred off, the
solvent was cvaporated in vacuo, and the residuc was
purificd by silica gel column chromatography (clucnt:
chloroform/mcthancl/concentrated aqucous ammonia=200/
10/1). The resulting oily substance was dissolved in
methanol, and 280 ul of a 4N hydrogen chloride-ethyl
acctate solution was added thereto. The mixture was filtered
after adding active carbon was added thereto, and the solvent
was evaporated in vacuo to give 200 mg of (R)-2-(1-benzyl-
1H-imidazol-2-y1)-4'-[2-[(2-hydroxy-2-phenylethyl)amino]
ethylJacetanilide dihydrochloride.

The compounds of Examples 95 and 97 were prepared by
the same manner as in [xample 91; the compounds of
Cxamples 98 and 100 were prepared by the same manner as
in Example 94; and the compounds of Examples 99 and 101
to 103 were prepared by the same manner as in Cxarmple 86.

EXAMPLE 95
(R)-4'-[24(2-Hydroxy-2-phenylethyl)amino Jethyl]-
2-(4-methyl-2-pyridyl)acetanilide
EXAMPLE 96
(R)-4'-[2{(2-Hydroxy-2-phenylethyl)amino Jethyl]-
2-(5-methyl-2-pyridyl)acetanilide
EXAMPLE 97
(R)-4'-[2{(2-Hydroxy-2-phenylethyl)amino Jethyl]-
2-(6-methyl-2-pyridyl)acetanilide
EXAMPLE 98
4{(R)-2-[((R)-2-Hydroxy-2-phenylethyl)amino]
propyl]-2-(2-pyridyl)acetanilide hydrochloride
EXAMPLE 99
4'J(8)-2-[((R)-2-Hydroxy-2-phenylethyl)
aminolpropyl]-2-(2-pyridyl)acetanilide
hydrochloride
EXAMPLE 100
2-(1-Benzyl-1 H-imidazol-2-y)-4'-[(S)-2-[((R)-2-
hydroxy-2-phenylethyl)amino [propylJacetanilide
hydrochloride
EXAMPLE 101
A [2-[[2-Hydroxy-2-2-fluorophenyl)ethyl]amino]
ethyl]-2-(2-pyridyl)acetanilide hydrochloride
EXAMPLE 102

4'2-[[2-Hydroxy-2-(3-fluorophenyl)ethyl]amino]
ethyl]-2-(2-pyridyl)acetanilide hydrochloride
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EXAMPLE 103

4{2-[[2-ITydroxy-2<(4-fluorophenyl)ethyl]amino]
ethyl]-2-(2-pyridyl)acetanilide hydrochloride

EXAMPLE 104

To a solution of 805 mg of 4'-cyanomethyl-2-(2-
pyrimidinyl)acetanilide in 30 ml of tetrahydrofuran were
added 30 ml of an ethanolic solution of a Raney nickel and
3 ml of concentrated aqueous ammonia. The reaction solu-
tion was stirred for four hours in a hydrogen atmosphere
under atmospheric pressure, then insoluble matters were
filtered off using Celite, and the solvent was evaporated. To
the resulting residue were added 10 ml of 2-propanol, 300
mg of (R)-styrene oxide and 2 ml of methanol successively.
The reaction mixture was heated to reflux for ten hours, and
the solvent was cvaporated. The residuc was purificd by
silica gel column chromatography (eluent: chlorotorm/
methanol=10/1). To a mcthanolic solution of the resulting
residue was added 150 ul of 4N hydrogen chloride-cthyl
acelate solution, and the solvent was cvaporaled in vacuo.
The resulting residue was crystallized from methanol-
ethanol-ethyl acetate and then recrystallized from ethanol-
diethyl ether to give 160 mg of (R)-4'[2{(2-hydroxy-2-
phenylethyl)amino]ethyl]-2-(2-pyrimidinylJacetanilide
hydrochlotide.

The compounds of Examples 105 to 108 were prepared by
the samc manncr as in Example 104; and the compound of
Cxample 109 was prepared by the same manner as in
Example 91.

EXAMPLE 105
(R)-4'{2-[(2-Hydroxy-2-phenylethyl)amino Jethyl |-
2-(2-quinolylacetanilide hydrochloride
LXAMPLL 106
(R)-4'-[2{[2-Hydroxy-2-(3-chlorophenyl)ethyl]
amino]-ethyl]-2-(2-pyridyl)acetanilide hydrochloride
EXAMPLE 107
A2-[[2-I1ydroxy-2-(3-pyridyDethyl Jamino Jethyl]-
2-(2-pyridyl)acetanilide hydrochloride
EXAMPLE 108
(R)-2-[1-(4-Chlorobenzyl)-1H-benzimidazol-2-yl]-
4[2-[(2-hydroxy-2-phenylethyl)amino Jethyl]
acetanilide dihydrochloride
EXAMPLE 109

(R)-2-(4,6-Dimethyl-2-pyridyl)-4'{2-[ (2-hydroxy-2-
phenylethyl)aminoJethyl]acetanilide

EXAMPLE 110

To 4-(3-aminopropyl)-2(2-pyridyl)acetanilide were
added 10 ml of 2-propanol and 600 mg; of (R)-styrene oxide
successively. The reaction mixture was heated to reflux for
four hours, and the solvent was evaporated. The residue was

30

40
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purified by silica gel column chromatography (eluent:
chloroform/methanol=30/1A10/1). To a methanolic solution
of the resulting residue was added 100 gl of a 4N hydrogen
chloride-ethyl acetate solution, and the solvent was evapo-
rated in vacuo, The resulting crude crystals were recrystal-
lized from cthanol-dicthyl cther to give 71 mg of (R)-4'-[3-
[(2-hydroxy-2-phenylethyl)aminolpropyl]-2-(2-pyridyl)
acetanilide hydrochloride.
LXAMPLL 111

To a solution of 3.62 g of tert-butyl N-[2-[4-[[2-(2-
pyridyl)acetylJaminophenoxyJethyl]carbamate in 30 ml of
methanol was added 50 ml of a 4N hydrochloride-ethyl
acetate solution. After the reaction solution was stirred at
room temperature for eight hours, the solvent was evapo-
rated in vacuo. To the residue were added an aqueous
solution of sodiwn hydrogen carbonate and potassium car-
bonate to adjust to plLabout 12. The resulting aqueous phase
was extracted with a2 mixed solvent of chloroform and
tetrabydrofuran. The organic layer was dried over anhydrous
magnesium sulfate and concentrated, the resulting residue
was dissolved in 40 ml of methanol, and 1.02 g of (R)-
styrene oxide was added thereto. After the reaction solution
was heated to reflux for 26 hours, the solvent was evaporated
in vacuo. The resulting residue was purificd by silica gel
column chromatography (eluent: chloroform/methanol=30/
1—10/1) and dissolved in methanol, 0.59 ml of a 4N
hydrogen chloride-ethyl acetate solution was added, and the
solvent was evaporated in vacuo, The resulting crude crys-
tals were reerystallized from methanol-cthanol to give 320
mg of (R)-4'-[2-[(2-hydrxy-2-phenylethyl)-amino Jethoxy]-
2-(2-pyridyl)acetanilide hydrochloride

EXAMPLE 112

To a solution of 490 mg of Lert-butyl N 1,1-di-methyl-
2-[4[2-(2-pyridyl)acetyl]amino Jphenyl]ethyl]-carbamate
in 10 ml of mcthanol was added 30 ml of a 4N
hydrochloride-ethyl acetate solution. After the reaction solu-
tion was stirred at room temperature for eight hours, the
solvent was evaporated in vacuo. 1o the residue were added
an aqueous solution of sodium hydrogen carbonate and
potassium carbonate to adjust to pII about 12. The resulting
aqueous phase was extracted with a mixed solvent of
chloroform and tetrahydrofuran. The organic layer was dried
over anhydrous magnesium sulfate and concentrated, the
resulting residue was dissolved in 2 ml of 2-propanol and 2
ml of methanol, and 120 mg of (R)-styrene oxide was added
thereto. After the reaction solution was heated to reflux for
24 hours, the solvent was evaporaled in vacuo. The resulling
residue was purified by silica gel column chromatography
(cluent: chloroform/methanol=30/1—=15/1) and dissolved in
methanol, 0.1 ml of & 4N hydrogen chloride-cthyl acctate
solution was added, and the solvent was cvaporated in
vacuo. The resulting residue was purified by silica gel
column chromatography (¢luent: chloroform/methanol=5/1)
and a reversed phase column chromatography (eluent:
water/methanol=2/1—=1/1) to give 35 mg of (R)-4'-[2,2-
dimethyl-2-[(2-hydroxy-2-phenylethyl)aminoJethyl]-2-(2-
pyridylacetanilide hydrochloride.

The compound of Example 113 was prepared by the same
manner as in Example 1.

EXAMPLE 113
(R)-1-(4-[2-[(2-Hydroxy-2-phenylethyl)amino]ethyl ]
phenyl]-3-(2-pyridyl)urca dibydrochloride

As hereunder, physical and chemical properties of the
compounds of the Referential Examples are given in Tables

1 and those of the compounds of the Examples are given in
Tables 2.
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The symbols in the tables have the following meanings.
Rex.: Referential Example No.

Fx.: Example No.

DALA: Physico-chcmical propertics

NMR: Nuclcomagnetic resonance spectrum (IMS inter-
nal standard; DMSO-d was used as a solvent unless
otherwise specified)

mp: melting point
dec: decomposition
MS (mn/z): mass spectrographic data (m/z)

Structure: steuctural formula

TABLE 1

Rex. DATA

1 NMR (CDCLy) 8 2.75(1H, dd, J=12.4, 8.8Hz), 2.85-3.04
(SH, m), 4.70(1H, dd, J=8.8, 3.7Hz), 7.24-7.40(7H, m), 8.10-8.20
(2H, m)

2 NMR (CDCly) 8 144(911, 5), 2.75-3.10(211, m), 3.20-3.70
(4H, m), 4.93(1H, b), 7.25-7.40/7H, m), 8.14(2H, d, J=8 4Hz)

3 NMR (CDCLy) &: 147(9H, ), 2.55-2.80(2H, n1), 3.20-3.40
(2H, m), 345 ~3.65(2H, m), 4.87(LE, W), 6.57-6.65(2H, m),
6.83-7.04(2H, m), 7.25-7.40(5H, )

4 NMR ((,D(J‘) 80 1L47(9H, 5), 2.62-2.93(2H, m), 3.14-3.58
(4H, ), 4.35(1H, brs), 4.90(1H, br), 7.06-7.40(7H, m), 7.45-7.50
(1H, m), 7.67-7.72(2H, m), 7.90(1H, dt, J=2.0, 8.0Hz), 8.25-8.31
(IH, ), 8.58-8.63(1H, m), 9.98(1HL, bis)

S NMR (CDCL,) 8 1.49(9H, ), 2.64-2.90(2H, m), 3.16-3.60
(411, m), 4.38(1IL, brg,, 4.91(1IL, br), 7.10-7.42(7L1, m), 7.55(1I1,
dd, J=8.0, 4.4Hz), 7.74(1H, t, T=8.0Hz), 7.77—7.84(2H, m),
8OL(LLL d, 7=8.0, 1.201z), 8.34(1LL, d, J=8.4, 1.6112),
8.96(1H, d, T=7.6, 1.6HL2), 9.02(1H, d, T=4.4, 2.0L),
13.61(4H, brs)

10

15

30

30

TABLE 1-continued

Rex, DATA

12

NMR (CDCly) 8: 1.47(9H, ), 2.60-2.80(2H, m), 3.15-3.55
(48, m), 3.78(2H, s), 4.36(1H, brs), 4.32-4.94(1H, m), 5.18
(2H, 8), 6.92-6.99(2H, m), 7.00~7.13(5H, m), 7.25-7.38
(61, m), 7.42-7.48(2IL, m), 10.34(11L, brs)

NMR (CDCly) 8: 2.56-2.94(6H, m), 3.40-3.65(2H, m),
3.80(1H, brs), 3.95(1H, d, 13.6H2), 4.62(1H, dd, J=10.0, 3.2Hz),
6.57-6.66(2H, m), 6.87-6.98(2H, m), 7.20-7.37(1JH, m)
NMR (CDCly) 8: 2.40(3H, ), 2.54-3.00(6H, m), 3.57(1H,
A, T=13.6H), 3.38(2H, 8), 3.95(1H, <, J=13.6E7), 4.52(1H,
dd, J=10.4, 3.6Hz), 7.00-7.75(16H, m), 8.44(1H, d, J=4.4Hz),
9.66(1H, brs)

NMR (CDCly) &: 2.58-2.65(1H, m), 2.75-3.00(SH, m),
3.59(1H, d, J=13.2Hz), 3.95(LH, d, J=13.2Hz), 5.01(1H, dd,
1=10.0, 3.2Hz), 6.97-7.03(1H, m), 7.12-7.35(9H, 1),
748-T.56(1H, m), 8.04-8.13(2H, m)

NMR (CDICL) 8: 3.70(2H, 8, 3.88(2HL, §), 7.23-7.32

(411, m), 7.54=7.62(211, m), 7.71(111, dt, J=7.6, 1.611z),
8.63(1H, d), 10.04(1H, brs)

NMR (CNCLy) &: 2.26(3H, 8, 2.30(3H, §), 2.57(2H, 1,
J=7.2Hz), 2.72(2K, t, J=7.2Hz), 3.72(2H, 5), 6.95(1H, 8),
T01(1H, ), 7.11(2H, d, 1=8.8Hz), 7.51(2H, d, I=8.8Hz),
10.17(1H, )

NMR & 2.32(3H, s), 2.41(3LL §), 2.90-3.19(6H, m),
3.75(2H, 8), 401(2H, 5), 4.89(1H, di, J=7.6, 3.2Hz),
6.99-7.71(16H, m), 10.26(1H, 5)

TABLE 2

x. DATA

I mp: 223-325° C., NMR 8 295-3.28(6EL m), 4.98-5.07(1H, m), 7.23-7.44(6H, m), 7.65-7.75(LH, m), 7.88(2H, d, I=
8.4E17), 8.05-8.22(2H, m), 875(1H, d, J=<.4Hz), 8.97(1H, brs), 9.43(1H, brs), 10.65(1H, brs)

2 mp: 263-265° C., NMR §: 292
7.74-7.81(3H, m), 8.57(1H, d, J

OHz), 8.81

3.10(3H, mw), 5.13-3.27(3H, m),
96(2H, m), 9.20-9.30(2EL, m), 10.71(1EL, brs)

5.00(1H, dd, 1=10.8, 2.8Hs), 7.24-7.44(8H, m),

3 mp: 145-147° C,, NMR &: 294-3.10(3H, m), 3.14-3.30(3H, m), 4.97-5.05(1H, m), 7.27-7.46(7H, m), 7.77-7.90(4
E, m), 8. 30(1H, dd, I=8.4, 1.6Hz), 8.60-8.71(2H, m), 8 89(1H, brs), 9.10-9.30(2H, m), 13.12(1EL, brs)

246-248°

4 mp: C. (dec), NMR &: :

(1H, brs),
5 myp: 228233

(1H, brs), 10.69(1H, brs)

—5.09(311, ), 3.11—
S.4Hz7), 7.29-7.47(6H, m), 7.56-7.75(4H, m), 7.85(1H, d, 1=8.0Hz), $.11(1H, t, J=7.6Hz), &

(dec), NMR 0: 2.88-3.09(2H, m), 3.10-3.24(3H, m),

26(31L, ), 5. cmu, dd, 1=10.4, 2.811z), 7.24{21L, d, J=

73(1H, d, T=4.4Hz), 8.92

4.30(2H, 5), 4.93-5.01(1H, m), 6.19(1E, d, J=

3.6Hz), 7.18=7.27(2H, m), 7.28-7.53(7H, m), 7.57-7.62(2H, m), 7.97(1H, d, J=7.6Hz), 8.08(1H, d, J=8.0Hz), 8.43(1H,

bts), 9.11(1H, kts), 10.57(1H, brs)
6 mp: 161

—162° C., NMR 8: 2.86-3.24(6L, m), 4.2492H, 5), 4.97(1EL dd, 7=9.6, 2.8Hz), 7.16-7.23(2H, m), 7.27-7.44

(11, ), 7.55(111, 8), 7.61(21L, d, 1=8 4[Iz), 7.85(11L, 5), 8.27(1IL, d, J=2.411z), 8.97(1IL, brs), 9.47(11L, brs), 10.94(1II,

brs)

7 NMR & 276(3H, 5), 286-3:27(6H, m), 385QH. ), 5.00-5.05(1H, m), 718-7 60(10H, m), 10.43(1H, 5)
8 wp: 203-207° C., NMR 8: 202-3.08(3H, ), 5.10-32

722020, ¢, J=8.3Hz‘;., 7.25
9 mp: 259-361" C., NMR
3.9¢7),

1(sH, 3, 1=8.8Hz), 7.30-7.42(5H, n
10 mp: 210213 ¢, NMR 8: 2.86-3.08(3, m), 5.12-3.22(3, m), 3

2(3H, m), 4.28(2H, g), 5.
\63(4H, m), 8.93(1H, bs), 9.38(1H, brs), 10.86(1EL, 5)

90-3.10(311, m), 3.10-3.25(311, m), 4.13(211, 8), 4.97(111, d, J=10.81Lz), 6.20(11L, d, J=
1.57(2H, d, 1=8 8[—[7) §.85(1H, brs), 9.14(1H, b

Q11 d, J=7.8EL), 6.21(1H, brs),

), 10.58(1E, 8)
3.73(2H, ), 4.91—4.98(1H, m), 6.19(1H, d, J=3.9Hz),

721QH, &, J=8.3F), 7.29-7.42(SH, m), 7.54(2HJ, J=8.3tL), 8.78(1H, brs), 8. 99(1EL brs), 1035(1E, 5), 13.21(1H,

brs), 13.34(1H, brs)

11 mp: 205-210° C. (dec), NMR & 2.90-3.25(CH, t), 4.95-5.04(1H, a1, 7.23-7.44(7H, m), 7.67-7.75(2H, ), 8.15(1

H, 5), 8.88(1H, brs), 9.25(1H, brs)

12 mp: 244-246° C., NMR 8: 2.90-3.08(3H, ), 3.10-3.20(3H, m), 3.67(2HL, s), 5.00(1H, dd, J=24, 10.02Hz), 7.192H,

d, J=8.311z), 7.28-7.42(511, m), 7.57(2L1, d,
13 mp: 205-208° C., NMR &:

9.10(1H, s), 10.33(1H, s), 12.53(1L, s)

27(3H, L, J=7.140z), 2.88—

1=8.311z), 8.90(1LL, 8), 9.31(LL, 8), 10.31(1L, )
08(3H, m), 3.12-3.22(3H, m), 3.86(2H, s),
Hz), 4.96(1H, d, T=8.3FL), 6.20(1H, 5), 7.19(2H, d, 1=8.3H), 7.30-7.42(SH, w), 7.57(2H, d, T

27(2H, g, J=7.1
11H, 8),

3H), &
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TABLE 2-continued

Ex. DATA

14 mp: 169-173° C., NMR 8: 2.48-3.22(6H, m), 3.66(28, s), 4.98(1EL dd, J=2.9, 13.16), 6.72(1H, s), 7.19(2H, d, J=
8.3HY), 7.23-7. 44(8H m), 7.59(2H, d, T=8. aH/), 7.72-7.78(1H, 1), 3.85(1H, 8), 9.18(1H, brs), 10.24(1H, brs), 10.55
(1H, 5)

15 mp: 246-251° C.,, NMR &: 2.90-3.08(3H, m), 3.09-3.21(3H, m), 3.88(2H, s), 5.02(1H, dd, T=10.0, 2.4Hz), 6.20(LH,
brs), 7.16~7.22(2H, m), 7.28~7.45(7H, m), 7.57-7.63(2H, m), 7.84(1H, t, I=7.2Hz), 8.95(1H, brs), 9.40(1H, brs), 10.48
(111, kts)

16 mp: 237-238% C,, NMR &: 2.87-3.24(6H, m), 3.77(2H, s§), 4.93-5.03(1H, m), 5.32(2H, s), 6.20(1H, d, J=4.0Hz), 6.73
(1H, d, T=8.0Hz), 6 99(1H, d, I=7.2Hz), 7.16-7.2 2(2H, m), 7.25-7.46(10H, m), 7.57-7.63(2EL, 5), 7.67(1HL, dd, T=8.4,
7.2Hz), 8.87(1H, bis), 9.24(1H, brs), 10.30(LEL brs)

17 mp: 190-193° C., NMR & 1.68(3H, m), 2.90-3.10(3H, m), 3.10-3 20(3H, m), 4.32(2H, 5), 4.67(1H, 5), 4.83QH, 3),
4.94(1H, 5), 499(1H, d, T=8.3H7), 6.21(1H, brs), 7.21(2H, d, I=8.7H7), 7.24—7 42(5H, m), 7.56(2H, d, I=8.8H7), 7.66
(2H, d, J=1.9Hz), 7.71(1H, d, J=1.9Hz), 8.89(1H, brs), 9.30(1H, brs), 10.92(1H, s)

18 mp: 139-141° C., NMR d: 3.01(3H, brs), 3.15(3H, brs), 3.92(2H, 8), 5.05(1H, d, I=10.3Hz), 5.44(2H, 5, 6.19(1H, brs),
7.19(2H, d, J=8.3Hz), 7.31-7.47(10H, m), 7.60(2H, d, 7=8.3Hz), 7.56(LH, s), 9.05(1H, brs), 9.35(1H, 8), 9.60(1H,
bts), 10.76(111, )

19 mp: 140-143° C,, NMR &: 2.99-3.09(3H, 1), 3.16(3H, bis), 3.95(2E, ), 5.06(1H, d, T=10.4Fk), 5.57(2H, ), 6.19(1H,
bes), 71926, d, J=8.6E1z), 7.29-7.35(:1H, ), 7.37=7.48(8H, m), 7.55-7.57(1H, m), 7.61(2H, d, J=8.6H7), 9.09(1K,
brs), S.31(1H, d, T=1.5Hz), 9.65(1H, krs), 10.79(1H, 5)

20 mp: 140-143° €, NMR &: 3.01-3.09GLL, m), 3.16(3LL brs), 2.93(2EL s), 5.06(LH, d, I=10.3E1), 5.47(2H, s), 6.15
(1H, bre), 7.19QH, d, J=8.6EL), 7.29-7.33(1H, m), 7.38-T.46(7H, 1), 7.61(2H, , J=8.6Hz), T.63(1H, ), 7.70(1H, 5), 9.08
(1H, tte), 9.38(1E, 5), 9.63(1H, bs), 10.79(1H, 5)

21 mp: 141-146° C., NMR 8: 2.96-3."4 (38, m), 3.15(361, bs), 3.51(2H, s), 5.04(1H, d, 1-10.3ELz), 5.45(2H, 5), 6.22
(LY, brs), 719C2IL, d, J=8.6112), 7.29-742(61L, m), 7.50(LL, 5), 7.59 (2L d, 1=8.6[Lz), 7.65(1LL, ), 0201IL, brs), 9.32
(LH, d, 721,58, 9.55(1H, brs), 10.73(1H, s)

22 nip: 230-235° C,, NMR &: 2.59-3.20(3H, ), 3.10-3.25(3H, 1), 447(2H, s), S.01(1H, dd, T=10.3, 2.4Hx), 5.45(2H,
8), 6.21(1H, brs), 7.16-7.22(4H, m), 7.28—7.50(7H, m), 7.54(2EL, d, J=8.3Hz), 7.68(2EL, dd, J=3.8, 1.9Hz), 8.94(1E,
brs), $.42(1H, brs), 10.98(1H, s)

23 mb; 203-209° C., NMR 8: 2.90-3.10(3H, m), 3.10-3.20(3H, m), 4.41-4.48(2H, m), 4.95-5.05(1EL, m), 5.46(2L1, 5),
6.21(1H, bts), 7.20(2H, d, J=8.6H7), 7.30~7.42(6H, m), 7.50=754(2H, m), 7.70(2H, 5), K.92(1H, bts), 9.39(1H, brs),
10.88-10.95(1H, m)

24 mp: 221-223° C, NMR 8: 2.90-3.08(3H, m), 3.10-3.22(3H,m), 4.04QH, §), 497(1HL, &, 1=9.1Hz), 544(21L, ), 6.20
(LH, trs), 7.20(2EL, d, J=8.1E12), 7.30-7.A1(LL, 1), 7.49(2H, d, J=8.6Hz), 7.55(2EL, d, J=8.6Ez), 8.83(1H, brs), 9.16
(LI, rs), 10.75(11L, §)

25 mp: 222-225° C, NMR &: 2.60-3.05(3H, m), 3.10-3.20(3H, m), 443(2H, 5), 5.01(1E, d, T=7.6Hz), 5.44(2H, 5), 6.21
(1H, trs), 7.?15—7.23(4H, m), 7.26=7.46(5H, m), 7.51(2H, d, J=8.8Hz), 7.65-7.72(4H, m), 894(1H, brs), 9.41(1H, bus),
10.93(1H, 8), 14.72(1H, brs)

26 mp: 197-203° C., NMR 6: 2.80-3.20(3H, m), 3.10-3.25(3H, m), 4.44(2H, 5), 4.99(1H, d, I=8.0HZ), 5.61(2HL
(1H, kts), 7.17(2H, d, I=8.6H2), 7.30-7.42(5H, m), 7.48(2H, d, I=8.5Hz), 7.54(2H, d, I1=8.0Hz), 7.70(2H, d, ]
7.72-7.77(2H, ), 8.90(1H, bis), 9.34(1H, brs), 10.90(1H, 5)

27 mp: 208-214° ¢, NMR &: 2.90-3._0(3, m), 3.10-3.22(3, ur), 4.44(2H, <), 4.97(1K, d, J=0 7Hlz), 5.62(2H, ), 6.20
(1H, trs), 7.16(2EL, d, J=8.0EL7), 7.30-7.55(10EL, m), 7.70-7.94(6EL, m), 8 83(1EL, brs), 9 14(iH brs), 10.76(1H, 5)

28 mp: 219-223° €., NMR &: 2.11(31L, ), 2.92-3.08(31L, m), 3.10-3.20(31L m), 4.43(21L, ), 3.02(11L, dd, =10.2, 2.4
Fr), 5.51(2H, 5), 6.22(1H, brs), 7.14—7.34(TE, w), 7.36-7.42(4F, m), 7.48-7.53(3H, m), 8OS(IEL, bes), 0.43(1H, brs), 10.94
(1H, 3), 14.61(1H, bs)

29 mp: 204-207° C., NMR &: 2.24(31], ), 2.80-3.10(3H, m), 3.10-3.50(3H, m), 443(2H, s), 5. 01(1H, dd, J=10.3, 2.5Hz),
5.39(2L1, 8), 6.21(1IL, brs), 7.17-7.24(2L1, m), 7.47(2L1, dd, J 8, 5.411z), 755211, d, J=8.311z),

8.94(111, bs), 5.40(11L, brs), 11.00(11L, 8), 14.70(1II, brs)

30 mp: 225-228° C,, NMR &: 2.90-3.07(3H, m), 3.10-3.23(3H, m), 4.28(2H, s), 4.97(1H, d, J=10.3H), 5.68(2H, 8),
6.20(1H, d, J=3.4¥17), 7.16-7.23(4H, m), 7.30-7.46(7H, m), 7.53(2H, d, T=8.867), 8.82(1H, bis), 9.1 1(LH, brs), 10.63(LH,
8)

31 mp:232-235° C., NMR &: 2.90-3..0(3H,m), 3.10-3.25(3H, m), 4.03(2H, s), 4.98(1H, d, J=10.3Hz), 5.97(2H, s),
6.20(1H, bis), 7. 19(7H d, 1=8.3Hz), 7.29-7.42(6H, m), 7.55(2H, d, J=8.3kz), 7.67-7.77(2H, m), 8 87(1 H, brs), 9.22(1H,
brs), 10.49(1H, s), 14.61(1H, brs)

32 mp: 233-235" C,, NMR &: 2.09-3._0(3H, m), 3.10-3.25(3H, m), 401(2}1, s), 4.98(1H, d, J=10.3Hz), 5.91(2H, s),
6.19(1H, brs), 7.17-7.48(11H, m), 7.55(2H, d, J=8.3Hz), 8.85(1H, bs), 9.18(1H, brs), 10.47(1H, s)

33 mp: 240-242° C,, NMR 8: 2 90-3." 0@3H, m) 3.10-3.25(3H, m), 4.32(2H, 5), 4.98(1H, dt, =10.3, 3.4Hz), 5.72(2H,

8), 6.20(1H, d, J=3.9Hz), 7.20(2H, d, 1=8.3Hz), 7.30-7.40(6H, w), 7.51(2H, d, T=8.8Hz), 7.62(1H, d, J=8.3FLs), 7.67
(1, d, J=2.0Hz), 8.86(1H, brs), 9.17(1H, brs), 10.67(1EL, g)

34 mp: 221-224° C., NMR &: 2.90-3.07(3H, m), 3.10-3.20(3H., m), 4.05(2H, s), 5.00(2H, dd, J=2.7, 10.2Hz), 7.21(2H,
d, 1=8.611z), 7.29~7.42(51L,m), 75811, d, 1=8.611z), 8.83(111, 8), 8.9-(LII, brs), 9.32(11L, brs), 10.62(111, §)

35 mp: 222 zz4° €., NMR &: 2.89-3.07(3H, m), 3.12-3.21(3H, ), 3.84(2H, 5), 433(2H, 5), 4.98(1EL, dd, I=2.4, 10.2
Hz), 7.20(2H, d, 1=8.3HLz), 7.22-742(10H, SS(2HL, d, 1= , 8.87(1H, brs), 9.22C1H, brs), 10.44(1HL, 5)

36 mp: 242-245° ¢, NMR 8: 2.11(36, s), 2.99-3.06(3F1, m), 3.09-3.21(3H, m), 3.68(2H, &), 5.00(1H, dd, 10.2617),
6.02(1EL, brs), 6.98(LEL, s), 7.18(EL o, J=8.110z), 7.28-7 42(SH, m), 75521, . J=8.1ELz), 8.89(LEL brs), 9.30(1EL,
bis), 10.25(1H, 5), 12.10(1H, 5)

37 mp: 252-256° C., NMR &: 2.89(3H, 5), 2.91-3.07(3H, m), 3.11-3.21(3H, m), 3.65(2H, 8), 4.95-5,02(_H, m), 6.20
(1H, Lrs), 6.58(1H, 8), 7.20(2H, d, J=8.6H0z), 7.28-7.42(SH, m), 7.57(2H, d, J-8.6Elz), 8.87(LEL, brs), 0.24(LHL, brs), 10.39
(1H, 5), 12.56(1H, 5)

38 mp: »230° C. (dec.), NMR &: 2.88-3.22(611,m), 3.73(21L, s), 3.65(211, s), 5.00(1II, dd, J-2.0, 10.0Ilz), 6.20(11L, brs),
712016, 5), 718(2H o, T=8.87), 7.28-742(5H, ), 759020, &, J=8.8FI7), 3.39(411, bis), BO1(LH, brs), 9.32(1H, brs),
10 41(1EL 8), 12.60(1H,

39 mp: 177-1817 c., NMR &: 2.90-3.10(3H, m), 3.10-3.25(3H, m), 3.67(2H, ), 5.00(1H, dd, J1=10.0, 2.0Hz), 6.68
(LH, 5), 6.97(1EL t, J=7.217), 7.19(2E, d, J=8.4E1z), 7277 42OH, m), 7.59(2H, d, J=8.0Hz), 8.90(LH, brs), 9.29(1EL, brs),
10.29(11L, ), 10.54(111, brs)

40 mp: 237-243° C,, NMR 0: 2.90-3.06(3H, m), 3.06-3.20(3H, w1}, 445(2H, s), 5.01(1H, dd, J=7.8, 2.0Hz), 5.70(2H, ),

6.21(1H, brs), 714 2H, d, 1=8.8Hz), 7.29-7.42(5H, m), /46(2(-[ d, I=8.8Hz), 734(2(—[ d, I=8.8Hz), 7.77(2H, dd, J=14.4,
2.0Hz), 8.13(2H, d, J=8. 4Hz) 8)4(1H brs), 9.41(1H, brs), 10. ()ﬁ(lH s)
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TABLE 2-continued

Ex. DATA

41 mp: 151-159° €., NMR 8: 2.90-3.20(3H, m), 3.10-3.20(3H, m), 3.76(2H, s), 5.02(1H, dd, J=10.2, 2.7z), 6.70(1H,
8), 7.20(2H, d, T=8.8Flz), 7.25-7.40(5H, i), 7.59(2H, d, J=8.8F1), 3.96(1H, brs), 9.21(1H, brs), 9.43(1H, brs), 10.58
(1H, 8)

42 mp: 205-209° C., NMR &: 2.90-3.08(3H, m), 3.13-3.23(3H, m}, 4.92-4.97(1H, m}, 6.20(1H, brs), 7.19-7.42(10H, m),
7.71(2H, d, J=8.8Ez), 8.76(1H, brs), &.92(1H, brs), 9.65(1H, s)

43 NMR 8: 220(3LL, 8), 2.90-3.07(3LL, r), 3.10-3.20(3LL, m), 3.74(211, §), 5.00(1LL, dd, J=2.5, 10.3L12), 7.20(2L1, d, J=8.8
Hz), 7.28-7.42(5H, m), 7.59(2H, d, J=8.8Hz), 8.91(1H, bis), 9.13{1H, bis), 9.33(1H, bes), 10.58(1H, )

44 NMR 8: 1.48(6H, ), 2.86-3.22(6H.m ), 4.90—-<4.96(1H, m), 6. 19(1H, brs), 6.40(1H, bis), 7.17(2H, ¢, }=8.8Hz),
7.41(5H, m), 7.56(2H, d, J=8.8Hz), 8.74(1H, brs), 8.90(1EL, brs), 9.53(1H, brs)

45 NMR &: 1.68-2.12(4H,m), 2.43-2.59(2H, m), 2.91-3.07(3H, m), 3.11-3.20(3H, m), 3.76-3.81(1H, m), 5.00(1H, d, J=
2.5, 10.3Hz), 6.20(1H, bts), 7.1902H, d, J=8.3Hz), 7.27-7.42(5H, m), 7.60(1H, d, J=8.3Hz), 8.90(1H, bts), 9.33(1H,
bis), 10.43(1H, )

46 NMR d: 2.88-3.24(6H, m), 3.83(2H, s), 4.95-5.04(1H, m), 6.19(1H, brs], 7.16-7.22(2H, m), 7.26-7.45(6H, m), 7.55—
7.63(2H, m), 7.87(1H, s), 8.04(1H, d, J=3.6Hz), 8.91L(1H, brs), 9.32(1H, brs), 10.42(1H, brs)

47 MS (t/z): 456[(M+ID*], NMR &: 2.84-3.19(61L, m), 4.03211, ), 4.87<4.97(111, 1), 5.43(211, ), 6.12(21L, ), 7.20
(2H, d, J=8.3Hz), 7.25-7.41(11H, m), 7.53(2H, d, T=8.3Hz), 7.9C(1H, &), 10.38(1H, )

48 NMR 8: 2.85-3.18(6H, m), 3.69(2H, 8), 4.87—4.95(1H, m), 5.36(2H, 8), 6.15-6.21(1H, m), 7.18(2H, d, J=8.30z), 7.27—
7A1(11H, m), 7.54(2H, d, 1=8.3Hz), & 57(1H, s), 8.72(1H, brs), 8. 82(1H, brs) 10.20(1H, s)

49 NMR 8: 2.88°3.07(3LL m), 3.11-3.21(3EL m), 3.67(2LL, s), 4.93—4.99(1EL, m), 5.53(2HL, ), 6.20(1EL d, J-3.9ELz), 7.00
(1H, 5), 7A3(H, d, 7=7.388), 7.18(2H, d, J=8.3Hz), 7.24-7.42(6H, m), 7.49(2H, d, J-8.3Fz), 8.82(1H, brs), O.11(1H,
bis), 10.35(1E, 5)

