(19) United States

12 Reissued Patent
Smith et al.

(10) Patent Number:
45) Date of Reissued Patent:

USOORE49811E

US RE49.811 E
Jan. 23, 2024

(54) SPHINGOSINE KINASE INHIBITORS

(71) Applicant: Apogee Biotechnology Corporation,
Hummelstown, PA (US)

(72) Inventors: Charles D. Smith, Hershey, PA (US);
Kevin J. French, Harrisburg, PA (US);
Yan Zhuang, Hershey, PA (US)

(73) Assignee: Apogee Biotechnology Corporation,
Hershey, PA (US)

(21)  Appl. No.: 17/688,814

(22) Filed: Mar. 7, 2022
Related U.S. Patent Documents
Reissue of:
(64) Patent No.: 7,338,961
Issued: Mar. 4, 2008
Appl. No.: 11/424.423
Filed: Jun. 15, 2006

U.S. Applications:
(60) Provisional application No. 60/691,563, filed on Jun.

17, 2003.
(51) Inmt. CL
Co7C 6139 (2006.01)
CO07C 49/323 (2006.01)
(Continued)
(52) U.S. CL
CPC ... C07C 6139 (2013.01); CO7C 49/323

(2013.01); CO7C 49/563 (2013.01); CO7C
49/567 (2013.01); CO7C 49/573 (2013.01);
CO7C 61/40 (2013.01); CO7C 69/738
(2013.01); CO7C 211727 (2013.01); CO7C
211729 (2013.01); CO7C 211/48 (2013.01);
C07C 211/52 (2013.01); CO7C 215/76
(2013.01); CO7C 217/58 (2013.01); CO7C
217/60 (2013.01);, CO7C 233/49 (2013.01);
CO07C 233/59 (2013.01); CO7C 233/60
(2013.01); CO7C 233/62 (2013.01); CO7C
255/44 (2013.01);, CO7C 255/56 (2013.01);
CO7C 275/30 (2013.01); CO7C 317/32
(2013.01); CO7C 323/40 (2013.01); CO7D
207709 (2013.01); C07D 207/27 (2013.01);
CO07D 209/08 (2013.01); CO7D 209/86
(2013.01); CO7D 209/88 (2013.01); CO7D
211/58 (2013.01); C07D 213/38 (2013.01);
CO07D 213/40 (2013.01); CO7D 213/89
(2013.01); CO7D 233/24 (2013.01); CO7D
233/64 (2013.01); CO7D 257/04 (2013.01);
CO07D 263/58 (2013.01); CO7D 277/42
(2013.01); CO7D 277/46 (2013.01); CO7D
277/82 (2013.01); CO7D 295/027 (2013.01);
CO7D 295/13 (2013.01); CO7D 295/30
(2013.01);, CO7D 317/58 (2013.01); CO7D
333720 (2013.01); C07D 333722 (2013.01);

(Continued)

(58) Field of Classification Search
CpPC ... CO7C 61/39; CO7C 49/323; CO7C 49/563;
CO7C 49/567, COT7C 49/573;, CO7C 61/40;
CO7C 69/738; CO7C 211/27; CO7C

211/29; CO7C 211/48; CO7C 211/52;
CO7C 215/76; COTC 217/38; CO7C
217/60; CO7C 233/49; CO7C 233/39;
CO7C 233/60; CO7C 233/62; CO7C
255/44; COT7C 255/56; CO7C 275/30;
CO7C 317/32; CO7C 323/40; CO7C
2601/02; CO7C 2603/74; CO7C 61/26;
CO7C 69/753; CO7C 233/06; CO7D
207/09; CO7D 207/27, CO7D 209/08;
CO7D 209/86; CO7D 209/88; CO7D
211/58; CO7D 213/38; CO7D 213/40;
CO7D 213/89; CO7D 233/24; CO7D
233/64; CO7D 257/04; CO7D 263/58;
CO7D 277/42; CO7D 277/46; COTD
2777182, COTD 295/027; CO7D 295/13;
CO7D 295/30; CO7D 317/58; CO7D
333/20;, CO7D 333/22; CO7D 333/28;
CO7D 487/04; A61P 1/00; A61P 1/02;
A61P 1/04; A61P 9/00; A61P 9/02; A61P
9/10; A61P 11/00; A61P 11/06; A61P
13/12; A61P 17/00; A61P 17/02; A61P
17/06; A61P 19/02; A61P 19/06; A61P
2'7/102; A61P 277/06; A61P 29/00; A61P
35/00; A61P 35/02; A61P 37/06; A61P
37/08; A61P 43/00

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

3,352,912 A * 11/1967 Prichard ....................... 564/456
3,657,273 A 4/1972 Krimmel
(Continued)

FOREIGN PATENT DOCUMENTS

WO 9926927 A2 6/1999
WO WO 99/26927 6/1999
(Continued)

OTHER PUBLICATTONS

International Search Report for PCT/US2006/023645, dated Mar.
27, 2007,

(Continued)

Primary Examiner — Jerry D Johnson

(74) Attorney, Agent, or Firm — McDonnell Boehnen
Hulbert & Berghofl LLP

(57) ABSTRACT

The invention relates to substituted adamantane compounds,
pharmaceutical compositions thereof, processes for their
preparation, and methods for inhibiting sphingosine kinase
and for treating or preventing hyperproliferative disease,
inflammatory disease, or angiogenic disease.

7 Claims, 18 Drawing Sheets



US RE49,811 E
Page 2

(51) Int. CL
CO7C 49/563
CO7C 49/567
CO7C 49/573
CO7C 61/40
CO7C 69/738
CO7C 21127
CO7C 211/29
CO7C 211/48
CO7C 211/52
CO7C 215/76
CO7C 217/58
CO7C 217/60
CO7C 233/49
CO7C 233/59
CO7C 233/60
CO7C 233/62
CO7C 255/44
CO7C 255/56
CO7C 275/30
CO7C 317/32
CO7C 323/40
CO7D 207/09
CO7D 207727
CO7D 209/08
CO7D 209/86
CO7D 209/88
CO7D 211/58
CO7D 213/38
CO7D 213/40
CO7D 213/89
CO7D 233/24
CO7D 233/64
CO7D 257/04
CO7D 263/58
CO7D 277/42
CO7D 277/46
CO7D 277/82

CO7D 295027

CO7D 295/13
CO7D 295/30
CO7D 317/58
CO7D 333720
CO7D 333/22
CO7D 333/28
CO7D 487/04

U.S. CL
CPC

(52)

(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01

R N T R I T R T e e T I S e o S

CO07D 333728 (2013.01); CO7D 487/04

(2013.01); CO7C 2601/02 (2017.05); CO7C

(56)

2603/74 (2017.05)

References Cited

U.S. PATENT DOCUMENTS

3,603,565
4,053,509
4,332,806
4,349,552
5,001,703
5,595,995
6,649,600 Bl
8,003,248 B2
8,557,800 B2
8,685,936

2004/0034075 Al
2006/0270630

5/1972
10/1977
6/1982
9/1982
10/1991
1/1997
11/2003
11/2011
10/2013
4/2014

2/2004
11/2006

Krimmel

Faro et al.

Atsumi et al.

Takaya et al.

Bormann

Chan et al.

Kiesman et al.

Smith

Smith

....................... A61P 7/00

560/158
Smith et al.
Smith et al. .................l. 514/78

2006/0270631 Al* 11/2006 Smith et al. .................... 514/78
2008/0167352 Al* 7/2008 Smith .................. C07C 211/29
514/357
2012/0058966 Al* 3/2012 Smith ................. CO7H 15/203
560/1358
2012/0095004 Al1* 4/2012 Smuth .................. CO7C 255/56
514/428
2012/0122870 Al* 5/2012 Smuth ................. A61K 31/425
514/428

FOREIGN PATENT DOCUMENTS

WO 2004/089470 A2 10/2004
WO 2006/048750 A2 5/2006
WO 2006/100502 Al 9/2006
WO WO 2006/100502 9/2006

OTHER PUBLICATIONS

G.I. Danilenko et al., “Synthesis and Biological Activity of Adamantane
Derivatives”, Pharmaceutical Chemistry Journal (English Transla-

tion of Khimiko-Farmatsevticheskii Zhurnal), 7(10), 621-622 (1973).
O.A. Safanova et al., “Synthesis and Biological Activity of 5-( Adamant-
1-yl)Salicylic Acid, 3-(4-Hydroxyphenyl) adamantanecarboxylic Acid
and Some of their Derivatives”, Pharmaceutical Chemistry Journal
(English Translation of Khimiko-Farmatsevticheskii Zhurnal), 23(9),
1094-1098 (1989).

F.N. Stepanov et al., “Adamantane and 1its denivatives. IV. Acid
hydrolysis of acylamino derivatives of adamantane”, Chem. Abstracts,
1966:403703 (1966).

G.I. Danilenko et al., “Bacteriostatic effect of adamantanecarboxylic
acids”, Chemical Abstracts, 1975:496537 (abstract of Fiziologicheski
Aktivnye Veshchestva, 7, 144-47) (1975).

V.V. Pozdnyakov et al., “Synthesis and Reactivity of 3-R-1-
Adamantyl Methyl Ketones™, Russian Journal of Organic Chemis-
try, 37(9), 1128-1231 (2001).

G. Fytas et al., 3-Cyclopentyl-1-Adamantanamines and
Adamantanemethanamines. Antiviral Activity Evaluation and Con-
vulsions Studies:, IL. Farmaco, 49(10), 641-647 (1994).

F.N. Stepanov et al., “Adamantane and its dernivatives. XXV. Reac-
tion of bromomethyl ketones of adamantanes with formamide and
aniline”, Chem. Abstracts, 1970:466377 (Abstract of Zhurnal
Organicheskoi1 Khimii 6(6), 1195-8) (1970).

G.A. Shvekgeimer et al., “Synthesis and properties of azoles and
their dernvatives. XXX. Synthesis of heterocyclic compounds based
on adamantane-1,3-dicarboxylic acid dinitrile”, Chem. Abstracts,
1977:155571 (Abstract of Khimiya Geterotsiklicheskikd Soedineni,
12, 1654-57 (1977).

D. Kontonassios et al., “3-(Dialkylamino)methyladamantane-1-
carboxylic Acids”, Journal of Medical Chemustry, 12(1) 170-172
(1969).

R.B. Frisherman et al., “N-Methylstearylamides of
adamantanecarboxylic acids”. Chem. Abstracts 1975:409324 ( Abstract
of U.S.S.R. Otkrytiya, Izobret., Prom. Obraztsy, Tovarnye Znaki,
51(44), 51-52 (1974)) (1975).

No, B.I. et al., “Synthesis of N,N’-diphenyl-1-1,3-adamantancbis
(carboximidoyl chloride) and adamantanebis (carboximidates),”
Chem. Abstracts, 1999:613652 (Abstract of Russian Journal of
General Chemistry ('Translation of Zhurnal Obshcher Khimii), 69(5),
843-844) (1999).

S. Horvat et al., “Tumor-Cell-Targeted Methionine-enkephalin Ana-
logues Containing Unnatural Amino Acids: Design, Synthesis, and
in Vitro Antitumor Activity”, J. Med. Chem. 49, 3136-3142 (2006).
SciFinder substructure search results, aminoethylpyridine (commer-
cially available only), performed Aug. 9, 2007, 21 pages.

M.A. El-Sherbeny, “Adamantane Derivatives, Part II: Synthesis
DNA Binding and Antitumor Evaluation”, Med. Chem. Res. 11(2),
74-86 (2002).

N.G. Kozlov et al., “Reductive Amination of 1-Acetyleadamantane
with Nitriles”, Chem. Abstracts, 1985:504596 (1985).

A . .. Melindez, “Sphingosine kinase signalling in immune cells:
Potential as novel therapeutic targets”, Biochimica et Biophysica
Acta, uncorrected proof in press (2007).




US RE49,811 E
Page 3

(56) References Cited
OTHER PUBLICATIONS

A.W. Johnson, Invitation to Organic Chemistry, Jones and Bartlett,
Missisauga, Canada, p. 24 (1999).

“R-5.7.8 Amudes, imides and hydrazides,” downloaded from http://
www.acdlabs.com/iupac/nomenclature/93/r93_543 htm (May 2, 2007).
F.C.Y. Chan et al., “3- and 4-Pyridylalkyl Adamantanecarboxylates:
Inhibitors of Human Cytochrome P450170(17a-Hydroxylase/C17,20-
Lyase). Potential Nonsteroidal Agents for the Treatment of Prostatic
Cancer”, J. Med. Chem. 39 (17), 3319-23 (1996).

Hal Bender, “Nomenclature”, Clackamas Community College, down-
loaded from http://dl.clackamas.cc.or.us/ch106-05/nomenclal.
htm2003 (May 5, 2007).

Charles Price, “The alkylation of aromatic compounds by the
Friedel-Crafts method™, Organic Reactions, vol. I1I, New York, 1-19
(1947).

I. Handa et al., “Synthesis of 3-Aryl-1-adamantanemethylamines™,
Journal of Chemical Engineering Data, 29, 223-225 (1984).

R.B. Silverman, The Organic Chemustry of Drug Design and Drug
Action, Academic, New York, p. 19 (1992).

G.I. Danilenko et al., Synthesis and biological activity of adamantane
derivatives, V. Virus-inhibiting effect of arylamides of
adamantanecarboxylic acids, Khimiko-Farmatsevicheskii Zhumai,
10(7), 60-62 (1976) (translation).

Y. Xiang et al., “Discovery of novel sphingosine kinase-1 inhibitors.
Part 27, Bioorganic & Medicinal Chemustry Letters, 20 4550-54
(2010).

R.N. Salvatore et al., “Cesium Effect: High Chemoselectivity 1n
Direct N-Alkylation of Amines”, J. Org. Chem., 67, 674-683
(2002).

Marakova, N.V. et al., “Dimethyl adamantoylmalonate: New Inter-
mediate in the Synthesis of 1-Acetyladamantane,” Russian J. Org.
Chem, 33(8), 1179 (1996) (translation).

Extended European Search Report in European Pat. App. 10010228.
4, dated Feb. 24, 2011.

C.C. Tseng et al., “N—[(Aryl Substituted Adamantane)Alkyl]
2-Mercaptoacetamidines, Theiwr Corresponding Disulfides and
S-Phosphorothioates™, Tetrahedron, 44(17), 1893-1904 (1988).
G.I. Danilenko et al., “Synthesis and Protective Properties of
Phenyladamantane With Respect to Rabies Virus”, Pharm. Chem. J.,
32(2), 83-85 (1998).

S. Olson et al., “Adamantyl triazoles as selective inhibitors of
11-beta-hydroxysteroid dehydrogenase type 17, Biloorganic and
Medicinal Chemuistry Letters, 15, 4359-62 (2005).

L.N. Lavrova et al., Synthesis and Radioprotective Activity of Some
Derivatives of N-(3-Aryladamant-1-Ylmethyl)Mercaptoacetamidine,
Pharm. Chem. J., 27(8), 585-87 (1993) (Translation).

Johnson, A. W. Invitation to Organic Chemistry 1999 Jones and
Barlett: Mississauga, Canada, p. 24.*

Hal Bender “Nomenclature”, Clackamas Community College online:
“http://dl.clackamas.cc.or.us/ch106-05/nomencial htm2003”, May 3,
2007 .*

“R-5.7.8 Amides, imides, and hydrazides” onine “http://www.acdlabs.
com/1upac/nomenclature/93/193 543 htm”, May 2, 2007.*
Ferdinand C.Y. Chan, Gerard A. Potter, S. Elaine Barrie, Benjamin
P. Haynes, Martin G. Rowlands, John Houghton, and Michael
Jarman *“3- and 4-Pyridylalkyl Adamantanecarboxylates: Inhibitors
of Human Cytochrome P450”. . . “Potential Nonsteroidal Agents for
the Treatment of Prostatic Cancer” Journal of Medicinal Chemistry
1996, 39, 3319-3323.*

Charles Price “The alkylation of aromatic compounds by the

Friedel-crafts method” In Organic Reactions vol. III, Wlley: New
York, 1947, 1-19.%

Handa, I. et al. Journal of Chemical Enginerring Data 1984, 29,
223-225%

Melindez et. al. “Sphingosine kinase signalling in immune cells:
Potential as novel therapeutic targets” Biochimica et Biophysica
Acta 2007, 1n press.*

El-Sherbeny M A: “Adamantane Derivatives, Part II: Synthesis
DNA Binding and Antitumor Evaluation;”Medicinal Chemistry
Reserch 2002 United States; vol. 11, No. 2, 2002, pp. 74-86.
Makarova, N.V. et al: “Dimethy Adamantoylmalonate: New Inter-
mediate In The Synthesis of 1-Acetyladamantane;” Russian Journal
of Organic Chemustry.

Kozlov N.G. et al.; “Reductive Amination of 1-Acetyladamantane
With Nitriles;” Chemical Abstracts Service, Columbus, Ohio; retrieved
from STN Database accession No. 1985:504596.

SciFinder substructure search results, aminoethylpyridine, per-
formed Aug. 9, 2007, 26 pages.

SciFinder substructure search results, aminomethypyridine (com-
merically available only), performed Aug. 9, 2007, 21 pages.
International Search Report for PCT/US2006/023645.

Danilenko, G. N. et al.; Synthesis and Biological Activity of
Adamantane Derivatives; Pharmaceutical Chemistry Journal Eng-
lish Translation of Khimiko—Farmatsevticheskit Zhurnal, vol. 7,
No. 10, pp. 621-622, Oct. 1973.

Safonova, O.A. et al.; Synthesis and Biological Activity of 5-(Ada-
mant-1-y1)Salicylic Acid, 3-(4-Hydroxyphenyl) adamentanecarboxylic
Acid and Some of their Derivatives; Translated from Khimiko-
farmatsevticheskii Zhurnal, vol. 23, No. 9, pp. 1094-1098, Sep.
1989.

Handa, Indra et al.; Synthesis of 3-Aryl-1-adamantanemethylamines;
J. Chem. Eng. Data 1984, 29, 223-225,

Danilenko, G. I. et al.; Bacteriostatic effect of adamantanecarboxylic
acids; Fizilogicheski Aktivnye Veshchestva (1966-1992) (1975), 7,
144-7; Chemical Abstracts accession No. 1975:496537.
Pozdnyakov, V. V. et al.; Synthesis and Reactivity of 3-R-1-
Adamantyl Methyl Ketones; Russian Journal of Organic Chemistry,
vol. 37, No. 9, 2001 pp. 1128-1231.

Fytas, George et al; 3-Cyclopentyl-1-Adamantanamines and
Adamantanethanamines. Antiviral Activity Evaluation and Convul-
sions Studies; IL Farmaco, 49 (10), 641-647 (1994).

Stepanov, F. N. et al; Adamantane and 1ts derivatives. XXV,
Reaction of bromomethyl ketones of adamantanes with formamide
and aniline; (Translated from Zhurnal Organicheskor Khimii (1970),
6(6), 1195-8).

Scvekhgeimer, G.A. et al; Synthesis and properties of azoles and
their dernvatives. XXX. Synthesis of heterocyclic compounds based
on adamantane-1,3-dicarboxylic acid dinitrile; Khimiya
Geterotsiklicheskikd Soedinenii (1976), (12), 1654-7.
Kontonassios, Demetrios et al.; 3-(Dialkylamino )methyladamantane-
1-carboxylic Acids; Journal of Medical Chemustry, vol. 12, No. 1,
pp. 170-172, Jan. 19609.

Fisherman, R. B. et al; N-Methylsterylamindes of adamantanecarboxylic
acids; U.S.S.R. Otkrytiya, Izobret., Prom. Obraztsy, Tovarnye Znaki
1974, 51(44), 51-2.

No, B.I. et al; Synthesis of N,N'-diphenyl-1-1-3-adamantanebis
(carboximidoyl chloride) and adamantanebis (carboximidates); Rus-
sian Journal of General Chemistry (Translation of Zhurnal Obshchei
Khimii) (1999), 69(5), 843-844,

Horvat, Stefica; Tumor-Cell-Targeted Methionine-enkephalin Ana-

logues Containing Unnatural Amino Acids: Design, Synthesis, and
in Vitro Antitumor Activity; J. Med. Chem. 2006, 49, 3136-3142.