50 NMR 8: 1.76-1.87(2H, m), 2.18-2.26( 2H m), 2.80-3.22(8H, m), 4.39—4.47(1H, m), 4.95-5.07(1H, m), 7.15-7.22(2H,
m), 7.27<7.43(S11, m), 7.54=7.63(211, m), 7.74-7.82(1LL, m), 8.27(11, d, J=7.2[1z), 8.67(11L, d, J=4.8[kz), 8.97(II, brs),
9.47(1H, bs), 10.74(1H, brs)

51 NMR 8: 2.90-3.10(3H, w), 3.10-3.203H, m), 4.18(2H, 8), 4.96(1H, d, J=8.0HL), 6.20(1€L, brs), 7."8(CH, d, J=8.6H),
7.20-7.60(12EL, m), 7.84(1EL, §), 7.97(LH, 5), 8.83(1EL, brs), 9.17(1EL, brs), 10.55(LH, 5)

52 NMR 8: 1.14(6H, d, J=12.9E17), 2.63(1H, sep, J=12.9Hz), 2.90-2.22(6H, m), 4.38(2EL, s), 4.97(1H, d, J=1Hz), 5.39
(2H, §), 6.20(1H, brs), 7.07-7.42/10LL, m), 7.52(2H, d, J=8.8Hz), 7.67(2H, d, J=3.9Hz), $.84(1H, bss), 9.17(LEL, brs),
10.76(1H, )

53 NMR &: 1.14(6H, d, J=12.9H2), 2.&3(1H, sep, J=12.9Hz), 2.90-3.22(6H,m), 4.38(2H, s), 497(1H, d, J=4.1Hz), 5.3
(2H, 5), 6.20(1H, brs), 7.07-7.42(10H, m), 7.52(2H, ¢, 1=8.8Hz), 7.67(2H, d, J=3.9Hz), 8.84(1H, brs), 9.17(1H, brs),
10.76(1H, s)

54 NMR &: 2.95-3.02(3I1, m), 3.15(31L, brs), 4.44(2IL, s), 5.10(111, dd, J=10.3, 2.511z), 5 58(711 s), 6.21(11L, brs), 7.19
(2H, d, 7=8.6Hz), 7.27-7.42(6H, m), 7.51(2H, d, J=8.6Hz), 7.58-7.60(1H, m), 7.69(1H, d, I=2.4Hz), 7 72(1H, d, J=2.0Hz),
7.75(1H, d, J=2.0Hz), 8 96(1H, brs), 5.44(LH, brs), 10.91(1H, §)

55 NMR &: 2.94-3.04(3H, m), 3.15(3H, brs), 3.94(2H, 8), 5.01(1H, d, J=10.3Hz), 5.31(2H, 8). 6.21(1H, d, J=3.9Hz), 7.01
(1H, 8), 7.17-7.41(12H, m), 7.54(2H, d, J=8.3Hz), 8.98(1H, bss), 1H, brs), 10.55(1H, )

56 NMR &: 2.95-3.05(3H, m), 3. 1‘5(3H brs) 4.44(2H, ), 5.01(1H, dd, T=10.3, 2.5H7), 5.51(2H, ), 6.20(1H, brsg), 7.19
(3H, d, J=8.6H2), 726-7.42(7TH, w}, 7.50-7.54(3H, ), 7.58(1H, d, J=2.0Hz), 7.73(1H, d, ]=2.0Hz), 8.95(1H, bus), 9.43
(1H, brs), 10.98(1H, 5)

57 NMR 8: 2.92-3.05(3H, m), 3.15H, brs), 4 43(2H, s), 5.01(1H, dd, J=10.2, 2.6Hz), 5.65(2H, s), 7.20(2H, d, T=8 4Hz),
7.29=7.48(811, m), 7.50-7.53(311, ), 7.70(1IL, d, =2, OIILI 778(1]1 d, J=2.011z), 785(HI dt, J=8.0, 2.01Iz), 8.49
(1H, d, T-8.0H7), 8I4(1H, bes), 9.22(1H, brs), 10.86(1H, s)

58 150-152° €., NMR 8: 2.89-3.07(3H, ), 3.08(3EL, m), 3.95(2H, 5), 5.00(1H, dd, J=2.8, 10.0Hz), 6.21(1EL, s),
6.82(1H, d, J=7.6Hz), 6.91(1H, d, J=8.0Hz), 7.17=7.23(2E, m), 7.26=7.43(SH, m), 7.55-7.62(2H, m), 7.82-6.04(3H, m),
8.90(1LL, brs), 9.31(111, brs), 10.67(1LL, brs), 14.07(1LL, brs)

59 NMR &: 2.90-3.25 (611, m), 4.95-5.047111, m), 5.20(11L, s), 6.22(111, brs), 6.78(1LL, ), 7.17-7.24(21L, ), 7.27-7.44
(SH, m), 7.67-7.75(2H, m), 8.50-9.10(3H, br), 9.45(1H, br), 10.22(1H, brs)

60 mp: 214-216" C., NMR &: 2.86- 3”4(6[—[ m), 3.65(2H, &), 4.98(1H, dl, J=2.8, 10.4Hz), 6.18(1H, d, J=6.8Hz), 6.28
(1H, d, J=8.8Hz), 7.16-7.22(2H, m), 7.28-7.45(6H,m), 7.53-7. 3Q(ZH S\ 885(1H brs), 9. iS(JH brs), 10.36(1H, brs)

61 mp: 180-182° ., NMR &: 087(6}1 d, J=6.8Hz), 2.05-2.15(1H, m}, 2.59-3. 10(3H, m), 3.10-3. Z'.J(jH m), 4.03(2H,

d, 1=7.8Hz), 441(2H, 8, S.O1(1E, d, J=8.3Hz), 6.20(1H, bes), 7.21(24L, d, 1=8.3z), 7.29-7.43(5H, a1), 7.60{2H, d, J=
8.8Hz), 7.69(1H, d, J=1.9Hz), 7.75(1H, d, ]=2.0Hz)

62 mp: 226-228" C., NMR 9: 2.87-3.23(6H, m), 4.45(2H, s), 5.02(1H, dd, J=2.4, 10.0Hz), 5.55(2H, s), 6.21(1H, bis),
7.16-7.46(11H, m), 7.49-7.55(2H, m), 7.66(1H, d, J=2.0Hz), 7.7L(1H, d, J=2.0Hz), 8O5(1H, brs), 9.44(1H, brs), 10.93
(1H, kts), 14.82(1H, brs)

63 mp: 224-225° C, NMR &: 2.90-3.05(3H, m), 3.05-3.25(3H, m), 446(2H, %), 5.01(1H, d, J=8.0Hz), 5.50(2H, ), 6.21
(1H, trs), 7.14-7.50(11H, m), 7.54(2EL, d, I=8.8Hz7), 7.70~7.73(2EL, m), 8.93(1EL, brs), 9.39(1 95(1H, 3)

64 mp: 205-2087 C., NMR &: 2.90-3.06(3H, m), 3.10-3.21(3F, m), 4.41(2H, s), 4.99(1H, d J=8.3Hz), 5.51(2H, s), 6.21
(111, 8), 7.06=7.12(111, m), 7.20(2ILd, J=8. SIIL) 7.28-7.42(611,m), 7.69(211, dd, =2 0, 8.311z), 88”(1[1 8, 9.26(111,
8), 10.81(1H, ¢)

65 mp: 211-216" C., NMR & 3.00(3H, brs), 3.15(3H, brs), 4. 44(2H, 8), S.05(1H, dd, J=10.2, 1.9Hz), 5.58(2H, s)

(1H, Frs), 7.14=7 224, m), 7.29=7.32(161, m), 7.37=7 42(4H, m), 747=7.54(3H, m), T.65(1H, £), 7.69(1H1, d, | c)Hy)
9.02(1H, brs), 9.55(1H, brs), 10.97(1H, s)

66 mp: 199-201° ., NMR 8: 2.87- (6H, m), 4.45(2H, ), 4.95-5.04(1H, m), 5.51(2H, ), 6.20(1H, brs), 7.10-7.43
(10EL w], 7.49-7.55(2H, w), 7.7L(1HL, d, 1=2. UH!), 7.74(1H, d, 1=2.0H), 8.89(1H, brs), 9.30(1H, brs), 10.90(1EL, brs),
147316, brs)

67 mp: 131-135° €., NMR &: 3.00(3H, bra), 316(31, brs), 4.49(2HL, s), 5.04(1EL, d, I=10.08kz), 5.56(2HL, 5), 6.23(1EL,
bis), 7.20(21L, d, J-8.211z), 7.23~7.34(41L, 1), 7.37-7.42(41Lm), 7.53(11, d, J-8.211z), 7.72(21L, s), .01 (111, brs), 9.54
(1H, Lis), 11.00(1H, 5)

68 mp: 217-219° C., NMR &: 2.90-3.05(3H, m), 3.05-3.20(3E, m), 446(2H, 5), 5.00(1H, d, J=8.0Fz), 5.47(2EL, 5), 6.211
(1H, C1s), 7.20(2H, d, J=8.0FIz), 7.25-7.50(7H, m), 7.50-7.60(3E, m), 7.70(LH, d, J=1.9Fz), 7.71(IH, d, J=2.0Hz),
R.91(LH, brs), 0.33(LH, brs), 10.93(1LL, 5)

69 mp: 213-217° C.,, NMR d: 2.90-3.05(311,tx1), 3.05-3.20(31Lm), £.42(21L, §), 5.02(1IL, dd, J=10.2, 2.411z), 5.62(21L,

8), 6.21(1EL, bts), 7.20(2HL, d, J=8.3x), 7.29-7.42(6H, m), 7.49(2EL, d, T=83H4), 7.51-7.60(1H, ), 7.68—7.73(2HL, m),
8.95(1H, brs), 9.42(1H, bis), 10.89(1EL, &)

70 mp:212-213° C,, NMRO 2.87-3.23(6H, m), 4.47(2H, s), 5.02(1H, dd, J=2.4, 10.0Hz), 5.53(2H, s), 6.21(1H, brs),
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TABLE 2-continued

DATA

71

76

77

78

™

§0

81

82

38

89

90

100

101

7.16—7.23(2H, m), 7.28-7.34(1H, n), 7.36-7.43(4H, m), 7.48-7.55(2H, m), 7.57-7.67(2H, 1), 7.69-7.74(2tL, m), 8.95
(1H, k1s), 9.43(1H, brs), 10.95(1H, brs), 14.86(1H, brs)

mp: 209-213° C.,, NMR &: 2.90-3.05(3H, m), 3.05-3.20(3H, 1), 447(2H, 1), 4.98-5.01(1H, ), 5.49(2H, 8), 6.21

(LH, brs), T.21(2H, d, J=8.3617), 7.28~7.34(1H, m), 7.36~7.44(6E,m), 7.53(3H, d, I=8.8Hz), 7.7L(1H, d, I=L9H7), 7.74
CLH, d, J=1.9Fiz), § 91(1H, brs), .34(LH, brsj, 10.97(1H, 5)

mp: 190-193° ., NMR &: 2.90-3.08(3L1, m), 3.10-3.21(31Lm ), 438(21L, 5), 4.99(111, dd, J=2.5, 10.2112), 5.69(2LL,
8), 6.20(1H, g), 7 Zl(aH, d, J=8.€Hz), 7.29-7. 44(5H, m), 748(2H, d, I=8.3Hz), 7.70(1H, d, J=1.9H=), 7.77(1H, ), 8.88
(1H, 8), 9.27(1HL, 8), 10.84(1H, 8)

mp: 233-234° C.,, NMR &: 2.90-3.23(6H, m), 4.47(2H, s), 5.02(1H, dd, J=2.4, 10.0Hz), 5.44(2H, 8], 6.21(1H, bis),
7.12-7.23(3H, m), 7.28-7.34(1H, m), 7.36-7.44(5H, m), 7.52-7.58(2H, m), 7.66-7.73(3H, m), 7.79-7.81(1H, m), 895
(1H, kis), 0.44(1H, bis), 10.96(LH, brs), 14.79(1H, brs)
mp: 180-183° C,, NMR &: 2.67-2.76(4H, m), 2.78-2.86(2H, m), 4.00(2H, s), 4.66(1H, dd, J=8.3, 3.9H), 5.39(2H, &),
S.42(1H, brs), 6.57(1H, d, J=0.9Hz), €.78(1H, s), 7.03(2H, d, I=8.3Hz), 7.21-7.26(1H, m), 7.27-7.34(4H, m), 7.46—
7.50(1H, m), 7.52(2H, d, J=8.3Hz), 7.56(1H, s), 7.58(1M, s), 8.32(1, 8), 10.32(1H, s)

: 210-215° C.,, NMR §: 2.91-3.03(311, m), 3.15(311, bis), 4.44(201, 8), 5.01(LIL, dd, J=10.4, 2.611z), 5.53(211, s),
5.21(1H, bts), 7.18(2H, d, 1=8.3Hz), 7.30-7.32(1H, m), 7.37-742(4EL, m), 7.48(2H, d, I=7.49(2H, d, I=8.3Hz),

7.74(1H, d, 1=2.0Hz), 7.75(1H, d, J=0.0Hz), 7.79(2H, <, J=8.3Hz), 8 04(1H, brs), 9.39(1H, brs), 10 93(1H, §)

mp: 162-165° €., NMR &: 2.93-3.05(3H, m), 3.14(3H, brs), 4.47(2EL, s), 5.03(1H, dd, T=10.3, 2.5Hz), 5.62(1H, brs),
S.89(2H, s), 7.12(2H, d, 1=8.3Hz), 7.30—7.37(1H, m), 7.39-7.43(5H,m), 7.61(2H, d, J=8.8ELz), 7.69(1H, 1, ]~7.5Hz),
2.75(1H, d, I=1.9Hz), 7.83-7.86CH, m), 7.97(1H, d, 1=8.3Hz), &.44(1H, d, J=8.3Hz), 8.99(1H, brs), 0.52(1H, brs), 10.84
(1H, §)

NMR 8: 2.64-2. 744K, m), 2.77-2.82(2H, m), 3.93(2H, ), 4.63(1H, dd, 1=7.8, 4.z, 5.33(20, <), 6.80(2H, d, 1=6.3
[Lz), 714211, d, J=8.8112), 7.20-724(ILL, m), 7.08-735(51L, wa), 7.43(LLL, d, I~7.8L1z), 7477 52(3LL, m), 10.27(LIL,

5)
NMR 8: 2.63-2.72(4H, w), 2.75-2.81(2H, m), 3.79(2H, ), 4.62(1H, dd, T=7.8, 4.4Fz), 5.30(1EL, bus), 5.33(2EL, ), 6.68
(14, d, J=1.0Hz), 6.91(1H, dd, J= 5.‘)HT), 7.06(1H, d, J=1.0Hz), 7.12(2H, d, J=8.8Hz), 7.19-7.242H, m), 7.28—
7.33(4H, m), 7.43(2H, d, J-8.3Fz), 7.49(1H, dd, J=8.3, 2.5Fz), 832(IH, 5), 10.21(1E, s
NMR &: 2.85-3.08(3E, m), 3.10-3.22(3E, m), 4.40(2H, 8, 4.97(1H, d, J=8.3Hz), 5.56(2H, 5), 6.20(1H, 5), 7.19(2H, d,
1=8.3H7), 7.24(1H, d, 1=2.5H7), 7.30-7.60(9H, m), 7.64(1H, d, J=2.0H7), 7.72(1H, 5), BE3(1H, 5), 9.14(1H, 8), 10.71
(18, §)
NMR &: 2.90-3.08(3H, m), 3.10-3.22{3H, m), 4.44(2H, 5), 5.02(1H, d, J=8.8Hz), 5.59(2H, &), 6.21(1H, s), 7.20Q2H, d,
J=8.0Hz), 7.24-7.42(7H, m), /50(2H d, J=8.8Hz), /72(2H d, J=6.8Hz), 804(1({ s), 9.42(1H, s), 0. 01(1H s)
NMR &: 2.87-323(61Lm), 385 (311, 51, 4.30(211, 8), 4.94-5.01(11L, ), 5.55(211, ), 6.17~622(111, o1), 7,147 232U,
m), 7.28-7.50(9H, m), 7.57-7.64(2H, m), 8§7-7.93(2H, m), 8.83(1H, bts), 9.10(1H, bts), 10.68(1H, brs), 14.86(1EL,
bts)
NMR &: 1.30-1.64(6H, m), 2.88-3.22{8H,m), 3.45-3.65(2H, m), 4.39(2H, ), 4.97(1H, d, J=9.8Hz), 5.50(2H, s), 6.21
(LH, 5), 7.20(2H, d, J=8.3Fz), 7.30~742(9H, m), 7.51(2H, d, F=8.7H2), 7.71(2H, d, J=7.8Hz), BZL(1H, 8, 9.14(1H, 8),
10.77(1H, )
:229-232° C,, NMR &: 2.90-3.00(3H, m), 3.10-3.18(3F, m), 5.00(1H, dd, T=2.8, 10.1Hz), 5.03(2H, 8), 6.27(1H,

q 8Hz), 7.29-7.42(5EL, m), 7.46(1H, d, I=2.4Hz), 7.58(2H, d, 1=8.8(z), 7.77(1H, d, I=2.0Hz),
(1H, 5)
2.90-3.08(311, 1), 3.10-3.22(31L, 1), 4.96(111, dd, J=2.0, 10.0I1z), 515211, 5), 7.21 (211,

, 728-742(5H, w), T.56(2H, d, TR 4Fls), 8031, ), 8.61(1H, 5), 8.82(1Hg), S.09(1H, 5), 1057(1H, 5)
mp: 244-248° C,, NMR &: 2.00-3.06(3H, m), 3.10-3.203H, m), 5.00(LH, d, I=7.6Hz), §.20(2H, 5), 6.20(1H, 8), 7.20~
7.50(11H, m), 79‘)(2H d, J=7.2Hz), £.94(3H, &), 9.36(1H, s), 1 1H, s), 12.92(1H, 8)
mp: 223224 ¢, NMI &: 2.86-3.32(611, m), 3A9(2LL 8), 4.05-5.03(1LL m), 6200111, , I=40LLz), 7.15-7.43(5LL, m),
7.55-7.62(211, ), 7.75(ILL, dt, J=1.6, 8.011), 845-8.53(11L, 1), 8.06-9 50(31L, be), 10.35(1IL, brs)
mp: 236-238" C,, NMR &: 2.86-3.23(6H, m), 3.72(2H, s), 4.91-5.02(1H, m), 6.20(1H, d, J=4.0Hz), 7.15-7.22(2H, m),
7.27-7.45(GH, m), 7.53-7.62(2H, ), 7.73—7.82(1H, m), 8.40-8.60(2H, m), 8.84(1H, brs), 9.16(1E, brs), 10.35-10.50
(1H, tr)
mp: 195-198° C., NMR d: 2.86-3.22(6H, m), 3.73(2H, 5), 4.93-5.04(1H, m), 6.15—6.25(1H, br), 7.14-7.22(2H, 1),
7.28-7.43(7H, 1), 7.54-7.63(3H, 1), 8.47-8.53(2H, m), 9.07(2H, bes), 10.50(1H, brs)
mp: 202-204" C,, NMR 6: 2.71-2.81(2H, m), 2.88-3.24(8H, m), 3.49(2H, s), 4.93-5.05(1H, m), 6.20{1H, brd, J=3.2
Hz), 7.15-7.23(3H, m), 7.26-7.44(6H, m), 7.52-7.60(2E m), 7.69(1LL, di, J=1.6, 7.6Hz), 8.45-8.51(1FL, m), 9.07(2H,
brs), 10.07(1H, brs)
mp: 220-227° C., NMR 8: 2.80-3.208H, ), 4.31(2H, 5), 4.42(2H, t, T=8.0), 5.00(1H, d, J=1.00), 6.21(1H, bts),
7.20-7.40(12H, 1), 7.59QH, 4, 1=8.6Hz), 765(2H dd; 1=12.9, 0.9H), $.91(1H, bs), 9.34(1H, lns) 10.98(1H, 5)
mp: 156-165° C., NMR 8: 2.51-2.78(6H, m), 3.96(2H, &), 4.59(1H, t, 1=5.2F17), 5.20(LH, brs), 7.13-7.32(9E, m),
7.50~7.53(4H, m), 10.33(1H, s), 12.37(1H, brs)
mp: 216-217° ., NMR &: 2.31(311, 8), 2.86—3.24(6L1, m), 3.89(2LL s), 4.92-5.07(11L, m), 6.20(11Ld, J=4.011Z), 7.12—
7.22(3H, m), 7.28—7.45(5H, m), 7.50—7.64(2H, ), 8.30(1H, d, J=4 4Hz), 8.60-9.50(2H, br), 10.32(1H, brs)
mp: 236-238° C,, NMR &: 2.86-3.24(6H, m), 3.95(2K, 5), 4 1, d, J=4.4Hz), 7.15-
7

S5.01L(LH, m), 5.44(2EL, s), 6.19(1H
22(2H, m), 7.27-7A3(SH, m), 7.52-7.62(2H, m), 8.50-8.69(3H, ), KAI(1H, br), 0.12(1H, i), 10A1(TH, brs)
NMR &: 2.90-3.10(3H, m), 3.10-3.20(3H, m), 4.38(2H, ), 4.98(1H, t, I=10.4Hz), 5.44(2H, s), 6.20(1H, d, J=3.2Hz),
7.20(2H, d, J=8.4Hz), 7.30-7.45QH, m), 7.53(2H, d, I=8.8Hz), 7.64(2H, s), 8.85(1H, brs), 9.21(1H, brs), 10.79(1H, s)
NMR §: 2,31(3H, 8), 2.89-317(6H, 1), 3.79(2H, &), 4.98(1EL, dt, 1=3.2, 10.4Hs), 7.10-7. 41128, m), 10.32(1H, 5)
NMR &: 2.27(3H, s), 2.89-3.17(6H., n), 3.79(2H, 8), 4.99(1H, dt, T 10.0Hz), 7.17-7.59(12H, m), 10.31(1H, s)
NMR &: 2.44(3HL, 59, 2.78-3 206EL, 1), 3.80(2EL 5), 4.97(LEL dt, 1=3.2, 10.4Hz), 7.12-7.66(12EL, m), 10.33(1EL 5)
NMR &: 1.06(311, d, J-6.411z), 2.5C-2. 6‘;(211 m), 2.90-3.15 (311, m), 3.83 (ZII s) 4.80—4.94(11I1, m), 7.10-7.18(2LL, m),
7.23-7.45(7TH, m1), 7.52-7.60(2H, w2), 7.71-7.80(1H, m), 8.41-8.52(1H, m), 10.25(1H, brs)

mp: 203-204° C., NMR 8: 1.13(38, d, J=6.4ELs), 2.55-2.64(1EL, m), 2.00-3.50(4EL, m), 3.84(2H, 5), 4.92-5.02(1EL, m),
6.20(1H, d, J=4.0H1z), 7.13-7.20@2H, m), 7.24-7.46(7H, m), 7.54-7.6C(2H, m), 7.73~7.80(C1H, m), 8.5L(1F, bis), 8.67
(1H, krs), 9.13(1H, brs), 10.31(1H, brs)

NMR &: 1.06(31L, d, J=6.411z), 2.5C=2.65 (1L, m), 2.57—3.50(4L1, m), 3.78(2LL, 5), 4.77-4.92(1L, m), 5.25Q2IL, §), 6.85
(1H, 5), 7.10=7.55(15EL, ), 10.33(_H, brs)

mp: 194-196° C., NMR 8: 2.88-3.25(6H, m), 3.89(2H, §), 5.20-5.26(LH, m), 6.30(1H, s), 7.17—7.48(7H, m), 7.54-
7.60(3H, m), 7.81-7.88(1H, m), 8.54(1H, d, J=4.0Hz), 8.82(1H, s), 9.16(1H, ¢), 10.35(1H, )
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TABLE 2-continued

Ex. DATA

102 mp: 214-215° C,, NMR &: 2.88-3.25(6H, m), 3.85(2H, &), 4.96-5.02(1H, m), 6.33(1H, d, J=3.8Hx), 7.12-7.31(6H, m),
7.39=T.48(2H, ), 7.58(2H, <I, T=8.3E1%), 7.74-7.80(1H, m), 850(TH, %), 8.82(1H, 8), 9.01(1H, &}, 1030(1H, s)

103 mp: 223-225% C., NMR 6: 2.88-3.06(3H, m), 3.10-3.20(3H, m), 3.84(2H, s), 4.94-5.01(1H, m), 6.24(1H, d, ]=4.0Hz),
7.16=7.30(5H, m), 7.38-7.46(3H, ), 7.58(2H, d, J=8.8Hz), 7.76(1H, dt, J=1.6, 7.6Hz), 8.50(1H, d, ]=8.8Hz), 8.83
(1H, 5), 9.08(1H, s), 10.31(1EL, &)

104 mp: 208-210° C,, NMR &: 2.88-3.24(6H, m), 3.99(2H, s), 4.90-5.10(LH, m), 6.20(1H, d, J=3.6Hz), 7.15-7.24(2H, m),
7.28-T.44(6H, m), 7.53-7.62(2H, 1), 8.50-9.30(4H, m), 10.33(1H, brs)

105 mp: 234-235° C, NMR 8: 2.94-3.25(6H, m), 4.07(2H, s), 4.90-5.02(1H, m), 6.20(1H, d, J=4.0Hz), 7.16-7.23(2H, m),
7.27-7 AG(SHm), 7.53-7.68(4H, m), 7.71~7.78(1H, m), 7.94-8. 00(2H, m), 8.33(1H, d, J=8.0Hz), 8.50-9.25(2H, m),
10.46(111, brs)

106 mp: 221-222° C., NMR &: 2.90-3.25(6H, m), 3.85(2H, &), 4.92-5.08(LEL, m), 6.35(1H, d, J=36Hz), 7.14-7.23(2H, m),
7.23-T.31(1H, w), 7.33-7.50(3H, ), 7.54-7.64(2H, m), 7.76(1H, ct, I=1.6, 7.6Hz), 8.43-8.55(1H, m), 8.80-9.40
(2H, t), 10.36(1H, brs)

107 mp: 204-205°0 C., NMR &: 2,85-3.28(6EL, m), 3.85Q2H, ), 5.02-5. 14(1H, m), 6.37(1H, d, J=4.0Hz), 7.14-7.32(3H, m),
7.365-7.46(2EL, m), 7.55-7.64{2H, m), 7.70—7.86(2HL, m), 3.46-8.56(2H, m), 8.57—8.65(1H, m), 9.13(2H, brs), 10.37
(1H, trs)

108 NMR &: 2.63-2.67(4E, m), 2.73-2.78(2H, m), 4.07(2H, s), 4.60(1H, dd, T=7.4, 4.9Hz), 5.24(1EL, brs), 5.57(2H, 5), 7.12—
7.23(7H, m), 7.27-7.31(4H, m), 7.37(36, d, J=8.300z), 746(2H, d, 1=8.3[12), 7.60-7.61(1H, m), S.31(1LL, 5), 10.31
(1H, 8)

109 NMR &: 2.28(311, 8), 2.40(311, 8), 2.90-3.17(6IL, m), 375211, 5), 4.99(111, dt, J=3.2, 6.811z), 6.97-7.60(111L, m), 10.35
(1H, )

110 mp: 183-184° C., NMR 8: 1.85-2.052H, m), 2.53-2.65(2H, m), 2.83-3.03(3H, m), 3.05-316(1H, m), 3.88(2H, s),
4.95(1H, d, J=9.6E1z), 6.15(1H, brs), 7.10-7.18(2H, m), 7.22-7.43(7H, m), 7.50~7.60(2H, m), 7.75(1H, dt, =1.6, 7.2Hz),
8.45-8.53(1H, m), 8.91(2H, brs), 10.29(1H, brs)

11 mp: 225-226° €., NMR 8: 3.02-3.4(1H, m), 318-3.46(3H, m), 384(2H, <), 4.22-4.35(2H, m), 4.98-5.08(1H, m),
6.21(1E1, d, J=3.GElz), 6.90-6.97(2H, m), 7.23~7.44(7H, m), 7.53~7.62(2H, m), 7.76(1H, dt, J=1.6, 7.2Elz), 8.45-8.54
(1H, m), 8.80-£.50(2H, br), 10.20(1H, bis)

112 NMR 8: 1.21(5H, ), 2.85-3.23(4H, ), 3.89(2H, ), 4.90-5.00(1H, m), 6.21(1H, brs), 7.11-7.19(2H, m), 7.28-7.50
(711, m), 7.53—7.62(211, m), 7.78=790(1LL, m), 8.45-8.60(2LL, r), £.00-9.10(LLL, br), 10.35(1LL, brs)

113 mp: 132-133° C., NMK 6: 2.90-3.20(3H, m), 3.13-3.23(3H, m), 496(1H, dd, 1=2.5, 10.2Hz), 106/ 11(1H, m),

7.21(2H, d, J=8.7Hz), 7.30-7.42(5H, m), 7.47-7.53(3H, m), 7.81-787(1H, m1), 8.29(1H, d, J=4.5Hz), 8.78(1H, s), 9.00

(1H, $), 9.88(1H, s), 10.51(1EL, s)
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The compounds shown in Tables 4 and 5 together with
chemical structural formulae can be easily manufactured by
almost the same method as mentioned in the above
Examples or Manulacturing Methods or by the method to
which some modifications known to the persons skilled in

the art are applied. Incidentally, in some cases, there are
tautomeric, geometric or optical isomers for the compounds
mentioned 1n Tables 4 and 5, and the compounds of the
present invention cover each of the isolated isomers of the
above-mentioned ones or a mixture thereof.
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What is claimed is:

1. A compound of tformula (I):

Y

Ky/ R'“7<R“’\T # NJI\X@

in the formula, each of the symbols means as [ollows:

ring B is a heteroaryl group which s unsubstituted or
substituted and is optionally fuscd with a benzene ring;

X is a bond, or a lower alkylene or an alkenylene, both of
which arc vnsubstituted or substituted with hydroxy or
a lower alkyl group, or X is a carbonyl or a group
represented by —NH—, and when X is a lower alky-
lene which is subsliluted with a lower alkyl group, a
catbon atom of the ring B optionally bonds with the
lower alkyl group so that a ring is formed;

Ais a lower alkylene or a group represeuted by -lower
alkylene-O—;

R'% R are the same or different and each is a hydrogen
atom or a lower alkyl group;

R? is a hydrogen atom or a halogen atom; and

Z is a group represented by =CH—; or a salt thereof.

2. The compound of formula (I) or the salt thereof

according to claim 1, wherein A is methylene, ethylene, or
a group represented by —CIL,0—.

3. The compound of formula (I) or the salt thereof

according to claim 2, wherein the ring B is a heteroaryl
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group which is substituted with a substituent chosen from a
halogen atom, lower alkyl, lower alkenyl, lower alkynyl,
hydroxy, sulfanyl, halogeno lower alkyl, lower alkyl-O—,
lower alkyl-S—, lower alkyl-O—CO—, carboxy, sulfonyl,
sulfinyl, lower alkyl-SO—, lower alkyl-SO,—, lower alkyl-
CO—, lowcr alkyl-CO—O—, carbamoyl, lower alkyl-
NH—CO—, di-lower alkyl-N—COQ—, nitro, cyano, amino,
lower alkyl-NH—, di-lower alkyl-N—, aryl-lower alkyl,
halogeno aryl-lower alkyl, guanidino, lower alkyl-CO—
NH, and lower alkyl-SO,—NH—.

4. The compound of formula (I) or the salt thercof
according to claim 3, wherein R?, R** and R' are each a
hydrogen atom, and Z is =CH—.

5. A compound of formula (la):

(B

OH
H
N.
9]
A G
N X
H

in the tormula, each of the symbols means as follows:
ring B is a heteroaryl group;

X is a boud or a lower alkylene group;

R is a hydrogen atorr, a halogen atom, a lower alkyl
group, amino group, an aryl lower alkyl group, or a
halogeno aryl-lower alkyl group; or a salt thereol.

6. A compound:

(R)-4"-[2-[(2-1Tydroxy-2-phenylethyl)amino]ethyl]-2-
pyridinecarboxyanilide,

(R)-2-[1-(4-chlorobenzyl)-1H-imidazol-2-y1)-4'[2{(2-
hydroxy-2-phenylethyl)amino Jethyl]-acetanilide, (R)-
2-[1-(3,4-dichlorobenzyl)-111-tetrazol-5-y1]-4'-[ 2-[ (2-
hydroxy-2-phenylethyl)aminoJethyl]acelanilide,

(R)-2-(2-aminothiazol-4-y1)-4'-[2-(2-hydroxy-2-
phenylethyl)amino]ethyl]acetanilide,

(R)-2-(2-benzyl-1H-1,2,4-triazol-3-yl)-4'-[2-[ (2-
hydroxy-2-phenylethyl)-aminoJethylJacetanilide,

(R)-2-(2-aminopyridin-6-y1)-4'-[2-[(2-hydroxy-2-
phenylethyl)amino]ethyl]acetanilide, (R)-4'-[2-[(2-
hydroxy-2-phenylethyl)amino Jethyl]-2-(2-pyridyl)
acelanilide,

15

30

40

46

(R)-4'{2-[(2-hydroxy-2-phenylethyl)-aminoJethyl)-2-(2-

pyrazinyl)acetanilide, (R)-4'-[2-[(2-hydioxy-2-
phenylethyl)amino]ethyl)-2-(2-pyrimidinyl)-
acetanilide, or a salt of any of the foregoing.

7. A composition comprising at least onc compound of
formula (I) or the salt thereof as claimed in one of claims 1
through 4 in a pharmaceutically acceptable carrier.

8. The composition as claimed in claim 7, wherein the at
least one compound of formula (I) or the salt thereof is
present in an amount effective for the treating of diabetes
mellitus in a human or animal patient in need of such
treating.

9. The compound of formula (I) as claimed in claim 1,
wherein the compound of formula (T) is an optical isomer, a
hydrate, or a solvate of the compound of formula (I).

10. A composition comprising a compound of formula (I)
as claimed in claim 1 in a pharmaceutically acceptable
carrtier, wherein the compound of formula (I) is present as a
polymorphic substance.

11. A composition comprising at least one compound of
formula (I) or the salt thereof as claimed in claim §, in a
pharmaceutically acceptable carrier.

12. A composition comprising at lcast onc compound or
the salt of any of the foregoing as claimed in claim 6, in a
pharmaceutically acceptable carrier.

13. A method for treating diabetes mellitus in a human or
animal patient in need of such treatment comprising admin-
istering to the paticnt an amount of a compound of formula
(D) as claimed in claim 1, wherein the amount is an amount
effective for such treatment.

14. A mcthod for treating obesity in a human or animal
patient in need of such treatment comprising administering
to the patient an amount of a compound of formula (I) as
claimed in claim 1, wherein the amount is an amount
effective for such treatment.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO.  :6,346,532 B1 Page 1 of 2

DATED

: February 12, 2002

INVENTOR(S) :T. Maruyama et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Column 16,
Lines 29-30, (Example 3) should read: -- (R)-4'-[2-[(2-Hydroxy-2-phenylethyl)amino|
ethyl]-8-quinolinecarboxanilide dihydrochloride

Column 17

Lines 40-41, (Example 16) should rcad:

- (R)-2-(2-Benzyloxypyridin-6-yl)-4'-[2-[ (2-hydroxy-2-phenylethyl)amino]ethyl |
acetanilide hydrochloride --

Column 19
Lines 58-60), (Example 39) should read: -- (R)-4'-[2-[(2-Hydroxy-2-phenylethyl)amino |
ethyl|-2-(2-phenylaminothiazol-4-ylyacetanilide hydrochloride --

Column 23,

Lines 3-5, (Example 66) should read:

- (R)-2-[ 1-(3,5-Difluorobenzyl)-1H-imidazol-2-yl]-4'-
[2-(2-hydroxy-2-phenylethyl)amino|ethyl] acetanilide dihydrochloride --

Column 26
Lines 47-49, (Example 99) should read: -- 4'[(S)-2-[((R)-2-Hydroxy-2-phenylethyl)
amino[propyl]-2-(2-pyridyl)acetanilide hydrochloride --
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO.  :6,346,532 B1 Page2 of 2
DATED : February 12, 2002
INVENTOR(S) :T. Maruyama et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Column 28

Line 2, change "30/1 A 10/1)." to -- 30/1 — 10/1). --.

Line 7, should read: -- [(2-hydroxy-2-phenylethyl)amino [propyl]-2-(2-pyridyl) --
Lines 62-63, (Example 113) should read: -- (R)-1-[4-[2-[(2-Hydroxy-2-phenylethyl)
amino]cthyl] phenyl]-3-(2-pyridyl)urca dihydrachloride --

Column 45
Line 4, should rcad: -- (R)-2-[1-(4-chlorobenzyl)-1H-imidazol-2-y1 [-4'-[2-[ (2- --

Signed and Sealed this

Thirtieth Day of July, 2002

Atrest:

JAMES L. ROGAN
Attesting Officer Director of the United States Patent and Trademark Office
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"The struetures depicted provide the structures of the free base, not the salt forms that may have been synthesized by the patent examples.

* Utllss a specific value is provided, Dy (ng/kg) value is expressed as >10 (f the blood suger level Towered is <30% at a dose of 10 mg/kg/day) or <10 (if the blood sugar level
lowered is >30% at a dose of 10 mg/kg/day).
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* A letter after a BAN number denotes an enantiomer of a compound having that BAN number. For example, BAN-369A is an enantiomer of BAN-369.

.
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*the free base cquivalcnt of compound BAN-371, which fs a HCl salt, Compound BAN-371A is not one of the synthesis cxamples in the patcnt specification.

*the racemic equivaleat of the R-enantiomer compound BAN-371. Compound BAN-371B is not one of the synthesis examples in the patent specification.

* calculared based on ECs, (M) value of 60, using pD, = - log [ECsy (M)]
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7 the $-enatiomer compound equivalent of the R-enantiomer compound BAN-371, Compound BAN-371C is not one of the synthesis examples i the patent specification.

# calculared based on ECs, (nb) value of 790, using pD; = - log [ECs,(M)]
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Strictly Confidential

|Strictly Conﬁdentiaﬂ

October 27, 2003
Materials for R&D Meeting

YM178/Discontinuation of Development Theme for Diabetes

Mellitus
1 Overview of the COMPOUIA ++++++++++++srrssssrteeasemsaenimtiaini ettt naenae 2
2 Background 1 S04 ) R R R T T LA 3
3 Clinical Study Data scveovrrevrerrrrresreretiitiiiititiiiiiiciriiitetstiietiritisistasioinanes 5
4 Reason for Proposing the Discontinuation of Development---------=rcreoerees 13
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1 Overview of the Compound

(1) Research Experiment Code Number: BAN-371A

(2) YM Numbet: YM-179178

(3) Abbreviated Theme: 178

(4) Clinical Study Number: YM178

(5) Generic Name: Undetermined

(6) Proprietary: Undetermined

(7) Drug Efficacy: Sympathetic B3 receptor stimulant

(8) Indications: Type 2 diabetes mellitus

October 27,2003 178 R&D Meeting, Subcommittee on Development Theme Establishment 2
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Strictly Confidential

2 Background of R&D

1) YM178 Product Concept

Issues of the original drug

< Receptor selectivity
(BRL37344)

< Ethnic difference
(CL316,243)

< Oral absorption
(Merk’s compound)

_______________________

Product Concept

Nonclinical study data of YM178

Responses to Issues about Ethnic Difference and Receptor

Selectivity

< Attempt to explore human B;-AR-selective potent compounds
through screening using CHO cells expressing human p1-, f2-,
and (§3-AR.

Efficacy Pharmacology

< Improving effect on insulin resistance
(A potent antihyperglycemic effect and antihyperinsulinemic
effect were confirmed.)

< Weight gain effect-free
(In this regard, YM178 can differentiate from SU agents and
glitazone drugs.)

Weight gain effect-free d|Mechanism of Action
antihyperglycemic drug < Increase in GLUT4 protein expression — [ncrease in glucose
intake — Decrease in blood glucose levels
< Increase in UCP1 protein expression — Increase in FFA
utilization — Decrease in the amount of fat
October 27,2003 178 R&D Meeting, Subcommittee on Development Theme Establishment 3
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Strictly Confidential

2) Background of R&D

April, 1995 Research theme establishment

October, 1996  Synthesis of BAN-371

April, 1998 Selection of BAN-371 (free form) as an FT-FIM compound
March, 1999 Development subtheme establishment

January, 2000  Development theme establishment

June, 2000 Start of a phase I single-dose/food effect (-001) study
April, 2001 Start of a phase I consecutive-dose (-002) study
February, 2002  Start of phase Ila (-003/-004) studies

May, 2003 Completion of treatment in phase Ila studies

July, 2003 Revelation of an overview of the phase Ila study results

The antihyperglycemic effect of YM178 given at a dose of 200 mg in the
fed state could not be confirmed.
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Strictly Conﬁdentiall

3 Clinical Study Data
1) Phase I Single-dose/food Effect (-001) Study

PK in the Food Effect Study
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MTD for single-dose administration in the fasted state: 340 mg
Effect of food: Great
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Strictly Confidential

2) Phase I Consecutive-dose (-002) Study

Following 7-day Consecutive Doses Plasma Trough Concentration-time Profile
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Steady state: Attained on day 4 of consecutive-dose treatment
Cpy following administration of 240 mg in the fed state is almost comparable to that
following administration of 160 mg in the fasted state.
Common AEs: Headache, tachycardia, and orthostatic hypotension
October 27,2003 178 R&D Meeting, Subcommittee on Development Theme Establishment 6

Sawai Ex. 1007
Page 99 of 495 PpT0_ooo01193



3) Phase Ila Studies

Strictly Confidential

a. Overview of the Design

R

Monotherapy (-003) Study | Combination Therapy (-004) Study
Objectives 1) To assess the efficacy of YM178 in patients with diabetes mellitus
2) To assess the safety and tolerability of YM178
3) To assess the PK of YM178
Study patients Patients with type 2 diabetes mellitus | Patients with type 2 diabetes mellitus
being treated with diet and exercise being treated with metformin
(pharmacotherapy-naive)
Design Placebo-controlled, dose-titration (60 mg — 130 mg — 200 mg), once-daily

treatment after breakfast

Total number of enrolled

60 patients (including 20 patients given placebo)

patients
Efficacy endpoints ® Primary: HbA, and FBG
e Secondary: NEFA, C-peptide, triglyceride, ete.
Safety endpoints Adverse drug reactions (including assessment of hyperglycemic and

hypoglycemic events), laboratory tests, vital signs, and ECG (including QTc¢
assessment)

October 27,2003 178 R&D Meeting, Subcommittee on Development Theme Establishment

Sawai Ex. 1007
Page 100 of 495

PTO_00001194



Strictly Confidential

b. Overview of Results/Monotherapy (-003) Study

» Mean change HbA, . Mean change FPG
e
’
é‘. 1 ] E
%
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Mean supine pulse rate (bpm)
é e Efficacy endpoints: No efficacy
‘ o Pulse rate: Slightly elevated
October 27,2003 178 R&D Meeting, Subcommittee on Development Theme Establishment 8
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Strictly Confidential

¢. Overview of Results/Combination Therapy (-004) Study

Mean change FPG

Meari change HbA, .

EF0 (maneld,

Huak it

Week

Mean supine pulse rate (bpm)

e Efficacy endpoints: No efficacy
e Pulse rate: Slightly elevated, compared

with the monotherapy study results
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Strictly Confidential

d. Overview of Results/PK Results

Mean Blood Concentration Following Administration of YM178 at a Dose of 200 mg in
Patients with Diabetes Mellitus in the Fed State
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Monatherapy (-003) Study Combination Therapy (-004) Stud

e The pharmacological data indicate that the target blood YM178 concentration is
sustained for 6 to 7 hours.
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Strictly Confidential

e. Summary of Study Results
B Primary endpoints (HbA . and fasting blood glucose level)

When given at a dose of 200 mg in the fed state, the efficacy of YM178 for diabetes mellitus
was not observed.

The stratified analysis and individual data analysis could also not confirm the efficacy of
YMI178.

B Secondary endpoints (NEFA, triglyceride, c-peptide, etc.)
The efficacy of YM178 could not be confirmed with any of the endpoints.

B Safety

Increases in heart rate by approximately 2 or 3 beats to 7 or 8 beats/min (bpm) were observed.

B PK

The obtained data covered estimated effective blood concentrations for an average of
approximately 6 hours.

October 27,2003 178 R&D Meeting, Subcommittee on Development Theme Establishment 11

Sawai Ex. 1007
Page 104 of 495 PTo_oo00o01198



Strictly Confidential

4) CYP2D6 (-005) Study
The effects of defective CYP2D6 were barely observed.

Coadministration of metoprolol with YM178 resulted in an approximately 2-fold increase in
blood metoprolol concentrations. Coadministration with drugs metabolized by CYP2D6 may
cause increased adverse events of coadministered drugs. Caution should therefore be needed.

5) Metformin/DDI (-006) Study Draft report: Scheduled in November

6) Mass Balance (-007) Study Draft report: Scheduled in mid-October

October 27,2003 178 R&D Meeting, Subcommittee on Development Theme Establishment 12
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4 Reason for Proposing the Discontinuation of Development

The results of the two 178/phase Ila studies did not show the efficacy of YM178 for
type 2 diabetes mellitus.

1) The results of the phase Ila study of YM178 administered at a dose of 200 mg in the fed
state could not confirm the efficacy of YM178 in terms of the primary endpoints (HbA .
and fasting blood glucose level).

2) Increases in heart rate were observed when YM178 was administered at a dose of 200 mg.

October 27,2003 178 R&D Meeting, Subcommittee on Development Theme Establishment 13
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5 What was Gained from this Project (PJ)

A proof-of-concept (POC) study was conducted to confirm the hypothesis formulated for
diabetes mellitus/f; receptors, using YM178 in clinical settings; however, the results
expected from preclinical study data could not be obtained.

e Prior to a phase [la study of YM178, an agreement on goal settings and decision-making
charts had been reached. We believe that this could lead to relatively smooth decision-
making after the results became available.

e We would like to make good use of experiences gained from three regions through this PJ
for future Y's PJs for diabetes mellitus (GTI, FIT, etc.).

October 27,2003 178 R&D Meeting, Subcommittee on Development Theme Establishment 14
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o Actual Costs for R&D

Strictly Confidential

The actual cost for R&D development after development subtheme establishment was
3.06 billion Japanese yen.

Total of direct
Indirect cost Direct cost and indirect
costs

lzggﬁﬁ/ Thousand yen | Thousand yen | Thousand yen

Drug substance  |Process Chemistry Laboratories 142 514,339 190,322 704,661

Drug product Novel Pharmaceutical Labotatoties G2 150695 | 49,849 200,544

Toxicity Safety Research Laboratories 58 140,237 327,589 458,128

Pharmacology  |Pharmacology Labortatories 72 132,102 61,837 193,839

ADME Drug Metabolism Laboratories 71 179,958 48,622 228 580

Others 8,622 31,008 31,008

Non-clinical study Subtotal 405 1,125,953 709,527 | 1,835,480

Clinical study YEU - « 1,068,498 1,089,488

YPA “ - 9,608 9,608

Clinical Development Department 4 13.847 15 | 138.862

CT™M YPCL 94 116,868 8,094 | 124960

manufacturers  |YEU - - 11411 11411

Clinical study ~ Subtotal a7 130,713 1 1,098,626 1,229,339

Total 503 1,256,666 1,808,153 3,064,819
October 27,2003 178 R&D Meeting, Subcommittee on Development Theme Establishment 15
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7 Conclusion

The development of YM178 for diabetes mellitus is discontinued.

October 27,2003 178 R&D Meeting, Subcommittee on Development Theme Establishment 16
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YM178 in Type 2 Diabetes Mellitus
178-CL-003

A Subgroup Analysis
J. Pfeil (BMT)
E.M. van Gelderen (CPRD)

September 11, 2003

manouchi Evrope BV,
inl¢al Prarmacolagy Regear:n Deparrizit Draft Data 1

Disclaimer

Data presented are draft data to be subjected to
QC-procedures
Differences from the final data cannot be
excluded

“Elinlcal Pharmacalagy Reteareh Dapanment

Yamanouchi Europs BV, ! Draft Data 2
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Background

» No efficacy was shown by top line results from study
178-CL-003

» YEU-PT proposed subgroup analysis to identify
responders and potential target patient population(s).

» Basic approach was to re-group patients and
calculate mean change from baseline for the key
parameters HbA1¢ and FPG, followed by adjustment

. of selection criteria (trial-and-error method)

» No formal statistics were performed

amanouchi Europe BV, y
finical Phanmacology He?eamn Departrreznt Dfaft Data

Definition of subgroups

# & & % & & & & »

# GPT proposed subgroups:

Males vs. females

High vs. low plasma concentration of YM1738
High vs. low baseline HbA1c and FPG levels
High vs low BMI at baseline

High vs. low Waist-to-Hip ratio at baseline
High vs. Low age

High vs. low baseline insulin

High vs. low baseline triglyceride

High vs. low change in heart rate

Long vs. short history of type || diabetes (omitted, data not
found in database, source data only)

" Yamanoushi Europe B,
finical Phairiacalagy Resonreh Dopartrrent Draft Data
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178-CL-003, input data

» [nput data consisted of the Full Analysis St

# |ndividual plasma concentration versus time profiles of
YM178 were used to identify non-treatrment compliant
patients;

» Patients 104, 131 and 146 were excluded from analysis
» Exiremes were excluded from analysis using the criteria:

» change in HbA1c from baseline > +2% and/or..

» change in FPG from baseline > +4 mmol/l

« Uneven patient distribution was avoided as much as
possible

» FPG data were highly variable. Data were subjected to
subgroup analysis but are only shown here if deemed
usefull, In any case no trend could be discerned.

Yamanouchi Europe BV,
Clinital Phannasniogy F:e‘s’savch Dapirtmant Draft Data &

178-CL-003, Excluded patients

Non-compliance
131 YM178 Non-compliance
146 . YM178 Non-compliance
113 YM178 AFPG > +4 mmolfl
121 Placebo AHbA > +2%
163 YM178 AFPG > +4 mmoldl
188 YM174 AHbA1c> +2%
192 YM178 AHbA1 > +2%
e s Draft Data 8
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B(44%)

10 (56%)

19 (61%)
12 (39%)
T

&

“Yamanouchi Eurape B.V.
tinlsal Phamyacnlogy R Department Draft Data 7

178-CL-003, HbA1c

nge in HbA1c (%) from baseline to end of tféatment by baseline HbAc

, YM178 13 | 0.154(062) | -08 | 1.1
<

Placebo 8 | -0.113(0.78) | 12 | 08

YM178 18 | ~0850(1.10)7 | -2.4 | 20
27}

Placebo | 10 | 70.22070.94) | 1.8 | 1.0

+ Despite placebo effect, YM178.reduced HbAlc when baseling :
levels were above 7% e

» No differencés between YM178 and placebo were found for

FPG (data not shown).

Yamanouchi Eurcpe BV,
Clinical Fnstrisoalogy eesearcn Dapartr<nt Draft Data 8
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O

17_8-CL-003, HbA1c

YM178 17 -0.106 (0.80) | -1.2 2.0
Male

Placebo 11 -0.355 (0.86) | -1.8 1.0

YM178 14 | -9 564t(1 Q 2.4 1.4
Female

Placebo 7 0.114.(0.79) -14 | 08

*No difference between YM178 and placebo in male patients,

*Recduction of HbA1c was found in female pa’uents compared tcn
placebo and male patlents '

Yarnanouchi Europe BV,
Oilnicet Phamacalogy p.eEear:n Department Draft Data 9

178-CL-003, FPG

Change in FPG (mmolfl) from Baseline to End of Treatment by

Gender
YM178 17 0.312 (1.29) 2.1 3.0
Male
Placebo i 0.118 (1.94) -43 | 3.0
YM178 14 -3.8 19
Female
Placebo 7 0.329 (1.38) 2.0 [ 241

-YM178 reduced FPG infemale patients-despite: high.variability.

*No dlfference between YM178 and placebo in male patients.

Yamanauchi Eurspe BV, o
Clinizat Phaimaoolagy H:i;:nmh Cepartment Draft Dd ta 10
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178-CL-003, HbA1c

Young | YM178

21 | 05050108 | 24 | 20
(= 55) Placebo | 14 | -0.143{0.86) | -1.8 | 1.0
cdery | YV 10 | 0000077 | -t2 | 14
(>55)

Placeho | 4 | -0275(090) | -14 | 07

found inelderly = -

YM178 -0.490 ol

manouchi Europe BV,
infnal Pharmacntagqy Fesearch Meparmatt

*In contrast, a small FPG reduction was found in elderly; for
0) vs placebo 0.675 mmol/| (i=4).

Draft Data

 +YM178 reduced HbAlc in.young pafients, but no changes were

Change in HbA1¢ (%) from baseline to and of freatment by Age

178-CL-003, HbA1c

Change in HoATc (%) from baseline to end of treatment by Age
{young) and baseline HbA1c

YM178 8 0113081 | -08 | 10
<B5/<7

Placebo 6 -0183(080) | -2 | 08

YM178 13 | 0746(122) | -24 | 20
<65/27 R

Placebo 3 0113095 | 18 | 1.0

« Reductions found with placebo and YM178. Bigggst change at

HbAfc above 7%

*No coﬁé‘istent changes in FPG in either category.

Yamanguchi Eurape BV,
Clinzal Fnarmacoiogy Reteatch Daparient

Drraft Data
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178-CL-003, HbA1c

Change in HbA1e (%) from baselir{;to end of treatment by Age
{elderly} and baseline HbA1c

YM178 0.1 1.4
>85/<7

0.100 (0.85) | -05 | 0.7
-0.4000077) | 1.2 | 08
0650 (1.06) | 14 | 1.0

Placebo .

YM178

By |~ | N[

Placebo

*Nao diffarences between YM178 and placebo freatment were found in
gither category. Note: subdivision is confounded by small groupsize

Similarly, no differences for FPG betwaen categories were found due
ta small group sizes.

manauchi Burape BN,
k inigal Pharmacolagy Fesearch Deparimant Draft Data

178-CL-003, HbA1c

Change in HbAc (%) from baseline to end of treatmant by Age
{young) and gender

YM178 1 | -0.327 (1.00) 2.0
male Placebo 10 | -0400(0.89) | -1.8 | 1.0
YM178 10 | 0.700(1.14) | 24 | 14
Placebo 4 | 0500022 | 03 | 08

sLarge piacebo effects in males, biggest response to YM178 in young
females

*Elderly data showed no clear gender differences due to small number
of patients; group size ranged from 1 to 6 patients (data not shown),

¥amanouchi Berups B.Y. . 14
tknizal Fnamagalogy Resesran Dapartmant Draft Data
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178-CL-003, HbA1c

Change in HoA1c (%) from baseline to end of treatment by BMI

AL

<30 YM178 20 -0.135 (1.03)

Placebo 9 -0.122 (0.95) -1.8 08
YM178 11 20636090) | 2.0 1.0
Placebo 9 -0.222 (0.77) -1.2 1.0

*Reductions were found in eifhar category, largest response when
BMI=30 ka/m?

*Note: BMI by gender showed reductions in placebo and YM178 in
malas and females with high BMI; larger reductions in females
compared te males despite small group sizes (data nat shawry).

ical Prermacokgy Research Dopactriant

manouchi Eurcpe BLY, Draft Data 15

178-CL-003, FPG

Change in FPG (mmcolil) from baseline to end of treatment by BMI

YM173

-0.025 (1.78) -3.8 3.0

Placebo 9 | -0489(1.74) | -43 | 18
YM178 1| :0318(009) | 21 | 16
Placebo g 0.880 (1.43) | -13 | 3.0

*FPG increased in placebo treated patients with high BMI, whereas
smali reductions were found with YM178

Yamanauchi Europe BV, Draft Data ®

risal Phamuacalugy Revasrch Deprmtmant
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178-CL-003, HbA1c

Change in HbA1c (%) from béééline tcj 'end of treatment by
Waist-to-Hip Ratio

Low (s0.9) | YM178 13 D090 | 24| 11
Placebo 5 | -0340(092) | <14 | 07
YM178 18 | -0022084) | 12 | 20
High (> 0.9)
Placebo 9 | -0108@84 | -18| 10

#In contrast to BMI, large reductions were found when W/H ratio was
low. This subgroup consisted entirely of female

* No differences between placebo and YM178 wi
ratio t baseline was high,

mancuchi Europe BV,
nlcal Pharmecology Research Department Draﬂ Data 17

178-CL-003, HbA1c

Change in HoA1c (%) from baseline to end of treatment by
Insulin Level

=50 YM178 -0.269 (0.95) 12§ 20

' Placebo 4 -0.575 (1.20) -1.8 0.5
50 -<100 YM178 14 -0.536-(0.98) , | 24 1.1
Placebo 9 -0,311 (0,70 -1.2 0.7

100 YM178 4 0.325 (1.20) 1.4 1.4
Placebo 5 0.400 (0.59) -0.5 1.0

* No clear differences between YM178 and placebo and ng‘response‘in,
patients with high insulin levels (small groupst) S
«Biggest responise to YM178 found in yoling patients with insulin levels
below 100 pmol/l {data not shown).

manouchi Euecps EL.V, Draft Data 18

nical Pharrtgeology Resstren Doparirae
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178-CL-003, HbA1c

Change in HbA1c (%) from baseline to end of treatment by

Triglyceride Level
High (=2) | YM178 1| -0591.(1.08). | 24 | 14
Placebo 9 -0.200 (0.94) -1.8 1.0
YM17 2 -0 .94 -2.4 1.1
Low (23 178 20 0.160 (0.94)
Placeho 9 -0.144 (0.78) -1.4 0.7

* Mo clear differences between YM178 and placebo treatment. Slightly. .
higher.response at high baseline triglyceride levels.

«No effect of YM178 on FPG was found for this subgroup {data not
shown),

mancuchi Europe BV, Draft Data 19

Pesearch D

178-CL-003, HbA1c

Change in HbA1c (%) from basalin nd of treatment by

x10 YM178 | 20 | -0.369(093) | 24 | 14
<10 YM178 | 2 05002.12) | 1.0 | 2.0
=16 YM178 | 19 | 0463087 | -24 | 14
<15 yM178 | 12 | 00750118 | -20 | 2.0
20 YM178 | 12 | 0217099 | 24 | 11
<20 YM178 | 19 | 0374103 | -20 | 20

“If Cygugn < B ngfml at Visit & andfor @ and/or 10 patient were excluried

ng/ml. The largest response was, shown With feve
levels did hot further ificrease the response to YM178.
amanouchi Eurape BV, Biraft Data 20

+Rllmics| Pracmacelagy Roeseareh Deparinent

+ A reduction of HbATc was found with frough levels.of YM178 above 10
) il Higher

10
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178-CL-003, Summary

; 5‘{3“' For both HbA1c and FPG, »80% of the. patients responded to .
YM178 whereas 44% responded to-placebo . T
Due to hlgh lnlersubject varlablhty of FPG no clear subgroup
responding to YM178 could be defined on the basis of this
parameter

-# Mean changes in HbA1c from baseline to end of treatment were
© relatively small for all subgroups {<0,75%) with high variability

» In view of the small numerical changes clinical relevance should
be questioned

Some efficacy was found only when HbA1c at bageline was
sbove' /i (data from central labaratory: local data 7-8%);
responses  of HbA1c and FPG to YM178 were: mamly fou‘ d for
female

f‘v

amanouchi Europe BV,
lintcal Fhamacofogy r-!a':ealch Depznmatt Draft Data 2

178-CL-003, Summary

» Changes in HbA1c were mainly detected in young patients; in
elderly ng differences between YM178 and placebo could be
found, even when baseline HbA1c was taken mto account

- Larger responses in HbA1c and FPG were found in patlents with
@gﬁb‘@}m,}a finding not fully supported by the analysis of waist-
to-hip ratic

No clear effect ogbas'" ine institin and tr[glycerlde levels was
shown, although patients with high insulin seem fess responsive
to YM178

# Steady state trough levels of YM178 above 15 ng/ml seem fo be
required to cause a pharmacodynamic response.

arnanouchi Eurape B Draft Data z

Inics] Pheermpvelagy Rezcareh Depertment

11
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Status Report on
Progress of Research

Theme

Research on BAN Compounds

Date of Report Department Author of Report
Sugars Group
4/26/1995 Drug Development Toshiyuki Takasu
Research Lab 11T Tetsuo Matsui
Jun Irie
Dept. Head | Masayuki Shibasaki
[seal]
No. 1 Fujikura

<Summary>

2. 3. B2, 3-receptor activity

1. Structuring of a human £ 3-CHO cell evaluation model
1) Effects on activity of subculturing
2) Correlation with SK-N-MC cell line

1) BAN compound screening results

3. Hypoglycemic effect (confirmation of main effect)

4. Future schedule

1) BAN-90 insulin-releasing action (normal rat)
2) kk-mouse hypoglycemia test

1. Structuring of a human £ 3-CHO cell evaluation line

1) Effects on activity of subculturing

(Purpose) It is known that with expressing cells, activity is weakened by repeating cultivation. In this study,
the effects on activity due to cultivation were studied by using cells supplied by an outsourcer as the
originals (P-0), conducting cultivation, and with the third generation, P-6 to P-8, the pD2 value when ISO
incited and maximum activity were indexed under the same conditions as/3 1- and J2-CHO cells

(distributing 10° units/well in a 24-well plate, cultivating for 2 days, and then testing).

Maximum Activity
pD2 (pmol/ml)
P-6 7.36 124.0 £ 2.6
P7 6.65 126.0£2.9
p-8 6.97 1214 £3.8
Average 6.99 123.8

® [n this study, a slight variation was observed in the ISO pD2 value, but maximum
activity was about the same value and stable.

(Please use the back as well)
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2) Correlation between the SK-N-MC cell line and the 43-CHO cell line

® For the BAN compounds studied to date with both cell lines, the pD2 value and the intrinsic activity
(L.A. (%)) of each were each plotted on a graph and the correlation was studied.
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® The pD2 value and LA. (%) for each compound was shown to have a significant correlation in the

SK-N-MC cells and £ 3-CHO cells.

® Going forward, screening will be conducted of the BAN compounds switching to the £#3-CHO cell

line.
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UNITED STATES D..#ARTMENT OF COMMERCE

Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231 M//

FIRST NAMED INVENTOR | ArToRnEY DOCKETNO. |

MY B ¥

sy

- | EXAMINER |

r . RIS BN
; i FEIR AR F T L
[ “amtunm | PAPER NUMBER |

TN
R

Please find below and/or attached an Office communication concerning this application.or:
proceeding.

Commissioner of Patents and Trademarks

PTO-80C (Rov. 2/96) - 1+ Fiie Gopy
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Application No. Applicant(s)
) 09/629,096 Tatsuya Maruyama et al.
Office Action Summary Examiner Graup Art Unit [
Sudhaker Patel 1624

1 Responsive to communication{s) filed on

7 This action is FINAL,
] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is closed
In accordance with the practice under Ex parte Quawg3ds C.D, 11; 4563 0.G. 213.

A shortened statutcry period for responrse to this acticn is set to expire 3 month(s), or thirty days, whichever is
longer, from the mailing date of this communication. Failure to respond within the period for resporise will cause the
application to become abandoned. (35 U.5.C. § 133). Extensians of time may be obtained under the provisicns of

37 CFR 1.138(a).

Disposition of Claim

X Claim(s) 1-8 isfare pending in the applicat
Of the above, claim(s) ‘ is/are withdrawn from consideration

~] Claim(s) is/are allowed.

R Claim(s) 1-8 ‘ Isfare rejected

] Claim(s) is/are chjscted to,

[ Claims are subject ta restriction ar election requirement.

Application Papers
[] see the attached Notice of Draftsperson's Patent Drawing Review, PTO-948

[J The drawing(s) filed on isfare objected to iy the Examiner.

[ The proposed drawing correction, filed on is [approved [Hisapproved.
] The specification 1s objected to by the Examiner,

[ The oath or declaration is objected to by the Examiner,

Priority under 35 U.S.C. § 119 :
R Acknowledgement Is made of a clalm for foreign priority under 35 U.8.C. § 119(a)-(

DAl [(Bome* [Kpne ofthe CERTIFIED ccpies of the priority documents have been
X received.
[ received in Application No. (Series Code/Serial Number)
[[] recelved in this national stage application from the International Bureau (PCT Rule 17. Z(a)).

*Certified copies not received:
[J Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

Attachment(s)
X Naotice of Refarences Cited, PTC-892
X Information Disclosure Statement(s), PTO-1449, Paper Ne(s), 3
[ Interview Summary, PTO-413
[7] Notice of Draftsperson's Patent Drawing Review, PTO-948
] Netice of Infermal Patent Application, PTQ-152

--- SEE OFFICE ACTION ON THE FOL.LOWING PAGES --- N

. 5. Patent and Trademark Office

TO-326 (Rev. 9-95) Office Action Summary Part of Paper No. 6

Sawai Ex. 1007
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Application/Control Number: 09529096 Page 2

Art Unit: 1624

DETAILED ACTION

Claims 1-8 are pending in this application.

Applicants’ communication paper # 5 dated 11/22/00 is acknowledged.

Applicants’ various arguments and remarks have been considered, and found persuasive.

Accordingly Group IV will not be subjected to further resiriction as indicated in previous
Office Action paper # 4 dated 10/27/00. This is because the additional time required for scarch
would be within the reasonable time spent for the prosecution during the present Office Action.

Applicants have provisionally elected with traverse invention of Group IV, claims 1-8,
drawn to compounds, compositions, and method of use for Formula (T) wherein Z = CH, and
have also elected species of Examples 7 on page 37, Example 12 on page 38, and Example 41 on
page 44.8ince Claims 1-8 link with other groups of inventions, fhc same will be examined
bearing in mind the subject matter, and species as elected by the applicants only. Affirmation of
this election must be made by the applicants in replying to this Office Action.

The requirement is still deemed proper for non-elected subject matter, and is therefore
made FINAL,

Improper Markush Rejection

Claims 1-8 are rejected under a judicially created doctrine as being drawn to an improper
Markush group, that is, the claims lack unity of invention, The variables .Z, X, B, to gather with
various values for other substituents are defined in a such & way that they keep changing the

structure/core of the compound that determines the classification/subclassification. Additionally,

Sawai Ex. 1007
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Application/Control Number: 09529096 Page 3

Art Unit: 1624

the physical properties e.g. solubility, melting point, appearance etc. are tremendously altered
with the changing of the various variable as recited herein. By changing the values of these
variables several patentably distinet and independent compounds are claimed.

In order to have unity of invention the compounds must have “ a community of chemical
or physical characteristics™ which justify their inclusion in a common group, and that such
inclusion is not repugna;lt to principles of scientific classification” In re Jones (CCPA) 74 USPQ
149 (see footnote 2).As already pointed out earlier, the structural formula (I) does not have a
significant structural feawure that is shared by all of its alternatives which is inventive. The
structure has only a Formula (I) = Phenyl-CH(OH)-CH2-NH-C(R1a)(R1b)-A-Phenyl-NH-C0-
common., . This feature is not inventive. Compounds embraced by Formula (1) are so diverse in
nature that a prior art anticipating a claim with respect to one member under 35 U.8.C. 102
would not rendcl:r obvious the same claim under 35 U.8.C. 103, This is evidentiary of patentably
distinct and independent inventions.

Limiting the claims to the elected group would overcome this rejection.

Claim Rejections - 35 U.S.C. § 112
1. The following is a quotation of the first paragraph of 35 U.S.C. 112:
The specification shall contain a written description of the invention, and of the manner and
process of making and using it, in such full, clear, concise, and exact terms as to enable any
person skilled in the art to which it pertains, or with which it is most nearly connected, 10

make and use the same and shall set forth the best mode contemplated by the invenitor of
carrying out his invention,

Sawai Ex. 1007
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Application/Control Number: 09529096 Page 4

Art Unit: 1624

Claims 1, and claims dependent on these claims , namely, claims .2-8 are rejected because
while enabling as therapeutic agent for diabetes mellitus which comprises of the amide
derivative or its salt according to claims 1-6 as an effective ingredient, does not reasonably
provide enablement for compounds, composition based on heteroaryl ring = isothiazolopyridine,
imidazopyridyl or oxobenzofurayl etc. Whereas the claim language does not only include these
cited compounds but many more compourds as representgd by variables outlined in above
mentioned Markush rejection in Group IV as elected, and rejected under 35 U.8.C. 112, para.
one because the claims are open-ended, and broad.

In evaluating the enablement question, several factors are to be considered. In re Wands,

8 USPQ 2d 1400 (Fed. Cir. 1988); Ex parte Forman, 230 USPQ 546, The factors include:(l). The
nature of invention;(2). the state of prior art ;(3). the predictability or lack thereof in the art; (4},
the amount of direction or guidance present;( 5). the presence or absence of working examples;f
6): the breadth of the claims, and ( 7). the quantity of experimentation needed
1). The nature of the invention: The claims are drawn to compounds, composition(s), a
method(s) of making a pharmaceutical agent to be used as a therapeutic agent for diabetes
mellitus.

2). The state of prior art: There are no known compounds of similar structuré(s) which have
been demonstrated to treat diabetes mellitus.

- 3). The predictability or lack thereof in the art: “predictability” have been demonstrated to be

sufficiently lacking in the instant case for the instant method(s) claims which include (but not

Sawai Ex. 1007
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Application/Control Number: 09529096 Page 5

Art Unit; 1624

limited to) making therapeutic agent for diabetes mellitus.

4). The amount of direction or guidance present and 5): There are no doses present for a
method of preparing a therapeutic agent for diabetes mellitus.. Such utilities are unbelievable on
their face and therefore they must be supported by sufficient evidence demonstrating such
utilities. All available drugs to treat diabetes could only be used in a limited way.

6). The breadth of the claims: The claims are drawn to making either a pharmaceutical agent or
a therapeutic agent for diabetes mellitus comprising the amide derivative or the salt thereof
according to claims 1-6 as an effective ingredient.

7). The quantity of experimentation need would be an undue burden to one skilled in the
pharmaceutical arts since there is inadequate guidance given to the skilled artisan for the many

reasons stated above.

Cluim Rejectivns - 35 US.C. § 102
2. The following is a quotation-of the appropriate paragraphs of 35 U.8.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless --

(a) the invention was known or uged by others in this country, or patented or described in a printed publication
in this or a foreign country, before the invention thereof by the applicant for a patent,

Sawai Ex. 1007
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Application/Control Number: 09529096 Page 6

Art Unit: 1624

Claims 1-8 are rejected under 35 U.5.C. 102(a) reference JP 10218861 which claims the

application date of 2/4/1997, Sce also CAPLUS 1998:335771 pages 61-70.

Claim Rejections - 35 US.C. § 103
3, The following is a quotation of 35 U.8.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may nat be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to 2 person
having ovdinary skill in the art to which said subject matter pertains, Patentability shall not be negatived by the
mannet in which the invention was made,

Claim 1, and claims dependent on these claims, 2-8 are rejected under 35 U.S.C, 103(a)
as being unpatentable o@%ﬂ et al (DE 3743265) as applied to ¢laims above, and
further in view of Konosu Toshiyuki et al.,"Triazcl Anti%upgal", Chem. Pharm. Bull.,
39/10,2581-9 (1991) also cited as CAPLUS 1992:26440.

Claims are drawn to generic Formula (I) of claim 1 wherein the core is very similar to
main core of ‘265. The reference *265 teaches the making of compounds with generic core(s)
encompassed by Claim | which are drawn to compounds of Formula ([) and others as instantly
claimed.

The reference *265 (See Examples on pages 77-78 ) differ from the instantly claimed
compounds by not having --CH(OH)-CH2-NH- CH2-CH2-phenyl-NH-C0-CH2-pyridine, but -
CH(0H)-CH2- NH- C{Me)2- CH2- phenyl-NH-C0-CH2-pyridinium quat. (See Ex. On page 78)

as claimed herein. However, the reference *265 is not limited in teaching of making of
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Application/Control Number; 09529096 ‘ Page 7

Art Unit: 1624

compounds based on above generic core(s)only, but also teaches the use of the compounds as
broncholvtics i.e. use as pharmaceuticals as taught by the instant application.