* cited by examiner



U.S. Patent Jan. 23, 2024 Sheet 1 of 18 US RE49.811 E

Figure 1

2000-

25+

1500-

y Welght (g)
NN
Ve
| | \HI
N\
e

{1 PEG

1000-

* ¥ Compound 62
@-Compound 57

Tumor Volume (% of Day 1)

500-




U.S. Patent Jan. 23, 2024 Sheet 2 of 18 US RE49.811 E

Figure 2
500
400 —&— Control (PEG)
—— 3.5 mg/kg
9 —v— 10 mg/k
- My/Kg
T
© 300
32
:
% —— 35 mg/kg
>
S
-
-
100
0
0 3 6 9 12 15 18

Day



U.S. Patent Jan. 23, 2024 Sheet 3 of 18 US RE49.811 E

Figure 3

100

~J
O

Leakage Area (mmz)
N N
N -

Control  Intraperitoneal Oral

Compound 62



US RE49.811 E

Jan.23,2024

U.S. Patent

Figure 4

I
\\\\\\\\
I

I
\\\\\\\\
I

S - ﬂ ~ S
0 _/ 5 2 0
1

(Ayisuajul 3ybi| aaneey)
abe)ea| Jejnasep

Outer nuclear

Inner P'ex' orm



U.S. Patent Jan. 23, 2024 Sheet 5 of 18 US RE49.811 E

Figure 5

o)
-
O

o)
-
-

N
-
-

o
-
-

200

Luciferase activity (RLI)

100

0 10 100
[Compound 62] (uM)




U.S. Patent Jan. 23, 2024 Sheet 6 of 18 US RE49.811 E

Figure 6

150- 750-

£ £
& 100- S, 500-

= 2

5 5
5 °0- O 250-
0 0




U.S. Patent Jan. 23, 2024 Sheet 7 of 18 US RE49.811 E

Figure 7

4
<
o
5 3
e
=
Py
2z 2
[
<
D
N
(S
@ 1
L
Q

0 e

Day 6
[_1No DSS DSS + Compound 62

Bl DSS alone DSS + Dipentum



US RE49,811 E

Sheet 8 of 18

Jan. 23, 2024

U.S. Patent

Figure &

.M_. A K S ST YT Y OR OAA L S W
.Mf LT Y L T T U T N O

# & @ p F % of A w & * » x P ¥
W « % & W L 4 A £ L F YW R H &
5 ¥ % % A A F ¥ W % % A A

l i-_h .._._ - l.i-_h l.la_.‘

el

v
ammmih?n 77 P

,..,... Th .... ™ ....
.___.__4__ J___.._,.. 1._.” J .ml_
e .&

L]
L]
L]
L]
L]
L]
...I_...!...l...l...!...l...l...!...l...l...!...l...l...!...l...l...!...l...l...!...l...l...!...l...l...!...l...l...!...!...l...!...l...l...!...l...l...!...l...lfffffffffffffff‘ff‘ff‘f{ﬁ

e, vl ol ol ol

!‘-!*l-‘-'-‘-"-'"-"-!‘1-‘-"-"-'"-'-‘-"-l-‘-"-!‘1-‘-'-‘-"-'"-I-‘-"1-‘-"-!‘-'"-'-‘-"-'"-"-!‘1-‘-"-"-'"-'-‘-"-I-‘-"-!‘-!"-'-‘-"-'"-'-‘-"1-‘-"-"-'"-'-‘-"-'"-"-!‘-!"-'-‘-"-!'"-'-‘-"-I-‘-"-!‘-!'"-I-‘-"-!'"-'-‘-"1-‘-'-‘-"-!'"-'-‘-"-'"-"-!\"\'ﬁ'\ﬂ'ﬁ'\lﬁ'ﬁ'\'\'ﬁ'\!ﬁ'ﬁ!ﬁ!\'\'\ﬂ'\'\!ﬁ'\'
e A e O A

..l..._l....l...l..._l....l...l...l....l...l..._I....l...l..._l....l...l..._l....l.J.N..l....l...l..._I....l...l..._l....l...l..._l....l...l...l....l...l..._I....l...l..._l.,H..l..._l....l...l...l....l...l..._I....l...l..._l....l...l..._l....l...l.f‘fdffffffff‘ff‘f‘f‘f‘fﬁ
¥

0 P L5 g’ g

{win} y3busy w0



US RE49,811 E

Sheet 9 of 18

Jan. 23, 2024

U.S. Patent

< T T
AL L L X L X 3 1L B 1 L X ]

aaaaa

HEs
£2.

:

-

e,

b

138

.

:

CHTHI0
&ty

iy
ad®
* }_

4§

S
L
e

aaaaa

L
L3

e e o,
v

4

&3
S aione
:S

-y,

...
*
™

m
Y
.

L L T T

¥

4 o 4 o

¥

o o o4 o

+

Ll AR

-

LA S

.ﬁ.

R N

o

F Y B

o

L Y

w

L
L I

¥

*

A, e, i, e, o, e, e, e, e, e, e, e, ol e, e, ol e, ol o, e, o, e o, e, o, e, o,

aaaaaaaaaaaaaaaaaaa

o
&

gl A A A A g 2
J-.--.J.I..I. i..".-...i-j‘l.H .IH ]
LRI A P

" ...__.t,u. .-...__._ lll. ._'. .‘b
L, ___._.__. Fal - J
Pl -
w! ] LI
il Fl
o
; PN
f A
.-.1.___ s ) ..___.l..-. ?.__..f. P ...-.._. EJ
R
l.l.i .‘-_ i.-.-.. . l..l. r ;
.‘"l -.-_...-. WL .-._.- -
i R
e ol R IR h_.t
& -..-.. . .-..-. - .I'T ;
A A .
*
L
Ly
Ly
Ly
*
%
Ly
Ly
Ly
Ly
.ﬂ”._l_..l”..l..l_”.l...l”._l_..l”..l..l_”.l...l”.l_.. ..

3

o

581008 AlDIOISIH



U.S. Patent Jan. 23, 2024 Sheet 10 of 18 US RE49.811 E

Figure 10

e

X
DTiNo SE
- T L
. e *
% LSS aione
. rt :-.1-1:@:. .1-‘:. .y W ' ! ; _ 4 !
B S .-'f R DS <+ Compound 62
P e ' : )
' 3 v
R | __ NEE & Minant.
% % L : fo vl 3RS o Dingntoam
I [
Tt R i
T [
Q3 -
B e T
E e \.:“'i.n:‘. Ll s X Ao i
m L Y B E
E [
= SRS
) P N W :
A S e S :
::} i U a0 S0, S0 S :



U.S. Patent Jan. 23, 2024 Sheet 11 of 18 US RE49.811 E

Figure 11

400 20000 100
= 1 — T -
= 3004 = = 75- -
= = =
o ke &
200- 10000- T — 5o —
E ol L == -
Z o < Il
F 100- = = 25- RN
T N
N ;I_7 T N\
0 RN - 0 —T 0 R o
2000 20
—1No DSS
o — Bl S5 alone
£ 2000- E .. DSS + Compound 62
= 20
o) (o)
o o _ =1DSS + Dipentum
@ = nE
=d 10004 _ 104 T
— _— S
TR
T — NN
. R N 0 Sxkiﬁ:{



U.S. Patent Jan. 23, 2024 Sheet 12 of 18 US RE49.811 E

Figure 12
12.5
[ 1No DSS
0.0 Hl DSS alone
= DSS + Compound 62
g_ 7.5-
; 5.0
» |
2.5-
ik

0.0



U.S. Patent Jan. 23, 2024 Sheet 13 of 18 US RE49.811 E

Figure 13
3.0
>
Q
ge 2.5 1
=
> 2.0
>~
E é 1.5
O 1.0 *
§ o A gt
QO . , 7
7 - %

Study Day 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 35

Phase DSS W ater DSS Water DSS
Cycle 1 1 2 2 3

Treatment Phase
(days 28-35)
S ——

—— No DSS —¥— DSS + Compound 62

—a— DSS alone —e— DSS + Dipentum



U.S. Patent Jan. 23, 2024 Sheet 14 of 18 US RE49.811 E

Figure 14
150
[ 1No DSS
Hl DSS alone
=CE; 100 DSS + Compound 62
2
Q
0 50

T .*
N TR




US RE49,811 E

Sheet 15 of 18
15000

(jw;Bd) g 11 (lwy/bd) 9-7)

o r e e e
| .
| i
I Lis s
Sy
_ = _ ) B
m mmmw_&a o
= £
S o
| - | 2
_ - | =
N
L)
| e
_ | -
| =
| O
O
| ! -
o o o _ _ O
- - - - - - Q
S = S S =
o Lo p! - Ty +
A3 - -—
)
)
-
ry
m

[ INo DSS
Hl DSS alone
1DSS + Dipentum

Jan. 23, 2024

SN S— VS
T | 7
_ i mﬁﬁm m h& s mﬂwm.ﬂ x VI mxﬁ wiaud ]
LSS LSS _ LA - I
_ LS ﬁwﬁﬁ#%&& - el m w R x&&& 77 sy ﬁwﬂ%x
) @ ] @ | 7
. ................. P ....................... m h\xxxxxhﬁx&x&xx&x\&xx&x&&x&&xﬁhh&h&h .....\..xx....x..x...x...x.....x...xx.....ﬂ...\. \...\
= L
a ta xxhxhh&&&xhhxxh&xx&&& A x\&fn
QD _ .

Figure 135
200

U.S. Patent

200~

0
300
100-

100-

|
L nU_ 10 -
M~ N

wi mo_ A-
Iw/bd) N :EB&S-._

LL

(lw/bd) OINL

Treatment



U.S. Patent Jan. 23, 2024 Sheet 16 of 18 US RE49.811 E

Figure 16

200 20
g — —_—
= £
(®)) .
S (=
e 1)) — 10 -
O O _
I F
— 1 RN
— R M“x
NN ‘ =l AN
NN NONNNNNN
;$§3%K ...... a§¥§§% .......
NN N[
: H\\m ““x\\“ ~1 | mmeosom \\ xx RN I LN B L R
— x@ﬁ&ﬁ& Sl ﬁ%ﬁéi e
0 e 0
Treatment Treatment
20 10.0 —
ps—— 1T — L
= — - 7.5-
= =
e ————— S
2 2
o
[ —— - - e’
—~ NRNRRNS 5.0
>~ 10 DA o
NN
Z NI i —
RN R
LL NN = AN
- A 2.5- NN il
N_-. N S
NS NN
NN NN
0 x“x“\\'x“x"‘\ff 0-0 - '\\x\‘ H‘ 1 = |a m 2 = = = =
Treatment Treatment

— 1 No DSS

Hl D55 alone [1DSS + Dipentum

Y PSS + Compound 62



U.S. Patent

Figurc 17

8
7

]

=)

® 6

O

O

N

% 5

Q

<

O

O)

>

<

Avg. Hind Paw Diameter {(mm)

2.75-

2.950-

2.25-

2.00-

1.75

Jan. 23, 2024 Sheet 17 of 18

4 5 6 7 & 9 101112 13

Day

| |
| |
o

1.50

US RE49,811 E

—a— PEG400 alone
—k— Compound 62



U.S. Patent Jan. 23, 2024 Sheet 18 of 18 US RE49.811 E

Figure 18

10

A

— }+0.375% Tween-80
—ah— 100 mg/kg ABC294640
—— 35 mg/kg ABC 294640
—4— 5 mg/kg ABC 294640

——-5 mg/kg Indo

Hind Paw Thickness, mm

I

Day

12- 5

-
O
|

Avg. Hind Paw
Thickness (mm)
T

o
|
A Paw Thickness vs
Naive




US RE49.811 E

1
SPHINGOSINE KINASE INHIBITORS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

REFERENCE TO RELATED APPLICATIONS

This application 1s a reissue of U.S. Pat. No. 7,338,961,
which issued Mar. 4, 2008, from U.S. patent application Ser.
No. 11/424,423, a non-provisional application filed on Jun.

15, 2006 and claiming priority under 35 U.S.C. section
119(e) to provisional application No. 60/691,563 filed Jun.

17, 2005, the contents of which are incorporated herein by
reference.

GOVERNMENT SPONSORSHIP

This invention was made with government support Grant
R43 CA097833 awarded by the United States Public Health

Service. Accordingly, the US government may have certain
rights in this imnvention.

FIELD OF THE INVENTION

The mvention relates to compounds that are capable of
inhibiting sphingosine kinase and to processes for the syn-
thesis of these compounds. The invention also relates to
pharmaceutical compositions comprising these compounds
and to methods for the use of these compounds and phar-
maceutical compositions for treating or preventing hyper-
proliferative disease, inflammatory disease, or angiogenic
disease.

BACKGROUND OF THE INVENTION

The mechanisms and eflects of the interconversion of
sphingolipids have been the subjects of a growing body of
scientific mvestigation. Sphingomyelin 1s not only a build-
ing block for cellular membranes but also serves as the
precursor for potent lipid messengers that have profound
cellular eflects. As described below, stimulus-induced
metabolism of these lipids 1s critically involved in the
biology of hyperproliferative, inflammatory and angiogenic
diseases. Consequently, mampulation of these metabolic
pathways 1s a novel method for the therapy of a variety of
diseases.

Ceramide 1s produced by the hydrolysis of sphingomyelin
in response to several stimuli, including growth factors and
inflammatory cytokines. Ceramide induces apoptosis 1n can-
cerous cells. Additionally, ceramide can be hydrolyzed by
the action of ceramidase to produce sphingosine. Sphin-
gosine 1s then phosphorylated by sphingosine kinase (SK) to
produce sphingosine-1-phosphate (S1P). Evidence demon-
strates that S1P 1s a critical second messenger that exerts
proliferative and anti-apoptotic actions. Additionally, cer-
amide enhances apoptosis 1n response to anticancer drugs
including Taxol and etoposide. Furthermore, ceramide
appears to induce apoptosis i tumor cells without killing
quiescent normal cells. Studies 1n various cell lines consis-
tently indicate that S1P 1s able to induce proliferation and
protect cells from apoptosis. Together, the data demonstrate
that the balance between cellular levels of ceramide and S1P
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determines whether a cancer cell proliferates or dies by
apoptosis. Therelfore, altering this balance by reducing the
production of S1P within hyperproliferating cells 1s an
cllective method to treat disorders arising from abnormal
cell proliferation.

Sphingosine kinase 1s responsible for S1P production in
cells. RNA encoding SK 1s expressed 1n most tissues, with
higher levels often occurring 1n tumor tissue than in corre-
sponding normal tissue. A variety of proliferative factors,
including Protein Kinase C (PKC) activators, fetal calf
serum, Platelet-Derived Growth Factor, Epidermal Growth
Factor, and Tumor Necrosis Factor-alpha (ITNFa) rapidly
clevate cellular SK activity. This promotes proliferation and
inhibits apoptosis of the target cells. Additionally, an onco-
genic role of SK has been demonstrated. In these studies,
transiection of SK into NIH/3T3 fibroblasts was suflicient to
promote foc1 formation and cell growth 1n soft-agar, and to
allow these cells to form tumors 1n NOD/SCID mice.
Additionally, inhibition of SK by transfection with a domi-
nant-negative SK mutant or by treatment of cells with the
nonspecific SK inhibitor D-erythro-N,N-dimethylsphin-
gosine (DMS) blocked transformation mediated by onco-
genic H-Ras. Since abnormal activation of Ras, as well as
overexpression and mutation of ras family genes, frequently
occurs 1n cancer, these findings indicate a significant role of
SK 1n this disease.

In addition to 1ts role in regulating cell proliferation and
apoptosis, SIP has been shown to have several important
eflects on cells that mediate immune functions. Platelets,
monocytes and mast cells secrete S1P upon activation,
promoting inflammatory cascades at the site of tissue dam-
age. Activation of SK 1s required for the signaling responses
since the ability of TNFa to induce adhesion molecule
expression via activation of Nuclear Factor Kappa B
(NFkB) 1s mimicked by S1P and 1s blocked by DMS.
Similarly, S1P mimics the ability of TNFa to induce the
expression of Cyclooxygenase-2 (COX-2) and the synthesis
of prostaglandin E, (PGE,), and knock-down of SK by RNA
interference blocks these responses to TNFa but not S1P.
S1P is also a mediator of Ca** influx during neutrophil
activation by TNFa and other stimuli, leading to the pro-
duction of superoxide and other toxic radicals. Therelore,
reducing the production of S1P within immune cells and
their target tissues may be an effective method to treat
disorders arising from abnormal inflammation. Examples of
such disorders include inflammatory bowel disease, arthritis,
atherosclerosis, asthma, allergy, inflammatory kidney dis-
case, circulatory shock, multiple sclerosis, chronic obstruc-
tive pulmonary disease, skin inflammation, periodontal dis-
case, psoriasis and T cell-mediated diseases of immunity.

Angiogenesis refers to the state in the body in which
various growth factors or other stimuli promote the forma-
tion of new blood vessels, and this process 1s critical to the
pathology of a varniety of diseases. In each case, excessive
angiogenesis allows the progression of the disease and/or the
produces undesired eflects 1n the patient. Since conserved
biochemical mechanisms regulate the proliferation of vas-
cular endothelial cells that form these new blood vessels,
identification of methods to 1nhibit these mechanisms are
expected to have utility for the treatment and prevention of
a variety ol diseases. More specifically, certain growth
factors have been i1dentified that lead to the pathogenic
angiogenesis. For example, Vascular Endothelial Growth
Factor (VEGF) has angiogenic and mitogenic capabilities.
Specifically, VEGF induces vascular endothelial cell prolif-
eration, favoring the formation of new blood vessels. Sphin-
gosine kinase 1s an important mediator of the actions of
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VEGF. For example, SK has been shown to mediate VEGF-
induced activation of protein kinases. VEGF has also been
shown to specifically induce S1P receptors, associated with
enhanced intracellular signaling responses to S1P and the
potentiation of 1ts angiogenic actions. Production of S1P by

SK stimulates NFkB activity leading to the production of
COX-2, adhesion molecules and additional VEGF produc-
tion, all of which promote angiogenesis. Furthermore, the
expression of endothelial 1soforms of nitric oxide synthase
(eNOS) 1s regulated by SK, and eNOS too subsequently
modulates angiogenesis. Therefore, reducing the production
of S1P within endothelial cells 1s likely to be an eflective
method to treat disorders arising from abnormal angiogen-
esis. Examples of such disorders include arthritis, cancer,
psoriasis, Kaposi’s sarcoma, hemangiomas, myocardial
angiogenesis, atherosclerosis, and ocular angiogenic dis-
€ases.

In spite of the high level of interest in sphingolipid-
derived signaling, there are very few known inhibitors of the
enzymes ol this pathway and the utility of pharmacologic
inhibition of SK in vivo has not been previously demon-
strated. In particular, the field suflers from a lack of potent
and selective inhibitors of SK. Pharmacological studies to
date have used three compounds to inhibit SK activity:
DMS, D,L-threo-dihydrosphingosine and N,N,N-trimethyl-
sphingosine. However, these compounds are not specific
inhibitors of SK and have been shown to inhibit several
other protein and lipid kinases. Therefore, improved mhibi-
tors of SK are required for use as antiproliferative, antiin-
flammatory and anti-angiogenic agents.

SUMMARY OF THE INVENTION

In this application, we describe novel compounds that
display the above-mentioned desirable activities. Accord-
ingly, the mnvention encompasses the compounds of formula
(I), shown below, processes for the synthesis of these
compounds, pharmaceutical compositions containing such
compounds, and methods employing such compounds or
compositions in the treatment or prevention of hyperprolii-
crative disease, inflammatory disease, or angiogenic disease,
and more specifically compounds that are capable of inhib-
iting SK.

In one aspect, the mvention provides compounds of

formula I:
(1)
R,
R
—x7
and pharmaceutically acceptable salts thereol, wherein

L. 1s a bond or 15 —C(R,,R,)—;

X 18 4C(R3:R4)N(R5)_: 4C(O)N(R4) ’ N(R4)C
(O)_: 4C(R4:R5)_n _N(R4)_: O ’ S ’
—C(O)—: —S(O)z—: —S(O)zN(R4)— Or
—N(RL)S(0)—:

R, 1s H, alkyl, cycloalkyl, cycloalkylalkyl, alkenyl, alky-
nvl, heteroalkyl, aryl, alkylaryl, alkenylaryl, heterocyclyl,
heteroaryl, alkylheteroaryl, heterocycloalkyl, alkyl-hetero-
cycloalkyl, acyl, aroyl, halogen, haloalkyl, alkoxy,
haloalkoxy, hydroxyalkyl, alkanoyl, —COOH, —OH,

—SH, —S-alkyl, —CN, —NO,, —NH,, —CO,(alkyl),
—0OC(O)alkyl, carbamoyl, mono or dialkylaminocarbam-
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oyl, mono or dialkylcarbamoyl, mono or dialkylamino,
aminoalkyl, mono- or dialkylaminoalkyl, thiocarbamoyl, or

mono or dialkylthiocarbamoyl;

R, 1s H, alkyl, cycloalkyl, cycloalkylalkyl, alkenyl, alky-
nyl, heteroalkyl, aryl, alkylaryl, alkenylaryl, heterocyclyl,
heteroaryl, alkylheteroaryl, heterocycloalkyl, alkyl-hetero-
cycloalkyl, acyl, aroyl, halogen, haloalkyl, alkoxy,
haloalkoxy, hydroxyalkyl, alkanoyl, —COOH, —OH,
—SH, —S-alkyl, —CN, —NO,, —NH,, —CO,(alkyl),
—OC(O)alkyl, carbamoyl, mono or dialkylaminocarbam-
oyl, mono or dialkylcarbamoyl, mono or dialkylamino,
aminoalkyl, mono- or dialkylaminoalkyl, thiocarbamoyl,
mono or dialkylthiocarbamoyl, alkyl-S-alkyl, -heteroaryl-
aryl, -alkyl-heteroaryl-aryl, —C(O)—NH-aryl, -alkenylhet-
croaryl, —C(O)-heteroaryl, or -alkenyl-heteroaryl-aryl;

R, 1s H, alkyl, cycloalkyl, cycloalkylalkyl, alkenyl, alky-
nyl, heteroalkyl, aryl, alkylaryl, alkenylaryl, heterocyclyl,
heteroaryl, alkylheteroaryl, heterocycloalkyl, alkyl-hetero-
cycloalkyl, acyl, aroyl, halogen, haloalkyl, alkoxy,
haloalkoxy, hydroxyalkyl, alkanoyl, oxo (—=0), —COOQOH,
—OH, —SH, —S-alkyl, —CN, —NO,, —NH,, —CO,
(alkyl), —OC(O)alkyl, carbamoyl, mono or dialkylami-
nocarbamoyl, mono or dialkylcarbamoyl, mono or dialky-
lamino, aminoalkyl, mono- or dialkylaminoalkyl,
thiocarbamoyl, or mono or dialkylthiocarbamoyl;

wherein the alkyl and ring portion of each of the above R |,
R,, and R, groups 1s optionally substituted with up to 5
groups that are independently (C,-C,) alkyl, halogen,
haloalkyl, —OC(O)(C,-C, alkyl), —C(O)O(C,-C, alkyl),
—CONR'R", —OC(O)NR'R", —NR'C(O)R", —CF;,
—OCF,, —OH, C,-C, alkoxy, hydroxyalkyl, —CN,
—CO,H, —SH, —S-alkyl, —SOR'R", —SO,R', —NO,, or
NR'R", wherein R' and R" are independently H or (C,-C,)
alkyl, and wherein each alkyl portion of a substituent is
optionally further substituted with 1, 2, or 3 groups 1nde-
pendently selected from halogen, CN, OH, and NH,; and

R, and R. are independently H or alkyl, provided that
when R, and R, are on the same carbon and R, 1s 0xo, then
R, 1s absent.

The 1invention also provides processes for the synthesis of
compounds of formula I.

The 1invention also provides pharmaceutical compositions
comprising a compound or salt of formula I and at least one

pharmaceutically acceptable carrier, solvent, adjuvant or
diluent.

The invention also provides methods for the treatment or
prevention of hyperproliferative disease, intlammatory dis-
ease, or anglogenic disease.

The 1invention also provides methods for inhibiting sphin-
gosine kinase in a cell.

The compounds of the mvention are potent and selective
inhibitors of SK. Therefore, the invention provides 1nhibi-
tors of SK which are useful as antiproliferative, anti-intlam-
matory and anti-angiogenic agents.

Specific preferred embodiments of the mvention will
become evident from the following more detailed descrip-
tion of certain preferred embodiments and the claims.

DESCRIPTION OF THE DRAWINGS

FIG. 1. Inhibition of tumor growth by SK inhibitors.
Balb/c female mice were injected subcutancously with JC
murine adenocarcinoma cells suspended in PBS. After pal-
pable tumor growth, animals were treated by oral gavage of
either 100 ul of PEG400 (control, open squares) or 100
mg/kg of Compound 62 (trniangles) or Compound 57
(circles) on odd numbered days. Whole body weight and
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tumor volume measurement were performed for up to 18
days. *p<t0.05. Inset: Averaged body weights of mice from
cach group during course of study.

FIG. 2. Dose-response relationships for inhibition of
tumor growth by Compound 62. Balb/c female mice were
injected subcutaneously with JC cells suspended in PBS.
After palpable tumor growth, animals were treated by oral
gavage ol either 100 ul of PEG400 (control, open squares)
or Compound 62 at 3.5 mg/kg (circles), 10 mg/kg (inverted
triangles), 35 mg/kg (triangles) or 100 mg/kg (squares) on
odd numbered days. Whole body weight and tumor volume
measurement were performed for up to 18 days.

FIG. 3. Effects of Compound 62 on VEGF-induced vas-
cular leakage. Nude mice were injected intraperitoneally
with DMSO (Control, open bar) or 75 mg/kg of Compound
62 (hatched bar) or given 100 mg/kg of Compound 62 by
oral gavage (solid bar). After 30 minutes, Evan’s Blue dye
was 1njected mtravenously and the animals received subse-
quent subcutaneous inmjects of either PBS or 400 ng of
VEGF. The areas of vascular leakage in each animal were
then quantified. Values represent the meantSD areas of
vascular leakage. *p<<0.01.

FIG. 4. Effects of Compound 62 on retinal vascular
permeability 1n diabetic rats. Rats were made diabetic by
administration of streptozotocin, and were left untreated for
45 days. From Day 45 through Day 87, Control (open bars)
and Diabetic rats were treated with solvent (shaded bars) or
Compound 62 at 25 mg/kg (horizontal-hatched bars) or 75
mg/kg (cross-hatched bars). On Day 87, retinal leakage in
cach amimal was measured. Values represent the mean+sd
for 3-5 rats per group.

FIG. 5. Inhibition of TNFa-1induced activation of NFkB
by Compound 62. Fibroblasts transiected with a TNFa.-
responsive promoter linked to luciferase were treated with
the indicated concentrations of Compound 62 and then
treated with TNFo for 6 hours. The amount of luciferase
expressed by the cells was then measured by luminescence.
Values represent the meanzsd luciferase activity in triplicate

samples 1n a typical experiment.
FIG. 6. Inlibition of TNFa-induced Cox-2 activity by

Compound 62. Rat IEC6 cells (Panel A) or human endothe-
lial cells (Panel B) were incubated for 18 hours with
dimethylsulfoxide (DMSQO) as a solvent control, or 100 ng
of TNFo/mL 1n the presence of DMSO or 10 ug/mL of
Compound 62. Levels of PGE, secreted into the medium
were quantified by ELISA. Values represent the mean+sd for
triplicate samples 1n a typical experiment.

FIG. 7. Effects of Compound 62 and Dlpontum on the
DAI in the acute DSS-colitis model. C57BL/6 mice were
treated for 6 days as follows: normal drinking water and
daily oral administration of PEG (No DSS), 2% DSS in the
drinking water and daily oral adminmistration of PEG (DSS
alone); 2% DSS 1n the drinking water and daily oral admin-
istration of 50 mg/kg Compound 62 in PEG (DSS+Com-
pound 62), or 2% DSS 1n the dninking water and daily oral
administration of 50 mg/kg Dipentum in PEG (DSS+Dipen-
tum). On the indicated day, the Disease Activity Index was
calculated for each group. Values represent the mean=sd for
5-6 mice per group.

FIG. 8. Effects of Compound 62 and Dipentum on colon
length 1n the acute DSS-colitis model. Mice from the experi-
ment described 1 FIG. 7 were sacrificed on Day 6, and the
colon was harvested from each animal and measured. Data
represent the mean+sd colon length.

FIG. 9. Effects of Compound 62 and Dipentum on the
colon Histology Score in the acute DSS-colitis model. Mice
from the experiment described 1n FIG. 7 were sacrificed on
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Day 6, and the colon was harvested from each animal and
the Histology Score was determined. Values represent the
meanzsd for 5-6 mice per group.

FIG. 10. Effects of Compound 62 and Dipentum on
neutrophil infiltration mto the colon 1n the acute DSS-colitis
model. Myeloperoxidase activity from the colons of the
amimals described mm FIG. 7 was measured. Values the
meanzxsd MPO activity in units per gram of tissue.

FIG. 11. Effects of Compound 62 and Dipentum on
colonic cytokine levels in the acute DSS-colitis model.
Colon samples from mice described in FIG. 7 were extracted
and assayed for the levels of the indicated cytokines. Values
represent the meanxsd amount of each cytokine in 4-5
samples per group.

FIG. 12. Effects of Compound 62 on S1P levels 1n the
colons of the animals 1 the DSS-colitis model. Colon
samples from mice described in FIG. 7 were extracted and
assayed for the levels of S1P by LC/MS/MS. Values repre-
sent the meanzsd for 4-5 samples per group.

FIG. 13. Effects of Compound 62 on the DAI in the
chronic DSS-colitis model. Mice received 2 cycles (7 days
per cycle) of DSS (1.5% cycle 1 and 1% cycle 2), 2 cycles
of normal drinking water and were randomized by DAI on
Day 28 into groups of 8 mice. The mice were then treated as
follows: No DSS (l)—mnormal drinking water and orally
dosed with PEG400 every day for 7 days (water control);
DSS alone (A)—drinking water containing 1.5% DSS and
orally dosed with PEG daily for 7 days; DSS+Compound 62
(V¥ )—drinking water containing 1.5% DSS and orally dosed
with Compound 62 (50 mg/kg) every day for 7 days;
DSS+Dipentum (¢ )—drninking water containing 1.5% DSS
and orally dosed with Dipentum (30 mg/kg). *p<0.001
versus No DSS group.

FIG. 14. Eflects of Compound 62 on SI1P levels 1n the
colons of the animals in the chronic DSS-colitis model.
Colon samples from mice described mm FIG. 13 were
extracted and assayed for the levels of S1P by LC/MS/MS.
Values represent the meantsd for 8 samples per group;

*p<t0.05 versus No DSS group.

FIG. 15. Effects of Compound 62 and Dipentum on
colonic cytokine levels 1n the chronic DSS-colitis model.
Colon samples from mice described in FIG. 13 were
extracted, and assayed for the levels of the indicated cyto-
kines. Values represent the meanSD amount 1n 8 samples
per group.

FIG. 16. Effects of Compound 62 and Dipentum on serum
cytokine levels 1n the chronic DSS-colitis model. Serum
from mice described 1n FIG. 13 was assayed for the levels
of the indicated cytokines. Values represent the mean+SD
amount 1n 8 samples per group.

FIG. 17. Effects of Compound 62 on disease progression
in the CIA model 1n mice. Female DBA/1 mice were
injected with collagen, boosted after 3 weeks and then
monitored for symptoms of arthritis. Upon disease manifes-
tation, groups of mice were treated for 12 days as follows:
(A) Compound 62 (100 mg/kg given orally each day for 6
days per week); or () vehicle (PEG400 given under the
same schedule). On the indicated Day of treatment, the
average clinical score (A) and the average hind paw diam-
cter (B) was determined. *p=0.05 versus PEG400 alone
group.

FIG. 18. Effects of Compound 62 on disease progression
in the adjuvant-induced arthritis model 1n rats. Male Lewis
rats were 1njected subcutancously with Mycobacterium
butyricum, and symptoms of immune reactivity were pres-
ent after 2 weeks. Responsive rats were randomized into
treatment groups (n=8 per group), and received oral daily
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doses of: solvent alone (0.375% Tween-80); 100 mg/kg
Compound 62 (ABC294640); 35 mg/kg Compound 62; or 5
mg/kg Compound 62, or intraperitoneal mnjections of 1ndo-
methacin (5 mg/kg) every other day. The severity of disease
in each animal was quantified by measurement of the hind
paw thickness. Panel A. Time course of hind paw arthritic
response. Panel B. Final day (Day 10) hind paw thickness
measurements. Panel C. Change 1n paw thickness of respec-

tive group versus non-arthritic rats (naive) at Day 10. *,
p<t0.05; *** p<0.001 versus solvent alone group.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

All patents and publications referred to herein are hereby
incorporated by reference for all purposes.

Unless the substituents for a particular formula are
expressly defined for that formula, they are understood to
carry the definitions set forth in connection with the pre-
ceding formula to which the particular formula makes
reference.

As noted above, the mvention provides compounds of
formula I:

(D

and pharmaceutically acceptable salts thereol, wherein
L 1s a bond or 1s —C(R;,R)—;

X 18 —C(R3.RON(R5)—, —C(O)N(R,)—, N(R,)C
(O)—: 4C(R4:R5)—: —N(R4)—:J O . S ’
—C(O)—, —S(0),—, —S(O),N(R,)— or —N(R,)
S(O),—;

R, 1s H, alkyl, cycloalkyl, cycloalkylalkyl, alkenyl, alky-
nyl, heteroalkyl, aryl, alkylaryl, alkenylaryl, heterocyclyl,
heteroaryl, alkylheteroaryl, heterocycloalkyl, alkyl-hetero-
cycloalkyl, acyl, aroyl, halogen, haloalkyl, alkoxy,
haloalkoxy, hydroxyalkyl, alkanoyl, —COOH, —OH,
—SH, —S-alkyl, —CN, —NO,, —NH,, —CO,(alkyl),
—0OC(0O)alkyl, carbamoyl, mono or dialkylaminocarbam-
oyl, mono or dialkylcarbamoyl, mono or dialkylamino,
aminoalkyl, mono- or dialkylaminoalkyl, thiocarbamoyl, or
mono or dialkylthiocarbamoyl;

R, 1s H, alkyl, cycloalkyl, cycloalkylalkyl, alkenyl, alky-
nyl, heteroalkyl, aryl, alkylaryl, alkenylaryl, heterocyclyl,
heteroaryl, alkylheteroaryl, heterocycloalkyl, alkyl-hetero-
cycloalkyl, acyl, aroyl, halogen, haloalkyl, alkoxy,
haloalkoxy, hydroxyalkyl, alkanoyl, —COOH, —OH,
—SH, —S-alkyl, —CN, —NO,, —NH,, —CO,(alkyl),
—OC(O)alkyl, carbamoyl, mono or dialkylaminocarbam-
oyl, mono or dialkylcarbamoyl, mono or dialkylamino,
aminoalkyl, mono- or dialkylaminoalkyl, thiocarbamoyl,
mono or dialkylthiocarbamoyl, alkyl-S-alkyl, -heteroaryl-
aryl, -alkyl-heteroaryl-aryl, —C(O)—NH-aryl, -alkenyl-
heteroaryl, —C(O)-heteroaryl, or -alkenyl-heteroaryl-aryl;

R, 1s H, alkyl, cycloalkyl, cycloalkylalkyl, alkenyl, alky-
nvl, heteroalkyl, aryl, alkylaryl, alkenylaryl, heterocyclyl,
heteroaryl, alkylheteroaryl, heterocycloalkyl, alkyl-hetero-
cycloalkyl, acyl, aroyl, halogen, haloalkyl, alkoxy,
haloalkoxy, hydroxyalkyl, alkanoyl, oxo (—=0), —COOQOH,
—OH, —SH, —S-alkyl, —CN, —NO,, —NH,, —CQO,
(alkyl), —OC(O)alkyl, carbamoyl, mono or dialkylami-
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nocarbamoyl, mono or dialkylcarbamoyl, mono or dialky-
lamino, aminoalkyl, mono- or dialkylaminoalkyl,
thiocarbamoyl, or mono or dialkylthiocarbamoyl;

wherein the alkyl and ring portion of each of the above R,
R,, and R, groups 1s optionally substituted with up to 5

groups that are independently (C,-C,) alkyl, halogen,
haloalkyl, —OC(O)(C,-C, alkyl), —C(O)O(C,-C, alkyl),
—CONR'R", —OC(O)NR'R", —NR'C(O)R", —CF,,
—O0OCF,, —OH, (C,-C, alkoxy, hydroxyalkyl, —CN,
—CO,H, —SH, —S-alkyl, —SOR'R", —SO,R', —NO,, or
NR'R", wherein R' and R" are independently H or (C,-C,)
alkyl, and wherein each alkyl portion of a substituent is
optionally further substituted with 1, 2, or 3 groups 1nde-
pendently selected from halogen, CN, OH, NH,; and

R, and R are independently H or alkyl, provided that
when R, and R, are on the same carbon, and R, 1s oxo, then
R, 1s absent.

Preferred compounds of formula I include compounds
wherein L 1s a bond.

Preferred compounds of formula I also include com-
pounds wheremn L 1s a bond and X 1s —C(R R, )}—. More
preferably, R, and R, form an oxo (<=0O) group.

Preferred compounds of formula I also include com-
pounds R, 1s H.

Preferred compounds of formula I also include com-
pounds wherein R, 1s optionally substituted aryl. Preferably,
aryl 1s phenyl. Also preferably, phenyl 1s unsubstituted or 1s
substituted with halogen. Preferred halogen substituents are
Cl and F.

Preferred compounds of formula I further include com-
pounds wherein R, 1s OH.

Preferred compounds of formula I further include com-
pounds wherein R, 1s C,-C, alkyl, more preferably C,-C,
alkyl, and even more preferably, CH,.

Preferred compounds of formula I further include com-
pounds wherein R, 1s alkenylaryl. Preferably, the aryl por-
tion of alkenylaryl 1s phenyl or naphthyl, optionally substi-
tuted with 1 or 2 of halogen, cyano, or hydroxy.

Preferred compounds of formula I further include com-
pounds wherein R, 1s -alkenyl-heteroaryl.

Preferred compounds of formula I further include com-
pounds wherein R, 1s -alkenyl-heteroaryl-aryl.

Preferred compounds of formula I include compounds of
formula I-1:

(I-1)

and pharmaceutically acceptable salts thereof, wherein:

R, 1s H, alkyl, cycloalkyl, cycloalkylalkyl, alkenyl, alky-
nyl, heteroalkyl, aryl, alkylaryl, alkenylaryl, heterocyclyl,
heteroaryl, alkylheteroaryl, heterocycloalkyl, alkyl-hetero-
cycloalkyl, acyl, aroyl, halogen, haloalkyl, alkoxy,
haloalkoxy, hydroxyalkyl, alkanoyl, —COOH, —OH,
—SH, —S-alkyl, —CN, —NO,, —NH,, —CO,(alkyl),
—O0OC(0O)alkyl, carbamoyl, mono or dialkylaminocarbam-
oyl, mono or dialkylcarbamoyl, mono or dialkylamino,
aminoalkyl, mono- or dialkylaminoalkyl, thiocarbamoyl, or
mono or dialkylthiocarbamoyl; and

R, 1s H, alkyl, cycloalkyl, cycloalkylalkyl, alkenyl, alky-
nyl, heteroalkyl, aryl, alkylaryl, alkenylaryl, heterocyclyl,
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heteroaryl, alkylheteroaryl, heterocycloalkyl, alkyl-hetero-
cycloalkyl, acyl, aroyl, halogen, haloalkyl, alkoxy,
haloalkoxy, hydroxyalkyl, alkanoyl, —COOH, —OH,
—SH, —S-alkyl, —CN, —NO,, —NH,, —CO,(alkyl),
—OC(O)alkyl, carbamoyl, mono or dialkylaminocarbam-
oyl, mono or dialkylcarbamoyl, mono or dialkylamino,
aminoalkyl, mono- or dialkylaminoalkyl, thiocarbamoyl,
mono or dialkylthiocarbamoyl, alkyl-S-alkyl, -heteroaryl-
aryl, -alkyl-heteroaryl-aryl, —NH-aryl, -alkenyl-heteroaryl,
-heteroaryl, —NH-alkyl, —NH-cycloalkyl, or -alkenyl-het-
eroaryl-aryl,

wherein the alkyl and ring portion of each of the above R |,
and R, groups 1s optionally substituted with up to 5 groups
that are independently (C,-C,) alkyl, halogen, haloalkyl,
—OC(O)C,-Cy alkyl), —C(O)O(C,-Cy alkyl),
—CONR'R", —OC(O)NR'R", —NR'C(O)R", —CFj,,
—OCF,, —OH, C,-C, alkoxy, hydroxyalkyl, —CN,
—CO,H, —SH, —S-alkyl, —SOR'R", —SO,R', —NO,, or
NR'R", wherein R' and R" are independently H or (C,-C;)
alkyl, and wherein each alkyl portion of a substituent is
optionally further substituted with 1, 2, or 3 groups 1nde-
pendently selected from halogen, CN, OH, NH,,.

Preferred compounds of the formula I include those of
formula II:

(1)

and pharmaceutically acceptable salts thereof, wherein:

Y 1s —C(R,,R)—, —N(R,))—, —O—, or —C(O)—;

R, 1s H, alkyl, cycloalkyl, cycloalkylalkyl, alkenyl, alky-
nyl, heteroalkyl, aryl, alkylaryl, alkenylaryl, heterocyclyl,
heteroaryl, alkylheteroaryl, heterocycloalkyl, alkyl-hetero-
cycloalkyl, acyl, aroyl, halogen, haloalkyl, alkoxy,
haloalkoxy, hydroxyalkyl, alkanoyl, —COOH, —OH,
—SH, —S-alkyl, —CN, —NO,, —NH,, —CO,(alkyl),
—OC(O)alkyl, carbamoyl, mono or dialkylaminocarbam-
oyl, mono or dialkylcarbamoyl, mono or dialkylamino,
aminoalkyl, mono- or dialkylaminoalkyl, thiocarbamoyl, or
mono or dialkylthiocarbamoyl;

R, 1s H, alkyl, cycloalkyl, cycloalkylalkyl, alkenyl, alky-
nyl, heteroalkyl, aryl, alkylaryl, alkenylaryl, heterocyclyl,
heteroaryl, alkylheteroaryl, heterocycloalkyl, alkyl-hetero-
cycloalkyl, acyl, aroyl, halogen, haloalkyl, alkoxy,
haloalkoxy, hydroxyalkyl, alkanoyl, —COOH, —OH,
—SH, —S-alkyl, —CN, —NO,, —NH,, —CO,(alkyl),
—OC(O)alkyl, carbamoyl, mono or dialkylaminocarbam-
oyl, mono or dialkylcarbamoyl, mono or dialkylamino,
aminoalkyl, mono- or dialkylaminoalkyl, thiocarbamoyl,
mono or dialkylthiocarbamoyl, alkyl-S-alkyl, -heteroary-
laryl, -alkyl-heteroaryl-aryl, —C{(O)—NH-aryl, -alkenyl-
heteroaryl, —C(O)-heteroaryl, or -alkenyl-heteroaryl-aryl;

R, 1s H, alkyl, cycloalkyl, cycloalkylalkyl, alkenyl, alky-
nvl, heteroalkyl, aryl, alkylaryl, alkenylaryl, heterocyclyl,
heteroaryl, alkylheteroaryl, heterocycloalkyl, alkyl-hetero-
cycloalkyl, acyl, aroyl, halogen, haloalkyl, alkoxy,
haloalkoxy, hydroxyalkyl, alkanoyl, oxo (—=0), —COOQOH,
—OH, —SH, —S-alkyl, —CN, —NO,, —NH,, —CQO,
(alkyl), —OC(O)alkyl, carbamoyl, mono or dialkylami-
nocarbamoyl, mono or dialkylcarbamoyl, mono or dialky-
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lamino, aminoalkyl, mono- or dialkylaminoalkyl,
thiocarbamoyl, or mono or dialkylthiocarbamoyl;

wherein the alkyl and ring portion of each of the above R,
R,, and R, groups 1s optionally substituted with up to 5
groups that are independently (C,-C,) alkyl, halogen,
haloalkyl, —OC(O)(C,-C, alkyl), —C(O)O(C,-C, alkyl),
—CONR'R", —OC(O)NR'R", —NR'C(O)R", —CF,,
—O0OCF,, —OH, (C,-C, alkoxy, hydroxyalkyl, —CN,
—CO,H, —SH, —S-alkyl, —SOR'R", —SO,R', —NO,, or
NR'R", wherein R' and R" are independently H or (C,-C;)
alkyl, and wherein each alkyl portion of a substituent is
optionally further substituted with 1, 2, or 3 groups 1nde-
pendently selected from halogen, CN, OH, NH,; and

R, and R are independently H or alkyl.

More preferred compounds of the formula II include those
wherein:

Y 1s —C(R,R)— or —N(R,)—;

R, 1s H, alkyl, cycloalkyl, cycloalkylalkyl, alkenyl, alky-
nyl, heteroalkyl, aryl, alkylaryl, alkenylaryl, heterocyclyl,
heteroaryl, alkylheteroaryl, heterocycloalkyl, alkyl-hetero-
cycloalkyl, acyl, aroyl, halogen, haloalkyl, alkoxy,
haloalkoxy, hydroxyalkyl, alkanoyl, —COOH, —OH,
—SH, —S-alkyl, —CN, —NO,, —NH,, —CO,(alkyl),
—O0OC(0O)alkyl, carbamoyl, mono or dialkylaminocarbam-
oyl, mono or dialkylcarbamoyl, mono or dialkylamino,
aminoalkyl, mono- or dialkylaminoalkyl, thiocarbamoyl, or
mono or dialkylthiocarbamoyl;

R, 1s H, alkyl, cycloalkyl, cycloalkylalkyl, alkenyl, alky-
nyl, heteroalkyl, aryl, alkylaryl, alkenylaryl, heterocyclyl,
heteroaryl, alkylheteroaryl, heterocycloalkyl, alkyl-hetero-
cycloalkyl, acyl, aroyl, halogen, haloalkyl, alkoxy,
haloalkoxy, hydroxyalkyl, alkanoyl, —COOH, —OH,
—SH, —S-alkyl, —CN, —NO,, —NH,, —CO,(alkyl),
—O0OC(0O)alkyl, carbamoyl, mono or dialkylaminocarbam-
oyl, mono or dialkylcarbamoyl, mono or dialkylamino,
aminoalkyl, mono- or dialkylaminoalkyl, thiocarbamoyl,
mono or dialkylthiocarbamoyl, alkyl-S-alkyl, -heteroary-
laryl, -alkyl-heteroaryl-aryl, —C(O)—NH-aryl, -alkenyl-
heteroaryl, —C(O)-heteroaryl, or -alkenyl-heteroaryl-aryl;

wherein the alkyl and ring portion of each of the above R,
and R, groups 1s optionally substituted with up to 5 groups
that are independently (C,-C,) alkyl, halogen, haloalkyl,
—OC(O)(C,-Cq alkyl), —C(O)O(C,-Cy alkyl),
—CONR R, —OC(O)NR,R., —NR,C(O)R.,, —CF;,
—O0OCF,, —OH, (C,-C, alkoxy, hydroxyalkyl, —CN,
—CO,H, —SH, S-alkyl, —SOR,R., —SO,R, R,
—NO,, or NR,R., and wherein each alkyl portion of a
substituent 1s optionally further substituted with 1, 2, or 3
groups 1ndependently selected from halogen, CN, OH, NH,;

R, 1s H, alkyl, or oxo (<—=0O); and

R, and R. are mndependently H or (C,-C;)alkyl.