The other reference Konosu, Toshiyuki et al, teaches making of compounds with a core
also similar to instantly claimed compounds(see Formula I of CAPLUS pages 72-72). The
reference has a core = Phenyl-CH(OH(heterocycle)-CH(Me)-NHCO-R2( R2+ H, Ph, substituted
Ph, furyl, thienyl etc.) which is very similar to instant E)‘iamplc 47 cited on page 71. The
reference differs from the instantly claimed compound by having triazole in place of H, and R2
(=-CH2PH) instead of -CH2-heterocycle. The instant compounds® claims have eliminated the
reference by defining B= a heteroaryl group which may be substituted and may be fused with a
benzene ring. However, the specific main core Phenyl-C(H/het)(0H)-CH( H/Alkyl)-NH-CO0-
remains the same as claimed instantly herein,

However, the reference is not limited to teaching of making of a part of the molecule of the -
instantly claimed invention, but also teaches it use as antifungal agents. (see CAPLUS page 72),
that is to say the ref. Compounds have ability to control or prevent growth of living organisms,
However, the difference in structural synthesis could be‘overcome by the teaching of Kurt et al. ¢
265 as cited above.

Thus, one having ordinary skill in the art would have been motivated to modify Formula
(U)of ref ‘265 and try out combination of ref. Konosu by using/reacting Benzene- substituted
with-CH(0H)-CH2-NH-CH2-CH2-Ph-NH-C0-CH2- with pyridine or other heterocycle for

example, triazole, tetrazol or thiazole as used in the instantly ¢laimed invention, and onc would
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Application/Control Number: 09529096 ‘ Page 8

Art Unit: 1624

have expected still to maintain &/or find out pharmaceutical/pharmacological activity either
same or different than the reference ‘265. Hence, at the time of the invention was made, it would
have been obvious to a person of ordinary skill in the art to prepare compounds and
pharmaceutical compositions of the claimed Formula (I) by combining the 2 arts which were
available.

This application has not been checked to the extent necessary to determine the presence
of all possible minor errars. Applicants’ cooperation is, therefore, requested in promptly
correcting any etrors of which they may become aware in the specification.

Preliminary computer assisted search revealed references: U.S.P, 5541197, However, this
reference do claim pharmacologically active compounds having hypolipidemic and
hypoglycemic activities. These reference are also available on CAPLUS, MARPAT etc. The
references aré cited but not applied herein at this time,

Applicants are also requested to note that Application Serial #s 09297762;09514637, and
others involving either one or more of the inventors, and similar subject matter to current
application are located thru’ preliminary search. These references are in transit and are not
accessible to the examiner at this time. Applicants are advised to provide the infofmation related
to similar &/or presently pending local or international applications, if any, related to the subject
matter included in the instant application to avoid various issues arising out of question of either

double patenting &/or priority claims and other related matters.
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Application/Control Number: 09529096 Page 9

Art Unit: 1624

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to Sudhaker Patel whose telephone number is (703) 308 4709. The examiner
can normally be reached on Monday thew’ Friday from 8:30 AM to 5:00 PM. If attempts to teach
the examiner by the phone are unsuccessful, the examiner’s supervisor, Mukund Shah can be
reached at (703) 308 4716. .

A facsimile center has been established for Group 1600. The hours of operation Monday
through Friday, 8:45 AM to 4:45 PM. The telecopier numbers for accessing the facsimile
machine are (703) 308-4556 or (703) 305-3592,

Any inquiry of general nature or relating to the status of this application or proceeding
should be dirccted to the Group receptionist whose telephone number is (703) 308 1235.

%/( % Mukund Shah

sp Supervisory Patent Examiner

December 1, 2000. Art Unit 1624
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Application o, Applicantie}
. _ 09/529,096 Tatsuya Maruyama etal,
Notice of References Cited B S AT ,
Sudhaker Patel 1624 Page 1 of 1
U.s, PATENT DOCUMENTS
* DOGWMENT NO, "DATE NAME CLASS SUBCLASS
XA 5,541,197 7/1896 Fisher et al. 514 3N
B |
[
D -
| e e ]
E
F
G
H
|
S, —_—
J
- S .
L
[
FOREIGN PATENT DOCUMENTS
* DOCUMENT NO. DATE GOUNTRY NAME CLASS SUBCLASS
N 3,743,265 6/1989 DE S. Kurt E1 Al — —
o 10,218,861 6/1989 JP M.Tetsuo et al. - —
P
Q
R
°
T
NON-PATENT DOCUMENTS J
* DOGUMENT (inoluding Author, Title, Source, and Pertinent Pages) DATE
Konosu T, et al."Triazole antif ¥, Chem.Pharm.BUIl, 38/10,2581-0
v 10/1891
[
v
\
w
|
|
X
\

U E. Patont and Trademark Office

PTO-892 (Rev. 9-95)

*  Acopy of this reference ke not being furniched with this Office action.
(988 Manual of Patent Examining Pracatiure, Secton 707.05(a).)

Notice of References Cited

Part of Paper No.
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Customer No. 22,852 |
Attorney Docket No. 7385.0007-00

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

RECEIVED

Group Art Unit: 1624 MAY 0 9 2001
Examiner: S. Patel TECH CENTER 1600/2900

in re Application of:

a5

‘ Tatsuya MARUYAMA et al,
N |

Serial No.: 09/529,096

Filed: April 7, 2000 %7
/110
Mw

For: AMIDE DERIVATIVES OR SALTS
THEREOF

TRANSMITTAL LETTER

Assistant Commissioner for Patents
Washington, DC 20231

Sir;

Enclosed is a reply ta the Office Action of December 7, 2000. The item(s) checked below are
appropriate:

X Applicant(s) hereby petition(s) for a two month(s) extension of time to respond to the
above Office Action. The fee of $390.00 for the Extension is enclosed.

The claims are calculated below:

Claims Remaining Highest Number Present Rate Additional
After Amendment Praviously Paid Extra Fee

Total 12 - 20 0 x$18 [$ 0
Indep. 3 - 3 0 x § 80 0

[7] First Presentation of Multiple Diep. Claim(s) +$270 0

Subtotal|{$ 0

Reduction by % if small entity|- 0

TOTAL|$ 0

O Afee of $___ to cover the cost of the additional claims added by this reply is enclosed.

< A fee of $180.00 to cover Supplemental Information Disclosure Statement is enclosed.

AW crricEs <] A check for $570.00 to cover the above fee(s) is enclosed.
F“’;NECI\N/ H([:NDL-‘KSON, '
%MD‘T%:RAF?F;T Please grant any extensions of time required to enter this response and charge any

isoo 1 streer, nows || additional required fees to our deposit account 06-0918.
WASHINGTON, B¢ 2OCOS A
207:408-4000 v
' Dated: May 4, 2001 By: A /6/(;4”

05/08/2000 NBERHE 00000073 09529096 David W, Hill
h
02 FCa1d 180,00 pp Reg. No. 26,220
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INFORMATION DISCLOSURE CITATION
{Use several sheets if necessary)

RE

OMB No..0651-0011
Vet

o

WAy 0 9 2801

Atty. Docket No\ﬁrm@%mo

[ seriai N0, 09/529,00 ™
K NN ﬁQQ!?‘-)\A\ '
Applicant Tatsuya MARUYAMA et al. TECH CENIER W
Filing Date April 7, 2000 | Group: 1624
U.8. PATENT DOCUMENTS
Examiner Document Issue Date Name Class Sub Filing Date
Initial* Number Class If Appropriate
M 5,223,614 Jun 29, 1993 Bchromm et al, Syt { (3_5
Vet | | 6048884 Apr11,2000 | Maruyamaetal. | §\4- | 430
W 6,177,454 Jan 23,2001 | Meruyamaetal. | 5i4 | 3¢ Ly
FOREIGN PATENT DOCUMENTS
Document Publication Country Class Sub Translation
Number Date Class Yas or No

OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)

" £ B " £ ~
Examiner (/\,.._o\l\s\ %Z{M,, l Date Considerad é“ K, (|
*Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP 609; draw line

through citation if not in conformance and not considered. Include copy of this form with next

communication to applicant.

Form PTO 1449

Patent and Trademark Office - U.S. Department of Commerce

Page 1 of 1

Sawai Ex. 1007
Page 138 of 495

PTO_00001232



PATENT
Custormer Number 22,852
Attorney Docket No, 7385.0007-00

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

RECEIVED

MAY 0 9 2001
Group Art Unit: 1624 TE0H CENTER 1600/2900

Examiner: S. Patel

In re Application of:

Tatsuya MARUYAMA et al.
Serial No.: 09/629,096

Filed: April 7, 2000

For: . AMIDE DERIVATIVES OR

SALTS THEREOF 5 4
S/l e
Assistant Commissioner for Patents MM/

Washington, DC 20231

Sir:
AMENDMENT UNDER 37 C.F.R. § 1.111

In response ta the Office Action dated December 7, 2000, the period for

response having been extended to May 7, 2001 by the filing of a Petition for Extension
of Time (Two Months) and appropriate fee herewith, please amend this application as

follows:

IN THE CLAIMS:
Without prejudice, disclaimer, or acquiescence, please cancel claim 8, amend

claims 1, 3, 5, 6, and 7, and add new claims 9, 10, 11, 12, and 13, as follows:

.\ HET:ID;RSON,
%, GARRETT,
NER, L.L.P,
TREET, N, We o /2001 HBERHE 00000073 09529096

o, 2008/
o3 1050 gy Beets 350,00 0P
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Application No.: 09/529;096
Attorney Docket ; 5.0007-00

ce Amended) An amide derivative represented by the general formula (1):

OH
W S
T A

in the formula, each of the symbols means as follows:

ring B is a heteroaryl ghoup which is unsubstituted or substituted and s
optionally fused with a benzene ring;

X is a bond, or a lower alkylendor an alkenylene, both of whi‘ch are
unsubstituted or substituted with hydroxy 0¢ a lower alkyl group, or X is a carbonyl or a

group represented by -NH-, and when X is a fswer alkylene which is substituted with a

lower alkyl group, @ carbon atom of the ring B optionally bonds with the lower alkyl

group so that a ring is formed;
A is a lower alkylene or a group represented by -lbwer alkylene-O-;
R'8, R"™ are the same or different and each is a hydroben atom or a lower alkyl
group;
R? is a hydrogen atom or a halogen atom; and
Z is a nitrogen atom or a group represented by =CH-;

or a salt thereof.

—

reesersons || 3+ (Once Amende The amide derivative or the salt thereof according to claim 2,

CARRETT,

BLLE, %’F/\;vherein the ring B is a Rsteroaryl group which is substituted with a substituent chosen

IEET, N, W,
,DC 20005

1~4ooo<_5(’£
A3

Sawai Ex. 1007
Page 140 of 495  PT0_00001234



AW DFFICES

SAN, HENDERSON,
ABOW, CARRETT,
DUNNER, L. LB, -
21 STREET, M, W
NETON, DC 20005
22-403-4000

69 sulfonyl, sulfin
i%ﬁcarbamoyl, lower alk
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m a halogen atom, lower alkyl, lower alkenyl, lower alkynyl, hydroxy, sulfanyl,

halogena lower alkyl, lower alkyl-O-, lower alkyl-3-, lower alky-O-CO-, carboxy,
lower alkyl-SO-, lower alkyl-SO2-, lower alkyl-CO-, lower alkyl-CO-O-,
H-CO-, di-lower alkyl-N-CO-, nitro, cyano, amino, lower
alkyl-NH-, di-lower alky-N-, 3xyl-lower alkyl, halogeno aryl-lower alkyl, guanidino, lower

alkyl-CO-NH, and lower alkyl-SO,-

— J

-
5. {Once AmeRded) An amide derivative represented by the general formula (la): [

(la)

in the formula, each of the symbutls means as follows:

ring B is a hetercaryl group;

X is a bond or a lower alkylene'group;

R is a hydrogen atom, a halogen atom, a lower alkyl group, amino group, an aryl
lower alkyl group, or a halageno aryl-lower alkyl group;

or a salt thereof.

6. (Once Amended)
(R)-4'-[2-[(2-Hydroxy-2-phenylethyl)amino]ethyl]-2pyridinecarboxyanilide,

(R)-2-[1-(4-chlorobenzyl)-1H-imidazol-2-y1)-4'-[2-[(2-hydroxy\2-phenylethyljamino]ethyl]-
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cetanilide, (R)-2-[1-(3,4-dichlorobenzyl)-1H-tetrazol-5-yl}- 4'-[2-[(2-hydroxy

-2-phienylethyyaminojethyljacetanilide,
(R)-2-(2xaminothiazol-4-yl)-4'-[2-(2-hydroxy-2-phenylethy)aminc]ethyl]acetanilide,

(R)-2-(2-behgyl-1H-1,2 4-triazol-3-y1)-4'~[2-[(2-h ydroxy-2-phenylethy }-amino]

(R)-2-(2-aminopyrigin-6-yl)-4-[2-[(2-hydroxy-2-phenylethyllamino]ethyl)acetanilide, (R)-

/ﬁiﬁ hydroxy-2-phenylethyl)aminojethyl)-2-(2-pyrimidinyl)-acetanilide, or a salt of any of the

FJ(" ,M’p\ellitus in @ humanor animal patient in need of such treating.

4'-[2-{(2-hydroxy-2-phenylethyl)aminojethyl}-2-(2-pyridyl Jacetanilide,
" (R)-4-[2-[(2-hydroxy-2-phenylethyl}-amino]ethyl)-2-(2-pyrazinyl)acetanilide, (R)-4-[2-{(2-

foregoing.

7. (Once Amended) A compositipn comprising at least one amide derivative or

the salt thereof as claimed in one of claime 1 through 6 in a pharmaceutically

acceptable carrier.

S

9. (New) \ The composition as claimed in claim 7, wherein the amount of at least one

amide derivativs or the salt thereof is an amount effective for the treating diabetes

10. (New) The amide Serivative of general formula (1) as claimed in claim 1, wherein

FriGES
FENDERSON,
. GARRETT,
ER, L.L.J
REET, N, W,
1, D0C 20008
B-4000

the amide derivative is an optical isomer, a hydrate, or a solvate of the amide derivative.
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. (New) A composition comprising an amide derivative of general formula (1) as

claimed in claim 1 in a pharmaceutically acceptable carrier, wherein the amide

derivativeNg present as a polymorphic substance. -

! /_ﬁ’ﬂ/yz (New)

Gﬁ need of such treatmentgomprising administering to the patient an amount of an amide

od for treating diabetes mellitus in a human or animal patient in

Am

derivative of general formulaN]) as claimed in claim 1, wherein the amount is an amount

effective for such treatment.
13. (New) A method for treating obesity Iq a human or animal patient in need of such
treatment comprising administering to the patientkan amount of an amide derivative of
general formula (1) as claimed in claim 1, wherein the amount is an amount effective for

such treatment.

REMARKS
I. Amendments to the Claims
Claimg 1-7 and 8-13 are now pending. Claims 1, 3, 5, 8, and 7 have been
amended, and claim 8 has been canceled, all without prejudice to pursuing canceled
subject matter, if any, in a continuation application, without disclaimer of any subject
matter, and without acquiescence to any rejection, objectibn, of requirement. New

claim 9 has been added to replace canceled claim 8. New claims 10 and 11 have been

SEFICER
HENDERSON,
7, GARRETT,

e vE. || claimed invention. Claim 12 has been added to claim the method of treatment implicit in

N, DC 20008
28-4Q0Q0

added to point out that several forms of the amide derivative of claim 1 form part of the
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canceled claim 8. Claim 13 has been added to claim a method of treating obesity, as
taught in the application as originally filed.

Claims 1, 3, and 5 have been amended to more particularly point out and
distinctly claim the subject matter Applicants regard as their invention. In particular, the
claim language has been adjusted to conform with accepted U.S. claim language
practices. For example, parentheses were deleted, and language describing optional or
alternative features of the claimed invention was clarified. Claim 6 was amended to
clarify that each recited compound or its salt was claimed individually, and not
necessarily in the form of a composition containing all recited compounds and salts
thereof.

In claim 7, “agent” was changed to “composition” to recite the statutory term.
See 35 U.8.C. § 101. Applicants have used “agent” and “composition” interchangeably
throughout the application. Compare, for example, specification at page 5, lines 1-5,
and page 26, line 10. Claim 7 was also modified to recite widely accepted multiply
dependent claim language. Applicants note that, upon a review of their records, it
appears that the fee for multiply dependent claims was not submitted yet in this
application. Therefore, Applicants submit that fee with this Amendment.

Claim 8 was canceled and rewritten as claim 9. Claifn 9 depends from claim 7,
and merely presents the subject matter of canceled claim 8 in widely accepted claim
language. Support for new claims 10 and 11, reciting forms of the amide derivatives of
claim 1, find suppart throughout the specification and claims as ariginally filed, and in
particular on page 8, line 24, to page 9, line 5, and page 19, lines 7-15. Claim 12,

depending from claim 1 and reciting the method of treating diabetes mellitus in original
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claim 8, finds additional support in the specification generally, and in particular on pages
20-28. Claim 13 recites a method for treating obesity, and finds suppott in the
application as filed, and in particular, in the specification on page 20, line 4, to page 21,

line 11, and page 25, line 13, to page 28, line 22.

Il. Certified Copies of Priority Document

The first page of the Office Action dated December 7, 2000, indicates that no
certified copy of the priority document has been received by the Patent and Trademark
Office (PTO). However, the Natification of Acceptance of Application under 35 U.S.C.
371 and 37 C.F.R. 1.494 or 1.495 mailed May 17, 2000 (a copy enclosed), indicates
that a copy of the priority document has been received. Applicants respectfully request
that the Examiner verify whether a certified copy of the priority applicaﬁon has been

received by the PTO in this application.

lll. Restriction and Election Requirements

The restriction requirement and species election requirement of recard have
been madse final. See Office Action at page 2. While Applicants maintain their traverse
of these requirements, they affirm their election with traverse of Group IV, claims 1-8
(now claims 1-7 and 9) drawn to compounds, compositions, and methods of use for
Formula | wherein Z is CH, and also their election with traverse of the species of
Example 7 on page 37, Example 12 on page 38, and Example 41 on page 44 of the
specification. Applicants gratefully acknowledge the Examiner for refraining from

restricting the claims further. See Office Action at page 2.
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Iv. lrhproper Markush Group Rejection

Claims 1-8 have been rejected under the judicially created doctrine of improper
Markush grouping, because these claims are allegedly drawn to an ii’nproper Markush
group, that is, the claims allegedly lack unity of invention. See Office Action at page 2.
The Office Action reasons that the “variables Z, X, and B, [togetherj with various values
for other substifuents are defined in such a way that they keep changing the
structure/cpre of the compound that determines the classification/subclassification.” Id,
The Office Action has further asserted that the physical properties of the various
compounds would be “tremendously altered” by the possible range of the claimed
variables. In sum, the Office Action alleges an improper Markush group based on the
alleged lack of unity. Applicants traverse, and diéagree with the reasoning.

Among the many incorrect statements set forth in the Office Action at pages 2-3,
Applicants disagree, in particular, with the statement that “[t]his féature is not inventive."
id. Moreover, Applicants traverse the unsupported statement that “the physical
properties e.g. solubility, melting point, appearance etc. are tfremendously altered with
the changing of the various variable[s],” to the extent that foreseeable variation in these
properties Is used to support the impraper Markush group rejection. Applicants request
evidence on this point in accordance with MPEP § 2144.03.

Applicants respectfully request that the Examiner hold this rejection in abeyance
until otherwise patentable subject matter has been identified. The Examiner kindly
indicated that this rejection could be overcome by limiting the claimed invention to the

elected subject matter. See Office Action at page 3. Applicants have traversed the
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restriction and election requirements, and if those requirements are not withdrawn,

further argument now against the Markush rejection would be moot,

V. Claim Rejections under 35 U.S.C. § 112

Claims 1-8 have been rejected under 35 U.S.C. § 112, { 1, as allegedly lacking
enablement for compounds and compositions wherein “heteroaryl ring =
isothiazolopyridine, imidazopyridinyl, or oxobenzofuranyl, etc.” Office Action at pages 3-
4. Specifically, the Office Action states “while [claims 1-8 are] enabl[ed] as therapeutic
agent for diabetes mellitus which comprises of the amide derivative or its salt according
to claims 1-6 as an effective ingredient, [the Applicants’ disclosure] does not reasonably
provide enablement for compounds, compaositions based on heteroaryl ring =
isothiazolopyridine, imidazopyridinyl, or oxobenzofuranyl, etc.” /d. The Office Action
then analyzes several factors for determining enablement from /In re Wands to support
the rejection. In re Wands, 858 F.2d 731, 8 USPQ2d 1400 (Fed. Cir. 1988); ex parte
Forman, 230 USPQ 546 (Bd. Pat. App. & Interf. 1986). Applicants respectfully traverse
this rejection.

In stating the rejection, the Office Action asserts that “the claims are open-ended,
and broad.” This reasoning appears to suggest an indefiniteness rejection under 35
U.8.C. § 112, 92, which has not been made. Applicants traverse this assertion and ask
for clarification whether the claims are rejected on this ground.

35 U.8.C. § 112, § 1 requires:

The specification shall contain a written description of the invention, and of

the manner and process of making and using it, in such full, clear,

concise, and exact terms as to enable any person skilled in the art to
which it pertains, or with which it is most nearly connected, to make and
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use the same, and shall set forth the best mode contemplated by the
inventor of carrying out his invention.

Given the statutory language, “enablement requires that the specification teach
those in the art to make and use the invention without undue experimentation.” /n re
Wands, 858 F.2d at 737, 8 USPQ2d at 1404. Moreover, “[f]he key word is ‘'undue,’ not
‘experimentation.’ “ /d. (internal quotations and citations omitted). To determine
whether any needed experimentation is undue, the Federal Circuit listed eight factors to
consider. See id. Applicants believe that the full scope of their claims is enabled, and
set forth their counter-analysis of those eight factors below:

(1) The nature of the invention: Claims 1-6 recite compounds which are amide
derivatives represented by the general formula (1), and salts thereof. Claim 6 names
several amide derivatives and salts thereof. Claim 7 recites a compaosition which
comprises at least one amide derivative as claimed in one of claims 1 to 6 in a
pharmaceutically acceptable carrier. Claim 9 recites the compaosition of claim 7,
wherein the amount of amide derivative is an amount effective for the treatment of
diabetes mellitus. To the extent that the disclosed invention is broader than the scope
of these claims, Applicants do not mean to limit the scope of their invention by this
characterization. Also, Applicants point out that the claimed invention is more than just
a treatment for diabetes.

(2) The state of the prior art: The specification describes some background of
the present invention on pages 1-3. Applicants do not concede that any of the
documents mentioned therein are “prior art” with respect to their invention.

(3) The predictabllity or lack thereof in the art: The Office Action asserts that

a lack of predictability as to methods for making a therapeutic agent for diabetes

10
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mellitus has been demonstrated. Applicants traverse and ask for evidence of that
demonstration. To the extent that the Office Action is carrect, and yet Applicants’
disclosure addresses that lack, this speaks of the patentability of Applicants’
contribution to the ant.

(4) The amount of direction or guidance present, and

(5) The presence or absence of working examples: The Office Action
asserts: “There are no doses present for a method of preparing a therapeutic agent for
diabetes mellitus.” Office Action at page 5. Applicants disagree, and point to the
dosage, adjuvant, and administration information on pages 26-28, among other places
in the specification. The dose is “around 0.01 mg/kg to 100 mg/kg per day for adults in
the case of oral administration, and that is administered at a time or by dividing into 2 to
4 times a day.” Specification at page 26, lines 20-23. If the dose is given intravenously,
the dosage changes to “around 0.001 mg/kg to 10 mg/kg per day for adults.” /d., at
page 26, line 24, to page 27, line 1.

The Office Action continues: “Such utilities are unbelievable on their face and
therefore they must be supported by sufficient evidence demonstrating such utilities.”
Office Action at page 5. To the contrary, some of many potential utilities are listed in the
specification on pages 20-23, and operability is demonstrated in the specification on
pages 23-26. Furthermore, if one of ordinary skill‘in the art sought to determine the
efficacy of an amide derivative of general formula (1), that skilled artisan could follow the
guidance provided in the specification for performing the hypoglycemic test in kk mice
detailed on pages 23-24, the glucose tolerance test in normal rats beginning on page

24, and the test for stimulating human Bs-, Bz-, and B4- receptors found on pages 24-25.

11
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The compounds of the present invention were shown to have a potentiating action to
insulin sensitivity ten times greater than those compounds disclosed in WO 95/29159.
See specification at page 24. Not only do the inventive amide derivatives of general
formula (1) wark, but they work surprisingly better.

The Office Action concludes this paint of analysis by stating that “[a]ll available
drugs to treat diabetes mellitus could only be used in a limited way.” Office Action at
page 5. Applicants respectfully point out that their invention is not limited to treating
diabetes mellitus. See specification generally, and in particular, pages 20-23.

Moreover, Applicants assert that the compounds are enabled per se: the amide
derivatives represented by the general formula (1) are described, among other places,
on péges 4-9. General synthesis schemes appear in the Manufacturing Methods set
forth on pages 9-20. Synthetic details for specific examples of amide derivatives
represented by general formula (I) are shown on pages 36-63, and pages 64-70
tabulate physico-chemical properties of one hundred and thirteen (113) amide
derivatives of the present invention actually prepared according to-the disclosed
syntheses.

To the extent that the rejection holds that certain heteroaryl rings are not
enabled, Applicants point out the following examples actually synthesized and reported
in the specification: Example 6 (imidazo[2,1-b]thiazolyl), Example 41 (aminothiazolyl),
Examplé 60 (benzyloxypyridinyl), Example 90 (benzimidazolyl), Example 104
(pyrimidinyl), among many others.

(6) The breadth of the claims: Applicants believe that the breadth of their

claims is fully supported by the large number of diverse amide derivatives prepared and
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|
described in the specification, and by the numerous tests showing efficacy of the amide J
derivatives, as discussed above. |

(7) The quantity of experimentation: The Office Action asserts that there is
inadequate guidance, and that the amount of experimentation required of one of
ordinary skill in the art to practice the invention would be undue. See Office Action at 5.
Applicants counter by referring again to the general and specific synthetic details
provided in the specification on pages 9-20 and 36-83, the utilities listed on page 20-23,
the efficacy tests described on pages 23-26, and the dosage and formulation
information found on pages 26-28. To the extent that any experimentation would be
needed, Applicants contend that it would be routine and not undue.

(8) Level of skill of those in the art: While the Office Action did not address
this final Wands factor, it is accepted that those in the pharmaceutical, medical, and
related arts possess a high level of skill.

In sum, Applicants respectfully contend that one of ordinary skill in the art finds
copious enabling disclosure in the specification, and practicing the claimed invention
does not require undue experimentation. Applicants therefore request that this rejection

be withdrawn.

VI. Claim Rejections under 35 U.S.C. § 102

Claims 1-8 have been rejected under 35 U.S.C. § 102(a) without elaboration over
JP 10-218861. See Office Action at page 6. Applicants traverse this rejection, for the
reason, among many, that this Japanese document is not applicable as prior art by

virtue of its publication date.
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Japanese application JP 10-218861 was published on August 18, 1998.
Applicants filed their priority application on October 17, 1997. Therefore, Applicants
respectfully request that this rejection be withdrawn.

Applicants perfect their claim for priority in accordance with 37 C.F.R. § 1.55(a)
by submitting, a verified English translation of their priority document with this
Amendment. Upon perfection of Applicants’ priority date, this rejection should be
withdrawn,

VIl. Claim Rejections under 35 U.8.C. § 103

Claims 1-8 have been rejected as allegedly unpatentable over Schromm et al.

(DE 3743265) in view of Toshiyuki et al. (Chem. Pharm. Bull. 39(10) 2581-2589 (1991)).

See Office Action at page 6. The Office Action paints out afleged structural similarities
between the compounds disclosed and the present claimed amide derivatives of
general formuta (1), while acknowledging structural differences between them. The
disclosed use of Schromm'’s compounds as broncholytics allegedly motivates one with
knowledge of Toshiyuki's compounds, useful as antifungals, to modify Schromm’s
compounds to obtain Applicants’ amide derivatives. Therefore, the Office Action
concludes, one of ardinary skill in the art would find the amide derivatives of the present
invention obvious. Applicants respectfully traverse.

To establish a prima facie case of obviousness, three basic criteria must
be met. First, there must be some suggestion or motivation, either-in the
references themselves or in the knowledge generally available to one of
ordinary skill in the art, to modify the reference or to combine reference
teachings. Second, there must be a reasonable expectation of success.
Finally, the prior art reference (or references when combined) must teach
or suggest all the claim limitations. '

DFFIC RS

. HENDERSON,
¢, CARRETT,
NER, L.L.7.
TREET, N. W,
AN, DS 20006
D& -400D
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MPEP § 2143. Applicants assert that a prima facie case of obviousness has not been
established here.

The Office Action finds motivation to combine one document teaching
bronchalytics with another document teaching antifungals. That both disclosed classes
of chemicals are useful “as pharmaceuticals” is insufficient. One p‘revents
bronchospasm, while the other kills fungus. No motivation has been offered, besides
alleged structural similarity and general use in the pharmaceutical arts, to combine
these molecules, to obtain either a better broncholytic or a better antifungal. Moreover,
thé compounds are structurally very different. Toshiyuki et al. teaches a molecule with
a phenyl group just two carbon atoms away from a triazole ring at the same end of the
molecule. On the other hand, Schromm et al. discloses a molecule in which a phenyl
ring attaches the opposite end of a substantial 5- to 9-atom amino-hydrocarbon chain,
far away from any possible heterocyclic graups.

No reasonable expectation of success can be found in either cited document.
The molecules disclosed by Schromm et al. on the one hand are so structurally
different, and in a different field of endeavor, from those taught by Toshiyuki et al., that
there is no predictability in their combination. The Office Action states that “one [making
this modification] would have expected still to maintain &/or find out
pharmaceutical/pharmacological activity either [the] same or different than the reference
‘265 [Schromm et al.].” Applicants respectfully assert that this statement reflects the
unpredictable nature of the proposed modification, and thus, the modification would be
merely obvious to try at best. “Obvious to try” is not the legal standard to render the

present claims unpatentable. See MPEP § 2141,
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For at least these reasons, Applicants respectfully contend that the rejection
under 35 U.S.C. § 103(a) over Schromm et al. in view of Toshiyuki et al. be withdrawn.

To the extent that the rejection relies on Schromm et al. in combination with
alleged comman knowledge in the art or allegedly “well-known” prior art, Applicants

traverse and request that support be provided in aqookdance with MPEP § 2144.03.

VIIl. Documents Made of Record but Not Cited

The Office Action makes of record US 5,541,197, See Office Action at page 8.
The Office Actian also mentions Application No, 09/297,762 (now US 6,048,884) and its
division, Application No. 09/514,637 (now US 6,177,454). Applicants note that both
patents are assigned to the same Assignee as the present application, and submit a
copy of the ‘884 patent in a Supplemental Infarmation Disclosure Statement
accampanying this Amendment. The ‘637 application is a division of the ‘884 patent,
and so submission of the patent obviates the need to submit a capy of the division.
Applicants contend that the present claims are patentable over the referenced patent
and its division, at least because the present applicatioh claims an earlier priority date
than the filing date of the patent. Moreover, Applicants submit US 5,223,614 to
Schromm et al., since this document appears to be an English language equivalent of
Schromm et al., discussed above.

Applicants believe that the claims are patentable over these documents, and

reserve the right to argue that patentability should the need arise.
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CONCLUSION

Applicants respectfully request that all rejections be withdrawn, the application be
reconsidered, and the claims allowed in a timely manner.

A Petition for Extension of Time {Two Months) and fee therefor accompany this
Amendment. Please grant any further extensions of time required to enter this
response and charge any additional required fees to our deposit account 06-0916.

Raespectfully submitted, |

FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, L.L.P.

Dated: May 4, 2001 By: \'/jm/ 2 W

David W. Hill
Reg. No. 28,220

Enclosures:
- Appendix

- Verified Translation of Priority Document
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APPENDIX
Claims 1, 3, 5, 6, and 7 (each once amended) and cl‘aims 9, 10, and 11 (new) are
set forth below in‘marked-up form to aid the Examiner in identifying amendments to the
claims. Additions are underlined, and deletions are shown with bold square brackets

and strikethrough text [like-this].

1. (Once Amended) An amide derivative represented by the [following] general

formula (1):

OH |
~ H N 0
RERT Y
L\Z/ R“yﬂi“’\}h P N)kx

[¢] in the formula, each of the symbols means as follows:
ring B[:] is a heteroaryl group which [ray-be] is unsubstituted or substituted and
[may-be] is optionally fused with a benzene ring;

X[:] is a bond, or a lower alkylene or an alkenylene, both of which [may-be] are.

unsubstituted or substituted with hydroxy or a lower alkyl group, or X is-a carbonyl[;] or

a group represented by -NH-, [{J and when X is a lower alkylene [greup] which [may-be]
is substituted with a lower alkyl group, [the-hydrogen-atoms-berded-te-the] a carbon
atom [constituting] of the ring B [may form-a-lewer-alledene-grouptogether] optionally
bonds with the lower alkyl group so that a ring is formedB)];

AL:] is a lower alkylene or a group represented by -lower alkylene-O-;
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R'®  R™[theymayba] are the same or different and each is a hydrogen atom
or a lower alkyl group;

R[] is a hydrogen atom or a halogen atom; and

ZI:] is a nitrogen atom or a group represented by =CH-[)];

or a salt thereof,

3. (Once Amended) THe amide derivative or the salt thereof according to claim 2,

wherein the ring B is a heteroaryl group which [may-be] is substituted with a substituent

[selectad] chosen from a halogen atom, lower alkyl, lower alkenyl, lower alkynyl,
hydraxy, sulfanyl, halogeno lower alkyl, lower alkyl-O-, lower alkyl-S-, lower
alkyl-0-CO-, carboxy, sulfonyl, sulfinyl, lower alkyl-SO-, lower alkyl-SOz-, lower
alkyl-CO-, lower alkyl-CO-O-, carbamoyl, lower alkyl-NH-CO-, di-lower alkyl-N-CO-,
nitro, cyano, amino, lower alkyl-NH-, di-lower alkyl-N-, aryl-lower alkyl, halogeno

aryl-lower alkyl, guanidino, lower alkyl-CO-NH, and lower alkyl-SO2-NH-,

5. (Once Amended) An amide derivative represented by the [fellowing] general

formula (la):

OH ‘
H
N (1a)
0
O/l\/ \/\©\ /lk R
N X
H

[4in the formula, each of the symbols means as follows:
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ring B[:] is a heteroaryl group;

X[] is a bond or a lower alkylene group;

RL:] is a hydrogen atorn, a halogen atom, a lower alkyl group, amino group, an
aryl lower alkyl group, or a halogeno aryl-lower alkyl group[}];

or a salt thergof,

6. (Once Amended)
(R)-4'-[2-[(2-Hydroxy-2-phenylethyl)amino]ethyl]-2-pyridinecarboxyanilide,
(R)-2-[1-(4-chlorobenzyl)-1H-imidazol-2-y1)-4'-[2-[(2-hydroxy-2-phenylethyl)amino]ethyl]-

acetanilide, (R)-2-[1-(3,4-dichlorabenzyl)-1H-tetrazol-5-yl}- 4'{2-[(2-hydroxy
-2-phenylethyl)aming]ethyl]acetanilide,
{R)-2-(2-aminothiazol-4-yl)-4'-[2-(2-hydroxy-2-phenylethyl )Jamino]ethyljacetanilide,
(R)-2-(2-benzyl-1H-1,2,4-triazal-3-yl)-4'-[2-{(2-hydroxy-2-phenylethyl)-amino]
ethyllacetanilide,
{R)-2-(2-aminapyridin-6-yl)-4'-{2-[(2-hydroxy-2-phenylethyl)amino]ethyl)acetanilide, (R)-
4'.[2-[(2-hydroxy-2-phenylethylJamino]ethyl]-2-(2-pyridyl)acetanilide,
(R)-4’-[2—[(2-hydroxy-2-phenyle‘[hyl)-amino]ethyl)-Z-(Z-pyrazinyl)acetanilide, (R)-4'-[2-[(2-
hydroxy-2-phenylethyl)amino]ethyl}-2-(2-pyrimidinyl)-acetanilide, [ard-salts-thereof] or a

salt of any of the foregoing.