More preferred compounds of the formula II include those
wheremn Y 1s —NH—.

Preferred compounds of formula II include those wherein
R, 1s oxo.

Pretferred compounds of formula II include those wherein
R, 1s methyl.

Preferred compounds of formula II also include those
wherein R, 1s H.

Preferred compounds of formula II further include those
wherein R, 1s optionally substituted aryl. Preferably, the aryl
1s phenyl, either unsubstituted or substituted with 1 or 2
halogen groups. Preferably, halogen 1s chloro or fluoro.

Preferred compounds of formula II also include com-
pounds wherein R, 1s alkyl or cycloalkyl.

Preferred compounds of formula II also include com-
pounds wherein R, 1s aryl or -alkylaryl. Preferred aryl in
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either group 1s phenyl. Preferred alkyl in alkylaryl 1s C,-C,
alkyl, either straight chain or branched. The aryl groups may
be unsubstituted or substituted. Preferred substituents
include 1, 2, 3, 4, or 5 (preferably 1 or 2) groups indepen-
dently chosen from halogen, hydroxy, alkyl, cyanoalkyl,
aminoalkyl, thioalkoxy, trifluoromethyl, haloalkoxy, ary-
loxy, and alkoxy.

Preferred compounds of formula II also include com-
pounds wherein R, 1s heterocycloalkyl or -alkyl-heterocy-
cloalkyl. Preferred heterocycloalkyl in either group 1s pip-
eridinyl, piperazinyl, pyrrolidinyl, and morpholinyl. The
heterocycloalkyl groups may be unsubstituted or substituted.
Preferred substituents include 1, 2, 3, 4, or 5 (preferably 1 or
2) groups 1ndependently chosen from halogen, hydroxy,
alkyl, cyanoalkyl, aminoalkyl, thioalkoxy, trifluoromethyl,
haloalkoxy, aryloxy, oxo, and alkoxy.

Preferred compounds of formula II also include com-
pounds wherein R, 1s heteroaryl or -alkyl-heteroaryl. Pre-
terred heteroaryl in either group i1s pyridinyl, 1imidazolyl,
indolyl, carbazolyl, thiazolyl, benzothiazolyl, benzooxa-
zolyl, purinyl, and thuenyl. The heteroaryl groups may be
unsubstituted or substituted. Preferred substituents include
1, 2, 3, 4, or 5 (preferably 1 or 2) groups independently
chosen from halogen, hydroxy, alkyl, cyanoalkyl, aminoal-
kyl, thioalkoxy, trifluoromethyl, haloalkoxy, aryloxy, and
alkoxy.

The invention also provides methods for treating a patient
who has, or 1n preventing a patient from getting, a disease or
condition selected from the group consisting of a hyperpro-
liferative disease, an inflammatory disease, or an angiogenic
disease, which includes administration of a therapeutically
cllective amount of a compound of formula I or a pharma-
ceutically acceptable salt thereof, or administration of a
therapeutically effective amount of a compound of formula
II or a pharmaceutically acceptable salt thereol, to a patient
in need of such treatment or prevention.

One preferred hyperproliferative disease which the com-
pounds of the invention are useful in treating or preventing,
1s cancer, including as non-limiting examples thereof solid
tumors such as head and neck cancers, lung cancers, gas-
trointestinal tract cancers, breast cancers, gynecologic can-
cers, testicular cancers, urinary tract cancers, neurological
cancers, endocrine cancers, skin cancers, sarcomas, medi-
astinal cancers, retroperitoneal cancers, cardiovascular can-
cers, mastocytosis, carcinosarcomas, cylindroma, dental
cancers, esthesioneuroblastoma, urachal cancer, Merkel cell
carcinoma and paragangliomas, and hematopoietic cancers
such as Hodgkin lymphoma, non-Hodgkin lymphoma,
chronic leukemias, acute leukemias, myeloproliferative can-
cers, plasma cell dyscrasias, and myelodysplastic syn-
dromes. The foregoing list 1s by way of example, and 1s not
intended to be exhaustive or limiting.

Other preferred diseases which can be treated or pre-
vented with the compounds of the invention include intlam-
matory diseases, such as inter alia intflammatory bowel
disease, arthritis, atherosclerosis, asthma, allergy, inflamma-
tory kidney disease, circulatory shock, multiple sclerosis,
chronic obstructive pulmonary disease, skin inflammation,
periodontal disease, psoriasis and T cell-mediated diseases
of immunity, including allergic encephalomyelitis, allergic
neuritis, transplant allograit rejection, grait versus host
disease, myocarditis, thyroiditis, nephritis, systemic lupus
erythematosus, and insulin-dependent diabetes mellitus.

Other preferred diseases which can be treated or pre-
vented with the compounds of the invention include angio-
genic diseases, such as diabetic retinopathy, arthritis, pso-
riasis, Kaposi’s sarcoma, hemangiomas, myocardial
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angiogenesis, atherscelortic plaque neovascularization, and
ocular angiogenic diseases such as choroidal neovascular-
1zation, retinopathy of prematurity (retrolental fibroplasias),
macular degeneration, corneal grait rejection, rubeosis, neu-
roscular glacoma and Oster Webber syndrome.

The mvention further provides a process for preparing
sphingosine kinase inhibitors. In one embodiment, the pro-
cess comprises contacting a precursor compound having the
formula:

COOH

with a compound having the formula: H,.N—R, under
conditions suilicient to produce compounds having the for-
mula;

HN— ¢

wherein:

R, and R, are as defined above.

The process further comprises reducing an adamantly-
amide, as shown above, to an adamantylamine by contact
with Zn(BH,)..

In another embodiment, the process for the preparation of

sphingosine kinase inhibitors comprises contacting a pre-
cursor compound having the formula:

Y NH,

R3

with a compound having the formula: R,—Br or R,C(O)Cl]
under conditions suflicient to produce compounds having
the formula:

R
R3
or
HN--...___R2
R,
Rj3
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wherein:
R,, R, and R, are as defined earlier.
In a further embodiment, the process comprises contact-
ing a precursor compound having the formula:

5
Rj
O
10
R3
with a compound having the formula: H,N—R, or R,C(O)H
under conditions suflicient to produce compounds having ..
the formula:
R
1 R, 20
or
HN~_ R,
25
R
| R3
Ry
.
30

wherein:

R,, R, and R, are as defined earlier.

The invention also provides pharmaceutical compositions
that include a compound of formula I or a pharmaceutically
acceptable salt thereof, or a compound of formula II or a 3>
pharmaceutically acceptable salt thereof, as active mgredi-
ent, 1n combination with a pharmaceutically acceptable
carrier, medium, or auxihary agent.

The pharmaceutical compositions of the present invention
may be prepared 1n various forms for administration, includ- 40
ing tablets, caplets, pills or dragees, or can be filled 1n
suitable containers, such as capsules, or, in the case of
suspensions, filled into bottles. As used herein “pharmaceu-
tically acceptable carrier medium™ includes any and all
solvents, diluents, or other liquid vehicle; dispersion or 45
suspension aids; surface active agents; preservatives; solid
binders; lubricants and the like, as suited to the particular
dosage form desired. Various vehicles and carriers used 1n
formulating pharmaceutical compositions and known tech-
niques for the preparation thereof are disclosed in Reming- 50
ton’s Pharmaceutical Sciences (Osol et al. eds., 15th ed.,
Mack Publishing Co.: Easton, Pa., 1975). Except insofar as
any conventional carrier medium 1s mcompatible with the
chemical compounds of the present invention, such as by
producing any undesirable biological eflect or otherwise 55
interacting in a deleterious manner with any other compo-
nent of the pharmaceutical composition, the use of the
carrier medium 1s contemplated to be within the scope of this
invention.

In the pharmaceutical compositions of the present inven- 60
tion, the active agent may be present in an amount of at least
1% and not more than 99% by weight, based on the total
weight of the composition, including carrier medium or
auxiliary agents. Preferably, the proportion of active agent
varies between 1% to 70% by weight of the composition. 65
Pharmaceutical organic or inorganic solid or liquid carrier
media suitable for enteral or parenteral administration can be

14

used to make up the composition. Gelatin, lactose, starch,
magnesium, stearate, talc, vegetable and animal fats and
oils, gum polyalkylene glycol, or other known excipients or
diluents for medicaments may all be suitable as carrier
media.

The pharmaceutical compositions of the present invention
may be administered using any amount and any route of
administration eflective for treating a patient who has, or 1n
preventing a patient from getting, a disease or condition
selected from the group consisting of a hyperproliferative
disease, an inflammatory disease, and an angiogenic disease.
Thus the expression “therapeutically eflective amount,” as
used herein, refers to a suflicient amount of the active agent
to provide the desired effect against target cells. The exact
amount required will vary from subject to subject, depend-
ing on the species, age, and general condition of the subject;
the particular SK 1nhibitor; its mode of administration; and
the like.

The pharmaceutical compounds of the present invention
are preferably formulated 1n unit dosage form for ease of
administration and uniformity of dosage. “Unit dosage
form,” as used herein, refers to a physically discrete unit of
therapeutic agent appropriate for the amimal to be treated.
Each dosage should contain the quantity of active material
calculated to produce the desired therapeutic effect either as
such, or in association with the selected pharmaceutical
carrier medium. Typically, the pharmaceutical composition
will be administered in dosage units containing from about
0.1 mg to about 10,000 mg of the agent, with a range of
about 1 mg to about 1000 mg being preferred.

The pharmaceutical compositions of the present invention
may be administered orally or parentally, such as by 1ntra-
muscular 1njection, mtraperitoneal injection, or mtravenous
infusion. The pharmaceutical compositions may be admin-
istered orally or parenterally at dosage levels of about 0.1 to
about 1000 mg/kg, and preferably from about 1 to about 100
mg/kg, of animal body weight per day, one or more times a
day, to obtain the desired therapeutic eflect.

Although the pharmaceutical compositions of the present
invention can be administered to any subject that can benefit
from the therapeutic eflects of the compositions, the com-
positions are intended particularly for the treatment of
diseases 1n humans.

The pharmaceutical compositions of the present invention
will typically be administered from 1 to 4 times a day, so as
to deliver the daily dosage as described herein. Alternatively,
dosages within these ranges can be administered by constant
infusion over an extended period of time, usually 1 to 96
hours, until the desired therapeutic benefits have been
obtained. However, the exact regimen for administration of
the chemical compounds and pharmaceutical compositions
described herein will necessarily be dependent on the needs
of the amimal being treated, the type of treatments being
administered, and the judgment of the attending physician.

In certain situations, the compounds of this invention may
contain one or more asymmetric carbon atoms, so that the
compounds can exist in different sterecoisomeric forms.
These compounds can be, for example, racemates, chiral
non-racemic or diastereomers. In these situations, the single
enantiomers, 1.¢., optically active forms, can be obtained by
asymmetric synthesis or by resolution of the racemates.
Resolution of the racemates can be accomplished, for
example, by conventional methods such as crystallization 1n
the presence of a resolving agent; chromatography, using,
for example a chiral HPLC column; or derivatizing the
racemic mixture with a resolving reagent to generate diaste-
reomers, separating the diasterecomers via chromatography,
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and removing the resolving agent to generate the original
compound in enantiomerically enriched form. Any of the
above procedures can be repeated to increase the enantio-
meric purity of a compound.

When the compounds described herein contain olefinic
double bonds or other centers of geometric asymmetry, and
unless otherwise specified, it 1s intended that the compounds
include the cis, trans, Z- and E-configurations. Likewise, all
tautomeric forms are also intended to be included.

Non-toxic pharmaceutically acceptable salts of the com-
pounds of the present invention include, but are not limited
to salts of mnorganic acids such as hydrochloric, sulturic,
phosphoric, diphosphoric, hydrobromic, and nitric or salts of
organic acids such as formic, citric, malic, maleic, fumaric,
tartaric, succinic, acetic, lactic, methanesulfonic, p-toluene-
sulfonic, 2-hydroxyethylsulifonic, salicylic and stearic. Simi-
larly, pharmaceutically acceptable cations include, but are
not limited to sodium, potassium, calcium, aluminum,
lithium and ammonium. Those skilled 1n the art will recog-
nize a wide variety of non-toxic pharmaceutically acceptable
addition salts. The invention also encompasses prodrugs of
the compounds of the present invention.

The mvention also encompasses prodrugs of the com-
pounds of the present mnvention. Those skilled in the art wall
recognize various synthetic methodologies, which may be
employed to prepare non-toxic pharmaceutically acceptable
addition salts and prodrugs of the compounds encompassed
by the present imvention.

The mvention provides compounds of formula I and II
which are inhibitors of SK, and which are usetul for modu-
lating the sphingomyelin signal transduction pathway, and 1n
treating and preventing hyperproliferative diseases, intlam-
matory diseases, and angiogenic diseases. The compounds
of the invention can be prepared by one skilled in the art
based only on knowledge of the compound’s chemical
structure. The chemistry for the preparation of the com-
pounds of this mvention 1s known to those skilled in the art.
In fact, there 1s more than one process to prepare the
compounds of the mvention. Specific examples of methods
of preparation can be found herein and in the art.

As discussed above, sphingolipids are critically important
in regulating the balance between cell proliferation and
apoptosis. Sphingosine-1-phosphate 1s produced by the
enzyme SK and stimulates the proliferation of tumor cells.
Concurrent depletion of ceramide by the action of SK blocks
apoptosis. The compounds of the invention are ihibitors of
human SK. Therefore, inhibition of SK activity according to
the mvention will attenuate tumor cell proliferation and
promote apoptosis. Therefore, the compounds of the inven-
tion are useful as anticancer agents. Furthermore, since cell
hyperproliferation 1s a required process 1n the development
of atherosclerosis and psoriasis, the compounds of the
invention, which are SK inhibitors, are useful in the treat-
ment of these, and other, hyperproliferative diseases. Addi-
tionally, inappropriate activation and/or proliferation of spe-
cific classes of lymphocytes results 1n chronic inflammatory
and autoimmune diseases. Consequently, compounds of the
invention are also usetul in the treatment of these diseases.
Additionally, mnappropriate angiogenesis results in a variety
of diseases, as described below. Consequently, compounds
of the mvention are also useful i the treatment of these
diseases.

Definitions

The definitions and explanations below are for the terms
as used throughout this entire document, including both the
specification and the claims.
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It should be noted that, as used 1n this specification and the
appended claims, the singular forms “a,” “an,” and “the”
include plural referents unless the content clearly dictates
otherwise. Thus, for example, reference to a composition
containing “a compound” includes a mixture of two or more
compounds. It should also be noted that the term “or” is
generally employed 1n its sense including “and/or” unless
the content clearly dictates otherwise.

The symbol * 1 a bond between
two atoms 1in the chain. Thus CH,—O—CH,—CH(R,)—
CH, represents a 2-substituted- l-methoxypropane com-
pound. In addition, the symbol “-” represents the point of
attachment of the substituent to a compound. Thus {for
example aryl(C,-C,)alkyl- 1indicates an alkylaryl group,
such as benzyl, attached to the compound at the alkyl
moiety.

Where multiple substituents are indicated as being
attached to a structure, 1t 1s to be understood that the
substituents can be the same or different. Thus for example
“R,, optionally substituted with 1, 2 or 3 R groups” indi-
cates that R 1s substituted with 1, 2, or 3 R groups where
the R groups can be the same or different.

The phrase “optionally substituted™ 1s used interchange-
ably with the phrase “substituted or unsubstituted”. Unless
otherwise indicated, an optionally substituted group may
have a substituent at each substitutable position of the group,
and each substituent 1s independent of the other.

As used herein, the terms “halogen” or “halo™ indicate
fluorine, chlorine, bromine, or 10dine.

The term “heteroatom™ means mitrogen, oxygen or sulfur
and includes any oxidized form of nitrogen and sulfur, and
the quaternized form of any basic nitrogen. Also the term
“mtrogen’ mncludes a substitutable mitrogen 1n a heterocyclic
ring. As an example, in a saturated or partially unsaturated
ring having 0-3 heteroatoms selected from nitrogen, oxygen
or sulfur, the nitrogen may be N (as i 3,4-dihydro-2H-
pyrrolyl), NH (as in pyrrolidinyl) or NR™ (as in N-substi-
tuted pyrrolidinyl).

The term “alkyl”, as used herein alone or as part of a
larger moiety, refers to a saturated aliphatic hydrocarbon
including straight chain, branched chain or cyclic (also
called “cycloalkyl”) groups. ﬁ]xamp' es of alkyl groups
include methyl, ethyl, propyl, 1sopropyl, butyl, 1so-, sec- and
tert-butyl, pentyl, hexyl, heptyl, 3-ethylbutyl, and the like.
Preferably, the alkyl group has 1 to 20 carbon atoms
(whenever a numerical range, e.g. “1-207, 1s stated herein, it
means that the group, in this case the alkyl group, may
contain 1 carbon atom, 2 carbon atoms, 3 carbon atoms, etc.
up to and mcluding 20 carbon atoms). More preferably, 1t 1s
a medium size alkyl having 1 to 10 carbon atoms. Most
preferably, 1t 1s a lower alkyl having 1 to 4 carbon atoms.
The cycloalkyl can be monocyclic, or a polycyclic fused
system. Examples of cycloalkyl groups include cyclopropyl,
cyclobutyl, cycolpentyl, cyclohexyl, cycloheptyl, cyclooc-
tyl, and adamantyl. The alkyl or cycloalkyl group may be
unsubstituted or substituted with 1, 2, 3 or more substituents.
Examples of such substituents including, without limaitation,
halo, hydroxy, amino, alkoxy, alkylamino, dialkylamino,
cycloalkly, aryl, aryloxy, arylalkyloxy, heterocyclic radical,
and (heterocyclic radical)oxy. Examples include fluorom-
cthyl, hydroxyethyl, 2,3-dihydroxyethyl, (2- or 3-furanyl)
methyl, cyclopropylmethyl, benzyloxyethyl, (3-pyridinyl)
methyl, (2-thienyl)ethyl, hyroxypropyl, aminocyclohexyl,
2-dimethylaminobutyl, methoxymethyl, N-pyridinylethyl,
and diethylaminoethyl.

The term “‘cycloalkylalkyl”, as used herein alone or as
part of a larger moiety, refers to a C,-C,, cycloalkyl group
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attached to the parent molecular moiety through an alkyl
group, as defined above. Examples of cycloalkylalkyl
groups include cyclopropylmethyl and cyclopentylethyl.

The term ““alkenyl”, as used herein alone or as part of a
larger moaiety, refers to an aliphatic hydrocarbon having at
least one carbon-carbon double bond, including straight
chain, branched chain or cyclic groups having at least one
carbon-carbon double bond. Preferably, the alkenyl group
has 2 to 20 carbon atoms. More preferably, 1t 1s a medium
s1ze alkenyl having 2 to 10 carbon atoms. Most preferably,
it 1s a lower alkenyl having 2 to 6 carbon atoms. The alkenyl
group may be unsubstituted or substituted with 1, 2, 3 or
more substituents. Examples of such substituents including,
without limitation halo, hydroxy, amino, alkoxy, alky-
lamino, dialkylamino, cycloalkly, aryl, aryloxy, arylalky-
loxy, heterocyclic radical, and (heterocyclic radical)oxy.
Depending on the placement of the double bond and sub-
stituents, 1f any, the geometry of the double bond may be
entgegen (E) or zusammen (7), cis, or trans. Examples of
alkenyl groups include ethenyl, propenyl, cis-2-butenyl,
trans-2-butenyl, and 2-hyroxy-2-propenyl.

The term “alkynyl”, as used herein alone or as part of a
larger moiety, refers to an aliphatic hydrocarbon having at
least one carbon-carbon triple bond, including straight chain,
branched chain or cyclic groups having at least one carbon-
carbon triple bond. Preferably, the alkynyl group has 2 to 20
carbon atoms. More preferably, 1t 1s a medium size alkynyl
having 2 to 10 carbon atoms. Most preferably, it 1s a lower
alkynyl having 2 to 6 carbon atoms. The alkynyl group may
be unsubstituted or substituted with 1, 2, 3 or more sub-
stituents. Examples of such substituents including, without
limitation, halo, hydroxy, amino, alkoxy, alkylamino, dial-
kylamino, cycloalkly, aryl, aryloxy, arylalkyloxy, heterocy-
clic radical, and (heterocyclic radical)oxy. Examples of
alkynyl groups include ethynyl, propynyl, 2-butynyl, and
2-hyroxy-3-butylnyl.

The term “alkoxy”, as used herein alone or as part of a
larger moiety, represents an alkyl group of indicated number
of carbon atoms attached to the parent molecular moiety
through an oxygen bridge. Examples of alkoxy groups
include, for example, methoxy, ethoxy, propoxy and 1so-
propoxy. Alkoxy radicals may be further substituted with
one or more halo atoms, such as fluoro, chloro or bromo, to
provide “haloalkoxy” radicals. Examples of such radicals
include fluoromethoxy, chloromethoxy, trifluoromethoxy,
and fluoroethoxy.