7. (Once Amended) A [pharmaceutical-agent] composition comprising [the] at

{east one amide derivative or the salt thereof [aceerdingte] as claimed in one of claims

1 through 6 in a pharmaceutically acceptable carrier.
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9. (New)  The composition as claimed in claim 7, wherein the amount of at least one
amide derivative or the salt thereof is an amount effective for the treating diabetes

mellitus in a human or animal patient in need of such treating.

10. (New) The amide derivative of general formula {1} as claimed in claim 1, wherein

the amide derivative is an optical isomer, a hydrate, or a solvate of the amide derivative.

11. (New) A composition comprising an amide derivative of general formula (I) as
claimed in claim 1 in a pharmaceutically acceptable carrier, wherain the amide

derivative is present as a polymorphic substance.

12. (New) A method for treating diabetes mellitus in a human or animal patient in
need of such treatment comprising administering to the patient an amount of an amide
derivative of general formula (1) as claimed in claim 1, wherein the amount is an amount

effactive for such treatment.

13. (New) A method for treating obesity in a human or animal patient in need of such
treatment comprising administering to the patient an amount of an amide derivative of
general formula (1) as claimed in claim 1, wherein the amount is an amount effective for

such treatment.
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(54) [Title of the Invention] Novel Phenethanol Derivative or Salt Thereof

(57) [Abstract]

[Object] To create a therapeutic agent for the treatment of diabetes possessing both insulin
secretion promoting effects and insulin sensitization enhancing effects, as well as selective
stimulatory effects on 5 receptors.

[Means] A novel phenethanol derivative or salt thereof represented by General Formula (T)
below.

[Chemical Structure 1]

O u

R%\ ]‘/l\MN\vﬂ\
3 S Jo® v
1 K

(Where the respective symbols have the meanings given below:

W Rb Rﬁ
]* /X' :
B ring: Group represented by the formula /f;gq} _%h;[k“d Group represented by the formula

L)
or a group represented by the fomula .-~ ‘NS{ R_
Rh

X, Y: An oxygen atom, a sulfur atom, or a group represented by NR®

R': A hydrogen atom or a lower alkyl group

R’: A hydrogen atom, lower alkyl group, a methylsulfonamide group, or a group represented
by -NHCOR’

R’: A hydrogen atom, a lower alkyl group, a mono- or di-lower alkylamino group, an aryl

group, or an aralkyl group

R* R’: An identical or different hydrogen atom, a lower alkyl group, or an amino group

R®: A hydrogen atom, a lower alkyl group, or an aralkyl group)

[Claims]

[Claim 1] A novel phenethanol derivative or salt thereof represented by General Formula (I)
below.
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[Chemical Structure 1]

» ol g

/l /N\\/\ £,
\@ - Qﬂxwﬁ\v@) W

HG B!
(Where the respective symbols have the meanings given below:

[Chemical Structure 2]
RE:
&
B ring: Group represented by the formula -~ 4}“?[4:« Group represented by the formula

Y o4
R
or a group represented by the fomula 7 RS

X, Y: An oxygen atom, a sulfur atom, or a group represented by NR®

R': A hydrogen atom or a lower alkyl group

R*: A hydrogen atom, lower alkyl group, a methylsulfonamide group, or a group represented
by -NHCOR®

R*: A hydrogen atom, a lower alkyl group, a mono- or di-lower alkylamino group, an aryl

group, or an aralkyl group
R* R’: An identical or different hydrogen atom, a lower alkyl group, or an amino group
R®: A hydrogen atom, a lower alkyl group, or an aralkyl group)

[Claim 2] A drug characterized in containing the phenethanol derivative or salt thereof
according to claim 1.

[Claim 3] A therapeutic agent for diabetes characterized in having as its active constituent
the phenethanol derivative or salt thereof according to claim 1.

[Detailed Description of the Invention]

[0001]

[Technical Field of the Invention] The present invention relates to a drug, and in particular,

the present invention relates to a therapeutic agent for diabetes having as its active
constituent a novel phenethanol derivative or salt thereof.

3
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[0002]

[Prior Art] Diabetes is a condition which is accompanied by a state of sustained
hyperglycemia, and is reported to occur as a result of multiple environmental factors and
hereditary factors. Insulin is the principal factor which regulates blood sugar, and it is known
that high blood pressure results from a deficiency of insulin, or from an excess of factors
which inhibit its action (e.g., a hereditary predisposition, lack of exercise, obesity, stress, and
the like). There are two main types of diabetes: insulin-dependent diabetes mellitus (IDDM)
which is caused by impaired pancreatic insulin secretory function due to an autoimmune
condition, and non-insulin-dependent diabetes mellitus (NIDDM) which is caused by
impaired pancreatic insulin secretory function due to pancreas exhaustion accompanying
sustained elevated insulin secretion. Over 95% of Japanese diabetes patients are reported to
have NIDMM, and an increase in the number of patients is a problem which accompanies
changes which have occurred in lifestyle. Treatment of diabetes primarily involves dictary
regimens, exercise regimens, reduction in obesity, and the like in mild cases, but if the
condition progresses further, oral drugs for diabetes are administered (e.g., insulin release
promoters such as sulfonylureas, and insulin sensitization enhancing agents which promote
insulin sensitivity), and in more severe cases, insulin preparations are administered.
However, there is a strong desire for a formulation of medications capable of a higher level
of blood sugar control, and a strong desire to create therapeutic drugs for diabetes with
greater efficacy and with a new mechanism.

[0003] U.S. Patent No. 4,396,627 and U.S. Patent No. 4,478,849 describe
phenylethanolamine derivatives, and these compounds have been disclosed as being useful as
anti-obesity drugs and anti-hyperglycemia drugs. The effects of these compounds are
reported to be due to B, receptor stimulation. 5 receptor stimulation is generally known to
have anti-obesity effects and anti-hyperglycemia effects (e.g., triglyceride-lowering effects,
cholesterol-lowering effects, and HDL cholesterol-raising effects). f-adrenalin receptors are
classified into B, B,, and ; sub-types. It is known that stimulation of B, receptors raises the
heart rate, and stimulation of B, receptors inhibits glycogen synthesis by stimulating
glycogenolysis in the muscles, which gives rise to muscle tremors. However, these early
receptor agonists had a problem of side effects such as increased heart rate and muscle
tremors, because their action was based on stimulating 3, receptors and f3, receptors. It has
recently been found that species differences exist among [ receptors, and it has been reported
that even in the case of compounds found to have B, receptor selectivity in rodents such as
rats, they were found to have effects based on stimulation of B, receptors and 3, receptors in
humans. Based on these findings, research is advancing in the area of compounds having
selective stimulatory effects on 8; receptors in humans, using human cells or cells which
human receptors are expressed. For example, WO 95/29159 describes substituted
sulfonamide derivatives shown in the general formula below. These are described as being
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cffective against obesity and hyperglycemia because they selectively stimulate 3; receptors in
humans. However, nothing has been specifically disclosed regarding insulin secretion
promoting effects and insulin sensitization enhancing effects of these compounds.

[0004]

[Chemical Structure 3]

CON K

. R
o
(AS-CHCBN-C- (X0, VM- §02(CHg R
7. 53 RE
RE

(For a description of the symbols, see the above-cited disclosure.)
[0005]

[Problems to Be Solved by the Invention] As mentioned above, there is a strong desire to
create a new type of therapeutic agent for diabetes with even greater clinical efficacy.

[0006]

[Means for Solving These Problems] As a result of careful searching for compounds
possessing both insulin secretion promoting effects and insulin sensitization enhancing
effects, the present inventors found that novel phenethanol derivatives possess the dual
activity of insulin secretion promoting effects and insulin sensitization enhancing effects, as
well as selective stimulatory effects on B; receptors, thereby achieving the present invention.
That is to say, the present invention relates to a phenethanol derivative or salt thereof shown
in General Formula (I) below, which is useful in diabetes therapy, because it posscsses
insulin secretion promoting effects and insulin sensitization enhancing effects, as well as
anti-obesity and anti-hyperlipidemia based on selective stimulatory effects on 5 receptors.
The present invention further relates to a drug which contains this phenethanol derivative,
and in particular, the present invention relates to a therapeutic agent for diabetes having this
phenethanol derivative as its active constituent.

[0007]

[Chemical Structure 4]
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(Where the respective symbols have the meanings given below:

[0008]
[Chemical Structure 5]
o B .
B ring: Group represented by the formula —QN% R Group represented by the formula

Rl
Group represented by the formula /Qvg =
R

X, Y: An oxygen atom, a sulfur atom, or a group represented by NR®

R': A hydrogen atom or a lower alkyl group

R%: A hydrogen atom, lower alkyl group, a methylsulfonamide group, or a group represented
by -NHCOR?

R*: A hydrogen atom, a lower alkyl group, a mono- or di-lower alkylamino group, an aryl

group, or an aralkyl group

R* R®: An identical or different hydrogen atom, a lower alkyl group, or an amino group

R®: A hydrogen atom, a lower alkyl group, or an aralkyl group)

[0009]

[Embodiments of the Invention] A further description of the compound of General
Formula (I) is as follows. In the definition of the general formulae of this Specification, the
term “lower” refers to a straight or branched carbon chain having 1-6 carbons, unless
specified otherwise. “A lower alkyl group” is a straight or branched carbon chain having 1-6
carbon atoms, and specific examples include a methyl group, an ethyl group, a propyl group,
an isopropyl group, a butyl group, an isobutyl group, a sec-butyl group, a fert-butyl group, a
pentyl group, an isopentyl group, a neopentyl group, a fert-pentyl group, a 1-methylbutyl
group, a 2-methylbutyl group, a 1,2-dimethylpropyl group, a hexyl group, an isohexyl group,
a 1-methylpentyl group, a 2-methylpentyl group, a 3-methylpentyl group, a 1,1-dimethylbutyl
group, a 1,2-dimethylbutyl group, a 2,2-dimethylbutyl group, a 1,3-dimethylbutyl group, a
2,3-dimethylbutyl group, a 3,3-dimethylbutyl group, a 1-ethylbutyl group, a 2-ethylbutyl
group, a 1,1,2-trimethylpropyl group, a 1,2,2-trimethylpropyl group, a 1-ethyl-1-methylpropyl

6
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group, a 1-cthyl-2-methyl propyl group, and the like. “Aryl group” refers to an aromatic
hydrocarbon group, and preferably, an aryl group having 6-14 carbons, and specifically, a
phenyl group, a tolyl group, a xylyl group, a biphenyl group, a naphthyl group, an indenyl
group, a phenanthryl group, and the like. Of these, a phenyl group or a naphthyl group is
particularly advantageous.

[0010]

“An aralkyl group” is a lower alkyl group having an aryl group as a substituent group, and
specific examples include a benzyl group, a methylbenzyl group, a methylphenethyl group, a
dimethylbenzyl group, a dimethylphenethyl group, a benzhydryl group, a naphthylmethyl
group, a naphthylethyl group, a an anthrylmethyl group, an anthrylethyl group, a triethyl
group, a phenanthrylmethyl group, a phenanthrylethyl group, and the like. “A mono- or di-
lower alkylamino group” refers to an amino group having 1 or 2 hydrogen atoms in an amino
group substituted with an above-mentioned lower alkyl group, and specific examples include
a methylamino group, an ethylamino group, a propylamino group, a dimethylamino group, a
diethylamino group, a dipropylamino group, and the like. If Compound (I) of the present
invention possesses 1 or more asymmetric carbon atoms, then (R)- and (S)- optical isomers,
racemic isomers, and diastereomers are present. The present invention includes all of the
isolates of these isomers or mixtures thereof. Moreover, the present invention also includes
hydrates, ethanol solvates, and polymorphic crystal substances of Compound (I). Compound
(I) of the present invention may form acids and salts. Examples of salts can include acid
addition salts using inorganic acids such as hydrochloric acid, hydrobromic acid, hydroiodic
acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or organic acids such as formic
acid, acetic acid, propionic acid, oxalic acid, malonic acid, succinic acid, fumaric acid,
maleic acid, lactic acid, malic acid, citric acid, tartaric acid, carbonic acid, picric acid,
methanesulfonic acid, ethanesulfonic acid, glutamic acid, and the like.

[0011] Processes of Preparation

The compound of the present invention and salts thereof, can be prepared using a variety of
methods of synthesis, utilizing characteristics based on its basic structure or based on the
species of the substituent groups. Representative processes of preparation are described
below.

First Process of Preparation

[Chemical Structure 6]
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(Where R? and B ring have the same meanings as described above. R’ is a protecting group
of an amino group, R’’ is a protecting group of a hydroxyl group, and Y is a leaving group
such as a hydroxyl group, a lower alkoxy group, or a halide.)

The present process of preparation involves an amidation reaction of Compound (II) and
Compound (III), and then removing the protecting groups, resulting in the synthesis of
Compound (Ia) of the present invention. In the present process of preparation, amidation
may be carried out using a conventional method. The solvent depends on Y in Compound
(III), but is mainly an inert solvent or an alcohol-based (isopropanol) solvent. If Y is a
hydroxyl group, a process can be implemented in which the reaction is carried out in the
above inert solvent, in the presence of a condensing agent. Examples of condensing agents
include N N'-dicyclohexylcarbodiimide (DCC), 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide (EDCI), 1,1'-carbonyldiimidazole (CDI), diphenylphosphorylazide (DPPA),
diethylphosphorylcyanide (DEPC), and the like. If Y is a lower alkoxy group, then the
reaction may be implemented just as it is, or the reaction may be implemented in the above-
mentioned inert solvent, and heated or heated to reflux. IfY is a halide, a process can be
implemented in which the reaction is carried out in the above inert solvent, in the presence of
a base.

[0012] Examples of inert solvents include dimethylformamide (DMF), dimethylacetamide,
tetrachloroethane, dichloromethane, dichloroethane, chloroform, carbon tetrachloride,
tetrahydrofuran, dioxane, dimethoxyethane, ethyl acetate, benzene, toluene, acetonitrile,
dimethylsulfoxide, or mixtures thereof, and these can be suitably selected according to the
various reaction conditions. Examples of bases include inorganic bases such as sodium
hydroxide, potassium hydroxide, sodium carbonate, or potassium carbonate; and organic
bases such as N-methylmorpholine, triethylamine, diisopropylethylamine, or pyridine, and the
like. R’’ refers to a protecting group of a hydroxyl group, and representative protecting
groups of a hydroxyl group typically used by practitioners of the art include a methyl group,
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an ethyl group, a propyl group, an isopropyl group, a tert-butyl group or other lower alkyl
group, a lower alkoxy-lower alkyl group, a lower alkoxy-lower alkoxy-lower alkyl group, a
benzyl group, or other arylmethyl group, a benzoyl group or lower alkanoyl group, or other
acyl group, a trialkylsilyl group, and the like. R’ refers to a protecting group of an amino
group typically used by practitioners of the art, and representative examples include a formyl
group, a an acetyl group, a propionyl group, a methoxyacetyl group, a methoxypropionyl
group, a benzoyl group, a thienylacetyl group, a thiazolylacetyl group, a tetrazolylacetyl
group, a thiazolyl glyoxyloyl group, a thienyl glyoxyloyl group, and other acyl group, a
methoxycarbonyl group, an ethoxycarbonyl group, a fert-butoxycarbonyl group, or other
lower alkoxycarbonyl group, a benzyloxycarbonyl group, a p-nitrobenzyl group, a benzhydryl
group, a tricthyl group, or other aralkyl group, a trimethylsilyl group, or other tri-lower
alkylsilyl group, and the like.

[0013] In the present process of preparation, deprotection is accomplished by a conventional
method. For example, removal of a protecting group of a hydroxyl group can be carried out
as follows.

1) Catalytic reduction: This method can be carried out in ice or heated, and in the presence of
a catalyst such as palladium-carbon, palladium hydroxide-carbon, Raney nickel, and the like.

2) Hydrolysis in the presence of an acid or a base: This method can be carried out by a
conventional method of hydrolysis in the presence of a base such as sodium carbonate,
sodium hydroxide, and the like, or an acid such as trifluoroacetic acid, hydrochloric acid, and
the like.

3) Liquid ammonia reduction: This method can be carried out by adding a compound
containing a protecting group of a hydroxyl group to liquid ammonia, then adding metallic
sodium, and agitating.

4) Desilylation reaction: This method can be carried out by reacting a compound containing
a protecting group of a hydroxyl group with an organic fluorine compound such as tetra-n-
butylammonium fluoride or an inorganic fluorine compound such as sodium fluoride,
potassium fluoride, hydrofluoric acid, in the inert solvent.

Removal of an R’ protecting group of an amino group is readily carried out by i) Treatment
with an acid such as formic acid, trifluoroacetic acid, a trifluoroacetic acid-anisole mixture, a
hydrobromic acid-acetic acid mixture, a hydrochloric acid-dioxane mixture, and the like,
when the protecting group is a benzhydryl group, p-methoxybenzyl group, trityl group, tert-
butoxy carbonyl group, formyl group, and the like; ii) Catalytic reduction using palladium-
carbon or palladium hydroxide-carbon when the protecting group is a benzyl group, a p-
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nitrobenzyl group, a benzhydryl group, a trityl group, and the like; or iii) Treatment with
water assisted by fluoride anions (tetra-n-butylammonium fluoride, sodium fluoride,
potassium fluoride, hydrofluoric acid), and the like, when the protecting group is a tri-lower
alkylsilyl group and the like.

[0014] Second Process of Preparation

Step One

[Chemical Structure 7]

o
R* Em"“x‘v;’ﬂ"mgﬁ"f‘ " 1'?'2-3_ J'H\\/.J" X
Odee» Ty
™ g oY

ity Reduction of carbonyl group

QH R’ o

R’g\? . fJ“‘\.,qu‘wv/"“\i’\l O
|9 i@

R0 R
)
(Where R’, B ring, and R’ have the same meanings as described above. R**is a hydrogen

atom or an aralkyl-type protecting group. R* is a hydrogen atom, a lower alkyl group, a
methylsulfonamide group, or a nitro group. X is a halogen atom.)

In this step, Compound (IV) and Compound (V) are reacted, then a reduction reaction is
carried out to achieve carbonyl group reduction, resulting in Compound (VI).

i) The amine compound (IV) and Compound (V) are reacted just as they are, or in an inert
solvent for 1-24 hours and heated or heated to reflux, and then ii) subjected to a reduction
reaction to obtain Compound (VI). Examples of inert solvents include acetonitrile,
tetrahydrofuran, 2-butanone, dimethylsulfoxide, or N-methylpyrrolidone. During the reaction
of Compound (V) and amine compound (IV), a base such as sodium bicarbonate or
diisopropylethylamine may be added. The reduction reaction may be carried out in the
presence of a reducing agent, in an above-mentioned inert solvent or an alcohol-based
solvent, and under agitation. Examples of reducing agents include sodium boron hydride,
sodium boron cyanohydride, aluminum lithium hydride, and the like. Moreover, in this step,
Compound (VI) may be produced by protecting the amino groups of amine compound (IV)
for which the amino groups have not been protected (R’ = H), after going through steps 1)
and ii), and Compound (VI) may be produced by carrying out i) and ii) after protecting the
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amino groups of amine compound (IV) with an aralkyl-type protecting group.
[0015] Step Two

[Chemical Structure 8]
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HO
Where R', R>, R* R’, R”’, and B ring have the same meanings as described above.
g

In this step, when R* is a nitro group, it is reduced to an amino group, then acylation is
carried out, and the protecting group is removed, resulting in Compound (I). If R* is a
hydrogen atom, a lower alkyl group, or a methylsulfonamide group, the protecting group is
removed without any further treatment, making it possible to obtain Compound (I).
Reduction of the R* nitro group can be carried out by a conventional process such as
metallic reduction using iron, zinc, and the like. Acylation of the amino group can be carried
out by a conventional method involving an amidation reaction with a carbonic acid
compound. This can be readily carried out using a reactive derivative of carbonic acid such
as an acid anhydride, an acid hydride, an active ester, and the like. Deprotection can be
carried out in the same manner as in the First Process of Preparation above. In the above
process of preparation, undesirable byproducts can be removed to purify the product by
means of recrystallization, pulverization, centrifugal thin-layer chromatography, silica gel
flash chromatography such as described by W.C. Still et al. in H. Org. Chem., 43, 2923
(1978), medium pressure liquid chromatography, or HPLC. A compound produced with
HPLC can be isolated as a corresponding salt. The starting materials used in the above
process of preparation can be readily produced by a process known to practitioners of the art.
Following is a representative example thereof.

[0016] Process for Producing Starting Compound (I1)
Step One

[Chemical Structure 9]
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(Where R%, R’, and R** have the same meanings as described above. R is a hydrogen atom
or an aralkyl-type protecting group of an amino group.)

In this step, Compound (VII) and Compound (VIII) are reacted to synthesize Compound
(IX). Examples of the aralkyl-type protecting group of an amino group include a benzyl
group, a p-nitrobenzyl group, a benzhydryl group, and the like. This process can be carried
out in the same manner as the Second Process of Preparation, and reaction conditions such as
the reaction temperature, the solvent, and the like, are identical. If R°isa hydrogen atom,
amino group protection can be accomplished by a conventional method, using a di-tert-
butyldicarbonate ester.

[0017] Step Two

[Chemical Structure 10]

" OH g
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Y
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(Where R%, R’, and R”” have the same meanings as described above.)

In this step, Compound (IX) undergoes a reduction reaction to synthesize Compound (IT).
The reduction reaction can be carried out by metallic reduction or catalytic reduction. Under
some reaction conditions, R’ is a hydrogen atom, but re-protection can be carried out by a
conventional method.

[0018] Process for Producing Starting Compound (IV)

[Chemical Structure 11]
Rd,f"""\ o
QLT}H x0
R]‘

o _
b pnABD
(m;

1y Reduction when R? is a
cyano group

RHNw o 0
PN L)
R (

(Where R, R”’, Y, and B ring have the same meanings as described above. R%is a cyano
group or a protected aminomethyl group.)

v

In this step, amidation is carried out by reacting Compound (X) and Compound (IIT). The
reaction can be carried out in the same manner as in the First Process of Preparation above.
IfR%is a cyano group, the reduction reaction may be carried out again, to obtain Compound
(IV) by implementing protection, as desired. Reduction can be carried out by a conventional
method such as catalytic reduction or reduction with cobalt chloride and sodium boron
hydride. Accordingly, the resulting Compound (I) of the present invention is isolated and
purified as a free compound, a salt thereof produced by a conventional salification process, a
hydrate, a solvate of ethanol and the like, or a polymorphic crystal. Isolation/purification
may be carried out an ordinary chemical operation such as extraction, concentration,
distillation, crystallization, filtration, recrystallization, various types of chromatography, and
the like. The various isomers can be isolated by a conventional method using the
physiochemical differences among the various isomers. For example, racemic compounds
can be converted to stereochemically pure isomers by an ordinary racemic resolution method
(e.g., optical resolution achieved by forming a diastereomer salt with an ordinary optically
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active acid such as tartaric acid). Also, a mixture of diastercomers can be scparated by a
conventional method such as fractional crystallization or chromatography. In addition, an
optically active compound can be produced by using a suitable optically active starting
material.

[0019]

[Advantageous Effects of the Invention] The phenethanol derivative or salt thereof shown
in General Formula (I) is useful as a therapeutic agent for diabetes, because it possesses both
insulin secretion promoting effects and insulin sensitization enhancing effects, and also
possesses selective stimulatory effects on f3; receptors. It is expected that the compound of
the present invention will be useful in treating diabetes, because of its insulin secretion
promoting effects and insulin sensitization enhancing effects, as has been confirmed in
glucose tolerance tests and blood glucose-lowering tests in insulin-resistant model animals,
which are described later. The mechanism of onset of action of the insulin secretion
promoting cffects and the insulin sensitization enhancing cffects of the present invention is
thought to possibly involve participation of the stimulatory effects on f; receptors, but other
mechanisms are possible, and the details regarding them have yet to be elucidated. The
stimulatory effects on 5 receptors exhibited by the compound of the present invention are
selective for f3; receptors in humans. It is known that stimulation of B; receptors stimulates
lipolysis (the breakdown of the trigycerides in adipose tissue into glycerols and free fatty
acids), thereby promoting the elimination of fatty mass). Therefore, the compound of the
present invention possesses anti-obesity effects and anti-hyperlipidemia effects (e.g.,
triglyceride-lowering effects, cholesterol-lowering effects, HDL cholesterol-raising effects,
and the like) due to its stimulatory effects on P; receptors, and is useful as a
preventive/therapeutic agent for obesity and hyperlipidemia. These conditions are known to
exacerbating factors in diabetes, and amelioration of these conditions is also useful in
preventing and treating diabetes.

[0020] The compound of the present invention is also useful in the prevention and treatment
of other conditions for which it can serve to ameliorate symptoms by mitigation of the
symptoms of obesity and hyperlipidemia. Examples of such conditions include ischemic
heart disease such as arteriosclerosis, myocardial infarction, angina pectoris, and cerebral
infarction such as arteriosclerosis, or aneurism. In addition, the selective stimulatory effects
on [3; receptors is also useful in the prevention and treatment of several conditions suggested
as being ameliorated by the stimulation of f3; receptors. Examples of these conditions are
given below. It has been suggested that B, receptors mediate the motility of non-relaxing
smooth muscle contraction, and it is thought that the selective stimulation of 3; receptors, and
the selective stimulation of B; receptors is thought to assist physiological control of intestinal
motility, without concomitant cardiovascular effects. Thus, there is a possibility that the
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compound of the present invention can be useful in treating conditions arising from disorders
in intestinal motility, such as various gastrointestinal disorders such as irritable bowel
syndrome. It is also useful in treating peptic ulcers, esophagitis, gastritis and duodenitis
(including disorders induced by H. pylori), enterelcosis, inflammatory intestinal disorders,
ulcerative colitis, Crohn’s disease, and proctitis), and gastrointestinal ulcers. Moreover, 3;
receptors have been shown to affect the inhibition of release of neuropeptides of a variety of
sensory fibers in the lungs. Sensory fibers plan an important role in neurogenic inflammation
of the respiratory tract, including the lungs. Thus, a Bs-specific pharmacological agent of the
present invention is useful in treating neurogenic inflammations such as asthma, and
moreover, has few effects on the cardiopulmonary system. f3; adrenalin receptors are able to
produce selective antidepression effects by stimulating B receptors in the brain, and it is
therefore possible that the compound of the present invention may be useful as an
antidepressant. Effects on the compound of the present invention on B receptors has been
shown to be P; receptor-selective in experiments using human cells, and few or no side
effects caused by other B; receptors have been observed.

[0021] The advantageous effects of the compound of the present invention have been
confirmed with the following tests.

1. Blood glucose-lowering tests in kk mice (insulin resistance model: Obesity,
hyperglycemia

Using male kk mice (blood glucose level 200 mg/dL or higher), blood glucose levels were
measured after feeding, and the mice were randomly divided into groups. The test drug was
dosed by forced oral administration or subcutaneously once a day for 4 days, and the blood
glucose level 15-18 hours after the final dosing was compared with the blood glucose level
prior to dosing (n=6). Blood was drawn from the caudal vein of the mice, using a glass
capillary tube (after being treated with heparin), and after deproteinization, the glucose level
(mg/dL) in the supernatant was determined by colorimetry with glucose oxidase. The
compound of the present invention significantly reduced blood glucose levels in comparison
to levels prior to administration of the test drug, whether administered orally or
subcutaneously. These results show that the compound of the present invention possesses
good insulin sensitization enhancing effects.

[0022]

2. Glucose tolerance tests in healthy rats

Using 7-week-old SD rats, after fasting a whole day and night, the rats were randomly
divided into groups, and an oral glucose tolerance test (OGTT) was conducted (n=4). The
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test compound was administered orally or subcutancously 30 minutes prior to administering
glucose (oral dose 2 g/kg). The rats were anesthetized with pentobarbital (65 mg/kg) , and
blood was drawn from the abdominal vena cava, using a glass syringe treated with heparin.
After deproteinization, the glucose level (mg/dL) in the supernatant was determined by
colorimetry with glucose oxidase. The blood insulin level was determined by measuring
plasma insulin (ng/mL) using radioimmunoassay (RIA). There was observed to be a
significant increase in blood insulin levels in groups dosed either orally or subcutaneously
with the compound of the present invention, as compared to untreated groups. In addition,
increases in blood glucose levels were significantly suppressed after administering glucose.
These results show the compound of the present invention has favorable insulin secretion
promoting cffects as well as hyperglycemia inhibiting effects.

[0023]

3. Human §3;, B,, and B, receptor stimulation tests

Human B; agonism was studied using a SK-N-MC cell line (permanent human 8, and B,
receptors were expressed in the purchased cells), and human f3,, B, receptor agonism was
studied using a CHO cell line (human B,, B, receptors were forcibly expressed in the
purchased cells). The stimulatory activity of the compound (10™° to 10™* M) was studied by
culturing the cells on a 24-well plate at 10° cells/well, and with the cells in a subconfluent
state after 2 days, cyclic AMP (cAMP) production activity was used as the index. Human
B; agonism was studied in the presence of a B, receptor blocker (CGP20712A, 10° M). The
¢AMP production (pmol/mL) in the cells was measured by RIA using I-cAMP. The potency
of effect of the various compounds was computed using the pD2 values from the dose-
response curve and the maximum activity (L.A. (%), the maximum reaction of isoprotercnol
10° M is set at 100%), and the results were compared. The compound of the present
invention was found to have selective stimulatory effects on human B; receptors.
Pharmaceutical compositions having one or more species of the compound of the present
invention or salt thereof as the active constituent were prepared using an ordinary
pharmacecutically acceptable carrier. The pharmaceutical composition according to the
present invention can be administered orally, or in a non-orally dosed form, including an
injection, suppository, transdermal, inhalant, or vesical injection. The dose is suitably
determined with consideration given to the age and gender of the person receiving the dose,
but is typically 0.01 mg/kg to 100 mg/kg per day in the case of oral administration to adults,
and is administered once a day or divided into 2-4 times. Depending on the condition, if
administered intravenously, the typical dose ranges from 0.001 mg/kg to 10 mg/kg per time
for an adult, and dosing can be performed once or several times per day. The carrier for the
preparation can be a solid ore liquid non-toxic pharmaceutical substance.
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[0024] A solid composition for oral administration of the present invention can be in the
form of a tablet, a pill, a capsule, a powder, or granules. In such a solid composition, one or
more active substances, is mixed with at least one inert diluent, such as lactose, mannitol, D-
glucose, hydroxypropyl cellulose, microcrystalline cellulose, starch, polyvinyl pyrrolidone,
agar, pectin, magnesium aluminum metasilicate, and magnesium aluminate. The composition
may also contain additives other than the inert diluent, such as a lubricating agent such as
magnesium stearate, a disintegrator such as fibrous calcium glycolate, a stabilizer such as
lactose, and a solubilizer such as glutamic acid or aspartic acid. As needed, tablets or pills
may have a sugar coating such as cane sugar, gelatin, hydroxypropyl cellulose,
hydroxypropyl methylcellulose, or a film to aid digestion in the stomach or the intestines.
Liquid compositions for oral administration contain pharmaceutically acceptable emulsions,
solutions, suspensions, syrups, elixirs, and the like, as well as commonly used inert diluents
such as purified water and ethanol. In addition to inert diluents, this composition may also
contain an adjuvant such as a lubricating agent or a suspension, or a sweetener, flavoring,
fragrance, or antiseptic. Injections for non-oral administration contain an antiseptic aqueous
or non-aqueous solution, suspension, or emulsion. An aqueous solution or suspension may
contain distilled water and physiological saline for injection, for example. Examples of non-
aqueous solutions and suspensions include propylene glycol, polyethylene glycol, cocoa
butter, olive oil, sesame oil, or other vegetable oil, an alcohol such as ethanol, or gum Arabic,
Polysorbate 80 (trade name), and the like. Such a composition may also contain an adjuvant
such as an isotonizer, antiseptic, lubricating agent, emulsifier, dispersant, stabilizer (e.g.,
lactose), and solubilizer (e.g., glutamic acid, aspartic acid). These may be sterilized by
passing through a bacterial retentive filter, adding a bacteriocide, or by irradiating. These can
be used to produce a sterile solid composition, or they can be dissolved in sterile water orina
sterile solution for injection prior to use.

[0025]

[Examples] The present invention is described in further detail below on the basis of
examples. The compound of the present invention is not limited to the compounds recited in
the examples below, and may contain the compound shown in General Formula (I) above, a
salt thereof, a hydrate thereof, a geometrical or optical isomer thereof, or a polymorphic
crystal. The case where the starting material used in the present invention is novel is
described in the Reference Examples.

[0026] Reference Example 1
8.48 g of N-benzyl-2-(4-nitrophenyl)ethylamine, 5.2 g of diisopropylethylamine, 12 g of 4'-

benzyloxyphenacyl bromide, and 200 mL of 2-butanone were sequentially added, and the
reaction mixture was heated to reflux for 1 hour. After distilling off the solvent under
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reduced pressure, the residuc was diluted with ethyl acetate, washed sequentially with a
saturated sodium hydrogencarbonate aqueous solution and saturated salt water, then the
organic layer was dried with anhydrous magnesium sulfate, and the solvent was distilled off
under reduced pressure. The resulting residue was dissolved in 100 mL of methanol and a
small quantity of tetrahydrofuran. To this reaction solution was added 2 g of sodium boron
hydride, in ice. After agitating the reaction solution for 1 hour at room temperature, the
solvent was distilled off under reduced pressure. After adding water and ethyl acetate to the
residue, the organic layer was washed with a saturated sodium hydrogencarbonate aqueous
solution. After drying the organic layer with anhydrous magnesium sulfate, the solvent was
distilled off under reduced pressure. The resulting residue was purified with silica gel
column chromatography (eluent: hexane/cthyl acetate = 3/1), resulting in 15.2 g of 2-[N-
benzyl-N-[2-(4-nitrophenyl)ethyl]amino]- 1-(4-benzyloxyphenyl)ethanol.

[0027] Reference Example 2

40 mL of 2 N HCI and 8.6 g of iron powder were added to a 250 mL methanol solution of
14.8 g of 2-[ N-benzyl-N-[2-(4-nitrophenyl)ethyl]amino]-1-(4-benzyloxyphenyl)ethanol. The
reaction solution was heated to reflux for 2 hours, after which the insoluble matter was
filtered off with celite. After concentrating the filtrate under reduced pressure, a 1 N sodium
hydroxide aqueous solution and chloroform were added, and the insoluble matter was again
filtered off with celite. After drying the organic layer with anhydrous magnesium sulfate, the
solvent was distilled off under reduced pressure. The resulting residue was purified with
silica gel column chromatography (eluent: hexane/ethyl acetate =2/1), resulting in 11.7 g of
2-[N-benzyl-N-[2-(4-aminophenyl)ethyl]amino]-1-(4-benzyloxyphenyl)ethanol.

[0028] Reference Example 3

510 mg of 2-[ N-benzyl-N-[2-(4-aminophenyl)ethyl]amino]-1-(4-benzyloxyphenyl)ethanol
and a 10 mL xylene solution of 315 mg of 2-(3-methylpyridine-2-yl)ethyl acetate was heated
to reflux for 13 hours. The solvent was distilled off under reduced pressure, and the residue
was purified with silica gel column chromatography (eluent: chloroform/methanol = 100/1),
resulting in 256 mg of 4'-[2-[N-benzyl-N-[2-(4-benzyloxyphenyl)-2-hydroxyethyl]
aminoJethyl]-2-(3-methylpyridine-2-yl)anilide acetate.

[0029] Reference Example 4
4'-[2-[ N-benzyl-N-[2-(4-benzyloxyphenyl)-2-hydroxyethyl] amino]ethyl]-2-(4-methyl

pyridine-2-yl)anilide acetate was synthesized according to the same process as in Reference
Example 3.
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[0030] Reference Example 5

4'-[2-[ N-benzyl-N-[ 2-(4-benzyloxyphenyl)-2-hydroxyethyl]amino]ethyl]-2-(3-methyl
pyridine-6-yl)anilide acetate was synthesized according to the same process as in Reference
Example 3.