The term “aryl”, as used herein alone or as part of a larger
moiety, refers to an aromatic hydrocarbon ring system
containing at least one aromatic ring. The aromatic ring may
optionally be fused or otherwise attached to other aromatic
hydrocarbon rings or non-aromatic hydrocarbon rings. Addi-
tionally, the aryl group may be substituted or unsubstituted
by various groups such as hydrogen, halo, hydroxy, alkyl,
haloalkyl, alkoxy, nitro, cyano, alkylamine, carboxy or
alkoxycarbonyl. Examples of aryl groups include, for
example, phenyl, naphthyl, 1,2,3.4-tetrahydronaphthalene,
benzodioxole, and biphenyl. Preferred examples of unsub-
stituted aryl groups include phenyl and biphenyl. Preferred
aryl group substituents include hydrogen, halo, alkyl, haloal-
kvyl, hydroxy and alkoxy.

The term “heteroalkyl™, as used herein alone or as part of
a larger moiety, refers to an alkyl radical as defined herein
with one or more heteroatoms replacing a carbon atom with
the moiety. Such heteroalkyl groups are alternately referred
to using the terms ether, thioether, amine, and the like.

The term “heterocyclyl”, as used herein alone or as part
of a larger moiety, refers to saturated, partially unsaturated
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and unsaturated heteroatom-containing ring shaped radicals,
where the heteroatoms may be selected from nitrogen, sulfur
and oxygen. Said heterocyclyl groups may be unsubstituted
or substituted at one or more atoms within the ring system.
The heterocyclic ring may contain one or more 0Xo groups.

The term “heterocycloalkyl”, as used herein alone or as
part of a larger moiety, refers to a non-aromatic ring system
containing at least one heteroatom selected from nitrogen,
oxygen, and sultfur. The heterocycloalkyl ring may be
optionally fused to or otherwise attached to other heterocy-
cloalkyl rings and/or non-aromatic hydrocarbon rings. Pre-
terred heterocycloalkyl groups have from 3 to 7 members.
Examples of heterocycloalkyl groups include, for example,
piperazine, morpholine, piperidine, tetrahydrofuran, pyrro-
lidine, and pyrazole. Preferred monocyclic heterocycloalkyl
groups include piperidyl, piperazinyl, morpholinyl, pyrro-
lidinyl, thiomorpholinyl, thiazolidinyl, 1,3-dioxolanyl, 1,4-
dioxanyl, tetrahydrofuranyl, tetrahydrothiophenyl, tetrahy-
drothiopyranyl, and the like. Heterocycloalkyl radicals may
also be partially unsaturated. Examples of such groups
include dihydrothienyl, dihydropyranyl, dihydrofuryl, and
dihydrothiazolyl.

The term “heteroaryl”, as used herein alone or as part of
a larger moiety, refers to an aromatic ring system containing
at least one heteroatom selected from nitrogen, oxygen, and
sulfur. The heteroaryl ring may be fused or otherwise
attached to one or more heteroaryl rings, aromatic or non-
aromatic hydrocarbon rings or heterocycloalkyl rings. Addi-
tionally, the heteroaryl group may be unsubstituted or sub-
stituted at one or more atoms of the ring system, or may
contain one or more oxo groups. Examples of heteroaryl
groups include, for example, pyridine, furan, thiophene,
carbazole and pyrimidine. Preferred examples of heteroaryl
groups 1nclude thienyl, benzothienyl, pyridyl, quinolyl,
pyrazinyl, pyrimidyl, imidazolyl, benzimidazolyl, furanyl,
benzoturanyl, thiazolyl, benzothiazolyl, 1soxazolyl, oxadi-
azolyl, 1sothiazolyl, benzisothiazolyl, triazolyl, tetrazolyl,
pyrrolyl, indolyl, pyrazolyl, benzopyrazolyl, purinyl, ben-
zooxazolyl, and carbazolyl.

The term “acyl” means an H—C(O)— or alkyl-C(O)—
group in which the alkyl group, straight chain, branched or
cyclic, 1s as previously described. Exemplary acyl groups
include formyl, acetyl, propanoyl, 2-methylpropanoyl,
butanoyl, and caproyl.

The term ““aroyl” means an aryl-C(O)— group 1n which
the aryl group 1s as previously described. Exemplary aroyl
groups include benzoyl and 1- and 2-naphthoyl.

The term “solvate” means a physical association of a
compound of this invention with one or more solvent
molecules. This physical association involves varying
degress of 1onic and covalent bonding, including hydrogen
bonding. In certain istances, the solvate will be capable of
1solation, for example when one or more solvent molecules
are mncorporated 1n the crystal lattice of the crystalline solid.
“Solvate” encompasses both solution-phase and 1solatable
solvates. Exemplary solvates include ethanolates, methano-
lates, and the like. “Hydrate” 1s a solvate wherein the solvent
molecule(s) 1s/are H,O.

Compounds that have the same molecular formula but
differ in the nature or sequence of bonding of their atoms or
arrangement of their atoms 1n space are termed “isomers”.
Isomers that differ in the arrangement of their atoms 1n space
are termed “stereoisomers”. Stereoisomers that are not mir-
ror 1images of one another are termed “diastereomers” and
those that are non-superimposable mirror 1mages of each
other are termed “enantiomers”. When a compound has an
asymmetric center, for example, a carbon atom that is
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bonded to four different groups, a pair of enantiomers 1s
possible. An enantiomer can be characterized by the abso-
lute configuration of 1ts asymmetric center and 1s described
by the R- and S-sequencing rules of Cahn and Prelog, which
are well known to those 1n the art. Additionally, entiomers
can be characterized by the manner in which a solution of
the compound rotates a plane of polarized light and desig-
nated as dextrorotatory or levorotatory (1.e. as (+) or (-)
1somers respectively). A chiral compound can exist as either
individual enantiomer or as a mixture thereof. A mixture
containing equal proportions of the enantiomers 1s called a
“racemic mixture”.

The compounds of this invention may possess one or
more asymmetric centers; such compounds can therefore be
produced as individual (R)- or (S)-stereoisomers or as
mixtures thereof. Unless otherwise indicated, the specifica-
tion and claims 1s intended to include both individual
enantiomers as well as mixtures, racemic or otherwise,
thereol.

Certain compounds of this mvention may exhibit the
phenomena of tautomerism and/or structural 1somerism. For
example, certain compounds described herein may adopt an
E or a Z configuration about a carbon-carbon double bond or
they may be a mixture of E and Z. This invention encom-
passes any tautomeric or structural 1someric form and mix-
tures thereof.

Unless otherwise stated, structures depicted herein are
also meant to include compounds that differ only 1n the
presence ol one or more 1sotopically enriched atoms. For
example, compounds having the present structures except
tor the replacement of a hydrogen by a deuterium or tritium,
or the replacement of a carbon by a °C- or "*C-enriched
carbon are within the scope of this mvention. Such com-
pounds are useful, for example, as analytical tools or probes
in biologic assays.

As used herein, “SK-related disorder”, “SK-driven disor-
der”, and “abnormal SK activity” all refer to a condition
characterized by inappropriate, 1.e., under or, more com-
monly, over, SK catalytic activity. Inappropriate catalytic
activity can arise as the result of either: (1) SK expression 1n
cells that normally do not express SK, (2) increased SK
catalytic activity leading to unwanted cellular process, such
as, without limitation, cell proliferation, gene regulation,
resistance to apoptosis, and/or differentiation. Such changes
in SK expression may occur by increased expression of SK
and/or mutation of SK such that its catalytic activity 1is
enhanced, (3) decreased SK catalytic activity leading to
unwanted reductions 1n cellular processes. Some examples
of SK-related disorders, without limitation, are described
clsewhere 1n this application.

The term “method” refers to manners, means, techniques
and procedures for accomplishing a given task including,
but not limited to, those manners, means, techniques and
procedures either known to, or readily developed from
known manners, means, techniques and procedures by prac-
titioners of the chemical, pharmaceutical, biological, bio-
chemical and medical arts.

The term “modulation” or “modulating™ refers to the
alteration of the catalytic activity of SK. In particular,
modulating refers to the activation or, preferably, inhibition
of SK catalytic activity, depending on the concentration of
the compound or salt to which SK 1s exposed.

The term “catalytic activity” as used herein refers to the
rate ol phosphorylation of sphingosine under the influence
of SK.

The term “contacting” as used herein refers to bringing a
compound of this mvention and SK together mn such a
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manner that the compound can afiect the catalytic activity of
SK, either directly, 1.e., by interacting with SK 1itself, or
indirectly, 1.e., by altering the intracellular localization of
SK. Such “contacting” can be accomplished 1n vitro, 1.e. 1n
a test tube, a Petri dish or the like. In a test tube, contacting
may 1mvolve only a compound and SK or it may imvolve
whole cells. Cells may also be maintained or grown in cell
culture dishes and contacted with a compound in that
environment. In this context, the ability of a particular
compound to affect an SK-related disorder can be deter-
mined before the use of the compounds 1n vivo with more
complex living organisms 1s attempted. For cells outside the
organism, multiple methods exist, and are well-known to
those skilled 1n the art, to allow contact of the compounds
with SK including, but not limited to, direct cell microin-
jection and numerous techniques for promoting the move-
ment ol compounds across a biological membrane.

The term “in vitro” as used herein refers to procedures
performed 1n an artificial environment, such as for example,
without limitation, 1n a test tube or cell culture system. The
skilled artisan will understand that, for example, an 1solate
SK enzyme may be contacted with a modulator in an 1n vitro
environment. Alternatively, an 1solated cell may be con-
tacted with a modulator 1n an 1n vitro environment.

The term “in vivo” as used herein refers to procedures
performed within a living organism such as, without limi-
tation, a human, mouse, rat, rabbit, bovine, equine, porcine,
canine, feline, or primate.

The term “IC.;” or “50% inhibitory concentration™ as
used herein refers to the concentration of a compound that
reduces a biological process by 350%. These processes can
include, but are not limited to, enzymatic reactions, 1.e.
inhibition of SK catalytic activity, or cellular properties, 1.¢.
cell proliferation, apoptosis or cellular production of S1P.

As used herein, “administer” or “administration” refers to
the delivery of a compound or salt of the present invention
or of a pharmaceutical composition containing a compound
or salt of this imvention to an organism for the purpose of
prevention or treatment of an SK-related disorder.

As used herein, the terms “prevent”, “preventing” and
“prevention” refer to a method for barring an organism from
acquiring an SK-related disorder.

As used herein, the terms “treat”, “treating” and “treat-
ment” refer to a method of alleviating or abrogating an
SK-mediated disorder and/or 1ts attendant symptoms.

The term “organism” refers to any living entity comprised
of at least one cell. A living organmism can be as simple as,
for example, a single eukaryotic cell or as complex as a
mammal. In a preferred aspect of this invention, the organ-
ism 15 a mammal. In a particularly preferred aspect of this
invention, the mammal 1s a human being.

A “pharmaceutical composition” refers to a mixture of
one or more of the compounds described herein, or phar-
maceutically acceptable salts thereof, with other chemical
components, such as physiologically acceptable carriers and
excipients. The purpose of a pharmaceutical composition 1s
to facilitate adminmistration of a compound to an organism.

The term “pharmaceutically acceptable salt” refers to
those salts that retain the biological eflectiveness of the
parent compound. Such salts mclude: (1) acid addition salt
which 1s obtained by reaction of the free base of the parent
compound with 1morganic acids such as hydrochloric acid,
hydrobromic acid, nitric acid, phosphoric acid, sulfuric acid,
and perchloric acid and the like, or with organic acids such
as acetic acid, oxalic acid, (D) or (L) malic acid, maleic acid,
methanesulfonic acid, ethanesulfonic acid, p-toluene-sulio-
nic acid, salicylic acid, tartaric acid, citric acid, succinic
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acid, or malonic acid and the like, preferably hydrochloric
acid or (L)-malic acid; or (2) salts formed when an acidic
proton present 1n the parent compound either 1s replaced by
a metal 10n, e.g. an alkali metal 10n, an alkaline earth 10on, or
an aluminum 1on; or coordinates with an organic base such
as ethanolamine, diethanolamine, triethanolamine, trometh-
amine, N-methylglucamine, and the like.

As used herein, the term a “physiologically acceptable
carrier” refers to a carrier or diluent that does not cause

significant irritation to an organism and does not abrogate
the biological activity and properties of the administered
compound. Typically, this imncludes those properties and/or
substances that are acceptable to the patient from a phar-
macological/toxicological point of view and to the manu-
facturing pharmaceutical chemist from a physical/chemical
point of view regarding composition, formulation, stability,
patient acceptance and bioavailability.

An “excipient” refers to an inert substance added to a
pharmaceutical composition to further facilitate admainistra-
tion of a compound. Example, without limitations, of excipi-
ents 1nclude calcium carbonate, calcium phosphate, various
sugars and types of starch, cellulose derivatives (including
microcrystalline cellulose), gelatin, vegetable oils, polyeth-
ylene glycols, diluents, granulating agents, lubricants, bind-
ers, disintegrating agents, and the like.

The term “‘therapeutically eflective amount” as used
herein refers to that amount of the compound being admin-
istered that 1s eflective to reduce or lessen at least one
symptom of the disease being treated or to reduce or delay
onset of one or more clinical markers or symptoms of the
disease. In reference to the treatment of cancer, a therapeu-
tically eflective amount refers to that amount that has the
cllect of: (1) reducing the size of the tumor, (2) inhibiting,
1.e. slowing to some extent, preferably stopping, tumor
metastasis, (3) mhibiting, 1.¢. slowing to some extent, pref-
erably stopping, tumor growth, and/or (4) relieving to some
extent, preferably eliminating, one or more symptoms asso-
ciated with the cancer.

The compounds of this invention may also act as a
prodrug. The term “prodrug” refers to an agent which 1s
converted into the parent drug 1n vivo. Prodrugs are often
useful because, in some situations, they may be easier to
administer than the parent drug. They may, for example, be
bioavailable by oral admimistration whereas the parent drug
1s not. The prodrug may also have improved solubility 1n
pharmaceutical compositions over the parent drug. An
example, without limitation, of a prodrug would be a com-
pound of the present mvention which 1s adminmistered as an
ester (the “prodrug™), carbamate or urea.

The compounds of this invention may also be metabolized
by enzymes 1n the body of the organism, such as a human
being, to generate a metabolite that can modulate the activity
of SK. Such metabolites are within the scope of the present
invention.

Indications

Sphingosine kinase (SK), whose catalytic activity 1s
modulated by the compounds and compositions of this
invention, 1s a key enzyme involved 1n signaling pathways
that are abnormally activated in a variety of diseases. The
tollowing discussion outlines the roles of SK 1n hyperpro-
liferative, intflammatory and angiogenic diseases, and con-
sequently provides examples of uses of the compounds and
compositions of this mnvention. The use of these compounds
and compositions for the prevention and/or treatment of
additional diseases 1n which SK 1s abnormally activated are
also within the scope of the present invention.
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Hyperproliferative Diseases.

The present invention relates to compounds, pharmaceu-
tical compositions and methods useful for the treatment
and/or prevention of hyperproliferative diseases. More spe-
cifically, the mvention relates to compounds and pharma-
ceutical compositions that inhibit the enzymatic activity of
SK for the treatment and/or prevention of hyperproliferative
diseases, such as cancer, psoriasis, mesangial cell prolifera-

tive disorders, atherosclerosis and restenosis. The following
discussion demonstrates the role of SK 1n several of these

hyperproliferative diseases. Since the same processes are
involved in the above listed diseases, the compounds, phar-
maceutical compositions and methods of this invention will
be usetul for the treatment and/or prevention of a variety of
diseases.

Sphingosine-1-phosphate and ceramide have opposing
ellects on cancer cell proliferation and apoptosis. Sphingo-
myelin 1s not only a building block for cellular membranes
but also serves as the precursor for potent lipid messengers
that have profound cellular efiects. Stimulus-induced
metabolism of these lipids 1s critically involved 1n cancer
cell biology. Consequently, these metabolic pathways ofler
exciting targets for the development of anticancer drugs.

Ceramide 1s produced by the hydrolysis of sphingomyelin
in response to growth factors or other stimuli. Ceramide
induces apoptosis 1 tumor cells, but can be further hydro-
lyzed by the action of ceramidase to produce sphingosine.
Sphingosine 1s then rapidly phosphorylated by SK to pro-
duce S1P, which 1s a critical second messenger that exerts
proliferative and antiapoptotic actions. For example, micro-
injection of S1P into mouse oocytes induces DNA synthesis.
Additionally, S1P eflectively inhibits ceramide-induced
apoptosis 1n association with decreased caspase activation.
Furthermore, ceramide enhances apoptosis 1n response to
anticancer drugs including Taxol and etoposide. These stud-
ies 1n various cell lines consistently indicate that S1P 1s able
to induce proliferation and protect cells from ceramide-
induced apoptosis.

A critical balance, which may be termed a ceramide/S1P
rheostat, has been hypothesized to determine the fate of the
cell. In this model, the balance between the cellular con-
centrations of ceramide and S1P determines whether a cell
proliferates or undergoes apoptosis. Upon exposure to mito-
gens or intracellular oncoproteins, the cells experience a
rapid increase 1n the intracellular levels of S1P and depletion
of ceramide levels. This situation promotes cell survival and
proliferation. In contrast, activation of sphingomyelinase in
the absence of activation of ceramidase and/or SK results in
the accumulation of ceramide and subsequent apoptosis.

SK 1s the enzyme responsible for S1P production in cells.
RNA encoding SK i1s detected 1n most tissues. A variety of
proliferative factors, including PKC activators, fetal calf
serum and platelet-derived growth factor (Olivera et al.,
1993, Nature 365: 557), EGF, and TNFa (Dressler et al.,
1992, Science 255: 1715) rapidly elevate cellular SK activ-
ity. SK activity 1s increased by phosphorylation of the
enzyme by ERK (Pitson et al., 2003, EMBO J 22: 5491),
while S1P promotes signaling through the Ras-Rat-Mek-Erk
pathway, setting up an amplification cascade for cell prolii-
eration.

Sphingosine kinase and SI1P play important roles in
cancer pathogenesis. An oncogenic role of SK has been
demonstrated. In these studies, transfection of SK into
NIH/3T3 fibroblasts was suflicient to promote foc1 forma-
tion and cell growth 1n soft-agar, and to allow these cells to
form tumors 11 NOD/SCID mice (Xia et al., 2000, Curr Biol
10: 1527). Additionally, inhibition of SK by transiection

with a dominant-negative SK mutant or by treatment of cells
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with the nonspecific SK inhibitor DMS blocked transforma-
tion mediated by oncogenic H-Ras. As abnormal activation
of Ras frequently occurs 1n cancer, these findings suggest a
significant role of SK 1n this disease. SK has also been linked
to estrogen signaling and estrogen-dependent tumorigenesis
in MCF-7 cells (Nava et al., 2002, Exp Cell Res 281: 115).
Other pathways or targets to which SK activity has been

linked 1n hyperproliferative diseases include VEGEF signal-
ing via the Ras and MAP kinase pathway (Shu et al., 2002,

Mol Cell Biol 22: 7758), protein kinase C (Nakade et al.,
2003, Biochim Biophys Acta 1635: 104), TNFa (Vann et al.,
2002, I Biol Chem 277: 12649), hepatocyte nuclear factor-1
and retinoic acid receptor alpha, intracellular calcium and
caspase activation. While the elucidation of downstream
targets of S1P remains an interesting problem in cell biology,
suilicient validation of these pathways has been established
to justily the development of SK inhibitors as new types of
antiproliferative drugs.

Cellular hyperproliferation 1s a characteristic of a variety
of diseases, including, without limitation, cancer, psoriasis,
mesangial cell proliferative disorders, atherosclerosis and
restenosis. Therefore, the compounds, pharmaceutical com-
positions and methods of this invention will be usetul for the
prevention and/or treatment of cancer, including solid
tumors, hematopoietic cancers and tumor metastases. Such
cancers may include, without limitation, solid tumors such
as head and neck cancers, lung cancers, gastrointestinal tract
cancers, breast cancers, gynecologic cancers, testicular can-
cers, urinary tract cancers, neurological cancers, endocrine
cancers, skin cancers, sarcomas, mediastinal cancers, retro-
peritoneal cancers, cardiovascular cancers, mastocytosis,
carcinosarcomas, cylindroma, dental cancers, esthesioneu-
roblastoma, urachal cancer, Merkel cell carcinoma and para-
gangliomas. Additionally, such cancers may include, with-
out limitation, hematopoietic cancers such as Hodgkin
lymphoma, non-Hodgkin lymphoma, chronic leukemias,
acute leukemias, myeloproliferative cancers, plasma cell
dyscrasias, and myelodysplastic syndromes.

Psoriasis 1s a common chronic disfiguring skin disease
that 1s characterized by well-demarcated, red, hardened and
scaly plaques that may be limited or widespread. While the
disease 1s rarely fatal, 1t has serious detrimental effects on the
quality of life of the patient, and this 1s further complicated
by the lack of effective therapies. There 1s therefore a large
unmet need for effective and safe drugs for this condition.
Psoriasis 1s characterized by local keratinocyte hyperprolii-
eration, T cell-mediated inflammation and by localized
angilogenesis. Abnormal activation of SK has been impli-
cated 1n all of these processes. Therefore, SK 1nhibitors are
expected to be of use 1n the therapy of psoriasis.

Mesangial cell hyperproliferative disorders refer to dis-
orders brought about by the abnormal hyperproliferation of
mesangial cells 1n the kidney. Mesangial hyperproliferative
disorders include various human renal diseases such as
glomerulonephritis, diabetic nephropathy, and malignant
nephrosclerosis, as well as such disorders such as throm-
botic microangiopathy syndromes, transplant rejection, and
glomerulopathies. As the hyperproliferation of mesangial
cells 1s induced by growth factors whose action 1s dependent
on increased signaling through SK, the SK 1nhibitory com-
pounds, pharmaceutical compositions and methods of this
invention are expected to be of use 1n the therapy of these
mesangial cell hyperproliferative disorders.

In addition to mflammatory processes discussed below,
atherosclerosis and restenosis are characterized by hyper-
proliferation of vascular smooth muscle cells at the sites of
the lesions. As the hyperproliferation of vascular smooth
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muscle cells 1s induced by growth factors whose action 1s
dependent of increased signaling through SK, the SK 1nhibi-
tory compounds, pharmaceutical compositions and methods
of this mnvention are expected to be of use 1n the therapy of
these vascular disorders.

Inflammatory Diseases.

The present mvention also relates to compounds, phar-
maceutical compositions and methods usetul for the treat-
ment and/or prevention of inflammatory diseases. More
specifically, the mvention relates to compounds and phar-
maceutical compositions that inhibit the enzymatic activity
of SK for the treatment and/or prevention of inflammatory
diseases, such as inflammatory bowel disease, arthritis,
atherosclerosis, asthma, allergy, inflammatory kidney dis-
case, circulatory shock, multiple sclerosis, chronic obstruc-
tive pulmonary disease, skin inflammation, periodontal dis-
case, psoriasis and T cell-mediated diseases of immunity,
including allergic encephalomyelitis, allergic neuritis, trans-
plant allograit rejection, graft versus host disease, myocardi-
t1s, thyroiditis, nephritis, systemic lupus erthematosus, and
insulin-dependent diabetes mellitus. The following discus-
sion demonstrates the role of SK in several of these inflam-
matory diseases. Since the same processes are mvolved in
the above listed diseases, the compounds, pharmaceutical
compositions and methods of this mvention will be usetul
for the treatment and/or prevention of a variety of diseases.

Inflammatory bowel disease (IBD) encompasses a group
of disorders characterized by pathological inflammation of
the lower intestine. Crohn’s disease and ulcerative colitis are
the best-known forms of IBD, and both fall into the category
of “idiopathic” IBD because their etiologies remain to be
clucidated, although proposed mechanisms implicate infec-
tious and immunologic mediators. Studies on the etiology
and therapy of IBD have been greatly facilitated by the
development of several animal models that mimic the clini-
cal and immunopathological disorders seen i1n humans.
From studies with these models, 1t 1s clear that the full
mamnifestations of IBD are dependent on synergy between
the humoral and cellular immune responses. The notion that
immune cells and cytokines play critical roles 1n the patho-
genesis of IBD 1s well established; however, the molecular
mechanisms by which this occurs are not yet clearly defined.
As discussed below, cytokines that promote mflammation in
the 1ntestine afilicted with IBD, all activate a common
mediator, sphingosine kinase (SK). Most prominently,
tumor necrosis factor-o. (TNFa) has been shown to play a
significant role 1 IBD, such that antibody therapy directed
against this cytokine, 1.e. Remicade, may be a promising
treatment. TNF o activates several processes shown to con-
tribute to IBD and 1s necessary for both the imitiation and
persistence of the Thl response. For example, TNFa. has
been shown act through the induction of nuclear factor
kappa B (NFkB) which has been implicated in increasing
the promflammatory enzymes nitric oxide synthase (NOS)
and cyclooxygenase-2 (COX-2). COX-2 has been shown to
play a key role in the inflammation of IBDs through its
production of prostaglandins, and oxidative stress such as
that mediated by nitric oxide produced by NOS has also
shown to exacerbate IBD inflammation.

A common pathway of immune activation in IBDs 1s the
local influx of mast cells, monocytes, macrophages and
polymorphonuclear neutrophils which results 1n the second-
ary amplification of the inflammation process and produces
the clinical manifestations of the diseases. This results in
markedly increased numbers of mast cells 1n the mucosa of
the 1leum and colon of patients with IBD, which 1s accom-

panied by dramatic increases i TNFo (He, 2004, World J
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Gastroenterology 10 (3): 309). Additional mast cell secre-
tory products, including histamine and tryptase, may be
important 1n IBDs. Therefore, it 1s clear that inflammatory
cascades play critical roles 1n the pathology of IBDs.

The mechanisms and eflects of the sphingolipid intercon-
version have been the subjects of a growing body of scien-
tific investigation. Sphingomyelin 1s not only a structural
component of cellular membranes, but also serves as the
precursor for the potent bioactive lipids ceramide and sphin-
gosine 1-phosphate (S1P). A ceramide:S1P rheostat 1s
thought to determine the fate of the cell, such that the
relative cellular concentrations of ceramide and S1P deter-
mine whether a cell proliferates or undergoes apoptosis.
Ceramide 1s produced by the hydrolysis of sphingomyelin 1n
response to inflammatory stresses, including TNFa, and can
be hydrolyzed by ceramidase to produce sphingosine.
Sphingosine 1s then rapidly phosphorylated by sphingosine
kinase (SK) to produce S1P. Ceramidase and SK are also
activated by cytokines and growth factors, leading to rapid
increases 1n the ntracellular levels of S1P and depletion of
ceramide levels. This situation promotes cell proliferation
and ihibits apoptosis. Deregulation of apoptosis in phago-
cytes 1s an 1mportant component of the chronic inflamma-
tory state 1 IBDs, and S1P has been shown to protect
neutrophils from apoptosis 1n response to Fas, TNFa and
ceramide. Similarly, apoptosis of macrophages 1s blocked by
S1P.

In addition to 1ts role 1n regulating cell proliferation and
apoptosis, S1P has been shown to have several important
effects on cells that mediate immune functions. Platelets,
monocytes and mast cells secrete S1P upon activation,
promoting inflammatory cascades at the site of tissue dam-
age. Activation of SK 1s required for the signaling responses,
since the ability of TNFa to induce adhesion molecule
expression via activation of NFkB 1s mimicked by S1P and
1s blocked by the SK inhibitor dimethylsphingosine (Xia et
al., 1998, Proc Natl Acad Sc1 USA 95: 14196). Similarly,
S1P mimics the ability of TNFa. to induce the expression of
COX-2 and the synthesis of PGE,, and knock-down of SK
by RNA 1nterference blocks these responses to TNFa but
not S1P (Pettus et al., 2003, FASEB J 17: 1411). S1P 1s also
a mediator of Ca®* influx during neutrophil activation by
TNFa and other stimuli, leading to the production of super-
oxide and other toxic radicals (Mackinnon, 2002, Journal of
Immunology 169(11): 6394).

A model for the roles of sphingolipid metabolites in the
pathology of IBDs 1involves a combination of events in the
colon epithelial cells and recruited mast cells, macrophages
and neutrophils. Early 1n the disease, immunologic reactions
or other activating signals promote the release of inflamma-
tory cytokines, particularly TNFa from macrophages and
mast cells. The actions of TNFa are mediated through its
activation of S1P production. For example, TNFo induces
S1P production 1n endothelial cells (Xia et al., 1998, Proc
Natl Acad Sc1 USA 95: 14196), neutrophils (Niwa et al.,
2000, Life Sci1 66: 245) and monocytes by activation of
sphingomyelinase, ceramidase and SK. SI1P 1s a central
player in the pathway since 1t has pleiotropic actions on the
mucosal epithelial cells, macrophages, mast cells and neu-
trophils. Within the mucosal cells, S1P activates NFkB
thereby inducing the expression of adhesion molecules,
COX-2 resulting in PGE, synthesis, and NOS producing
nitric oxide. Together, these chemoattractants and the adhe-
sion molecules promote neutrophil infiltration into the
mucosa. At the same time, S1P activates the neutrophils
resulting 1n the release of oxygen free radicals that further
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inflame and destroy epithelial tissue. Similarly, S1P pro-
motes the activation and degranulation of mast cells.

As the processes mvolved 1 IBDs are induced by cyto-
kines and growth factors whose action 1s dependent on
increased signaling through SK, the SK inhibitory com-
pounds, pharmaceutical compositions and methods of this
invention are expected to be of use in the therapy of IBDs.

Rheumatoid arthritis (RA) 1s a chronic, systemic disease
that 1s characterized by synovial hyperplasia, massive cel-
lular infiltration, erosion of the cartilage and bone, and an
abnormal immune response. Studies on the etiology and
therapy of rheumatoid arthritis have been greatly facilitated
by the development of animal models that mimic the clinical
and 1mmunopathological disorders seen 1n humans. From
studies 1n these models, it 1s clear that the full manifestations
of RA are dependent on synergy between the humoral and
cellular immune responses. The notion that immune cells,
especially neutrophils, and cytokines play critical roles 1n
the pathogenesis of arthritis 1s well established. However,
the mechanisms by which this occurs are not fully eluci-
dated.

The early phase of rheumatic inflammation is character-
ized by leukocyte infiltration into tissues, especially by
neutrophils. In the case of RA, this occurs primarily 1n joints
where leukocyte infiltration results in synovitis and syn-
ovium thickening producing the typical symptoms of
warmth, redness, swelling and pain. As the disease pro-
gresses, the aberrant collection of cells invade and destroy
the cartilage and bone within the joint leading to deformaities
and chronic pain. The inflammatory cytokines TNFa, 1L-13
and IL.-8 act as critical mediators of this infiltration, and
these cytokines are present 1n the synovial fluid of patients
with RA.

Leukocytes localize to sites of mnflammatory injury as a
result of the integrated actions of adhesion molecules, cyto-
kines, and chemotactic factors. In lipopolysaccharide-in-
duced arthritis 1n the rabbit, the production of TNFa and
IL-1p 1n the mitiative phase of inflammation paralleled the
time course ol leukocyte infiltration. The adherence of
neutrophils to the vascular endothelium 1s a first step 1n the
extravasation of cells into the interstittum. This process 1s
mediated by selecting, integrins, and endothelial adhesion

molecules, e.g. ICAM-1 and VCAM-1. Since TNFa induces
the expression of ICAM-1 and VCAM-1 and 1s present in
high concentrations in arthritic joints, 1t 1s likely that this
protein plays a central role 1 the pathogenesis of the
disease. This 1s supported by the clinical activity of anti-
TNFao therapies such as Remicade. After adherence to the
endothelium, leukocytes migrate along a chemoattractant
concentration gradient. A further critical process in the
progression ol RA is the enhancement of the blood supply to
the synovium through angiogenesis. Expression of the key
angiogenic factor VEGF i1s potently induced by pro-inflam-
matory cytokines including TNFa. Together, these data
point to important roles of TNFa, leukocytes, leukocyte
adhesion molecules, leukocyte chemoattractants and angio-
genesis 1n the pathogenesis of arthritic 1njury.

Early in the disease, immunologic reactions or other
activating signals promote the release of inflammatory cyto-
kines, particularly TNFa. and IL-1f from macrophages and
mast cells. Ceramide 1s produced by the hydrolysis of
sphingomyelin in response to inflammatory stresses, includ-
ing TNFa and IL-1f (Dressler et al., 1992, Science 253:
1°713). Ceramide can be further hydrolyzed by ceramidase to
produce sphingosine which 1s then rapidly phosphorylated
by SK to produce S1P. Ceramidase and SK are also activated
by cytokines and growth factors, leading to rapid increases
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in the intracellular levels of S1P and depletion of ceramide
levels. This situation promotes cell proliferation and inhibits
apoptosis. Deregulation of apoptosis in phagocytes 1s an
important component of the chronic inflammatory state in
arthritis, and S1P has been shown to protect neutrophils from
apoptosis 1n response to Fas, TNFo and ceramide. Similarly,
apoptosis ol macrophages 1s blocked by S1P.

In addition to its role in regulating cell proliferation and
apoptosis, S1P 1s a central player 1n the pathway since 1t has
pleiotropic actions on the endothelial cells, leukocytes,
chondrocytes and synovial cells. Within the endothelial
cells, S1P activates NFkB thereby inducing the expression
of multiple adhesion molecules and COX-2 resulting 1n
PGE, synthesis. Together, this chemoattractant and the adhe-
sion molecules promote neutrophil infiltration into the syn-
ovium. At the same time, S1P directly activates the neutro-
phils resulting in the release of oxygen free radicals that
destroy joint tissue. Progression of RA 1s associated with a
change from a Thl to a Th2 environment, and sphingosine
1s selectively inhibitory toward Thl cells. Consequently,
inhibiting the conversion of sphingosine to S1P should
attenuate the progression of the disease. Platelets, mono-
cytes and mast cells secrete S1P upon activation, promoting
inflammatory cascades at the site of tissue damage (Yatomi
et al., Blood 86: 193 (1995)). S1P also promotes the secre-
tion of proteases from chondrocytes that contribute to joint
destruction. Finally, S1P-mediated expression of VEGF
promotes the angiogenesis necessary to support the hyper-
proliferation of synovial cells. Consequently, inhibiting the
conversion of sphingosine to S1P should attenuate the
progression of the disease.

As the processes involved in arthritis are induced by
cytokines and growth factors whose action 1s dependent on
increased signaling through SK, the SK inhibitory com-
pounds, pharmaceutical compositions and methods of this
invention are expected to be of use in the prevention and/or
therapy of arthritis.

Atherosclerosis 1s a complex vascular disease that
involves a series of coordinated cellular and molecular
events characteristic of inflammatory reactions. In response
to vascular 1injury, the first atherosclerotic lesions are 1niti-
ated by acute inflammatory reactions, mostly mediated by
monocytes, platelets and T lymphocytes. These inflamma-
tory cells are activated and recruited into the subendothelial
vascular space through locally expressed chemotactic fac-
tors and adhesion molecules expressed on endothelial cell
surface. Continuous recruitment of additional circulating
inflammatory cells 1nto the injured vascular wall potentiates
the mflammatory reaction by further activating vascular
smooth muscle (VSM) cell migration and proliferation. This
chronic vascular inflammatory reaction leads to fibrous cap
formation, which 1s an oxidant-rich iflammatory milieu
composed of monocytes/macrophages and VSM cells. Over
time, this fibrous cap can be destabilized and ruptured by
extracellular metalloproteinases secreted by resident mono-
cytes/macrophages. The ruptured fibrous cap can easily
occlude vessels resulting 1in acute cardiac or cerebral i1sch-
emia. This underlying mechamism of atherosclerosis indi-
cates that activation of monocyte/macrophage and VSM cell
migration and proliferation play critical roles in the devel-
opment and progression of atherosclerotic lesions. Impor-
tantly, 1t also suggests that a therapeutic approach that blocks
the activities of these vascular inflammatory cells or smooth
muscle cell proliferation should be able to prevent the
progression and/or development ol atherosclerosis.

SK 1s highly expressed in platelets allowing them to
phosphorylate circulating sphingosine to produce S1P. In
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response to vessel injury, platelets release large amounts of
S1P into the sites of injury which can exert mitogenic eflects
on VSM cells by activating S1P receptors. S1P 1s also
produced 1n activated endothelial and VSM cells. In these
cells, intracellularly produced S1P functions as a second
messenger molecule, regulating Ca®* homeostasis associ-
ated with cell proliferation and suppression of apoptosis.
Additionally, deregulation of apoptosis in phagocytes 1s an
important component of the chronic inflammatory state of
atherosclerosis, and S1P protects granulocytes from apop-
tosis. Together, these studies indicate that activation of SK
alters sphingolipid metabolism 1 favor of S1P formation,
resulting 1n pro-intlammatory and hyper-proliferative cellu-
lar responses.

In addition to 1ts role in regulating cell proliferation and
apoptosis, S1P has been shown to have several important
ellects on cells that mediate immune functions. Platelets and
monocytes secrete cytokines, growth factors and S1P upon
activation, promoting inflammatory cascades at the site of
tissue damage. For example, TNFa has been shown to act
through the induction of nuclear factor kappa B (NFxB),
which has been implicated in increasing the proinflamma-
tory enzymes nitric oxide synthase (NOS) and cyclooxy-
genase-2 (COX-2). COX-2 may play a key role 1 the
inflammation of atherosclerosis through its production of
prostaglandins, and oxidative stress such as that mediated by
nitric oxide produced by NOS has also shown to exacerbate
inflammation. Activation of SK 1s required for signaling
responses since the ability of mmflammatory cytokines to
induce adhesion molecule expression via activation of
NFkB 1s mimicked by S1P. Similarly, S1P mimics the ability
of TNFa to induce the expression of COX-2 and the
synthesis of PGE,, and knock-down of SK by RNA inter-
terence blocks these responses to TNFa but not S1P. S1P 1s
also a mediator of Ca™ influx during granulocyte activation,
leading to the production of superoxide and other toxic
radicals.

Together, these studies indicate that SK 1s a new molecu-
lar target for atherosclerosis. The use of mhibitors of SK as
anti-atherosclerosis agents will prevent the deleterious acti-
vation of leukocytes, as well as prevent ifiltration and
smooth muscle cell hyperproliferation, making the com-
pounds, pharmaceutical compositions and methods of this
invention useful for the treatment and/or prevention of
atherosclerosis.

The physiological endpoint 1n asthma pathology 1s nar-
rowing of the bronchial tubes due to inflammation. In a large
portion of asthma cases, the inflammation 1s initiated and
later amplified by exposure to allergens. Upon inhalation,
these allergens, bind to circulating IgE and then bind to the
high-athinity FceRI surface receptors expressed by intlam-
matory cells residing in the bronchial mucosa. This extra-
cellular binding leads to a cascade of signaling events inside
the inflammatory cells, culminating 1n activation of these
cells and secretion of multiple factors that trigger the cells
lining the bronchial airways to swell, resulting 1n restricted
bronchial tubes and decreased air exchange. The inflamma-
tion process in response to the 1mitial exposure to allergen
may not completely subside. Furthermore, additional expo-
sures may lead to an exaggerated response called bronchial
hyper-reactivity. This hyper-reactive state can lead to a
permanent condition of restricted airways through airway
remodeling. Consequently, unchecked inflammatory
responses to iitial allergen exposure may result 1n chronic
inflammation and permanent bronchiolar constriction.
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Therefore, inhibiting or diminishing this exaggerated
inflammation would likely decrease the symptoms associ-
ated with asthma.

Many studies have revealed the mmvolvement of mast cells
in the inflammatory process leading to asthma, and SK has
been shown to be mvolved 1n allergen-stimulated mast cell
activation, a critical step 1 the bronchial inflammatory
process. In rat basophilic leukemia RBL-2H3 cells, IgE/Ag
binding to the high-athnity FceRI receptor leads to SK

activation and conversion of sphingosine to S1P (Cho1 et al.,
1996, Nature 380: 634). The newly formed S1P increases

intracellular calcium levels, which 1s necessary for mast cell
activiation. Alternately, high concentrations of sphingosine
decrease IgE/Ag exposure-mediated leukotriene synthesis

and diminishe cytokine transcription and secretion (Prieschl

et al., 1999, J Exp Med 190: 1).

In addition to the key role of SK and S1P 1n mast cell
activation, S1P also has direct eflects on downstream sig-
naling in the asthma inflammation pathway. Ammit and
coworkers demonstrated increased S1P levels 1n bronchoal-
veolar lavage (BAL) fluid collected from asthmatic patients
24 hours after allergen challenge compared with non-asth-
matic subjects (Ammuit et al., 2001, FASEB J 15: 1212). In
conjunction with the finding that activated mast cells pro-
duce and secrete S1P, these results reveal a correlation
between S1P and the asthmatic inflammatory response. To
evaluate a possible role of SK and S1P exposure to cell
response, ASM cultures were grown 1n the presence of S1P
(Ammit et al., 2001 Id.). Furthermore, airway smooth
muscle (ASM) cells are responsive to S1P- and SK-depen-
dent stimuli, such as TNFa and IL-1f3. Treatment with S1P
increases phosphoinositide hydrolysis and intracellular cal-
cium mobilization, both of which promote ASM contraction.
Furthermore, S1P treatment increases DNA synthesis, cell
number and accelerated progression of ASM cells from G,
to S phase.

In addition to the direct effects on ASM cells, S1P also
regulates secretion of cytokines and expression of cell
adhesion molecules that amplify the inflammatory response
through leukocyte recruitment and facilitating extracellular
component interaction. S1P, like TNF ¢, induces IL-6 secre-
tion and increases the expression of cell adhesion molecules
such as VCAM-1, ICAM-1 and E-selectin (Shimamura et
al., 2004, Eur J Pharmacol 486: 141). In addition to the
cllects of S1P on mast cell activation, the multiple roles of
S1P, and hence SK, in the bronchiolar inflammatory phase of
asthma pathogenesis clearly indicate an opportumty for
pharmacologic intervention in both the acute and chronic
phases of this disease.

Overall, SK 1s a target for new anti-asthma therapies. The
use of inhibitors of SK as anti-asthma agents will inhibit
cytokine-mediated activation of leukocytes, thereby pre-
venting the deleterious activation of leukocytes, as well as
preventing airway smooth muscle cell hyperproliferation,
making the compounds, pharmaceutical compositions and
methods of this invention useful for the treatment and/or
prevention of asthma.

Chronic obstructive pulmonary disease (COPD), like
asthma, involves airflow obstruction and hyperresponsive-
ness that 1s associated with aberrant neutrophil activation in
the lung tissue. This 1s clinically manifested as chronic
bronchitis, fibrosis or emphysema, which together make up
the fourth leading cause of death 1n the United States. Since
activation of inflammatory cells by chemical insults 1n
COPD occurs through NFkB-mediated pathways similar to
those activated during asthma, 1t 1s likely that the com-
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pounds, pharmaceutical compositions and methods of this
invention will also be useful for the treatment and/or pre-
vention of COPD.

Inflammation 1s 1volved 1n a variety of skin disorders,
including psoriasis, atopic dermatitis, contact sensitivity and
acne, which aflect more than 20% 1f the population.
Although topical corticosteroids have been widely used,
their adverse eflects prevent long-term use. Since the intlam-
matory responses typically involve aberrant activation of
signaling pathways detailed above, it 1s likely that the
compounds, pharmaceutical compositions and methods of
this mvention will also be usetul for the treatment of these
skin diseases.

A variety of diseases including allergic encephalomyeli-
t1s, allergic neuritis, transplant allograit rejection, graft ver-
sus host disease, myocarditis, thyroiditis, nephritis, systemic
lupus erthematosus, and isulin-dependent diabetes mellitus
can be induced by inappropriate activation of T cells.
Common features of the pathogenesis of these diseases
include infiltration by mononuclear cells, expression of CD4
and CDS8 autoreactive T cells, and hyperactive signaling by
inflammatory mediators such as IL-1, IL-6 and TNFa.. Since
the inflammatory responses typically mvolve aberrant acti-
vation of signaling pathways detailed above, 1t 1s likely that
the compounds, pharmaceutical compositions and methods
of this invention will also be useful for the treatment of these
T cell-mediated diseases of immunity.

Angiogenic Diseases.