[0031] Reference Example 6

4'-[2-[ N-benzyl-N-[2-(4-benzyloxyphenyl)-2-hydroxyethyl Jamino]ethyl]-2-(2-methyl
pyridine-6-yl)anilide acetate was synthesized according to the same process as in Reference
Example 3.

[0032] Reference Example 7

5.12 g of 2-(2-pyridyl)methyl acetate and a 50 mL xylene solution of 5.14 g of 4-
aminophenylacetonitrile was heated to reflux for 24 hours. The solvent was distilled off
under reduced pressure, and the resulting crude crystals were washed with diethylether to
produce 5.65 g of 4'-cyanomethyl-2-(2-pyridyl)anilide acetate.

[0033] Reference Example 8

4'-cyanomethyl-2-(2,4-dimethylpyridine-6-yl)anilide acetate was synthesized according to the
same process as in Reference Example 7.

[0034] Reference Example 9

20 mL of Raney nickel and concentrated ammonia water were added to a 50 mL
tetrahydrofuran solution of 5.12 g of 4'-cyanomethyl-2-(2-pyridyl)anilide acetate. The
reaction solution was agitated for 3 hours in a hydrogen environment at normal pressure at
room temperature. After removing the insoluble matter with celite, the solvent was distilled
off under reduced pressure. To the resulting residue were added 50 mL of toluene and 2.1
mL of benzaldehyde. This reaction mixture was heated to reflux for 3 hours while
dehydrating with a Dienstag apparatus. After distilling off the solvent under reduced
pressure, 1.0 g of sodium boron hydride was added in ice to a 50 mL methanol solution of the
resulting residue. After agitating the reaction solution for 1 hour at room temperature, the
solvent was distilled off under reduced pressure. Chloroform and a saturated sodium
hydrogencarbonate aqueous solution were added to the residue, and the organic layer was
dried with anhydrous magnesium sulfate. After that, the solvent was distilled off under
reduced pressure. The resulting residue was purified with silica gel column chromatography
(eluent: chloroform/methanol = 50/1), resulting in 4.63 g of 4'-(2-benzylaminoethyl)-2-(2-
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pyridyl)anilide acetate.
[0035] Reference Example 10

4’-(2-benzylaminoethyl)-2-(2-pyridyl)anilide acetate was synthesized according to the same
process as in Reference Example 9.

[0036] Reference Example 11

A reaction mixture of 338 mg of 4'-(2-benzylaminoethyl)-2-(2-pyridyl)anilide acetate, 299
mg of 4'-benzyloxyphenacylbromide, and 0.175 mL of diisopropylethylamine suspended in
20 mL of 2-butanone was heated to reflux for 3 hours. The insoluble matter was filtered off,
and the filtrate was concentrated under reduced pressure. 120 mg of sodium boron hydride
was added in ice to a 10 mL methanol solution of the resulting residue. After agitating the
reaction solution for 1 hour at room temperature, the solvent was distilled off under reduced
pressure. Chloroform and a saturated sodium hydrogencarbonate aqueous solution were
added to the residue, and after drying the organic layer with anhydrous magnesium sulfate,
the solvent was distilled off under reduced pressure. The residue was purified with silica gel
column chromatography (eluent: chloroform/methanol = 100/1), resulting in 283 mg of 4'-[2-
N-benzyl-N-2-(4-benzyloxyphenyl)-2-hydroxy ethyl] amino]ethyl]-2-(2-pyridyl)anilide
acetate.

[0037] Reference Example 12
4'-[2-N-benzyl-N-[2-(4-benzyloxyphenyl)-2-hydroxyethyl ]amino)ethyl]-2-(2,4-dimethyl
pyridine-6-yl)anilide acetate was synthesized according to the same process as in Reference
Example 11.

[0038] Reference Example 13

4'-[2-N-benzyl-N-[2-(3-benzyloxyphenyl)-2-hydroxyethyl] amino]ethyl]-2-(2-pyridyl)anilide
acetate was synthesized according to the same process as in Reference Example 11.

[0039] Reference Example 14

4'-[2-N-benzyl-N-[2-(2-benzyloxyphenyl)-2-hydroxyethyl] amino]ethyl]-2-(2-pyridyl)anilide
acetate was synthesized according to the same process as in Reference Example 11.

[0040] Reference Example 15

50 mL of tetrahydrofuran and 15 mL of dimethylformamide were sequentially added to 5.14
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g of 4-methylaminophenylacetonitrile, 12.1 g of 2-pyridylacetate hydrochloride, 10.5 g of (3-
dimethylaminopropyl)carbodiimide hydrochloride, and 7.62 g of 1-hydroxybenzotriazole.
After agitating the reaction solution for 2.5 hours at room temperature, the solvent was
distilled off under reduced pressure. After diluting the residue with ethyl acetate, the organic
layer was washed with a saturated sodium hydrogencarbonate aqueous solution, and dried
with anhydrous magnesium sulfate. The residue obtained by distilling off the solvent under
reduced pressure was purified with silica gel column chromatography (eluent:
chloroform/methanol = 100/1 = 20/1), resulting in 6.07 g of 4’-cyanomethyl-N-methyl-2-(2-
pyridyl)anilide acetate.

[0041] Reference Example 16

4'-(2-benzylaminoethyl)-N-methyl-2-(2-pyridyl)anilide acetate was synthesized according to
the same process as in Reference Example 9.

[0042] Reference Example 17

4'-[2-N-benzyl-N-[2-(4-benzyloxyphenyl)-2-hydroxyethyl] amino]ethyl]-N"-methyl-2-(2-
pyridyl)anilide acetate was synthesized according to the same process as in Reference
Example 11.

[0043] Reference Example 18

1.28 g of phenyltrimethylammonium tribromide was added to a 20 mL tetrahydrofuran
solution of 1.03 g of N-(5-acetyl-2-benzyloxyphenyl)methanesulfonamide. After agitating
the reaction solution for 0.75 hour at room temperature, the insoluble matter was filtered off.
The filtrate was concentrated under reduced pressure, and the resulting crude crystals were
crystallized using chloroform-hexane. To a mixture of the resulting crystals and 1.11 g of 4'-
(2-benzylaminoecthyl)-2-(2-pyridyl)anilide acetate were sequentially added 20 mL of 2-
butanol and 0.56 mL of diisopropylethylamine. The reaction mixture was heated to reflux for
1 hour, and the insoluble matter was filtered off. The filtrate was concentrated under reduced
pressure, and 160 mg of sodium boron hydride was added in ice to a 20 mL solution of the
resulting residue. After agitating the reaction solution for 0.5 hour at room temperature,
another 470 mg of sodium boron hydride was added to the reaction solution. After agitating
the reaction solution for 0.5 hour at room temperature, the solvent was distilled off under
reduced pressure. Ethyl acetate and a saturated sodium hydrogencarbonate aqueous solution
were added to the residue, and after drying the organic layer with anhydrous magnesium
sulfate, the solvent was distilled off under reduced pressure. The residue was purified with
silica gel column chromatography (eluent: chloroform/methanol = 100/1), resulting in 920
mg of 4'-[2-N-benzyl-N-[2-(4-benzyloxy-3-methanesulfonylaminophenyl)-2-hydroxyethyl]
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amino Jethyl]-2-(2-pyridyl)anilide acetate.
[0044] Reference Example 19

4'-[2-N-benzyl-N-[2-(4-benzyloxy-3-nitrophenyl)-2-hydroxyethyl]amino]ethyl]-2-(2-pyridyl)
anilide acetate was synthesized according to the same process as in Reference Example 11.

[0045] Reference Example 20

4’-[2-N-benzyl-N-[2-(3-amino-4-benzyloxyphenyl)-2-hydroxyethyl Jamino]ethyl]-2-(2-
pyridyl) anilide acetate was synthesized according to the same process as in Reference
Example 2.

[0046] Reference Example 21

To a 10 mL chloroform solution of 670 mg of 4'-[2-N-benzyl-N-[2-(3-amino-4-
benzyloxyphenyl)-2-hydroxyethyl]amino]ethyl]-2-(2-pyridyl)anilide acetate was added 1.0
mL of a formic acid-anhydrous acetic anhydride mixture (3:5), and this was agitated for 7
hours at room temperature. The solvent was distilled off under reduced pressure, and 15 mL
of methanol, 1.0 mL of water, and 490 mg of sodium carbonate was added to the residue, and
agitated for 1.5 hour at room temperature. The insoluble matter was filtered off, the solvent
was concentrated under reduced pressure, and water and chloroform were added to the
resulting residue. After washing the organic layer with saturated salt water, it was dried with
anhydrous magnesium sulfate. The residue was purified with silica gel column
chromatography (eluent: chloroform/methanol = 50/1), resulting in 590 mg of 4'-[2-N-
benzyl-N-[2-(4-benzyloxy-3-formamidephenyl)-2-hydroxyethyl JaminoJethyl]-2-(2-pyridyl)
anilide acetate.

[0047] Reference Example 22

20 mL of acetic anhydride was added to 640 mg of 4'-[2-N-benzyl-N-[2-(3-amino-4-
benzyloxyphenyl)-2-hydroxyethyl]amino]ethyl]-2-(2-pyridyl)anilide acetate, and the mixture
was agitated for 2 hours at room temperature. The solvent was distilled off under reduced
pressure, 30 mL of methanol and 5 mL of 1 N sodium hydroxide aqueous solution were
added to the residue, and then agitated for 1.5 hour at room temperature. The solvent was
distilled off under reduced pressure, water and ethyl acetate were added to the residue, and
after washing the organic layer sequentially with water and saturated salt water, it was dried
with anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure,
and the residue was purified with silica gel column chromatography (eluent:
chloroform/methanol = 50/1), resulting in 570 mg of 4'-[2-N-[2-(3-acetamide-4-benzyl
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oxyphenyl)-2-hydroxyethyl]-N-benzylaminoethyl]-2-(2-pyridyl)anilide acetate.
[0048] Reference Example 23

2-[N-benzyl-N-[2-(4-nitrophenyl)ethyl]amino]-1-(2-benzyloxyphenyl) ~ ethanol  was
synthesized according to the same process as in Reference Example 1.

[0049] Reference Example 24

2-[N-benzyl-N-[2-(4-aminophenyl)ethyl]amino]-1-(2-benzyloxyphenyl)  ethanol  was
synthesized according to the same process as in Reference Example 2.

[0050] Reference Example 25

4'-2-[ N-benzyl- N-[2-(2-benzyloxyphenyl)-2-hydroxyethyl]amino]ethyl-2-(1-benzylimidazole-
2-yl)anilide acetate was synthesized according to the same process as in Reference Example
3.

[0051] Reference Example 26

7.5 g of 4-benzyloxyphenacylbromide was added to 100 mL of an acetonitrile solution of 8.2
g of 2-(4-nitrophenyl)ethylamine at room temperature. After agitating the reaction solution
for 0.5 hour at room temperature, the resulting insoluble matter was filtered off, and a
suitable amount of solvent distilled off under reduced pressure without heating. To the
concentrated reaction solution was added 50 mL of methanol and 2.5 g of sodium boron
hydride in ice, and this was agitated for 1 hour at room temperature. The solvent was
distilled off under reduced pressure, and the residue was dissolved in chloroform and a
saturated sodium hydrogencarbonate aqueous solution. The organic layer was dried with
anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, and the
resulting residue was purified with silica gel column chromatography (eluent:
chloroform/methanol = 20/1), resulting in 4.36 g of 1-(4-benzyloxyphenyl)-2-[[2-(4-
nitrophenyl)ethyl]amino]ethanol.

[0052] Reference Example 27

A 100 mL tetrahydrofuran solution of 4.29 g of 1-(4-benzyloxyphenyl)-2-[[2-(4-
nitrophenyl)ethyl]amino]ethanol and 2.39 g of di-z-butyl bicarbonate ester was heated to
reflux for 2 hours. The solvent was distilled of under reduced pressure, and to a 150 mL
solution of the resulting residuc was added 1.1 g of 10% palladium-carbon, and agitated for 5
hours at room temperature in a hydrogen environment under normal pressure. After
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removing the insoluble matter with celite, the filtrate was concentrated under reduced
pressure to yield 3.53 g of N-[2-(4-aminophenyl)ethyl]-N-[2-hydroxy-2-(4-hydroxy
phenyl)ethyl] carbamate ~butyl ester.

[0053] Reference Example 28

320 mg of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride and 240 mg of 1-
hydroxybenzotriazole were added to a 15 mL dimethylformamide solution of 513 mg of N-
[2-(4-aminophenyl)ethyl]-N-[2-hydroxy-2-(4-hydroxyphenyl)ethyl] carbamate z-butyl ester
and 243 mg 2-(2-aminothiazole-4-yl) acetate, and agitated for 14 hours at room temperature.
The solvent was distilled off under reduced pressure, water and ethyl acetate were added to
the residue, and the organic layer was washed with saturated salt water. After drying the
organic layer with anhydrous magnesium sulfate, the solvent was distilled off under reduced
pressure. The resulting residue was purified with silica gel column chromatography (eluent:
chloroform/methanol = 30/1), resulting in 570 mg of N-[2-[4-[2-(2-aminothiazole-4-yl) ace
amide]phenyl]ethyl]-N-[2-hydroxy-2-(4-hydroxyphentyl)ethyl] carbamate ¢-butylester.

[0054] Example 1

135 mg of palladium-carbon was added to a 10 mL methanol solution of 253 mg of 4'-[2-[ V-
benzyl-N-[2-(4-benzyloxyphenyl)-2-hydroxyethyl] amino]ethyl]-2-(3-methylpyridine-2-
yl)anilide acetate. The reaction solution was agitated for 2 hours in a hydrogen environment
under normal pressure. After filtering off the insoluble matter with celite, the filtrate was
concentrated under reduced pressure. A 0.1 mL 4 N hydrogenchloride-ethyl acetate solution
was added to a methanol solution of the resulting residue, and the solvent was distilled off
under reduced pressure. After crystallizing the residue with methanol-ethanol-diethyl ether,
the crude crystals were recrystallized with methanol-ethanol, yielding 112 mg of 4'-[2-[[2-
hydroxy-2-(4-hydroxyphenyl)ethyl|Jamino]ethyl-2-(4-methylpyridine-2-yl) anilide acetate
hydrochloride.

[0055] Example 2

4'-[2-[[2-hydroxy-2-(4-hydroxyphenyl)ethyl Jamino]ethyl-2-(3-methylpyridine-6-yl) anilide
acetate hydrochloride was synthesized according to the same process as in Example 1.

[0056] Example 3
4'-[2-[[2-hydroxy-2-(4-hydroxyphenyl)ethyl Jamino]ethyl-2-(2-pyridyl) anilide acetate

hydrochloride was synthesized according to the same process as in Example 1.
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[0057] Example 4

4'-[2-[[2-hydroxy-2-(4-hydroxyphenyl)ethyl JaminoJethyl-2-(2,4-dimethylpyridine-6-yl)
anilide acetate hydrochloride was synthesized according to the same process as in Example 1.

[0058] Example 5

120 mg of 10% palladium-carbon was added to a 10 mL methanol solution of 236 mg of 4'-
[2-[ N-benzyl- N-[2-(4-benzyloxyphenyl)-2-hydroxyethyl] amino]ethyl]-2-(3-methylpyridine-
2-yl)anilide acetate. The reaction solution was agitated for 4 hours in a hydrogen
environment at normal pressure. After filtering off the insoluble matter using celite, the
filtrate was concentrated under reduced pressure. 0.1 mL of 4 N hydrogen chloride-ethyl
acetate solution was added to a methanol solution of the resulting residue, and the solvent
was distilled off under reduced pressure. The residue was purified with silica gel column
chromatography (eluent: chloroform/methanol = 5/1), resulting in 121 mg of 4'-[2-[[2-
hydroxy-2-(4-hydroxyphenyl)ethyl]amino]ethyl-2-(3-methylpyridine-2-yl) anilide acetate
hydrochloride.

[0059] Example 6

4'-[2-[[2-hydroxy-2-(4-hydroxyphenyl)ethyl]Jamino]ethyl-2-(2-methylpyridine-6-yl) anilide
acetate hydrochloride was synthesized according to the same process as in Example 5.

[0060] Example 7

4'-[2-[[2-hydroxy-2-(3-hydroxyphenyl)ethyl Jamino]ethyl-2-(2-pyridyl) anilide acetate
hydrochloride was synthesized according to the same process as in Example 5.

[0061] Example 8

4’-[2-[[2-hydroxy-2-(2-hydroxyphenyl)ethylJamino]ethyl-2-(2-pyridyl) anilide acetate
hydrochloride was synthesized according to the same process as in Example 5.

[0062] Example 9
A 0.5 fumaric acid salt of 2-(1-benzylimidazole-2-yl)-4'-[2-[[2-hydroxy-2-(2-

hydroxyphenyl)ethyl]amino]ethyl-2-(2-pyridyl) anilide acetate was synthesized according to
the same process as in Example 5.
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[0063] Example 10

A fumaric acid salt of 4-[2-[[2-hydroxy-2-(4-hydroxyphenyl)ethyl Jamino]ethyl-V-methyl-2-
(2-pyridyl) anilide acetate was synthesized according to the same process as in Example 5.

[0064] Example 11

10 mL of a trifluoroacetic acid solution of 490 mg of N-[2-[4-[2-(2-aminothiazole-4-yl)
acetamide]phenyl]ethyl]-N-[ 2-hydroxy-2-(4-hydroxyphentyl)ethyl] carbamate ¢-butylester
was agitated for 30 minutes at room temperature. The solvent was distilled off under reduced
pressure, 20 mL of tetrahydrofuran and 30 mL of a 4 N HCI-dioxane solution were added to
the residue, and this was agitated for 1.5 hour at room temperature. The solvent was distilled
off under reduced pressure, and the resulting residue was purified with reverse-phase column
chromatography (cluent: water/methanol = 2/1), resulting in 340 mg of 2-(2-aminothiazole-4-
y1)-4'[2—{[2-hydroxy-2-(2-hydroxyphenyl)ethyl]amino]ethyl]  anilide acetate 0.5
hydrochloride, 1.5 trifluoroacetate salt.

[0065] Example 12
4'-[2-[[2-hydroxy-2-(4-hydroxy-3-methanesulfonamidephenyl)ethylJamino]ethyl]-2-(2-

pyridyl)anilide acetate hydrochloride was synthesized according to the same process as in
Example 1.

[0066] Example 13

4'-[2-[[2-(3-formamide-4-hydroxyphenyl-2-hydroxyethyl) JaminoJethyl]-2-(2-pyridyl)anilide
acetate hydrochloride was synthesized according to the same process as in Example 1.

[0067] Example 14

4'-[2-[[2-(3-formamide-4-hydroxyphenyl-2-hydroxyethyl) Jamino]ethyl]-2-(2-pyridyl)anilide
acetate hydrochloride was synthesized according to the same process as in Example 1.

[0068] The physiochemical propertics of the compounds of the Reference Examples are
given in TABLES 1-4. The physiochemical properties compounds of the Examples are given
in TABLES 5-6. The structural formulas for the compounds of the Examples are given in
TABLE 7. The symbols given in the tables are explained as follows:

Rex. No.: Reference Example No.
Ex. No.: Example No.
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sal.: Salt

DATA: Physiochemical properties

MS (m/z): Mass spectrometry values (m/z)

NMR: Nuclear magnetic resonance spectra (TMS internal standard)
Mp: Melting point

OH-pos: Hydroxyl group substitution position in phenyl group

[0069]

[TABLE 1]
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Hox. Mo, DA T A
MS {m.~z) 481 [(M H) t
NMR {CDCly)
1 ¢ 200 — 298 GH, o), 350 — 360 {2H, m), 394 (1H, d. J - 132He),
4082 C1F, dd, J = 10, 4080, 505 (2F, =), 0.00 - 5.97 (28, m),
T1& -~ TAR (14H, m), 807 — &1% (2H, m}
MS {(m, =) : 453 [{M+H; +]
MNME {CDCly)
2 F | 2.64 — 291 (BH, o), 3.40 — 380 {31, m), 3.80 (1H, d, J= L4.0Hz=},
4.8 (1H. dd. J = 26, 4<.0H=), 6.4 2H, 35, 550 — 664 {2H, o),
680 687 @i, m), 718 744 {18, m)
MS (m,2) ' 586 [{(M+H) +]
NMR {CDCly}
q & | 240 (3H, &), 255 — 298 (6H, m), 3.5 — 3.60 (ZE, m),
' 3.8T7 {2, &), 394 (1H, 4, J = 13.2Hz), 1.62 (1H, dd, I= 16,0, 1.0z},
506 (2H, s), 6.92 — 697 {(2H, m}, 7.18 — 7.45 (18H, m),
8540 - 850 (OH, m), 805 (1H, bhrs)
MS {m.g) : 686 [[M+H) +7
NWR {CTC
& | 233 (3H, 5), 255 — 299 (6H, m}, 3.55 (1H, d, ] = 13.68x),
4 A71 (1H, brs), 380 (2L s), 3.94 (1H, d, T= 13.6Hz),
457 (1H, dd, J = 9.6, 4.0Hz), 504 (2K, s}, .92 — 8.7 {2H, m),
T.0% — 7.07 (PH, m}, 792 (M, 2), 7.18 — 7.48 (15H, m),
£46 (1T, d, T= 4.8Fz), 876 (1T, bre}
S (m. 7y : 586 [IM +H +3
NMR (CIClg)
’ § 1 233 (3H, s}, 285 — 300 (fH, m), 3 (1H, d, ] = 13.68=),
) 480 (2H, <), 8038 (14, d, I=18.2Hz}, 4.57 (1H, dd, I =9.6, 4.0H=),
FLOR (ST, «}, B.O0 — 750 (S0FT, ), 42 (111 d, = 208,
a7 (1H, bes)
NS {(m=) 686 [(M-H) +
NMR {CDClg)
a 5 286 300 (9H, m}, 3568 (IH, 4, J= L36Hz), 3.72 {1H Lrs},
381 (L1 s), 8995 (1IL 4. J= 14001z}, 4.58 (1[I, dd, J = 9.6, 4001z},
504 (2T, 83, 680 - 684 (2H, m}, F05 - 711 (4FL ),
T8~ TAR Q1A md, THY (I, L, T =800, 10020 O, besd
M5 {m.z) : 258 [(M-+H) +
NMR {CDCLy)
T & 1370 (3H, 8}, 388 (2H, 8, 123 — .33 (4H, i),

7.56 - 761 (2IL m}, 7.71 (IlIL @t J= 1.6, 7.6llz),

803 (15 d, J= 4418}, 10.04 {1, brs)

PoAe )
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[0070] [TABLE 2]
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Rex. No BEATA
M& (n2) < BBG (M + Hy *+)
NMR (CDCly}
8 8 1231 (3H, 8), 259 (3K, 8), 371 (JH, &, 377 (2H, &),
891 (1H, s), 893 {1H, s}, 724 - 7.28 [(2H, m), T.56—7.00 {(ZH, ),
1060 (1H, brs)
MS (m/2z) : 348 [(M-H} ']
NMR (CRCH)
a § 275281 EH, m), 283 - 289 (2H. m), 378 20, s},
3.86 (2H, s), T.11—7.16 {84, m), 7.20 - 738 (7H, m),
T4 — 748 2H, m), 768 (LH, 45 1= 20, B.0Hz),
861 (H, d, J=52H=z), 9.72 (1H, hrs
MY (ms2) 874 [(M + ) +]
NMR (CLC
10 & 230 (31, &), 257 {8H, &), 275 - 2.52 (21, m), 2.84 — 230 {3H, i,
376 (2H, m, 378 (EH, 8), 691 (2H, &), .11 - 7.16 (2H, m),
T - EES (B, m), TA4 - vA8 (RF, ), 1027 (1H, brs)
MS (moz) 2 578 [A + H} +]
MNMR (CDClg
§ 254 — 284 G0, wm), 356 (UM, d, J= 1560, 388 (8L, ),
11 395 (1H, d, T - 13.68Hz), 4. 57 (IH, dd, T - 100, 40Hz),
DO C2H, &), 690 - 8.584 (38, m, 7.04 - 708 (2N, w),
T.18 - T48 (16 m), T.B9 (10, &t, J= 2.0, 8.00z),
862 (1H, d, J = 4.8H2), .72 (1K, brg
MS (m.z) : B8R [(M - +]
NMR (CDCg}
12 & - 230 (3L s), 250 — 4.00 (9H, m), 856 (1L d, J= 187,
360 - 3.80 [3H, m), 384 ({H, d, T= .3.2He), 504 (2L, &),
680 — V.60 (20H, m}, (026 (IH, bra)
MS (mgd tB7E2 [(M+H +]
KMR (COCIg)
& - 250 ~290 BH, m), 858 (H, 4, T~ 36Hz), 388 £, «,
13 8087 (1H, o, JT= 138, 460 (1H, dd, F=2.0, B.0H=), 5.04 {2H, 5,
68.83 - 6.90 2H, m), 898 - 6598 (LH, =, T03 ~ 7.08 {ZH, m),
T8 - V48 {15H, m), T.B9 {1H, ét, T=80, 2.00z),
860 — 883 [1H, m), 872 (1H, bre)
MS (o201 572 [((M+1) +]
NMR (CDClg)
14 8 2247 - 280 6H, m), 349 (¥, 4, T=138Hg), 501 — 811 &3H, rd,

6.80 (1H, d, J=72H, 898 — 898 (3H, m), 7.18 - 7.52 (16H, m),
769 (1H, ot, T =80Hs, T = 2,0Hz), 860 - 864 (I1H, m),

268 (1H, 1)
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[0071] [TABLE 3]
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Rex. No, DATA
MS (mw) 2688 IM—H +]
5 NMR (CDCly)
* & : 367 (2H, bra), 377 (2H, g, 710~ 7.28 (1K, m),
Fadd — 709 OF, md, 753~ 755 (1, m), 843 {11, brd, J = 3.608)
ME (maz) 1360 (M -~ 10 +]
" NME (CDClg)
5280 -294 (6H, m), 329 (3K, 5}, 367 (ZH, S, 382 (OH, s),
TOB - 734 (11H, m), T.53 ~ 768 (1K, m), Bd6 (IH, &, ]~ 44Hz)
ME (m 2 588 ((M-H t]
NMR {C1CEs)
' &+ 258 - 298 (BL, m}, 329 (5K, £, 354 - 363 (3K, m),
‘ 3988 (1K 4, J= 138Hz), 4.56 — 464 13 o), 508 (2H, s),
B.90 — 605 (2H, m), 706 — 744 (L8H, m), 7.63 — 7.58 {IH, mJ,
BAT (IH, d, T—44F2
MS (m. %) : 865 (M- H) +]
NME (C1CEH)
§:2350-291 (90 m), 355 (11 d, J= 1381k}, 385 (211, 5).
18 584 (IH 4, 1= 136H), 456 ({H, dd. F= L1000, 36H),
508 (2H, 5}, 6.83 (11, brs), 6.54 (1M, d, J= 8412,
7.04—7.12 (30, m), 722 — 7.43 (150, m),
789 (K, di =20, 80MH), 858 — 863 {11 m), 8.70 (IH, brs)
WS (mz) 2 817 (M —-H ]
NME (CLCH)
51848254 (IIL m), 2.84 — 294 (&1, m}, 957 (LI, d, ] = 13.2Hz),
) 375 (UL bes), 3.86 (2IL &), 392 (1IL d, J= 13210,
453 (IH, dd, T = 1083z, T = 3.6H), 521 (2H, s),
703 - 7.08 (3K, m), 7.23 ~ 748 (15H, m), 7.67 - 7.76 2H, m),
860 — 864 (IH, m}, 876 (1K, 2]
M (m-z) : 587 (M [0 +]
NMR {CDCly)
& : 280 — 288 (BH, m), 355 (1K, 4, T= 13.2Hz), 357 (iH, brs),
20 381 (2K, brs), 386 (2H, 5, 394 (1M, d. I = |3.2Ha),
449 - 452 (IH, m), 505 (P s, 559 - 5.79 (3H, m),
7.05 — 707 (205 m), 728 — 7.48 (l4[I m}, 7.67 - 7.71 (311, m),
8.81 — 842 (IE m), 871 (lE brw)
MS (m. 215816 [(M—H *]
NME {0
2 & : 253 ¥88 (BH, m), 555 (1K, d, )= 136Hz), 375 (14, brs),

3.85 (OH, g), 384 (IF, d4, T=138Hz), 458 - 4.82 (1H, m),
5,08 - 508 (2H, m)}, 680 — 7.22 (6H, m}, 733 - 748 (44, m),
767 771 {KE m), 778 &72 (30, m}, 968 073 (1M, mi
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[0072] [TABLE 4]
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Flaa, Mo,

DATA

MS {m.z) : 628 [(M+H) *+
NMR (CDCI3

& : 2,14 (3H, s}, 258 — 287 (8 m), 3.54 (1H d, T~ 132Hx),
374 (IH, brs), 386 (2H, 5), 44 (IH, d, J= [3.2Hz),
456 ~ 4684 (1H, m}, 510 (2H, s}, 890 (1H, d, T =84Hz),
702 707 (GH mh, 7.22 748 (120, m), 765 7.77 (2 md,
8.28 — 8.32 {1H, m), 8.60 — 8.65 {lH, m}, 8.60 (IHs)

MS (m.2) 1483 [(M+H) *]
NMR (C0CI

& 1250 - 296 {BH, m), 3.50 (I, d, ¥ = L36Mz),
385 (1H, ¢, J=132Hz), 5.00—5.14 (3H, 1), 692 — 7.53 (16H, m)|
803 — 808 (2H, m}

MS (g} 463 [(M+H) 3
NMR (CDCly

& : 246 - 292 (6H, m), 240 -~ 3.80 (H, m), 387 (111, d, J - 1368k,
500 ~ 5,15 (JH, m), 6.55 - 6,61 (24, m), 6.82 ~ 691 (3L, m),
8.95 - 701 (IF, m), 7.17 — 743 (11H, m), 749 - 7.33 (1T, m)

M5 (n 2) 651 [(M+H +
NMR (CDCly

§ 1 240 — 292 (B, w), 360 (1L d, ¥~ L360), 362 (1L, brs),
372 (24, s), 387 (1M, d, J= 13.6kz), 500 - 616 {68, m),
887 - 7.54 (256H, mj, 1028 (1l brs)

S {m2) ;303 [(M+H) +
NMR (CDCly}

8§ 1+ 273 (1H, dd, I = &8, 13.4E=}, 284 — 3.33 {5H, m},
AB4 (1H, dd, J = A6, B8Hz), 505 (2H, ), 69% - GO8 (2H, m),
725 - 746 {9, m), 8.13 - B.17 (3, m)

MS {m/z) s 271 [(M— 1D =
NMR (CDICL

472 ~ 483 {IH, m), 6.58 — .63 (3H. m), 6.73 ~ 6.79 (2H. m).
6.85 -~ 687 (2H, m}, .13 - 719 (2H, m}

MS (. z) : 513 [(M 4 D +
NMR (DMSO — dg)

& 1 L85 (9H, =), 258 — 270 (K, m), 8.14 — 8.36 (4H, m)},
344 (2H, s), 459 (1H, brs), 515 —5.26 (1H, m), 620 (1H, a.
669 (2H, 4, J=80Hz), 8890 8H, m), 7.08 — 7.12 (4H, m),
TAY (BH, of, J=80H=), 831 (1H, &), 5.23 (IH, &), 980 {1H, 8
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[0073] [TABLE 5]
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Ex, Do

DATA

mp 284~ 286

MME IMEQ — dy)

& 1 231 (@H, 3}, 288 —&18 {GH, m}, 3.78 (2H, 9}, 479~ 486 (1H, m),
RDD [H, d J=40Hg), &74 879 {2H, m), 708 T12 (1H m),
7.14 - 7.29 {FH, m), 7.54 — THI (®H m), 831 — 837 (1H, m),
947 (iH, brs), 10.28 (ITL brs)

mp: 215 - 2161C

HME (DMSO =~ dgy

8 1227 (3N, &), 285 818 B, m), 578 @, €), 479 487 (11, m),
B99 (1M, d J = 3.2H2), 674 — 679 (20, m), 7.14 — 7.20 GH, m),
728 (iH, d, T— 80Hz), T.53 - 760 (8H, m), 831 - 854 (IH, m),
947 (1H, brs), 10.27 (iH, brs)

mp 21l — 212

NME (DMEO — dy)

& 284 — 320 {6H, m), 3.84 (JH, &), .77 — 4.86 (1H, m},
800 (1H, ¢, T=3.2 Hz), 674 — 6,79 (2H, m), 7.14— 7.20 (4H, m),
724 — 7,90 {1H, m), 799 (1L d, J = 8(He), 7.58 — 7.80 (3H, m),
TG (1L, dt, = 2.0, 8.0Mz), 847 — 851 (1, m), B.71 (1H, brs),
891 (1H, brs), €45 (1H, hrs), 10.29 [1H, brs)

mp : 194 — 196

NMR (DMES0 - dg

8 296 [3H, 5), 239 (3H, &), 286 ~ 3.18 (BE, m), 374 (TH. &),
AR81 ~4.90 {117, m}, BOG (1L d, F=3611z) 674~ 680 {21 m)]
896 [IH. o, 700 {1H, =3, 7.08— 720 (4H, m), 7.h0 — 781 (2H, m),
849 ((H, brad, 1033 (FH, bra)

ME (mzd 406 [+ HY

NME (DMSO - dg)

& 1 231 (3H, 5), 284 —3.16 (BEL 1), 387 (I ¢),
479 (iH, ¢, J= 80H), 5:92 (1H, bre), 673 — €79 (2H, u,
718~ TAL (B, m), T.53 ~ T80 (3H, m), 827 — £33 (11, m),
844 (1H, brs), 10.23 (111, brs)

WS (m.~g} : 406 [(M +H) <2

NMR (DMSO ~ dy)

§ 244 (3H, &, 280210 GH, m), 378 (2H, ), 470 - 476 (1K, @),
BA1 (1H, bre), 672 — 677 {2, m), 7.10 - 7.20 (5H, m),
755 — T.66 (1, m), 944 (IEL brs), 1024 (1H, brs)

MS (mz): 992 [+ H)
MM OMS0 — dm:‘
& 1284 - 304 (31, m), 306 320 (3, m), 3B4 (2H, s,
A8 — 489 (1, m), 612 (1, d, J = 38.6M7),
B0 (1M, dd, ] - 20, 8082, 6,76 — 683 (21, m),
7.13 - 7.20 (3H, m), 7.24 — 7.30 {1H, my, 7.39% (1H, d, J =8.0Hz),
756 — 760 (ZH, m), 7.76 (1H. dt. ] = L&, 7.2Hs),
847 — 852 (1H, m), 872 {1H, twel, 882 (1H, tes), 848 (1H, brs),

1028 {1, brs)
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Ex, No,

DATA

M5 (moz) 362 [(M+H) ]

NMR (DMSO — dy)

& 1278 -~ 281 (3H, m), 297 - 308 (9H, m), 333 (1H, brs),
A84 (O, 8), ROF - Bt (IH, w0, 679 - .82 (27, m),
7.09 (1L dt, J~ 80Hz, T~ 16112}, T.AT (2, 4, ]~ 8.0Hz),
725 — 7A0 (3H, m), 7.56 (2H, d, J = B.4Hz),

705 (1H, dt, J = 80Hz, I = %4Hz), 843 - 850 (IH, m),
1028 (IH, g

MS fmrz) 471 (M +H +)

NMR (DMSO - d)

& 284 - 300 (3 m), 307 - 318 (3 m), 370 (2H, s,
b.1b —bZ0 (1H, m), b2h (28, =), BBY (1211, s},
B.80 - 687 (BM, m}, 708 -~ 7.40 (W0, m}, 7.50 - 7.57 (28, m},
10,38 (1H, bre)

0

11

S CrvyoSs) c AQE TIM R O+

MRR (DMEO > dpy)

& 120 —ZE0 (BH, w1, 38T EH, bres), 470 - 480 O, m),
652 (2H, &), B70 - 6,78 (ZH, r1, 7.15 - 7.50 {8H, m},
760 -7.70 (1H, m), 8.85 — B.O5 (1M, m)

WS Imz) cAlE (M +HY +]

NMR (DMS0 — dg)

81285 — 317 (BH, m), 362 (M, ¢, 4.79 — 4,81 {iH, m),
00 (1H, brs), 6,55 (3H, s}, 677 (GH d, J=84H),
705 - 790 (4H. m), 755 (¥H, d. J=R8Hz), 7.55 (1H, brs),
887 (IH, brs), RAT {IH, brs), 879 (IH, brs), 8.75 (IH, brs),
1021 [1H, brsl

mp : 191 = 1687
NMR (DMSO -~ d)
4 B84 ~301 (BH, m}, 06 - 3,17 (38, m}, 384 (2H, =),
478 — 488 (1 m). 8.05 (19, brs), 6.828 (11 4 JT=8.0 Hz),
7.08 (1H, dd. =2, 84Hze), T.14 — 7.29 (4H, m),
T8 (1H, d, J = 8.0Hz), 754 — 7.80 {2H, m),
T8 (1H, dt, J =20, §0Hz), 847 ~ 851 {1H, m), W30 (1H, bres

13

mp : 217 ~ 2HT

NME (DMSO ~ dy)

& : R0 -3.00 (3H, ml, 300 - 3.20 (3, m), 402 (2H, &),
485 (14, d, = 8.0Hz), 6.05 (1H, brs). 888 — 885 (?H m),
Tld — 720 (2H, m}, T.01 — 7.65 (4EE, md, BO5 (04, & J =720k},
814 839 (4H, m}, 864 (1H, d, ] =48Hz), 874 [H, brs),
Q04 (1H, brs), $61 (IH, s}, 1012 (IF, s}, 1047 (IH, s

{4

e s 216 — 22270

NME (DMSO —dg/

& 200 (HH, s}, 287 302 (Al m}, 302 520 (3H, m), 383 (&, s,
475 - 483 (LN, m], 806 (1H, 4, . — 36Hz), B86 (1H, d, 1 =5.4Hz),
68.84 - 658 {1H, m}, 7.17 (24, d, ] ~8.8Hz), 736 — 7.20 {14, m),
T30 (1H, 4, I = 8.0Hz), 7.67 {3H, d, ] = 8.8Hz),

776 (18, dt, T = 80Hz, T = 40Fk), T.81 — 784 (1M, m),
850 (Y, d, J=40Hz), 885 (1H, tos), B9 (1H, brs),

Q81 {18, 51, E6 {1, s, 1026 {1H, &)
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[0075] [TABLE 7]
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Ex. No.|OH-pos| -R * -R* B ring salt
CH,
1 4 | -H -H ﬁ HCI
\M_, _
=% g
2 | 4 | H ):; i HC
"
3 4 -H -H N | HCI
4 4 | -H H | Hel
f}'}ﬂ' CH,
AC o~
5 4 | H H A | HCY
“
8 4 -H -H sy, | HCI
7 3 H H S ' HCI
8 2 H H @ HCI
H—\\l =
o a5
e 2 -H H P fumalate
10 4 |-CHs -H _ J:H] fumalate
3
4
11 4 H H ’qf N, 1 1.5TFA
‘ 0.5H0
12 4 -H | -NHSO:2CH» - ! HCI
13 4 H -NHCHO ,l:@ HCl
14 | 4 | 1 | NHCOCH: ,(:N) HEI
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The compounds having the chemical structures shown in TABLES 8-9 can be casily prepared
in almost the same manner as the processes given in the Examples or in the Processes of
Preparation, or by utilizing a slightly modified process obvious to a practitioner the art. A
variety of tautomers, geometrical isomers, and optical isomers may be present in the
compounds given in TABLES 8-9, but the compound of the present invention includes
various isomeric isolates or mixtures thercof.