The present mvention also relates to compounds, phar-
maceutical compositions and methods usetful for the treat-
ment and/or prevention of diseases that involve undesired
angilogenesis. More specifically, the invention relates to the
use of chemical compounds and compositions that inhibit
the enzymatic activity of sphingosine kinase for the treat-
ment and/or prevention ol angiogenic diseases, such as
diabetic retinopathy, arthritis, cancer, psoriasis, Kaposi’s
sarcoma, hemangiomas, myocardial angiogenesis, athersce-
lortic plaque neovascularization, and ocular angilogenic dis-
cases such as choroidal neovascularization, retinopathy of
prematurity (retrolental fibroplasias), macular degeneration,
corneal grait rejection, rubeosis, neuroscular glacoma and
Oster Webber syndrome. The following discussion demon-
strates the role of SK 1n several of these angiogenic diseases.
Since the same processes are mvolved 1n the above listed
diseases, the compounds, pharmaceutical compositions and
methods of this invention will be useful for the treatment
and/or prevention of a variety of diseases.

Angiogenesis refers to the state i the body in which
various growth factors or other stimuli promote the forma-
tion ol new blood vessels. As discussed below, this process
1s critical to the pathology of a variety of diseases. In each
case, excessive anglogenesis allows the progression of the
disease and/or the produces undesired effects 1n the patient.
Since conserved biochemical mechanisms regulate the pro-
liferation of vascular endothelial cells that form these new
blood vessels, 1.e. neovascularization, identification of meth-
ods to mhibit these mechanisms are expected to have utility
for the treatment and/or prevention of a variety of diseases.
The following discussion provides further details in how the
compounds, compositions and methods of the present inven-
tion can be used to inhibit angiogenesis 1n several of these
diseases.

Diabetic retinopathy 1s a leading cause of vision impair-
ment, and elevation 1n the expression of growth factors
contributes to pathogenic angiogenesis in this disease. In
particular, vascular endothelial growth factor (VEGF) 1s a
prominent contributor to the new vessel formation in the
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diabetic retina (Frank et al., 1997, Arch Ophthalmol 113:
1036, Sone et al., 1997, Diabetologia 40: 726), and VEGF
has been shown to be elevated in patients with proliferative
diabetic retinopathy (Aiello et al., 1994, N Engl J Med 331:
1480). In addition to diabetic retinopathy, several other
debilitating ocular diseases, including age-related macular
degeneration and choroidal neovascularization, are associ-
ated with excessive angiogenesis that 1s mediated by VEGF
and other growth factors (Grant et al., 2004, Expert Opin

Investig Drugs 13: 1273).

In the retina, VEGF 1s expressed 1in the pigmented epi-
thelium, the neurosensory retina, the pericytes and the
vascular smooth muscle layer. VEGF 1nduces endothelial
cell proliferation, favoring the formation of new vessels 1n

the retina (Pe’er et al., 1995, Lab Invest 72: 638). At the
same time, basic ﬁbroblast growth tactor (bFGF) 1n the
retina 1s activated, and this factor acts 1 synergy with VEGF
such that the two together induce the formation of new

vessels 1n which the subendothelial matrix 1s much weaker
than 1n normal vessels. Additionally, VEGF facilitates fluid
extravasation in the interstitium, where exudates form in the
retinal tissue. VEGF also promotes the fenestration of
endothelial cells, a process that can give rise to itercellular
channels through which fluids can leak, and disrupts tight
junctions between cells. Thus, reduction of VEGF activity in
the retina 1s likely to efliciently reduce the development and
progression of retinal angiogenesis and vascular leakage
which underlie the retinopathic process.

The pro-inflammatory cytokine TNFa has also been dem-
onstrated to play a role in diabetic retinopathy since 1t alters
the cytoskeleton of endothelial cells, resulting 1n leaky
barrier function and endothelial cell activation (Camussi et
al., 1991, Int Arch Allergy Appl Immunol 96: 84). These
changes in retinal endothelial cells are central 1n the patholo-
gies ol diabetic retinopathy.

A link between the actions of VEGF and SK may be
involved i driving retinopathy. SK has been shown to
mediate VEGF-induced activation of ras- and mitogen-
activated protein kinases (Shu et al., 2002, Mol Cell Biol 22:
7758). VEGF has been shown to enhance intracellular
signaling responses to S1P, thereby increasing 1ts angiogenic
actions (Igarashi et al., 2003, Proc Natl Acad Sc1 USA 100:
10664 ). S1P has also been shown to stimulate NFkB activity
(Xia et al., 1998, Proc Natl Acad Sci USA 93: 14196)
leading to the production of COX-2, adhesion molecules and
additional VEGF production, all of which have been linked
to angiogenesis. Furthermore, the expression of the endothe-
l1al 1soform of nitric oxide synthase (eNOS), a key signaling
molecule 1n vascular endothelial cells and modulates a wide
array of function including angiogenic responses, 1S regu-
lated by SK (Igarashi et al., 2000 J Biol Chem 275: 32363).
Clearly, SK 1s a central regulator of angiogenesis, supporting
our hypothesis that i1ts pharmacological manipulation may
be therapeutically useful. SIP has also been shown to
stimulate NFkB production which has been demonstrated to
be angiogenic. NFxB leads to the production of Cox2,
adhesion molecules and additional VEGF production, all of
which have been linked to angiogenesis.

One of the most attractive sites of intervention in this
pathway 1s the conversion of sphingosine to SI1P by the
enzyme SK. SK 1s the key enzyme responsible for the
production of S1P synthesis 11 mammalian cells, which
tacilitates cell survival and proliferation, and mediates criti-
cal processes involved 1n angiogenesis and intlammation,
including responses to VEGF (Shu et al., 2002, Mol Cell
Biol 22: 7758) and TNFa. (Xia et al., 1998, Proc Natl Acad
Sc1 USA 935: 14196). Therelore, inhibition of S1P production
1s a potentially important point of therapeutic intervention
for diabetic retinopathy.
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The role of angiogenesis 1n cancer 1s well recognized.
Growth of a tumor 1s dependent on neovascularization so
that nutrients can be provided to the tumor cells. The major
factor that promotes endothelial cell proliferation during
tumor neovascularization 1s VEGF. As discussed above,
signaling through VEGF receptors 1s dependent on the
actions ol SK. Therefore, the compounds, pharmaceutical
compositions and methods of this invention will have utility
for the treatment of cancer.

More than 50 eye diseases have been linked to the
formation of choroidal neovascularization, although the
three main diseases that cause this pathology are age-related
macular degeneration, myopia and ocular trauma. Even
though most of these causes are idiopathic, among the
known causes are related to degeneration, infections, chor-
oidal tumors and or trauma. Among soft contact lens wear-
ers, choroidal neovascularization can be caused by the lack
of oxygen to the eyeball. As the choroidal neovasculariza-
tion 1s induced by growth factors whose action 1s dependent
on increased signaling through SK, the SK 1nhibitory com-
pounds, pharmaceutical compositions and methods of this
invention are expected to be of use 1n the therapy of
disorders of choroidal neovascularization.

Hemangiomas are angiogenic diseases characterized by
the proliferation of capillary endothelium with accumulation
ol mast cells, fibroblasts and macrophages. They represent
the most frequent tumors of infancy, and are characterized
by rapid neonatal growth (proliferating phase). By the age of
6 to 10 months, the hemangioma’s growth rate becomes
proportional to the growth rate of the child, followed by a
very slow regression for the next 5 to 8 years (involuting
phase). Most hemangiomas occur as single tumors, whereas
about 20% of the aflected infants have multiple tumors,
which may appear at any body site. Several studies have
provided insight into the histopathology of these lesions. In
particular, proliferating hemangiomas express high levels of
proliferating cell nuclear antigen (a marker for cells 1n the S
phase), type IV collagenase, VEGF and FGF-2. As the
hemangiomas are induced by growth factors whose action 1s
dependent on increased signaling through SK, the SK 1nhibi-
tory compounds, pharmaceutical compositions and methods
of this invention are expected to be of use 1n the therapy of
hemangiomas.

Psoriasis and Kapos1’s sarcoma are angiogenic and pro-
liferative disorders of the skin.

Hypervascular psoriatic lesions express high levels of the
angiogenic inducer IL-8, whereas the expression of the
endogenous inhibitor TSP-1 is decreased. Kapos1’s sarcoma
(KS) 1s the most common tumor associated with human
immunodeficiency virus (HIV) infection and 1s in this set-
ting almost always associated with infection by human
herpes virus 8. Typical features of KS are proliferating
spindle-shaped cells, considered to be the tumor cells and
endothelial cells forming blood vessels. KS 1s a cytokine-
mediated disease, highly responsive to different inflamma-
tory mediators like IL-1§3, TNF-a and IFN-v and angiogenic
factors. As the progression of psoriasis and KS are induced
by growth factros whose action i1s dependent on increased
signaling through SK, and SK inhibitory compounds, phar-
maceutical compositions and methods of this invention are
expected to be of use 1n the therapy of these disorders.

EXAMPLES

The present invention may be better understood with
reference to the following examples. These examples are
intended to be representative of specific embodiments of the
invention, and are not itended as limiting the scope of the
invention.

Representative compounds of the invention include those
in Tables 1 and 2. Structures were named using Chemdraw

Ultra, version 7.0.1, available from CambridgeSoit Corpo-
ration, 100 CambridgePark Drive, Cambridge, Mass. 02140,

USA.
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TABLE 1

Representative eempeunde of the invention.

Rj
Y—R»
R3
Cmpd Chemical name Y Ry R, R,
1 3-(4-Chloro-phenyl)- NH =0 —
adamantane-1-carboxylic acid \

1sopropylamide Cl \ //

2 3-(4-Chloro-phenyl)- NH =0 —
adamantane-1-carboxylic acid \

cyclopropylamide Cl \ //

3 3-(4-Chloro-phenyl)- NH —O —
adamantane-1-carboxylic acid
(2-ethylsul fanyl-ethyl)-amide Cl \ /
4 3-(4-Chloro-phenyl)- NH =0 ——

adamantane-1-carboxylic acid

phenylamide Cl \ //

5 Adamantane-1-carboxylic acid NH —0O 5|
(4-hydroxy-phenyl)-amide / —

)

6 3-(4-Chloro-phenyl)- NH —O — —
adamantane-1-carboxylic acid \

(4-hydroxy-phenyl)-amide Cl \ // \ / OH

7 Acetic acid 4-{[3-(4-chloro- NH =—=O _\ O

phenyl)-adamantane-1-

carbonyl]-amino }-phenyl ester Cl \ // /— >—

8 3-(4-Chloro-phenyl)- NH =0 — HO
adamantane-1-carboxylic acid

(2.,4-dihydroxy-phenyl)-amide Cl \ / —

9 3-(4-Chloro-phenyl)- NH —O — OH
adamantane-1-carboxylic acid \ /
(3-hydroxymethyl-phenyl)- Cl \ / —
amide /

(4-cyanomethyl-phenyl)-amide

11 3-(4-Chloro-phenyl)- NH —=0O — — CN
adamantane-1-carboxylic acid \
(4-cyanomethyl-phenyl)-amide Cl \ // \ /

10 Adamantane-1-carboxylic acid NH —O H <_ CN
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TABLE 1-continued
Representative compounds of the invention.
Rj
Y—R»
R3
Cmpd Chemical name Y Ry R, R,

12 3-(4-Chloro-phenyl)- NH =0 — —
adamantane-1-carboxylic acid \
benzylamide Cl \ / \\ /

13  3-(4-Chloro-phenyl)- NH =0 — —
adamantane-1-carboxylic acid
4-tert-butyl-benzylamide Cl \ // \\ /

14 3-(4-Chloro-phenyl)- NH —O — / — /
adamantane-1-carboxylic acid S
4-methylsulfanyl-benzylamide Cl \ / \\ /

15 3-(4-Chloro-phenyl)- NH —O —_— Cl3
adamantane-1-carboxylic acid \ /
3-trifluoromethyl-benzylamide Cl \ / / —

16 3-(4-Chloro-phenyl)- NH =0 —
adamantane-1-carboxylic acid CF
4-trifluoromethyl-benzylamide Cl \ / 3

17 3-(4-Chloro-phenyl)- NH —O — Ch3
adamantane-1-carboxylic acid \
3,5-bis-trifluoromethyl- Cl \ / —
benzylamide \ /

CE3

18 3-(4-Chloro-phenyl)- NH —O — Cl3
adamantane-1-carboxylic acid \ /
3-fluoro-5-trifluoromethyl- Cl \ / —
benzylamide \ /

b

19 3-(4-Chloro-phenyl)- NH —O —_— b
adamantane-1-carboxylic acid \
2-fluoro-4-trifluoromethyl- Cl \ / —
benzylamide CF,

\

/
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TABLE 1-continued
Representative compounds of the invention.
R
Y—R,
R3
Cmpd Chemical name Y Ry R,
20 3-(4-Chloro-phenyl)- NH

adamantane-1-carboxylic acid
3,5-difluoro-benzylamide

O
O

21 3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid

3.,4-difluoro-benzylamide

NH

22  3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid

3.4, 5-trifluoro-benzylamide

NH

O

23 3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid

3-chloro-4-fluoro-benzylamide

NH

O

24 3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid
4-fluoro-3-trifluoromethyl-

benzylamide

NH

Cl

\_/

25  3-(4-Chloro-phenyl)- NH
adamantane-1-carboxylic acid

2-chloro-4-fluoro-benzylamide

Cl

\_/

26 3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid
4-chloro-3-trifluoromethyl-

benzylamide

NH

O

38

A

_/
yoeos
AL

¥

Y
Q)
%\_/F
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TABLE 1-continued
Representative compounds of the invention.
Rj
\‘/Y —R>
R3
Cmpd Chemical name Y Rj R, R,

27 3-(4-Chloro-phenyl)- NH =0 — Cl NH,
adamantane-1-carboxylic acid \ \ /
3-aminomethyl-2,4,5,6- Cl \ // —
tetrachloro-benzylamide \ / Cl

Cl Cl

28 3-(4-Chloro-phenyl)- NH =0 — —
adamantane-1-carboxylic acid Cl
[1-(4-chloro-phenyl)-ethyl]- Cl \ / \ /
amide

29 3-(4-Chloro-phenyl)- NH —O p— —
adamantane-1-carboxylic acid Iy
[1-(4-bromo-phenyl)-ethyl]- Cl \ // \ /
amide

30 3-(4-Chloro-phenyl)- NH =0 — O
adamantane-1-carboxylic acid / ‘
4-methanesulfonyl- Cl \ / S
benzylamide \ / ‘

O

31 3-(4-Chloro-phenyl)- NH —O — — /
adamantane-1-carboxylic acid N
4-dimethylamino-benzylamide Cl \ // % \\ / \

32 3-(4-Chloro-phenyl)- NH —O — — CF;
adamantane-1-carboxylic acid \ / /
4-trifluoromethoxy- Cl \ / \ / O
benzylamide

33 3-(4-Chloro-phenyl)- NH =0 — O—CL;3
adamantane-1-carboxylic acid \
3-trifluoromethoxy- Cl \ // —
benzylamide \ /

34 3-(4-Chloro-phenyl)- NH —O — F
adamantane-1-carboxylic acid
4-phenoxy-benzylamide Cl \ / —— ‘

»{@O B

35 Adamantane-1-carboxylic acid NH —O H OH

3.4-dihydroxy-benzylamide

\_/

OH
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TABLE 1-continued

Representative compounds of the invention.

Cmpd Chemical name

36

37

38

39

40

41

42

43

3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid
3.4-dihydroxy-benzylamide

3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid
phenethyl-amide

3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid
[2-(4-fluoro-phenyl)-ethyl]-
amide

3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid
[2-(4-bromo-phenyl)-ethyl]-
amide

3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid
[2-(4-hydroxy-phenyl)-ethyl]-
amide

3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid
4-phenoxy-benzylamide

3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid
[2-(3-bromo-4-methoxy-
phenyl)-ethyl]-amide

NH

NH

NH

NH

NH

NH

NH

Adamantane-1-carboxylic acid NH

[2-(3.,4-dihydroxy-phenyl)-
cthyl]-amide

—0

\_/

C

fr—

\) )
—~_) )
{\_} /_<\_/ i

“ \_/ / <\_% .

- /_ OCH
— ) )

_\ /Br
Cl \ / /_ O /
ava

OH
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TABLE 1-continued
Representative eempeunde of the imvention.
R
Y—R>
R3
Cmpd Chemical name Y Ry R, R,
44 3-(4-Chloro-phenyl)- NH =0 —_— OH
adamantane-1-carboxylic acid - /

45

46

47

48

49

50

51

52

[2-(3.,4-dihydroxy-phenyl)-
ethyl]-amide

3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid
(2-benzo[1,3]dioxol-5-yl-
ethyl)-amide

NH

3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid
[2-(3-phenoxy-phenyl)-ethyl]-
amide

NH

3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid
[2-(4-phenoxy-phenyl)-ethyl]-
amide

NH

3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid
(3-phenyl-propyl)-amide

NH

3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid
(biphenyl-4-ylmethyl)-amide

NH

Adamantane-1-carboxylic acid NH
(1-methyl-piperidin-4-yl)-
amide

3-(4-Chloro-phenyl)- NH
adamantane-1-carboxylic acid
(1-methyl-piperidin-4-yl)-

amide

3-(4-Chloro-phenyl)- NH

adamantane-1-carboxylic acid
(4-methyl-piperazin-1-yl)-
amide

=
N

Cl \ //

a \_> _/O_<\_/
)

e ey /@

0

=) )

o . I~

\__/
r \_/ < >N_

C

I
-+
g
iT]
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Representative eempeunde of the invention.

US RE49.811 E

TABLE 1-continued

46

Cmpd Chemical name

53

34

35

56

57

58

59

60

61

62

3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid
(3-tert-butylamino-propyl)-
amide

3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid
(3-pyrrolidin-1-yl-propyl)-
amide

3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid
[3-(2-0x0-pyrrolidin-1-yl)-
propyl]-amide

Adamantane-1-carboxylic acid

[2-(1-methyl-pyrrolidin-2-yl)-
ethyl]-amide

3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid
[2-(1-methyl-pyrrolidin-2-yl)-
ethyl]-amide

3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid

(2-morpholin-4-yl-ethyl)-amide

3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid
(2-piperazin-1-yl-ethyl)-amide

Adamantane-1-carboxylic acid

(pyridin-4-ylmethyl)-amide

3-(4-Fluoro-phenyl)-
adamantane-1-carboxylic acid
(pyridin-4-ylmethyl)-amide

3-(4-Chloro-phenyl)-
adamantane-1-carboxylic acid
(pyridin-4-ylmethyl)-amide

NH

NH

NH

NH

NH

NH

NH

NH

NH

NH

R

Cl

Cl

Cl

Cl

Cl

Cl

Cl

\_/

\_/

9
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TABLE 1-continued

Representative compounds of the invention.

Rj
\‘/Y —R>
R3
Cmpd Chemical name Y Rj R, R,
63 Adamantane-1-carboxylic acid NH —0O H /™ \
(pyridin-4-ylmethyl)-amide N

64 3-(4-Chloro-phenyl)- NH —O — _\
adamantane-1-carboxylic acid \ N
(2-pyridin-4-yl-ethyl)-amide Cl \ // \ /

65 3-(4-Chloro-phenyl)- NH —O ——
adamantane-1-carboxylic acid

(3-imidazol-1-yl-propyl)-amide . \ /

66 3-(4-Chloro-phenyl)- NH =0 —
adamantane-1-carboxylic acid
(2-methyl-1H-indol-5-y1)- C

amide \ //

| —

67 3-(4-Chloro-phenyl)- NH =0 — Na
adamantane-1-carboxylic acid \ </

(1H-tetrazol-5-yl)-amide Cl \ / ‘ ‘
/ N~ N
H

68 3-(4-Chloro-phenyl)- NH =0 —
adamantane-1-carboxylic acid

(9-ethyl-9H-carbazol-3-yl)- Cl \ /

amide

69 Adamantane-1-carboxylic actd NH —0O H Ne
[4-(4-chloro-phenyl)-thiazol-2- </
yl]-amide ‘ —
Sl

70  3-(4-Chloro-phenyl)- NH =0 — N
adamantane-1-carboxylic acid \ /
[4-(4-chloro-phenyl)-thiazol-2- Cl \ // ‘
> Cl

71 3-(4-Chloro-phenyl)- NH —O — S
adamantane-1-carboxylic acid R/\
benzothiazol-2-ylamide Cl \ / \ ‘

N ___,..-\/

72 3-(4-Chloro-phenyl)- NH =0 — O
adamantane-1-carboxylic acid / ™ X
(5-chloro-benzooxazol-2-yl)- Cl \ // \\ ‘
amide N~ = -
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TABLE 1-continued
Representative compounds of the invention.
Rj
Y—R»
R3
Cmpd Chemical name Y Ry R, R,

73 3-(4-Chloro-phenyl)- NH =0 — N:—-—"\
adamantane-1-carboxylic acid N
(9H-purin-6-yl)-amide Cl \ /

/ N
N\/N

75  [3-(4-Chloro-phenyl)- NH H —_—
adamantan-1-ylmethyl]- -

1sopropyl-amine \ /

%
%
?