[0076]
[TABLE 8§]

[Chemical Structure 12]

41

Sawai Ex. 1007
Page 202 of 495 PTo_oooo1296



Ol

Ne. B No B
;‘ﬁ;}\
: N T, 6 ./f:}mﬁh
7 2 H
N
: ,EHE;;;:ﬂ T ,Afgﬁé« NH;,
3 Fy 8 N
,/(‘\-\].rh /{N(} ““““ NH»
4 /,&N-Jl ® J{[\ﬁ ******* Me
B 7 10 {?"O .
/{h—rj’)_ ME . %NHE

[0077]
[TABLE 9]

[Chemical Structure 13]
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Ol ¢
red H"'Am“‘*-_.-“’ N“n_-‘wﬁ“\@ O
H N -
H
N B No. B
i N
L BN = A
« NHj !
3 B
12 15 7
A xm, AP
5 )
13 L 16 oy
e ey Rl ¥ 2
\ A
Continued from the front page
(51) Int. CL® Ident. Symb. Fl
AG TR 3144 ADK AGLE 31/4d ADN
ADP ADP
CO7D 233764 106 CO7D /64 106
23388 233/98
763/3%
211/30
(72) Inventor Tetsuo MATSUI
Etoile Kasuga 403

2-35-2 Kasuga,

Tsukuba City, Ibaraki Prefecture
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THE L. R MR 2ok v TR L
e, AR REEEL CECREE TN AT LY
O R7E 70— (S Poafis, X -l
=301 THELTN-[2—-[4—[2—{(2—
TEAFTS=IN—4—AN) PRFEIV] Tl
ZFN] —N-[2-bRaxi—2— (4—EFof
PN TFL] ANE S L =TT AT
5T 0mgRigie,

[0054] EhEfl 1

47 = [2— [N=RyPl—N—-[2— (4—-R»r¥
NARLZx20) —2—0FOfLTHL] TR/
THN] = 2= (4d—AFNEY D=2 — 111 B
TRYKE253megdA® /)1 Om 11 0%
NV A—KRL 3 mgTNLL, RIGEREEE
AFEFES T 20 L . FEWE I 2RV
TFEELE, FRE RS L 72 BohiikiEo A
2 =BT A NIRRT TLEREO. 1m
L&z, FHEERILTHLLE, REEx s/ —i—
TF == VTP =TT LA, TR
BAY S=)N—2F =N TEMET S04’
—[(2=[[2-:tRroFs—2— (4—trOxs7
A2 ZFN] TEZ] DD —2— (4 -XFI
By —2—Ai) fEE7 U R EBEL L 2mg
R,

[005 5] S 2

4" —[2—[l2-tkFm%s—2- (4-EFmak
TN TFIN] TESDFN] 2 (3K
FAEVY Y —6—4 /1) BHE7T U R IEIBE &
Bk RfR R T AR LIz,

[0056] RhaEf3

4" —[2—[[2-EbEFofi—2— (4—L ko
IR TIYL] PR/ DFN] -2 — (2
VPl BT B IR EAEE 1 & RS
ZCERL:,

[0057] EhEm4

4" —[2—[[2—-tFaxi—2- (4-k W%

Sawai Ex. 1007
Page 215 of 495

PTO_00001309



YTy ZFN] TES]DFN] -2 (2, 4
— VAR —6— L) BT ) RIGIEEY
1 & RO A THEB L,

[0058] FHHo

47 = [ 2= [N=~y—N—-[2— (44—~
WdE 7)) — 2k FafiTdl] »3./]
IZHN] =2 (3=AFAEYY =2 —A1V) EflE
FUIF236megnAF /=1 0m L EFZLO0%
INFU LR 2 0m g BNA A, RIGEBTE &
RBFHFET 4R L2, TEME €54 FEHN
TER LIk, FRERTREL . 8o iRiEa X
F S —VRRE A NIRAEAGE — L VIO . 1m
LEMa, EEMETEELL, BEL U A7LA
FAORR T 70— (BLWE; 7O0aRLL A
S=lb=51) ITTHEETAZEICED, 47 —[2
—[l2-BEFR¥y—2— (4-bFoa¥i7z2
)T PR 2] T —2— (3R
Vr—2—A0) BT =) F EEE1 2 1meg 2
72

[0059] EfEH 6

4" = [2-[[2-bFo%i—-2— (4-bFroF
VI m) ZFN] TR L] -2 (2K
FAENYr—6 —J1) BHR7T =) 1R OIREEE
#15 & RO FER TEE L7,

[0060]) FEfm7

4’ = [2-[[2-tFofi—2— (3-Erof
I ZN) TN TES ] D] -2 (28
VA1) BEEY 20 R SRR SR 5 L ARk
TE®RLE,

[006 1] SHhEms

4" —[2—[[2-bPFaxi-2—(2-bFo%
I TFN] TES] D] -2 (21
UV ) BRET IR SEREEX TR 5 b FERO
ETEM LTz,

[006 2] FEfimo

2— (1 -y PnA2F—=N—2—-4) —4° —
[2— [ 2-BFRa$P—2— (2-EFaFI T
I TFEN] T ES] ] BEET U R0, 5T
2 JVESIE A EIEW 5 - RO AR LA,
[0063] M1 0

4" —[2—-[[2-tFoafi—-2— (4-bFroaf
I ZN) TFN] T EI] ZFA] N AR
Z— (20U BT U R 7 LEIE R
#l5 & RO AE T L 7,

(12)

HHTE10-218861

[0064] SEhEH1 1
N—[2=[4—-[2—(2-72/%7V—l—4—
AN) PRFER] 7o LHNL] —N-[2-L
Fafs—2— {(4—tKnfi7a2) 01 A
ANEVEE t—7FATZFL490med R 7
AVBEEWEZ Om | 25803 OnRREL 0. B
FEAETHEL, KEIF 9L FR7920m
ANGEE - PVAXFF L ER30m L 2N, EET1.
DRI LA AT TR AL TR o Rl
WA FLIOP N G4 — (B RRP S —
N—2,1) THRELT, 2— (2=-73/97V—I1
—4—AN) =4 —[2—-[[2-EFOofi—-2—
(2—bRoF7x20b) 2401 73] T
BERE T —VUF 0. SIREEE 1. 5 )7 bkl
H340mgefe,

[0065] it 2

4" —[2—[[2-tFafy—2— (4—-LKkaf
Vo3 -RAS AT E RN T TR
ATZHN] =2 (2-20V0) BEE7=)F 18
Tt % FfA L & FEROFEICTERL 2,
[O066] HhEF1 3

4" = [2-[[2- (3—-FNLTER—-4-EFO
XL oxg) —2-bRasiosl] TES] LS
W] —2— (20 BigY U R RS
B 1 & Rk FE I TER Lz,
[0067] HhEH 1 4

4" —[2-[[2—(3-TEL¥yaF—4 - Kok
YIIZN) —2-eRax ] YR S
W] =2— (2-EU¥L) BTV R ERETE
Mt L & MR IR TER L2,

[0068] LIT, £1~2ks5FHL bRy
EERE . 3R 5 6 W EHEFHLE e ek &
WINZRTIZEZEEHL S PoBEN T S ahund, |
FOGEELI TR E R,

Rex. No. : HEHRRS
FEx. No. : EifEs
sal. (&

DATA @ W bEER

M5 (m z) HEHHHE (m 2 )

NMR : BERSIEE 2 2 R (TM S AEREE)
mp : fi&

OH—po s : 7z 8 BT RO BRATE
[0069]
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[0070]

(13)

M Mo BDATA
MS {m.z) 481 [(M H) -
NME (TDClg)
1 F 200 - 298 (UH, a0, 350 — 360 @H, 0, 3.94 (1H, d, ] — 132H9),|
AR2 (1, del, T=10.0, 4.0Hz), AOR (2H, 51, A.92 — 497 (EH, m),
T8 - AR (14H, m), 8.07 — 813 (@H, m)
MS oz 453 [M+T) +-
NME (C0CL)
2 #1261 —291 (BI, m), 3.40 — 380 (3H, m), 3.86 (1L, d, J = 14.0I) |
468 (1H, dd, J = 9.6, 4.0Lz), .04 (2H, 8], 6.09 - 6.64 (2H, m),
689 6.87 H, m), 718 744 (120 m}
MS (m,/z) ¢ 586 [M+H) +2
NMR (CDEL)
3 & 240 (3H, £}, 255 — 2.98 (6H, m), 3.50 — 260 (ZE, m),
3.87 (2H, &), 394 (1H, 4, J=132H=), 162 (LH, dd, T= 100, 1.0H=),
505 (TH, 5}, BO2 — .97 (2H, m), 7.18 — 745 {18H, m),
240 — 850 (1H, m), 865 (TH, hrs)
M5 (mm 1596 [IM+H) +
NMR (CDCI)
& 233 (3H, ), 2566 — 249 (6, m), 485 (1L, d, ] = La6d),
4 371 (111, bre), 380 (AL 5, 304 (1L, d, T = 13611,
457 (1H, dd, T = 0.6, 4.0Hz), 504 &H, 5], 02 - 697 (2H, m),
7.08 — T.OT (ZH, m), 712 (IH, &), T.18 — 746 (I5H, m),
8,18 (IH, d, J = 4,8Hz), 976 (1H, k%)
MS (m/z 586G [M -+ +_
NMR (CDClg)
& & (2R3 (3H, &), 266 - 800 (HH, m), 380 (UL d, 1= L8.68H),
480 (2L =), 8.88 (1K d, T=18.2Hz}, 467 (1H, dd. I= 6.8, 4(Hz))
AO8 (2H, =), 680 — TH0 (20F, m}, 842 (1M d, T = 206k},
9.71 (1H, brs)
MS {m, 7= B8E [IM+H) +2
NME (CDC1)
a 4§ 258 300 (9H, m), 356 (LH, d, T = 13.6H2!, 8.72 (LH, bis),
3.81 (2IL s), 3.95 (1IL, d, J=14.0lIz}, 4.58 (1IL dd, J=9.5, 4.0IIz),
504 (2H, &), 690 — 694 (2H, m), 700 — r11 (&L m),
7.19 = TAR (1411, ), THT (ITL L T = ROTT4, 10.20 (11T, brs)
MS fmm) 262 [M+H) +2
NMR (CDC1)
7 & LHID (EH, 5, A8 (2, 81, 238 - 18D (4, m),

7.66 — 7.61 (2L o, 7.71 (1L dt. J = 1.8, 7.allz),
863 (1H, d, J = 44Hz), 10.04 {1H, trs)
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[0071]

(14)

Rex. No DATA
M8 (w2} : 280 [(M+H) ~]
NMR {CDCly)
8 | &:231 3H, ), 2.58 (3H, &), 371 (2K, &), 377 @H, &,

8.01 (1H, ), 699 (LH, &, 7.24 - 728 (@H, 1), 7.66 - 7.80 ZH. m)
10,60 (1H, brs)

M (m/z) - 348 [(M—H)
NMR {COCl)
31276 - 281 (2, m), 283 - 289 (2L m), 378 (2IL 8),

4 3.86 (ZH, 5), 7.11 — 7.16 (261, m), 7.20 — 7.34 (7H, m),
T4 - 748 (2H, w), 7.69 (LH, dt, ] =20, 80H),
881 (1H, d, J=52Hz), 972 (1H, brs)
WS (mz s 874 [(M+HD —]
NMR {CDClg)
10 | & :230 (3H, 5), 257 (3H, 5), 275 - 2.82 (2H, m}, 284 — 2.9 (2H m} |
3.76 (2H, 5), 3.78 (2H, &), 891 (ZH, €}, 7.11 — 7.16 (2H, m),
7.20 — 733 (BH, m), 7.44 - 749 (I, m), 10.87 {IH, bre)
MS (m2) : 6572 [(M+ 1) -]
NMR {CDClg)
& 1254 - 294 (OH, w), 3.50 (LH, d, J— 184Hz), 380 (2H, &),
11 395 (IH, d, T— 19.8H2). 4, 57 (1H, dd, 7~ 100, 40M=),
5.04 (2H, 5), A.90 — 6.84 (26T, m), 7.04 — TO8 {2H, m),
7.18 — 748 (L6H, m), 7.68 (IH, dt, T =20, B.OHz),
8.62 (IH, d, J=1.8Hz), 972 (1H, brs)
MS (mz) : 508 [((M-H) —]
NME {CDCly)
12| 81230 (3H ), 2560 — 300 (9B, m), 356 (€L, d, J = [8.7Ez),
3.60 — 380 (3E, m), 484 (LE, d, J= 13.263), 53.04 (2H, 5),
680 — 760 (20, m), 1026 (LH, bre)
MS (m, s} : 6572 [(M+H) -]
NMI? {CDCly)
& : 256 - 280 (CH, ), 360 (LH, d, T— 1368, 3.86 (2H, &),
18 247 (TH, d, J— 138H:), 460 (1H, dd, 1— 2.0, B0H:), 5.04 (2H s}
8.83 - 6.90 (2H, m), .95 - 6.98 (1H, m), 708 — 7.08 (?H, m),
7.18 — 748 (L6H, m), 789 (IH, dt, T =80, 20Hz),
8.60 — 863 (LH, m), 6.72 (LH, brs)
MS (mz) : 572 [(M+1) +]
NMR {CDCly)
L | F AT 200 (6H, m), 349 (IH, d, J = 136H), 501 501 @GH, m))

6.89 (1E, 4, I="T.2Hz), 6.96 — .99 OH, ), 7.18 - 752 (16H, m),|
789 (IH, dt, T =B0Hz, J=2.Hsz), 850 — 864 (IH, m),

0.68 (1H, 5)
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[o07

]

]

(153)

Rex, No.

DATA

NS (m%) : 266 [(M - ) +]
NMR (CDCI;)
& 1 46T (2, bre), 477 (2, 5), .10 - 7.28 (1H, m),
A= T30 (81, m), 753 — 7.66 (UL, m), 843 {111, brd, J = 3601z)

M8 (m.s) : 360 [(M - L) +]

NMR {COCI)

§ 1 280 — 294 (6H, m}, 329 (3H, ), 367 (2H, S5), 382 (2H, s),
708 — 7.34 (LIH, m), 7.63 —7.58 (IH, m), 846 (1H, d, T = 4.4Hz)

M5 (m."%) : 586 [(M-ED) +]

NMR {CDClz)

& : 2.68 — 2.98 (BH, m}, 3.29 (fH, 8), 3.04 - 368 (3H, m),
396 (1H, d, J=13.6Hz), 456 — 464 (1H, m), £J6 (2H, &),
690 - 696 (2H, m;, 706 — V.44 (L8H, m), 7.68 - 7.68 {14, m),
847 (1H, d, ] =4.4Hz)

M8 (m."e) : 685 [(M - E) +]
NMR {CLCL)
&+ 2,60 — 291 (811, m!, 8.55 (111, d, J = 13.611z), 3.86 {2IL s),
384 (1M, d, T=138E), 456 (1H, 4d, T= 10.0, 36H:),
3.08 (2H, s}, 8.83 (LH, brs), 6.94 {IH, d, J= 8.4z},
7.04—7.12 (JH, m», 7.22 — 7.48 (L5H, m),
THI (14, dt, J =27, 80Hz), 858 - BE3 (1H, m), 9.70 (QJH, g}

MS fm,“z) 1 BIT [(M-E) +]

NMR (CDCl)

& 1248254 (11 m), 264 - 204 (&I, m), 357 (LE, d, T = 1390
475 (UL, brs), 386 (AL =), 192 (11 d, T = 122002,
453 (14, dd, T = 1080z, ] = 36Hz), 521 (7, 9,
703 - 708 (3H, m, 728 — 7.48 (15H, m), 7.67 - 7.75 (2, m),
8.60— 884 (IF, m}, 876 (IH, &)

ME (m.z) : 687 [((M H} +]

NMR (CDClg)

8 1 269 — 288 (6H, m), 3.55 (1H, d, J= L3.2Hz), 3,57 (IH, trs),
381 (2H, bre), 3.8 (2H, 8), 384 (IH, d, T = 13.2Hz},
449 — 432 (1H, m;, 505 (2H, 5), 659 - 6.7 (3H, m),
7.06 — 7.07 (20 m}, 7.20 — 7.46 (14(L m), 7.67 - 7.71 {111, m},
861 - 8A2 (1H, m;, 971 (1H, brs)

MS (m,z) : B1§ [(M-E) +]

NMR {(CDCIL)

& : 253 — 288 (6H, m}, 355 (1H, d, J= 13.6Hz), 875 {1H, bre),
386 (2H, &), 3.94 (1F, 4, T=13.6Hz), 459 — 4,52 (IH, m),
506 — BUB (2H, m}, 880 — 7.2% (BH, m), 723 — 748 (14H, m),
767 701 (IH wi, 7.7% 372 (3H m), D68 073 (1M, w)
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[0073]

(16)

Rex, Mo,

DATA

MS (m./z) : 629 [(M~ ) +]

NMR (CDClg)

& 204 (H, 5, 256 - 287 (B m), 854 (1HL d, T= 18.2Hy),
374 (LH, brs), 2.86 (21, s), 394 (IH, d, ] = 13.21k),
458 - 4684 (1H, m), 5.10 (2H, &), 6.90 (1H, d, T = 8AHz),

702 707 (EL m), 782 748 (12H, m), TBS 777 (L m),
828 — .32 (1K, m), 8,60 - 8656 (1H, m), 5.69 (1Hs)

M5 (m.7) : 483 [M— ) +]

NMR (CDCl)

& 1250 - 296 (6HL m), 2,50 (1EL d, J = L3.60),
3R6 (lH, d, J=132Hz), G.00—5.14 {3H, m), 692 - 753 (16H, m)
803 — 808 (2H, m)

24

MS (mz) : 453 [(M-H) +]

NMR (CDClLy)

& 1 246 - 292 (AH, m), 3.40 —3.80 (3H, m), 387 (IH, d, J— 11.5Hz)
500 - 516 (3H, m), 6.65 - 6.61 (2F, m), 682 - 881 (3H, m),
895 — 701 (I, m), 7.17 - 743 (119, m), 740 — 753 (I, m)

25

MS (m.z) ;651 [(M~ID +]

NMR (CDCly)

§ 1246 — 292 (BH, m), 450 (1K, d, J= L8.60z), 362 (1H, brs),
378 (EH, s), 387 (lEL d, 7= L36ER), a00 -&16 (6 o),
6,87 — 7.54 (2511, m}, 1023 (LH, bre)

M5 (m,z) 1383 [(M—~H) *]

NMR {CDCly)

& : 278 (1H, dd, ] =88, 12.4Hz), 284 — 333 (GH, m),
464 (IH, dd, T =36, B8H2), 505 (2H, &), 695 — 698 (ZH, m),
T.28 — VA6 (OH, m), 8.13 - B.17 (2H, m)

MS (m2) 1371 [(d - E) -]

NMR (CDClg)

5 : 148 (9H, 5), 255 - 272 (2H, m), 3,15 — 353 (4H, m},
472 - 483 (1H, m), 6,58 - 6.63 (2H, m}, 6.73 - 6.79 (ZH, m),
685 — 097 ©H, m), 713 - 719 (H, m)

28

M3 (/%) : 513 [(M—ID +]

NME (DMSO — dg)

& : 135 (GH, s), 258 - 270 (2K, m), 8.14 — 835 (4H, m},
344 (3H, 5), 459 (LE, brs), 5.16 —5.26 (1H, m), 629 (11, 5),
669 (2H, d, T=8.0Hz), 889 {2H, m), 7.05 - .12 (4H, m),
749 (8H, d, T=80Hz), 831 {lH, s), 883 (1H, s), 989 (1L &)

(£5]
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[0074]

(17)

Ex, No,

DATA

mp : 224 — 926
NMR (DMSO — dg)
& : 231 (3H, &), 285 —3.18 (6H, m), 379 (ZH, &), 4,79 — L85 (IH, m),

1 600 [1H, d, J=40%), &74 679 2H, m), T08 712 (1H, m)
7.4 — 723 (SH, m), 754 — THL (2, m)}, 831 — 8§37 (1H, m),
947 (1H, brs), 10.28 (IH, brs)
mp i 25 - 216
NME (DMS0 — dg)
2 & 1 227 (3H, 8), 285 —3.18 (B, m), 3.78 (20, &), 4.79 — 4.87 (1H, m),
599 (1H, d, J=32Hz), 674 — 679 2H, m), 7.14 — 720 (6H, m),
728 (1H, 4, T - 80Hz), T53 — 760 4H, ), 841 — 834 (1H, m),
947 (1H, brs), 10.27 (1H, brs)
mpt 211 - 212
NME (DMSO - dg)
& : 284 - 3.20 (BH, m), 3.84 (2, =), 477 — 488 (1H, m},
] 600 (1H, d, T—- 3.2 Hz), 6.74 - 6.79 (2H, m), 7.14 — T.20 (4IL, m)|
7.24—7.30 (1H, m), 7.39 {LE, d. J = 80Hz), T.55 — 760 (ZH, m),
7.76 (1H, ot, J =20, 3.0Hz), 847 — 841 (IH, m}, 871 (1H, brs),
&91 (1M, bre), 946 (1H, be), 1028 (1H, bes)
mp: 194 - 196
NMR (DMS0 - dg)
4 4 1 228 (3H, g), 239 (3H, &), 286 — 3,18 (6E, m). 374 (°H, &),
481 —4.90 (1L m), 6.00 (LT, d, T=360[2), 6.74 — 680 (21, m),
8.96 (LH, 5), T.0L (1K, 5), 7.09 - 7.20 (4H, ), 7.55 — 781 (2H, m),
849 (1H, bre), 10.33 (IH, brs]
M5 (m,z) ;406 [(M+H) +
NMR (DMS0 - dg)
5 &1 231 (8, ), 284 - 3.16 (LI, m), 887 (21 s),
h 479 QI d, J= 80072, 592 (1L krs), 8,73 —6.79 (211 0,
713 - 7.21 (H, m), 753 - 7.60 (3E, m}, 827 — 833 (1H, m),
44 (1H, brs), 10.23 (1H, brs;
MS (m,z) 406 [(M+H) +
NME (DMSO — dg)
] & 1 244 (3H, 5), 280 —8.10 @H, w), 3.78 @H, =), 470 - 476 (1H, m),
581 (1H, bre), 6.72 - 6,77 (2H, m), 7,10 — 7.20 (EH, m),
7.53 — 7.66 (4H, m), 9.44 (LEL brs), 1024 (IH, bra)
MS (w2} 882 [(M+H) 17
NMR (DMSO — dg)
& 1284 -303 (3, m), 308 - 3.20 (3LL m), 3.84 (2L s),
431 - 4,89 (1H, m), 6,12 (1H, d, J = 36H2),
7 70 (1H, dd, J - 20, 80Hz), 6,76 — 683 (2H, m),

718 —T.20 (3H, m), 724 —7.30 (1E, m), 7.30 (1H, d, J = 8.0Hz),
756 — 7.60 (SH, m), 7.76 (I, dt, J = 1.8, 7.2H=),
847 — 852 (IH, m?, 878 (1H, bre), 892 (1H, trs), 849 (1H, brs))

10.28 (1, brs)
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[0075]

(18)

Ex. N DATA
MS (m,z) 1362 [(M—H) *]
NMR (DMSO — dg)
81278 291 (3H, m), 297 3,08 £3H, m), 3.88 (1, brs),
8 384 (2H, £), 504G - 65.11 (IH, m), 6.9 — 8.62 (8H, m),
709 (1H, dt, J = 80Hz, J = 1.6Hz), 7.1T (2H, d, ] =8.0Hz),
726 — TA0 (ZH, m}, 7.56 (2H, d, ] = 8.4Hz),
775 (LH, di, J = 80Hz, J = 2,4Hz), 849 - 850 (IH, m),
1028 (1H, g
MS (m,/z) 471 [(M - HY +]
NMR (DMSD0 — dg)
g 8 : 284 -300 (3H, m}, 307 - 318 (8H, m}, 3.79 (2H, 5),
B.16 — 520 (1H, m}, 826 (2H, 5), 660 (13H, ),
80 — 687 (SH, m), 708 — 740 (10H, m), 7.50 — 7.57 (&L m),
10.38 (U, brs)
MS (m,/z) : 406 [(M - H) +]
NMR (DMED — dg)
10 | & 270 — 320 (ZH, ), 367 (H, bra), 470 - 480 (LH, m),
652 (2H, £), 6.70 — 6.75 (ZH, m), 7.15 — 7.80 (§H, m),
760 — .70 {1H, m}, 885 — 895 {1H, m)
M5 (m./z) 413 (M~ ']
MME (DMSO — dg)
8 1 285 — 317 (3H, m)}, 362 (2H, 5), 479 — 4,81 (1H, m),
11 400 (1H, brs), 855 (1H, 8), 877 (ZH, d, J=84Hz),
TA5 —T20 (4H, m}, 7.55 (°H, 4, T =B8Hz), 7.535 (1H, hre),
867 (IH, brs), 8.67 (IH, bre), 879 {IH, brs), 875 (1H, brs),
10,21 (1H, hrs)
mp : 191 - 192°C
NMR (DMSD — dg)
8 : 284 — 201 (8H, m), 806 - 3.17 (8H, m}, 384 (2H, 5},
12 478 — 484 (1L m), 605 (II1, brs), 492 (UL 4, =80 [Iz),
708 (1H, dd. T=20, 84Hz), 7.14 - 7.29 (4H, m),
739 (IH, d, J = 8.0Hz), 754 - 780 (2H, m),
.75 (1H, df, J =20, 80Hz), 847 - #51 (LH, m}, 10,30 (1H, bre)
mp : S17 — 21497
NMR (DMSD — d)
8 : 280 200 (3H, m}, 300 - 3.20 {3H, m), 4102 (2H, <),
18 483 (1H, d, T = 80Hz), 606 (1H, brs), 688 — 685 (2H, 1),
714 — 720 (2H, m}, 751 — 765 (400, m), 805 (17, t, J = 7.20=),
414 —#29 (3H, m}, 864 (1H, d, ] = 48Hz), 874 (1H, brs),
Q04 (1H, brs), 8,G1 (1H, &), 10,12 (1H, &), 047 (1, §
mp ; 216 - 282
NMR {(DM30 —
& : 210 (3 ), 287 3.02 (JL m), 3.02  3.20 (3L m), 383 (AL, 5),
A5 — 4,83 (LH, m), 6.06 (1H, d, J = 8.6Hz), 6.6 (1H, d, J = 8.4Hs),
14 604 — 696 (1H, m}, 7.17 (2H, d, J ~B&Hz), 7.26 — 7.20 {1H, m),

7.39 (1H, d, J = 8.0Hz), 767 (2H. d, ] = 8.8Hz),

776 (1H, dt, ] =800z, T = 4.00), 781 - 784 (1H, m),
850 (1H, d, T = 4.0Hz), 866 (LH. brs), 879 (L trs),
931 (1H, s}, 986 (1H, s}, 1026 (IH, 5)
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SUMMARY

With respect to the 81- and g2-adrenergic receptors (ARs), the
A3-AR induces specific physiological effects in a few target
tissues and exhibits atypical pharmacological properties that
distinguish it unambiguously from its counterparts. Therefore,
the 83-AR represents a suitable model to study the molecular
mechanism responsible for receptor subtype selectivity and
specificity. Potent 33-AR ligands newty characterized in Chinese
hamster ovary cells expressing the S3-AR were also evaluated
in Chinese hamster ovary celis expressing 81- and $2-ARs and
were classified into three groups according to their pharmaco-
logical properties. Among the 81/52/83 agonists BRL 37344 and
LY 79771 exhibit 43 in stimulating adenylyl cyclase;
among the §1/82 antagonists displaying 83 egonistlc effects ICI
201651 exhibits 83-AR binding selectivity, whereas among the
£1/82/83 antagonist class bupranciol is the most efﬁeiem (but
not selective) #3-AR antagonist. The structures of these ligands

were simulated and compared using computer-generated molec-
ular modeling. Structure-activity relationship analysis indicates
that potent or selective 83-AR compounds, in addition to pos-
sessing a pharmacophore common to all 3-AR ligands, contain
a long and bulky alkylamine substituent moiety, which is abie to
adopt and exchange extended and stacked conformations. Com-
puterized three-dimensional models of the 81-, 82-, and §3-AR
binding sites show that more bulky amino acid side chains point
inside the groove of the 81 and 82 sites, compared with the 53
site, in a region implicated in signal processing. The long alkyla-
mine chain of compounds behaving as §1/62 antagonists and
53 agonists may thus adopt either a stacked conformation in the
encumbered §1- and 32-AR sites, leading to antagonistic effects,
or an extended conformation in the less encumbered 83 site,
thus interacting with specific residues implicated in signal trans-
duction.

Sympathetic stimulation via humoral (adrenergic) and neu-
ronal (noradrenergic) pathways induces a number of physiolog-
ical effects, such as modulation of heart rate, vascular tonus,
bronchospasm, and glucose and lipid metabolism. Lands et al.
(1) first subdivided the §-AR-mediated effects into 81 and 62,
on the basis of the rank order of potency of epinephrine and
norepinephrine in different tissues. Since this classification,

This work was supported by grants from the Centre National de la Recherche
Scientifique, the Institut National de la S8anté et de la Recherche Médicale, the
meﬁndohmchnmhoetdemm the Université Paris V, Bristol-Myers-
Squibh Company (Princeton, NJ), the Fondation pour la Recherche Médicale,
mmmmnmhmvdoppemntdehmchmhnmlaCmm,mdthe
Ligue Nationale Francaise contre ls Cancer.

many clinically active drugs, mimicking or blocking the effects
of natural hormones, have been synthesized and shown to
discriminate between $1- and 82-AR-mediated effects.

In the following years, however, a number of novel com-
pounds revealed atypical 8-AR properties in various tissues.
BRL 37344 was thus characterized as a potent thermogenic
and lipolytic 8-AR agonist in rat adipose tissue (2) and SR
58611A as an atypical 8-AR agonist mediating relaxation in
precontracted guinea pig ileum (3). Several 81/82 antagonists
displayed atypically low binding affinities in these tissues as
well as low potencies in inhibiting responses mediated by these
novel compounds, thus suggesting the existence of a novel 8-
AR pharmacological profile. However, partly because of ita low

ABBREVIATIONS: 3-AR, g-adrenergic receptor; CHO, Chinase hamster ovary; CHO-8, Chinese hamster ovary celis expresasing the S-adrenergic
receptor; |A, intrinsic activity; ICYP, iodocyanopindolol; MD, molecular dynamics; RMS, root mean square index; TM, transmembrane domain; BRL
37344, (RR.SS)H+)4-(2’ -[2-hydraxy-2-(3-chlorophenyljethylamino jpropyl)phenoxyacetate sodium salt sesquihydrate; bucindoiol, 2-{2-hydroxy-3-(2-
(3-indotyl)-1, 1-dimethylethyi)amino)propoxylbenzonitrile hydrochioride; bupranolol, 1-(2-chioro-5-methylphenoxy)-3-{(1,1-dimethylethyljamino}-2-pro-
panol; CGP 12177A, (+)4-(3--butylamino-2-hydroxypropoxy)benzimidazol-2-one; CGP 20712A, (:)H2+3-carbamoyl-4-hydroxyphenoxy)ethyiamino]

-3{4-(1-methyi-4-trifioromethyt-2-imidazolyliphenoxy]-2-propanciisopropytamino-2-propanol hydrochioride; cimaterol, 2-amino-5-(1-hydroxy-24{(1-
mathylethylamino]ethyl)benzonitrile; clenbuterol, 4-amino-3,5-dichloro-a-{(1,1-dimethylethyllaminolbenzenemethanal; ICt 118551, o{(+)-1{7-meth-
ylindan-4-yloxy| 2-0f; IC1 201651, (R)4-{2-hydroxy-3-phenoxypropylaminoethoxy)}-N-{2-methaxyethyliphenoxyacetic acid; LY
79771, (RS)—(tH-(z -[(2-hydroxy-3-phenylethyllamino]butyllbenzyt aicohol; SM 11044, L-3-(3,4-dihydroxyphenyl)-N-[3-(4-fluorophenyljpropyilserine
pyrrolidine amide hydrobromide; SR 58611A, (RS)-N-[(2$)-7-emoxycnrbonyhmhoxy-1.234-twahydronapmh-2-y|]-(2n)-2-(3~d|lomphenyl)-2-hy-
droxyethanamine hydrochloride; PBS, phosphate-buffered saline; HEPES, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
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affinity for available 8-AR radioligands and primarily because
of the lack of suitable tools to study its expression among a
population of conventional 8-ARs, this atypical 8-AR remained
difficult to characterize unambiguously by a classical pharma-
cological approach, and some inconsistencies were described
between drug affinities identified in binding studies and those
measured in functional assays (4).

After the initial cloning of the §2- (5) and 81-ARs (6), a third
gene, coding for a novel 8-AR subtype (the 83-AR) sharing 51%
and 46% identity with the human 81- and $2-AR amino acid
sequences, respectively, was cloned from a human genomic
library (7). The presence of human §3-AR mRNA transcripts
has been demonstrated in human fat tissues as well as in gall
bladder and colon biopsies (8), and evidence for a functional
63-AR in human fat cells has been recently shown by lipolysis
stimulation studies (9). Functional 83-ARs, cloned from either
human (7), mouse (10}, or rat (11, 12) tissues, were character-
ized in transfected CHO cells, and their pharmacological pat-
tern indicated that the 83-AR is closely related to the atypical
B-AR in adipose tissues (13, 14). However, minor differences
between the human and rodent $3-ARs as well as between
atypical 5-ARs from different tissues have led some authors to
question whether these are actually the same pharmacological
subtypes (11, 12, 15).

To settle this point, we performed a systematic pharmaco-
logical analysis in CHO-£A3 (human) and CHO-#3 (mouse) using
a large pane! of 8-AR ligands, and we showed (i) that both the
human and the rodent 33-ARs display well defined pharmaco-
logical properties that distinguish them unambiguously from
the 81- and $2-ARa, (ii) that the 83-AR is the prototype of the
atypical g sites described in a few target tissues (adipose, gut,
and cardiac tissues) where it induces specific physiological
effecta, and (iii) that some compounds (BRL 37344, bucindolol,
bupranolol, CGP 121774, cimaterol, IC] 201651, LY 79771, SR
686114, and SM 11044) exhibit potent affinities or activities
in CHO-g83.! These atypical and specific properties make the
A3-AR a model receptor to study the molecular basis of subtype
selectivity, using these new pharmacological toola.

In this study, we analyzed the selectivity of the subtype by
evaluating pharmacological receptor binding and adenylyl cy-
clase activation properties of S-AR ligands in CHO cells ex-
preasing human g81-, 82-, or 83-ARs. Results led us to classify
compounds into pharmacological classes, and the structure-
activity relationship of these ligands waa analyzed using MD
simulations. Structural features of 83-efficient agonists and
antagonists were examined to define a putative pharmacophore,
as well as to provide new insights into the molecular mechanism
responsible for the 83-AR potency and selectivity.

Materials and Methods

Chemicals. Bucindolol and nadolo] were provided by Bristol-Myers
Squibb (Princeton, NJ). CGP 12177A, CGP 207124, alprenolol, and
oxprenolol were gifts from Ciba-Geigy Corporation (Basel, Switzer-
land). ICI 118651 and ICI 201651 were obtained from Imperial Chem-
ical Industries (Macclesfield, England). Cimaterol and LY 79771 were
donated by American Cyanamid (Pear] River, NY) and Lilly Research
Labe (Indianapolis, IN), respectively. Clenbuterol was obtained from
Roussel Uclaf (Romainville, France). Pindolol and cyanopindolel were

N. Blin, C. Nahmias, M, F. D , and A. D. Strosberg. The #3-adrenergic
receptor: a single subtype responsible for atypical 8-adrenergic receptor-mediated
effects. Submitted for publication.
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provided by Sandoz (Basel, Switzerland). (+)- and (—)-Bupranolol were
gifts from Schwarz Pharma (Monheim, Germany). BRL 37344 was
obtained from SmithKline Beecham Pharmaceuticals (Epsom, Eng-
land). SM 11044 and SR 58611A were given by Sumitomo Pharmaceu-
ticals (Osaka, Japan) and Sanofi-Midy (Milano, Italy), respectively.
(—)-Isoproterenol and propranolol were purchased from Sigma Chem-
ical Co. (St. Louis, MO).

Cell culture. Subclones of CHO cells stably transfected with human
B1-, §2-, or #3-ARa were grown as described previously (7, 16).

Receptor binding assays. Preconfluent cells were harvested by
treatment with Versen-EDTA (Seromed) and were washed with Hanks’
halanced salt solution supplemented with 1 mM ascorbic acid and
buffered with 20 mM HEPES to achieve a pH of 7.4. Aliquots of 10
cells were incubated with (—)-[3-**I)ICYP (2000 Ci/mmol; Amersham,
England) in the absence or presence of competitor, in a buffered 500-
! final volume with 0.1% (w/v) bovine serum albumin (Sigma) and 4
uM desipramine (Sigma). The reaction was performed for 45 min at
37°, with sheking, in the dark. After dilution with ice-cold PBS, pH
7.4, cells were immediately filtered and extensively washed over glass
fiber diske (Whatman GF/C) that had been prescaked with 0.3%
polyethyleneimine (Sigma). Radioactivity was measured in a LKB 1282
v-radiation counter.

Saturation experiments were performed with ICYP concentrations
ranging from 5 to 500 pM for the 81- and #2-ARs and from 50 to 5000
pM for the 83-AR. Nonspecific binding was determined in the presence
of 2 uM (&)-propranolol for CHO-81 and CHO-82 or 100 uM (-)-
isoproterenol for CHO-83. Competition experiments were performed
with ICYP concentrations of 50 pM for the 81 and 82 subtypes and 1
nM for the 53 subtype and various concentrations of competitor ranging
from 1 pM to 100 uM. Ligand lipophilicity indexes (log #F) were
calculated using the TSAR software (Oxford Molecular, Oxford, Eng-
land).

Adenylyl cyclase binding assays, Because forskolin directly stim-
ulates the catalytic subunit of adenylyl cyclase and displays greater
efficacy and potency when ita catalytic domain interacts with the o,
subunit of the G protein (17), forskolin binding experiments were
performed with adherent transfected CHO-8 in the absence or presence
of 8-AR ligands.

Preconfluent cells in six-well dishea (1.2 X 10° cells/well) were
washed twice with 2 ml of ice-cold PBS, added to 1 ml of ice-cold
Ham’s F12 medium buffered with 20 mm HEPES, pH 7.4, and kept on
ice for 30 min before the binding study. Cells were incubated at 4* for
1 hr, with slow shaking, in 500 ul of huffered [12-*H]forskolin (20-36
Ci/mmol; New England Nuclear), in the absence or presence of non-
tritiated forskolin or 8-AR ligands. Cells were then washed three times
with 2 ml of PBS and dissolved in 1 ml of 1 N NaOH for 30 min at 37°
before the homogenate was counted in a LKB-Wallac 1410 scintillation
counter,

Cholera toxin ADP-ribosylates G,, irreversibly blocking its GTPase
activity and maintaining the stability of the a,-cyclase complex in a
way that is independent of receptor occupancy. Cells were treated with
cholera toxin (2 ug/ml in culture medium; Sigma) for 5 hr at 37° before
measurement of forskolin binding at 4°, a temperature that allows
stabilization of the transient complex but probably leads to underesti-
mation of the maximal complex association at 37°.

Adenylyl cyclase stimulation assays. CHO-81, CHO-82, and
CHO-#3 were grown to preconfluence in six-well dishes (~1.2 x 10
cells/well). After washing with 1 ml of Ham's F12 medium buffered
with 20 mM HEPES, pH 7.4, and supplemented with 1 mM ascorbic
acid and 1 mMm 3-isobutylmethylxanthine (Sigma), cell monolayers were
incubated for 30 min at 37° in 1 ml of buffer, in the absence (basal
level, 5-26 pmol/10® cells) or in the presence of 10 uM (—)-isoproterenol
(maximal stimulation mediated by 8-AR, 170-400 pmol/10® cells), 25
kM forekolin (direct adenylyl cyclase stimulation, 420-850 pmol/10*
cells), or 1 pM to 100 uM ligand. The reaction was stopped by one wash
with 1 ml of PBS and immediate addition of 500 ul of 1 N NaOH. After
a period of 20 min at 37", dissolved cells were collected, buffered with
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1 N acetic acid, and centrifuged at 3000 X g for 10 min at 4°. The total
¢AMP amount contained in an aliquot of supernatant was determined
using the Amersham [*H]cAMP assay or ['*I]-cAMP scintillation
proximity assay.

For inhibition studies of adenylyl cyclase stimulation, cells were
preincubated with the antagonist at 37° for 10 min befors addition of
a reference agonist [i.e., (~)-isoproterenol] at its K, concentration (5
nM) and incubation for a subsequent 20-min period.

Data analyses. The data were expressed as the means + standard
errors of at least three independent experiments performed in duplicate,
oxcept for forskolin binding data, which resulted from two experiments
only. Saturation experiments were computer analyzed with the EBDA
program (Biosoft-Elsevier, Cambridge, UK) using the Scatchard plot
representation. ICy and ECqo parameters obtained from binding com-
petition experiments or adenylyl cyclase activation or inhibition exper-
iments were determined using a computerized, iterative, nonlinear,
least aquares curve-fitting program (Inplot 4.0, written by H. J. Motul-
sky, GraphPad Software, San Diego, CA). ICs values measured in
binding competition or cyclase antagonism experiments were corrected
(K; value) according to the method of Cheng and Prusoff. The IA of a
compound was measured relative to the maximal cyclase stimulation
obtained for (—)-isoproterenol. Ligands that possessed IA values of
<0.90 were defined as partial agonists.

Molecular modeling. The conformations of the arylethanolamine-
related compounds that were incorporated into the analysis were ob-
tained using the BIOSYM molecular modeling software (BIOSYM
Technologies, Inc., San Diego, CA) on a Silicon Graphics workstation.

Initial structures were built using the Insight II Builder module,
which directly produced coarse three-dimenaional starting structures.
To mimic ionization at neutral pH, an sp3+ hybridization was assigned
to the amine of the main alkyl chain, increasing the molecular electro-
static total charge by +1.

Energy minimization and MD simulations were performed with the
Insight II Discaver module, using the conaistent valence force field. All
calculations were performed for in vacuo conditions, using in the
description of the coulombic interaction a distance-dependent dielectric
constant fixed to 3.5 to avoid formation of intramolecular salt bridges.

The first step of modeling consisted of minimizing the structure
previously constructed, to find a local energy minimum on the potential
energy hypersurface of the molecule. Calculations were performed
according to several algorithms ly used in molecular mechani
minimization for choosing descent directions, namely steepest descent,
conjugate gradient, and Newton-Raphson methods.

The second step of the conformational sampling procedure consisted
of recording MD trajectories. By solving the equations of motion for a
system of atoms, MD has an advantage in that it is not restricted to
harmonic motion about a single minima but allows molecules to cross
energy barriers and explore other stable conformations. Molecular
conformers were sampled during a 1-nsec MD trajectory at 300°K. A
time step of 5 fsec was used, and the system was equilibrated for 1 psec.
A conformation was stored each 5 psec, so that 200 conformations were
recorded by the end of the MD simulation.

All moleculgr conformations were compared using the Analysis
module of Insight II. Conformational similarities were evaluated by
caleulating the RMS of deviation between heavy atoms for each possible
pair of these 200 structures and by plotting the associated cluster graph.
A threshold value of 4 A was selected to plot the RMS evolution, so
that numerous boxlike areas appeared along the diagonal, representing
group of structures whose small RMS deviations (<1 A) and closeness
in time suggested that they may belong to the same conformational
family. Conformational representatives extracted from each family
were compared for each compound, as well as between different ligands,
using a superimposition procedure.

Results and Discussion

Selectivity of 3-AR Ligands in CHO-81, CHO-52, and CHO-43
Although 8-AR overexpression has been reported to affect
adenylyl cyclase sensitivity (18-20), it offers the opportunity

to thoroughly characterize receptors such as the £3-AR, for
which high affinity radiolabeled antagonists bave not been
developed thus far. The human g1-, 42-, and 83-ARs averex-
pressed in CHO cells displayed selectivity profiles for catechol-
amines and reference §-AR ligands that were consistent with
those described in tissues characterized by prevailing 81-, 82-,
and 83-AR populations (16). The presence of six additional
carboxyl-terminal residues in the sequence of the human §3-
AR, resulting from splicing of an intron in the corresponding
gene, has been reported (21, 22), but a recent pharmacological
comparison failed to detect any difference between the 408-
and 602-residue forms of this receptor (23).

Because the apparent affinity of agonists at ICYP binding
sites may be influenced by varying degrees of internalization,
we verified that the lipophilicity indices (log P) of the 81- and
B2-AR agonists tested in CHO-g8 were higher than that of the
ICYP radioligand. For the 83-AR, no bias in measurement of
K; values is expected, because this receptor subtype does not
become sequestered (23).

Because differencea in the level of receptor expressed in each
CHO-8 subclone [190,271 + 16,796 sites/cell in CHO-81 (hu-
man), 74,885 + 22,461 sites/cell in CHO-§2 (human), and
108,785 + 5,988 sites/cell in CHQ-83 (human)] and differences
in receptor subtype coupling might interfere with the measure-
ment of cyclase stimulation potency, the stoichiometry of re-
ceptor-G,-adenylyl cyclase interactions was assessed in CHO-
81, CHO-82, and CHO-A3. Because isoproterenol-stimulated
forskolin binding measurements revealed approximately the
same number of forskolin binding sites in the three types of
cells as well as after cholera toxin stimulation (Fig. 1), it
appeared that all of the cholera toxin-sensitive G protein cou-
pled-adenylyl cyclase existing in CHO-8 was atimulated by
isoproterenol. Moreover, it appeared that coupling efficiency of
the three 8-AR subtypes should not hias the adenylyl cyclase
stimulation potency measurements, thus allowing comparison
of the g selectivity of ligands bhased on K. values,

The selectivity of 5-AR ligands exhibiting interesting phar-
macological properties at the 83 site' was evaluated in CHO-
61, CHO-62, and CHO-£3 and led to the classification of the
compounds into three groups, i.e., agonists at the three £ aites,

75000 -
g
:8 50000
=3
&3
-
a 25000*
c b
[

" CHO-81 CHO-82 CHO-83

Fig. 1. Measurement of the rate of coupling in CHO-81, CHO-82, and
CHO-53. Forskolin binding was evaluated in intact CHO-81, CHO-2,
and CHO-83 preincubated (l) or not (C)) with 2 ug/mi cholera toxin for 5
hr at 37° and incubated with 100 .M isoproterenol for 1 hr at 4°. Values
are the mean + standard error of two separate experiments perforrned
in duplicate.
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£1/62 antagonists displaying 83 agonistic properties, and an-
tagonists for the 81-, 82-, and $3-ARs (T'able 1).

£81/82/83 agonists, The §3-AR was characterized by its
potency for a class of arylethanolamine agonists that were
initially found to be potent and selective activators of lipolysis
and thermogenesis at the atypical §-ARs described in white
and brown adipose tissuea (Table 1). BRL 37344, the most
representative compound of this class (2, 24), was a full agonist
in CHO-81 and CHO-83, with partial agonistic effects (IA =
0.8) in CHO-82, and exhibited a 10-fold 83-AR selectivity,
relative to the A1- and 82-ARs. LY 79771, an activator of the
metabolic rate in dogs (25), stimulated adenylyl cyclase with 5-
and 17-fold greater potency in CHQ-83 than in CHO-A1 and
CHO-82, respectively. Thus, atypical 8-AR compounds, which
are potent in inducing thermogenesis in brown adipose tissue
and in increasing the rates of cellular metabolism such as
lipolysis in white adipose tissue, appeared to be §3-selective
ligands.

SR 58611A and SM 11044, which were relaxant agents in the
precontracted rat colon (3) and guinea pig ileum (26), respec-
tively, were “rather $2/83-selective” agonists in CHO-8. SR
586114, the potent and most selective compound of the phen-
ylethanolaminotetraline class, induced rat colon relaxation
with an ECy of 3.5 nM (3), compared with a K,.. of 25 nM in
stimulating CHO-A3 adenylyl cyclase. The SM 11044 func-
tional selectivity order in guinea pig tissues, i.e., ileum relaxa-
tion (atypical 8-AR) > trachea or lung relaxation (82-AR) >
atrium rate increase (81-AR), was consistent with the selectiv-
ity of this drug in CHO-81, CHO-82, and CHO-83. Although
possessing rather low affinities at the 83 site (K, range of 1-6
uM), these compounds were efficient enough (K, values be-
tween 10 and 100 nM) to induce $3-AR-mediated functional
relaxation in smooth muscle tissues.

Cimaterol and clenbuterol, reported to induce protein accre-
tion and to increase skeletal muscle mass in vivo (25), were
“rather 81/82-selective” agonists in CHO-8. In addition, cim-
aterol exhibited high efficiency in stimulating the cyclase in
CHO-43, in agreement with its ability to potently activate
lipolysis in rat white adipose tissue (25),

#1/82 antagonists/33 agonists. Among the 81/62 antago-
nists displaying 83 agonistic properties, some exhibited high
binding affinities and agonistic potencies in CHO-83 (Table 1).
Bucindolol, described as a high affinity nonselective g-AR
antagonist (27), displayed the same binding affinities for g1-
and $2-ARs expressed in CHO cells (X; values of 0.2 nM and
0.1 nM, respectively) and possessed full and potent (K, = 7
nM) 83 agonistic effects, ICI 201661, the in vivo metabolized
form of ICI D7114 that is able to selectively stimulate brown
adipose tissue activity (28), was a weak antagonist at the 81-
and 52-AR sites (K; values of 0.55 uM and 2.86 uM, respectively)
but a potent full agonist in CHO-63 (K. = 20 nM). ICI 201651
was the most important compound of this class, exhibiting a
3 selectivity in binding affinities.

CGP 121774, oxprenolol, pindolol, and alprenolol were 10~
100-fold less potent in stimulating the $3-AR than were the
previously mentioned full agonists and, except for alprenolol,
demonstrated partial agonistic effects. Pindolol maintained its
cyclase stimulation potency when a cyano group was added to
the indol function of the molecule (K,. value of 153 nu,
compared with 174 nM) but displayed an IA that increased
from 0.55 to 0.82. These compounds bound to the 81- and 32-
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ARs with 10-100-fold higher affinities than those measured in
CHO-83.

Nadolol and propranclol were 81/82 antagonists exhibiting
weak (K, values in the micromolar range) and partial agonistic
effects in CHQ-83. In agreement with these results, Bond and
Clarke (29) reported a biphasic effect for nadolol and propran-
olol in antagonizing the isoproterenol-induced relaxation of
precontracted guinea pig ileum strips.

81/82/83 antagonists. The third category of ligands in-
cluded antagonists such as the fl-selective CGP 207124, the
p2-selective ICI 118551, and bupranolol (Table 1).

Kaumann (30) earlier reported that heart atypical 8 agonistic
effects were antagonized by 1 uM bupranolol but not propran-
olol. Although (—)-bupranolol appeared to be the best antago-
nist available to characterize the §3-AR (K; value of 50 nM),
its receptor binding order of selectivity in CHO-8 was 52-AR
> B1-AR > 83-AR.

The selectivity profiles for these antagonists were CGP
20712A = bupranolol >> ICI 118551 in CHQ-81, bupranolol =
ICI 118551 > CGP 20712A in CHO-2, and bupranolol > ICI
118551 > CGP 20712A in CHO-63.

Taken together, our data show that S3-selective agonists
(BRL 37344 and LY 79771), 83-selective (ICI 201651) and 83-
potent (bucindolol and CGP 12177A) agonists that exhibit 81/
B2 antagonistic properties, a §3-potent antagonist (bupranolol),
and 81- and f2-selective antagonists (CGP 20712A and ICI
118551, respectively) are useful tools that can help to distin-
guish #3-AR-mediated physiological effects from those me-
diated by conventional $1- and $2-ARs. To date, only ['*]]
ICYP and [*H]CGP 12177A have allowed direct characteriza-
tion of tissue §3-ARs (13). In addition, radiolabeling of ICI
201651, which exhibited binding selectivity towards the 83 site,
should provide a new pharmacological tool for the characteriza-
tion of the 83-AR in tissues. More selective compounds for the
£3-AR, however, remain to be found, and analysis of the struc-
ture-activity relationships for this large variety of compounds
should help in determining the structural features responsible
for the 3 potency and selectivity of ligands.

Structural Features of 33-AR Ligands

Fine specificity of the ligand recognition mechanism
for G protein-coupled receptors. Norepinephrine stimu-
lated adenylyl cyclase in CHO-83 with a 1600-fold higher
potency, relative to dopamine, which is its metabolic precursor
and is specific for dopaminergic receptors (7). Although these
compounds are structurally related, S-hydroxylation of the
alkylamine chain appears to be important for ligand-receptor
recognition. Indeed, this modification creates an asymmetrical
center, leading to isomerization of the molecule, and this polar
-hydroxyl group may interact with an electrophilic center and
form a hydrogen bond with an amino acid side chain inside the
receptor groove,

Similarly, a- and 8-ARs were distinguished upon the basis of
the potency order of isoproterenol, relative to norepinephrine
and epinephrine, three catecholaminergic structures that
are closely related. Indeed, isoproterenol differs from (nor)-
epinephrine by a (di)methyl substitution, which increases steric
bulk and lipophilicity at the end of the alkylamine chain, and
the substitution of a methyl group on the protonated amine
moiety of norepinephrine corresponds, in thermodynamic cal-
culations, to a loss of 6-7 kcal (31). These modifications seem

Structure-Activity Relationship of 53-AR Ligands
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TABLE 1

Comparison of the pharmacological properties of human 51-, §2-, and 53-AR expressed in CHO celis
Binding competition assays were carried out with intact colis for 45 min at 37° in the presence of [*1J}ICYP, as described in Materials and Methods. Adenytyl
preincubated or not with 5 nm isoproterenot for 10 min and incubated with drugs for 30 min at 37°.

curves werea fitted using least squares regression binding
adenﬂylcydms&mﬂhm(l{.,)mtsmm IA was caiculated for each drug relative to isoproterenol-induced maximal CAMP accumulation. Values are means + standard eTors of i least three

wewma 860l

in dupiicate. medasmasmlsziﬁmists(mﬁa—wve more $2/p3-selective, or more £1/62-selective agonists), #1/52 antagonists/33 agonists, or 51/52/83 antagonists. AN

data were obtained
Human 81-AR Human 52-AR Human S3-AR
Adenyiyl cyciase stimuiation Adenylyl cyciase simultion Adenyhy cyciese stimuision
sl Kact 1) Bndng Ko ' fdn X Kot @
n ns nu s nu nu
£1/62/63 agonists
BRL 37344 1,750 + 310 112+ 28 130+ 011 1,120 + 380 177 £ 47 0.80 + 0.04 287 £ 92 15+3 1.11+£0.12
LY 79771 86+8 142+ 0.30 325121 022+0.03 565+ 71 18+3 1.08 + 0.04
SR 58611A 38,500 £ 13,400 12,000 + 600 0.96 + 0.07 187 £ 26 36+£19 0.87 £ 0.07 6,640 = 960 25+5 123+ 023
SM 11044 18,100 + 1,700 190 + 20 150+ 021 4,100 £ 200 62+6 1.03+£0.08 1,300 + 200 84+ 10 0988+ 0.10
Cimaterol 0.64 + 0.15 1.20 + 0.06 057 +0.002 098+0.03 4,700+1,710 1713 1.15+0.08
Cienbuterol 180 + 30 80+9 1002 091+£002 1,100+ 200 1,050 + 130 072 + 0.07
B1/82 antagonists/53 agonists
Bucindoiol 020+ 0.04 Antagonist 0.10 £ 0.03 Antagonist 23+ 10 70112 1.01+0.10
ICi 201851 549 + 200 Antagonist 2,860 + 750 Antagonist 85 + 12 20+9 114+ 0.14
CGP 12177A 09+01 Antagonist 4+2 Antagonist 88+ 22 139 + 44* 0.68 + 0.02*
Oxprenoiol 54+13 Antagonist 15+04 Antagonist 70 £ 10° 7+13 053 + 0.07°
Pindolol 34107 Antagonist 23+09 Antagonist 11+£2 183+ 120 0.55 + 0.05°
Cyanopindoiol Angatonist Antagonist 174 + 58 0.82 +£0.04
Alprenoiot 88+0.2 Antagonist 15103 Antagonist 110+ 30 219 46 0.97 £ 0.07
Nadolol 40+ 6 Antagonist 14+5 Antagonist 838 £ 72 1,120 + 350 0.80 £ 0.05
Propranolol 63+1.0 Antagonist 0.7+0.3 Antagonist 146+ 8 1,490 + 550 051 +£0.12
81/82/3 antagonists .
—)-Bupranolol 1.7+03 Antagonist 04+0.1 Antagonist 50+ 14 Antagonist
{x)-Bupranciol 24+05 Antagonist 05+0.1 Antagonist 106 + 8 Antagonist
IC1 118551 120 + 3° Antagonist 12+0.2 Antagonist 257 + 34 Antagonist
CGP 20712A 1502 Antagonist 1,800 + 400° Antagonist 2,300 + 450° Antagonist
* Resuits reported by Nahmias et a/. (10), with 1A expressed relative to isoproterenol.
”DmfepomdbyEmhaetalmwimmexpressad 1o norepinephrine maximal cyclase stimulation.

° Data reported by Tate et al. (16).
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to be crucial for the ligand-receptor recognition mechanism
leading to subtype selectivity, and Lewell (32) suggested that
residue Val''”” in the 8-AR sequence, replaced by the less hy-
drophobic amino acid cysteine in the a-AR sequence, could be
mainly responsible for the 8 versus « subtype specificity.

Structural characteristics of the three pharmacologi-
cal classes of 3-AR ligands. Catecholamines are small mol-
ecules with an approximately 10-carbon skeleton. One part of
the molecule consists of a catechol group equivalent to a reac-
tive ortho-hydroquinone function (a potential hydrogen bond
donor), and the other part is a positively charged g-hydroxylal-
kylamine chain ending in apolar alkyl substitutions. The aro-
matic ring, the 8-hydroxyl group, the charged amine, and the
alkyl substitutions are structural requirements common to all
of the 8-AR compounds evaluated in CHO-g81, CHO-42, and
CHO-#3 (Table 1).

Cimaterol and clenbuterol (Fig. 2A), which were rather 81/
§2-selective compounds, possess a structure close to that of
isoproterenol, except that both hydroxyl groups of the phenyl
moiety are substituted by less polar but equally reactive amine
functions, or an inductor-donor chlorine atom and an electro-
philic cyano group, which favor delocalization of benzenic =-
electrons and may increase hydrophilicity. Large structural
madifications of the hydroxylalkylamine chain occur for the
rather §2/03-selective compounds like SR 58611A and SM
11044 (Fig. 2A); the skeleton becomes longer and possesses two
asymmetrical centers and one additional aromatic ring substi-
tuted with electronegative or nucleophilic atoms, so that steric
bulk as well as aromaticity might be strengthened. The rather
B3-selective agonists BRL 37344 and LY 79771 share similar
features (Fig. 2A), except that these molecules possess an
alkylamine chain that appears less ramified and more flexible
than those of SR 58611A and SM 11044.

Among 81/82 antagonists exhibiting #3 agonistic effects (Fig.
2B), alprenolol and oxprenolol have similar structures and,
remarkably, behaved similarly towards each of the three recep-
tor subtypes. CGP 12177A and nadolol on one hand, and
pindolol and propranolol on the other hand, possess the same
ethoxyhydroxylalkylamine chain but different polar substitu-
tions on the cyclic moiety, which may account for the 10-fold
difference in binding affinity measured with each type of CHO-
8 either between CGP 12177A and nadolol or between pindolol
and propranolol.

Affinities of the antagonists at the 83 site appear to be
inversely related to the number of carbons in the backbone as
well as to the steric bulk of the aromatic moiety (Fig. 2C). The
number of compounds tested in this class is, however, insuffi-
cient to deduce important structural characteristics for 81/82/
£#3 antagonists. In a general way, Dixon et al (33) concluded
that the subtype selectivity of antagonists appears to arise from
the subtype selectivity of the substituents on the aromatic ring
and/or from the addition of differentially substituted aromatic
moieties to an alkyl chain on the amine.

From this analysis, it seems that an obvious correlation exists
between S-AR ligands of similar structural formula and phar-
macological classes defined in CHQ-81, CHO-82, and CHO-83.
However, ICI 1185561 and pindolol, which share basic structural
similarities, exhibit either antagonistic or agonistic effects in
CHO-43, emphasizing therefore the structural complexity of
the ligand-receptor recognition mechanism responsible for
binding and signal processing.

Structure-Activity Relationship of 53-AR Ligands 1099

Structural requirements for §3-selective and -potent
ligands. A global analysis of structures shows that §1/42
antagonists (Fig. 2, B and C) display an ohvious structural
difference, compared with 81/82 agonists (Fig. 2A), because a
0-CH; spacer is inserted between the aryl group and the 8-
hydroxylalkylamine chain, extending the molecule and induc-
ing a mesomer-donor effect that might strengthen the aromat-
icity on the ring. The ethoxy linking group inside the aryloxy-
hydroxylalkylamine chain thus introduces a structural modifi-
cation important enough to alter the transduction of signal in
CHO-81 and CHO-82. Some authors have addressed the ques-
tion of modes of binding of arylhydroxylalkylamine and arylox-
yhydroxylalkylamine ligands to 8-ARs and invoked either the
existence of distinct binding sites for the aromatic moieties of
each ligand type (34) or large conformational flexibility of the
ligands, involving energetically more or less favorable folded or
extended conformations that all fit into a single binding site
(35). In CHO-43, the ethoxy function seems to play a minor
role in ligand-induced receptor activation, because bucindolol
and ICI 201651 are as potent agonists as are BRL, 37344, LY
79771, and SR 58611A, which do not possess this additional
group; these results are in line with the second hypothesis.

Common structural requirements characterize the selective
or potent 83-AR ligands, i.e., a 18-20-carbon backbone length,
an aromatic ring (substituted or not), and an
(oxy)hydroxylalkylamine chain ending in an indol function or
a phenyl carrying hydroxyl, ether, or acid functions, which
increase steric bulk and moderate lipophilicity.

From this structural formula analysis, it appears that small
conventional 8-AR ligands may achieve increased interactions
with the 8-AR sites by hydrogen bonding of metas- and para-
hydroxyl groups of the catechol, whereas binding of long and
bulky 83-potent compounds may be stabilized by aryl-aryl or
polar interactions between the phenyl-substituted part of the
alkylamine moiety and residues in the site.

Moreover, small molecules such as catecholamines were more
efficient in activating the f1- and 82-ARs than the 33-AR,
whereas the long and bulky molecules, which should occupy
the whole space available in the site groove, were more potent
or selective in CHO-83. This suggests that the 83 efficiency is
determined by the long and bulky amine substituent moiety of
the ligands, which may interact with helices positioned on the
opposite side, relative to those implicated more specifically in
ligand binding.

Structure-Activity Analysis by Molecular Madeling

To further explore structural features responsible for the
pharmacological properties of ligands, we used the recently
developed molecular modeling tools, which provide more real-
istic insight into molecules because their three-dimensional
conformations are related to their physico-chemical properties.
Because biomolecules exist as a set of active conformations in
an equilibrium state depending upon system internal entropy
and intermolecular collisions, the dynamic motions of 53-AR
ligands were studied using MDD simulations on minimized struc-
tures.

Ligands as a set of bicactive conformers in equilib-
rium. Analysis of conformations generated by MD simulations
for the BRL 37344 and LY 79771 ligands showed that, within
a family, conformations were mostly similar, even though some
superimpositional discrepancies occured in the plane of the
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catechol moiety or at the end of the alkylamine chain, implying
greater rotational ability for bonds implicated in these parts of
the molecules. A detailed analysis of conformational families
showed that the coexistence of two benzene rings within one
structure led to the appearance of both extended and stacked
conformations, with respective distances of 8.2-9.0 A and 4.0~
6.8 A between the most remote carbon atoms (Fig. 3).

SR 586114, in contrast to BRL 37344 and LY 79771, exhib-
ited only stacked conformations (7-9 A long), probably because
of the constraint imposed by additional cyclization between the
aromatic ring and the NH(CH,) group of the chain. To validate
this hypothesis, we assayed the SR 58611A structure in a MD
simulation over the same period but at higher temperature
(600°K), to increase the kinetic energy of the system and to
sample, therefore, a larger available conformational space.
From this high thermal energy MD simulation, we indeed
obtained an extended conformational family exhibiting a 16-A
distance between the most remote carbon atoms (Fig, 4).

For all molecules, the transition between extended and
stacked conformations was mainly due to rotation around the
C=-C? bond [C*(OH)-C*(NH))] of the hydroxylalkylamine chain.
To analyze the possibility of transconformation between these
two forms, we used a dynamics simulation forcing rotation of
the dihedral angle (OH-C?-C*-NH) in 10° stepwise increments.
BRL 37344 was able to move from an extended to a stacked
conformation at an energy expense of 12 kcal/mol and in a
time scale of 1 psec, consistent with binding kinetic equilibrium
constants. Extended and stacked conformers may thus ex-
change, and it is possible that a ligand will sacrifice nearly 10
kcal/mol to adopt an optimal conformation, leading to the best
fit into the receptor binding site.

Relationships between structural conformations and
pharmacological properties. Of primary importance in a
comparative molecular analysis is the definition of superimpo-
sition rules for the series of compounds under investigation.
The potent 83 agonists were either 81/82 agonists or §1/82
antagonists, and in each case the compounds shared a similar
portion of the skeleton, that is, aromatic carbon-CH(OH)-
CH,3(NH) or aromatic carbon-0-CH,-CH(OH)-CHy(NH), re-
spectively. Therefore, we used an automated superimposition
procedure involving these consensual atoms, and the quality of
the superimposition step was measured by the RMS deviation

Fig. 3. Extended (right) and stacked (/eft) conformations of the potent
B3 agonist LY 79771, obtained after a 300°K MD simudation step
performed as described in Materials and Methods. The dot surface at
mmrwuslsaemwmmmmmm
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the potent 53 agonist SR 58611A, using a 300°K (purple and turquoise
folded conformations) or a 600°K (orange extended conformation) MD
simulation step.

Flg. 5. Superimposition of
ers obtained by MO simulation
selective §3-AR agonists, BRL. 37344 and LY 79771.

tive extended and stacked conform-
on the most

in fitting.

Equally convincing steric fits (RMS between 0.08 and 0.21)
were obtained for the extended and stacked conformations of
BRL 37344 and LY 79771 (Fig. 5), as well as for the potent 83
agonists, which were either 81/82 agonists (BRI, 37344, LY
79771, SR 586114, and cimaterol) or 81/62 antagonists (bucin-
dolol and ICI 201651) (Fig. 6).

The partial 83 agonists CGP 12177A and propranolol had
conformations that overlapped well with each other (RMS
between 0.28 and 0.62) but not with those of the full 83 agonists
bucindolol and ICI 201651 (RMS between 0.88 and 0.97). An
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Fig. 8. Superimposttion of MD simulation conformations obtained for the
£1/62/83 agonists cimaterol, BRL 37344, LY 79771, and SR 58611A
and for the $1/52 antagonists/83 agonists bucindolol and ICI 201651,

explanation could be that partial agonism may result from
competitive occupancy of the receptor by energetically favora-
ble (active) and unfavorable (inactive) conformers, with a 6-7-
keal enthalpic energy difference existing between the two forms
of the ligand (31).

Common structural features appeared between bupranolol
and ICI 1185561 (RMS of 0.10), which exhibited interesting
affinities at the 43 site but had mostly different conformations,
compared with the weak 83 antagonist CGP 20712A (RMS
approximatley 1.0) (data not shown).

To gain more insight into the relative orientations of con-
formers described above, we evaluated three-dimensional inter-
atomic distances between involved atoms (Fig. 7). Coherent
distances were measured for the totality of conformers, further
supporting the sizeable role of atoms that were superimposed.
On the basis of the hypothetical minima)l pharmacophore model
imposed during fitting, we thus obtained a mostly satisfactory
representation of the manner in which ligands that induce
similar pharmacological effects at the 83 site resemble each
other at the three-dimensional level.

Although this model does not take into account the effect of
environment on ligand conformation, the general picture that
emerged from the present analysis could be used next to pre-
cisely assess the contribution of particular chemical functions
in the interaction with the receptor. One may ass