77 [3-(4-Chloro-phenyl)- NH H
adamantan-1-ylmethyl]-(4- \
trifluoromethyl-benzyl)-amine Cl \ /

78 [3-(4-Chloro-phenyl)- NH H —
adamantan-1-ylmethyl]-(2-
fluoro-4-trifluoromethyl- Cl
benzyl)-amine

\_/

79  [3-(4-Chloro-phenyl)- NH H —
adamantan-1-ylmethyl]-(4- \ /
fluoro-3-trifluoromethyl- Cl \ / —

benzyl)-amine

80 [3-(4-Chloro-phenyl)- NH H — —
adamantan-1-ylmethyl]-(4- \ /
trifluoromethoxy-benzyl)- Cl \ / \\ / O

amine

81 [3-(4-Chloro-phenyl)- NH H —
adamantan-1-ylmethyl]-[2-(3- \ O
phenoxy-phenyl)-ethyl]-amine Cl \ / \

82 [3-(4-Chloro-phenyl)- NH H —
adamantan-1-ylmethyl]-(1- \ / \
methyl-piperidin-4-ylj-amine Cl \ // \ /N—
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TABLE 1-continued
Representative compounds of the invention.
Rj
Y—R»
R3
Cmpd Chemical name Y Ry R, R,
83 [3-(4-Chloro-phenyl)- NH H —
adamantan-1-ylmethyl]-(4- \ / \
methyl-piperazin-1-yl)-amine Cl \ // N\ /N
84 N-tert-Butyl-N'-[3-(4-chloro- NH H —
phenyl)-adamantan-1- \ %
ylmethyl]-propane-1,3-diamine Cl \ / 7<
85 [3-(4-Chloro-phenyl)- NH H —
adamantan-1-ylmethyl]-(3- \
pyrrolidin-1-yl-propyl)-amine Cl \ // N
86 [3-(4-Chloro-phenyl)- NH H —
adamantan-1-ylmethyl]-[2-(1- \
methyl-pyrrolidin-2-yl)-ethyl]- Cl \ /
amine T
87 [3-(4-Chloro-phenyl)- NH H —— / \
adamantan-1-ylmethyl]-(2- N O
morpholin-4-yl-ethyl)-amine Cl \ / / \ /
88 [3-(4-Chloro-phenyl)- NH H — / —\
adamantan-1-ylmethyl]- \ N
pyridin-4-ylmethyl-amine Cl \ / % \\ /,
89 [3-(4-Chloro-phenyl)- NH H —
adamantan-1-ylmethyl]-(9- \
ethyl-9H-carbazol-3-yl)-amine Cl \ //
\ / —
90 [3-(4-Chloro-phenyl)- NH H —— N
adamantan-1-ylmethyl]-[5-(4- \ /
chloro-phenyl)-thiazol-2-yl]- Cl \ // ‘ —
. Cl

amine

1-[3-(4-Chloro-phenyl)-
adamantan-1-yl]-ethylamine

91

92 {1-[3-(4-Chloro-phenyl)-
adamantan-1-yl]-ethyl }-
isopropyl-amine

NH CH,

Cl

NN

\ 7/



53

Representative compounds of the invention.
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TABLE 1-continued

54

Cmpd Chemical name

93

94

95

96

97

98

99

100

101

102

Phenyl-[1-(3-phenyl-
adamantan-1-yl)-ethyl]-amine

{1-[3-(4-Fluoro-phenyl)-
adamantan-1-yl]-ethyl }-
phenyl-amine

{1-[3-(4-Chloro-phenyl)-
adamantan-1-yl]-ethyl }-
phenyl-amine

(1-Adamantan-1-yl-ethyl)-
benzyl-amine

Benzyl-[1-(3-phenyl-
adamantan-1-yl)-ethyl]-amine

Benzyl-{1-[3-(4-fluoro-
phenyl)-adamantan-1-yl]-
ethyl }-amine

Benzyl-{1-[3-(4-chloro-
phenyl)-adamantan-1-yl]-
ethyl }-amine

(4-tert-Butyl-benzyl)-{ 1-[3-(4-
chloro-phenyl)-adamantan-1-
yl]-ethyl }-amine

[1-(4-Bromo-phenyl)-ethyl]-
{1-[3-(4-chloro-phenyl)-
adamantan-1-yl]-ethyl }-amine

(1-Adamantan-1-yl-ethyl)-[2-

(4-bromo-phenyl)-ethyl]-amine

NH

NH

NH

NH

NH

NH

NH

NH

NH

NH

CH,

CH,

CH,

CH,

CH,

CH,

CH,

CH,

CH,

CH,

R

H

~ )
N

Br
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TABLE 1-continued

Representative compounds of the invention.

Rj
\‘/Y —R>
R3
Cmpd Chemical name Y Rj R, R,

103 [2-(4-Bromo-phenyl)-ethyl]- NH CH; — E—
{1-[3-(4-chloro-phenyl)- Iy
adamantan-1-yl]-ethyl}-amine Cl \ // \ /

104 (1-Adamantan-1-yl-ethyl)-(1- NH CH, H

methyl-piperidin-4-yl)-amine

(3-phenyl-adamantan-1-yl)-

ethyl]-amine \ /

106 {1-[3-(4-Fluoro-phenyl)- NH CH,
adamantan-1-yl]-ethyl}-(1-
methyl-piperidin-4-yl)-amine F \ /

107 {1-[3-(4-Chloro-phenyl)- NH CH, —
adamantan-1-yl]-ethyl}-(1-

methyl-piperidin-4-ylj)-amine Cl \ //

108 {1-[3-(4-Chloro-phenyl)- NH CH, —
adamantan-1-yl]-ethyl }-(4- \ / \
methyl-piperazin-1-yl)-amine Cl \ // N\ /N—

109 {1-[3-(Phenyl)-adamantan-1- NH CH; — —\
yl]-ethyl }-pyridin-4-ylmethyl- /

e \_/ % \\4

110 {1-[3-(4-Chloro-phenyl)- NH CH; — —
adamantan-1-yl]-ethyl}-(6- /

chloro-pyridin-3-ylmethyl)- Cl \ // \\ / Cl
ammine N

N N N N

105 (1-Methyl-piperidin-4-yl)-[1- NH CH, — %

111 {1-[3-(4-Chloro-phenyl)- NH CH; —
adamantan-1-yl]-ethyl}-(2-

pyridin-4-yl-ethyl)-amine Cl \ /

112 {1-[3-(4-Chloro-phenyl)- NH CH; — HN
adamantan-1-yl]-ethyl }-(3H- \\
imidazol-4-ylmethyl)-amine Cl \ // \ N

113 {1-[3-(4-Chloro-phenyl)- NH CH; —

adamantan-1-yl]-ethyl}-(2-

methyl-1H-indol-5-yl)-amine Cl \ //
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Representative compounds of the mmvention.

Cmpd Chemical name Y Ry R, R,

114 {1-[3-(4-Chloro-phenyl)- NH CH, —

adamantan-1-yl]-ethyl }-(9-

ethyl-9H-carbazol-3-yl)-amine Cl \ /

115

116

117

11%

119

120

{1-[3-(4-Chloro-phenyl)- NH CH;
adamantan-1-yl]-ethyl }-(9-
ethyl-9H-carbazol-3-ylmethyl)- Cl \ /

amine

9-Ethyl-9H-carbazole-3- NH CH; —_—
carboxylic acid {1-[3-(4- \
chloro-phenyl)-adamantan-1- Cl \ /
yl]-ethyl }-amide
O —
\_/ —

CF3

1-{1-[3-(4-Chloro-phenyl)- NH CH, —
adamantan-1-yl]-ethyl}-3-(4-
chloro-3-trifluoromethyl- Cl \ //
phenyl)-urea

Cl
1-{1-[3-(4-Chloro-phenyl)- NH CH; —
adamantan-1-yl]-ethyl }-3-(4- \ % CF
chloro-3-trifluoromethyl- Cl \ / 3
phenyl)-urea

-
7T

O
Cl
(4-Bromo-thiophen-2- NH CH; — S
ylmethyl)-{1-[3-(4-chloro- \ \
phenyl)-adamantan-1-yl]- Cl \ / \ n
ethyl }-amine '

fr—

{1-[3-(4-Chloro-phenyl)- NH CH; — S
adamantan-1-yl]-ethyl }-(4- \
phenyl-thiophen-2-ylmethyl)- C \ / \
amine
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Cmpd

121

122

123

124

125

126

127

128

129

130

131

Chemical name R

3-Phenyl-adamantane-1-carboxylic
acid

3-(4-Fluoro-phenyl)-adamantane-1-
carboxylic acid

3-(4-Chloro-phenyl )-adamantane-1-
carboxylic acid

1-Adamantan-1-yl-ethanone

1-(3-Phenyl-adamantan-1-yl)-
ethanone

1-[3-(4-Fluoro-phenyl)-adamantan-
1-yl]-ethanone

1-[3-(4-Chloro-phenyl)-adamantan-
1-yl]-ethanone

2-(Adamantane-1-carbonyl)-malonic
acid dimethyl ester

2-[3-(4-Chloro-phenyl)-adamantane-
1-carbonyl]-malonic acid dimethyl
ester

3-(4-Chloro-phenyl)-1-[3-(4-chloro-
phenyl)-adamantan-1-yl]-propenone

4-{3-[3-(4-Chloro-phenyl)-
adamantan-1-yl]-3-oxo-propenyl } -
benzonitrile

Cl

Cl

Cl

Cl

Cl

R,

i
A

aw

Jelol!

e

~ ]
N

=
N

e

OH

OH

OH

CH,

CH,

CH,

CH,

/ CN
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62

Representative compounds of the invention.

~
I::I %
&

Cmpd Chemical name R R,
132 1-[3-(4-Chloro-phenyl)-adamantan- —
1-yl]-3-(4-hydroxy-phenyl)-
propenone Cl \ /
133  1-[3-(4-Chloro-phenyl)-adamantan- —
1-yl]-3-naphthalen-2-yl-propenone -
134 1-[3-(4-Chloro-phenyl)-adamantan- —
1-yl]-3-(6-chloro-pyridin-3-yl)-
propenone Cl \ /
135 1-[3-(4-Chloro-phenyl)-adamantan- —
1-yl]-3-(1 H-imidazol-4-yl)- \
propenone Cl \ /
136 1-[3-(4-Chloro-phenyl)-adamantan- —
1-yl]-3-(9-ethyl-9H-carbazol-3-vl)- \
propenone Cl \ /
137 1-[3-(4-Chloro-phenyl)-adamantan-
1-yl]-3-(4-phenyl-thiophen-2-yI)- -

propenone

~ ]
X

General methods. NMR spectra were obtained on Varian 300
istruments in CDC1; DMSO-d,. Chemical shifts are quoted
relative to TMS for 'H- and '"C-NMR spectra. Solvents
were dried and distilled prior to use. Reactions requiring,
anhydrous conditions were conducted under an atmosphere
of nmitrogen and column chromatography was carried out
over silica gel (Merck, silica gel 60, 230-400 mesh) All
reagents and commercially available materials were used
without further punfication.

Example 1

Method for the synthesis of 3-(4-chloro-phenyl)
adamantane-1-carboxylic acid (pyridin-4-ylmethyl)
amide, Compound 62

As an example, a process for the synthesis of Compound
62 1s described in Scheme 1. The direct bromination of

50

55

60

65

adamantane-1-carboxylic acid (1) in the presence of alumi-

num chlornide (AICl,) gave 3-bromide derivative (2) of 1
which was converted to (3) by the reaction of Friedel-Crafts

reaction. 3 was reacted with thionyl chloride (SOCI1,) to give
3-R-substituted-1-adamantanecarbonyl chlorides 4. By reac-
tion 4 with a substituted amine, for example, 4-aminometh-
ylpyridin (35), in THEFE, (6, also represented as Compound 62)
and related amide compounds were obtained.

Scheme 1.

Br
AlBrg

COOH
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-continued

Cl N ‘ N
N F
L COOH FeCl;
2

G, SOCl

COOH
3
Cl
ILN AN
| /N
COCl 5
oe--
A4
]
O
/ N
e
6

More specifically, adamantane-1-carboxylic acid (1) (45
g, 0.25 mol) was added to mixture of AICI, (45 g, 0.34 mol)

and Br, (450 g) at 0° C. and stirred at 0-10° C. for 48 hrs,
kept S hrs at about 20° C., poured on to 500 g crushed ice,
diluted with 300 ml CHCI; and decolorized with solid
Na,S,0.. The aqueous phase was extracted with Et,O (50

mlx2). The combined organic solution was washed with
H,O and extracted with 10% NaOH. The alkaline extraction
was acidified with 2N H,SO, and provided 49 ¢

(vield=75.7%) of 3-bromo-adamantane-1-carboxylic acid
(2).

Over a 30 minute period, 3-bromo-adamantane-1-carbox-
ylic acid (2) (16.0 g, 61.7 mmol) 1n 50 ml of dry chloroben-
zene at —10° C. was added to 100 ml dry chlorobenzene and
9.3 g, 70 mmol AICIl;. The mixture was then warmed to
room temperature for 1 hour and then heated to 90° C. for
10 hours. The mixture was then poured onto 200 g of
crushed 1ce, and the filtered to provide 14.2 g (vield=79.3%)
of 3-(4-chloro-phenyl)-adamantane-1-carboxylic acid (3).

3 reacted with an equimolar amount of 1,1'-carbonyl
diumidazole (CDI) to give intermediate 3-R-substituted-1-
adamantanecarbonyl imidazole (4). By reaction of 4 with a
substituted amine, the corresponding adamantylamide was
obtained.

For example, reaction of 3 with 4-aminomethylpyridine
(5), in toluene, produced {3-(4-Chloro-phenyl)-adamantane-
1-carboxylic acid (pyridin-4-ylmethyl)-amide} (6 also rep-
resented as Compound 62) with a yield of 92.6% and a
melting point of 128-130° C. "H NMR(300 MHz, CDCL,) &
1.72-2.25(m, 12H, Admant-CH), 4.44-4.46 (d, J=6 Hz, 2H,
CH,-Py), 6.18 (m, 1H, HN), 7.13-7.15 (d, J=6 Hz, 2H,
H-Py), 7.15-7.30 (m, 4H, H-Ph), 8.52-8.54 (d, J=6 Hz, 2H,
H-Py); '°C NMR(300 MHz, CDCl,) 6 28.98, 35.73, 36.71,
38.77,42.18, 42.37, 44.88, 122.38, 125.30, 126.57, 128.36,
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129.26, 148.39, 150.20 177.76; MS m/z (rel intensity)
381.50 (MH*, 100), 383.41 (90), 384.35(80).

Example 2

A Second Method for the Synthesis of Compound
62

A second method for the synthesis of Compound 62 and
related adamantylamides 1s described 1n Scheme 2. 3-phenyl
substituted ntermediate (3) was prepared as described
above. 3 reacted with 1,1'-carbonyldiimidazole (CDI) to
give 3-R-substituted-1-adamantanecarbonylimidazole inter-
mediate (4). By reaction of 4 with a substituted amine, for
example 4-aminomethylpyridine 5, in toluene, 6 {3-(4-
Chloro-phenyl)-adamantane-1-carboxylic  acid(pyridin-4-
ylmethyl)-amide} was obtained.

Scheme 2.
Cl
/
\ CDI
COOH
3
—I—COgT
— 1 H-N
Cl N 2 /\O
ﬁ
N\)
5
-
_ O _
4
Cl
O
Z SN
6

A diverse set of substituted aryladamantanes can be
clliciently synthesized by condensation of various aromatic
compounds with 2, and a variety of such compounds are
commercially available. Additionally, amidation of 3 can be
ciliciently completed using a variety of coupling reagents
and primary amine-containing compounds. The following
Example provides several representatives of the products of
this process; however, these methods can be adapted to
produce many structurally related adamantylamides that are
considered to be subjects of this invention.

Example 3

Synthesis of Adamantylamides

The methods described 1n Example 1 or 2 were used to
prepare a library of substituted adamantylamides. Data pro-
vided below include: the amount synthesized, the yield of
the amidation reaction, the melting point (m.p.) of the
compound, mass spectral (MS) data for the compound, and
NMR spectral data for the compound.
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Compound 1: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid 1sopropylamide. Yield=81%; m.p.: 140-141.5°
C.; MS m/z (rel intensity) 332 (MH™, 95).

Compound 2: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid cyclopropylamide. 90 mg, Yield=78.3%; m.p.:
145-148° C.; '"H NMR(300 MHz, CDCl,) 8 0.44-0.46 (m,
2H, CH,), 0.76-0.78 (m, 2H, CH,), 1.59-1.92 (m, 12H,
Admant-CH), 2.25 (s, 2H, Admant-CH), 2.62-2.65 (m, 1H,
CH), 5.64 (m, 1H, HN), 7.28-7.30 (m, 4H, H-Ph); '°C
NMR (300 MHz, CDCIl;) 6 6.7, 22.7, 28.8, 35.5, 36.5, 38 4,
42.0, 44.5, 126.2, 128.1, 131.4, 148.2, 178.5; MS m/z (rel
intensity) 330.46 (MH™, 100), 331.47 (25), 332.46(35).

Compound 3: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (2-ethylsultanyl-ethyl)-amide. 180 mg,
Yield=92.0%; m.p.: 101-103° C.; 'H NMR(300 MHz,
CDCl,) 0 1.24-1.29 (t, J=7.5 Hz, 3H, CH,), 1.74-1.97 (m,
12H, Admant-CH), 2.27 (s, 2H, Admant-CH), 2.52-2.59 (q,
J=7.5 Hz, 2H, CH,), 2.65-2.70 (t, J=7.5 Hz, 2H, CH,),
3.41-3.47 (m, 2H, CH,), 6.12(m, 1H, HN), 7.24-7.28 (m,
4H, Ar—H), 7.38-7.45 (m, 2H, Ar—H); “C NMR(300
MHz, CDCl,) 6 15.1,25.7,29.0, 31.6, 35.8, 36.7, 38.3, 38.6,
42.0, 42.3, 44.7, 126.6, 128.5, 148.6, 177.6; MS m/z (rel
intensity) 373 6 (MH+ 100) 374 6 (25) 375.6(40).

Compound 4: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid phenylamide. 120 mg, Yield=68.5%; m.p.:
190-192° C.; MS m/z (rel mtensity) 366 (MH™, 35).

Compound 5: Adamantane-1-carboxylic acid (4-hydroxy-
phenyl)-amide. 77 mg, Yield=57%; m.p.: 224-226° C.; MS
m/z (rel intensity) 272 (MH™, 50).

Compound 6: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (4-hydroxy-phenyl)-amide. Yield=66%; m.p.:
240-242° C.; '"H NMR(200 MHz, CDCL,) § 0.86-2.32(1m,
14H, Admant-H), 6.75-6.78 (d, J=9 Hz, 2H, Ar—H), 7.26-
7.33 (m, 6H, Ar—H); °C NMR(300 MHz, CDCl,) § 23.7,
28.8, 29.4, 29.7, 30.3, 35.5, 38.5.3, 38.7, 42.0, 44.6, 115.7,
122.5,126.3, 128.3, 140.6, 173.6; MS m/z (rel intensity) 382
(MH™, 50).

Compound 7: Acetic acid 4-{[3-(4-chloro-phenyl)-ada-
mantane-1-carbonyl]-amino }-phenyl  ester. 140 mg,
Yi1eld=85%; m.p.: 176-178° C.; MS mv/z (rel intensity) 424
(MH™, 75), 425(50), 426(55).

Compound 8: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (2,4-dihydroxy-phenyl)-amide. 5 mg,
Yield=4%; m.p.: 242-244° C.; MS m/z (rel intensity) 398
(MH™, 20).

Compound 9: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (3-hydroxymethyl-phenyl)-amide. 74 mg,
Yield=38%; m.p.: 173-173° C.; MS m/z (rel intensity) 396
(MH™, 90).

Compound 10: Adamantane-1-carboxylic acid (4-cya-
nomethyl-phenyl)-amide. 5.1 mg, Yield=4%; m.p.: 184-
186° C.; MS m/z (rel intensity) 295 (MH™, 50).

Compound 11: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (4-cyanomethyl-phenyl)-amide. 92 mg,
Yield=46%; mp: 157-159° C.; MS m/z (rel intensity) 405
(MH™, 20).

Compound 12: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid benzylamide. 144 mg, Yield=75.8%; m.p.:
134-136° C.; MS m/z (rel mtensity) 380(MH™, 75).

Compound 13: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid 4-tert-butyl-benzylamide. 35 mg, Yield=62%;
m.p.: 187-189° C.; MS m/z (rel intensity) 436 (MH™, 30).

Compound 14: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid 4-methylsulfanyl-benzylamide. 100 mg,
Yield=47%; m.p.: 139-141° C.; "H NMR(300 MHz, CDCI,)
0 1.73-1.98 (m, 12H, Admant-CH), 2.26 (s, 2H, Admant-
CH), 2.47 (s, 3H, SCH,), 4.38-4.40 (d, J=6 Hz, 2H, CH,),
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5.84 (s(br), 1H, HN), 7.16-7.24 (m, 4H, Ar—H), 7.26-7.30
(m, 4H, Ar—H); *C NMR(300 MHz, CDCl,) 6 15.9, 28.8,
35.5,36.5,384,41.7,42.0,42.9,44.6, 126.2, 126.7, 128.2,
131.4, 135.2, 137.5, 148.1, 177.2; MS m/z (rel intensity)
426.6 (MH™, 100), 427.6 (30), 428.6 (32).

Compound 15: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid 3-trifluoromethyl-benzylamide. 190 mg,
Yield=81%; oil; "H NMR(300 MHz, CDCl,) § 1.58-2.00
(m, 12H, Admant-CH), 2.28 (s, 2H, Admant-CH), 4.50-4.52
(d, J=6 Hz, 2H, CH,), 6.02 (m, 1H, HN), 7.26-7.29 (m, 4H,
Ar—H), 7.44-7.54 (m, 4H, Ar—H); "°C NMR(300 MHz,
CDCly) 0 28.8, 35.5, 36.5, 38.5, 41.8, 42.0, 42.8, 44.5,
124.0, 126.2, 128.1, 129.0, 130.7, 139.9, 148.3, 177.2; MS
m/z (rel itensity) 448.2 (MH™, 100).

Compound 16: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid 4-trifluoromethyl-benzylamide. 180 mg,
Yield=80%; m.p.: 165-167° C.; "H NMR(300 MHz, CDCL,)
00 1.74-1.99 (m, 12H, Admant-CH), 2.28 (s, 2H, Admant-
CH), 4.48-4.50 (d, J=6 Hz, 2H, CH,), 6.03 (m, 1H, HN),
7.24-730 (m, 4H, Ar—H), 7.34-7.36 (d, J=6 Hz, 2H,
Ar—H), 7.57-7.59 (d, J=6 Hz, 2H, Ar—H); °C NMR(300
MHz, CDCl,) 6 29.0,35.7,36.7,38.3,38.7,42.2,42.3,43.1,
43.9, 448, 125.9, 126.6, 127.9, 1285 131.9, 142.9, 1484
177.8; MS m/z (rel intensity) 448.2 (MH+5 100).

Compound 17: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid 3,5-bis-trifluoromethyl-benzylamide. 168 mg,
Yield=65%; m.p.: 125-127° C.; "H NMR(300 MHz, CDCI,)
0 1.75-2.00 (m, 12H, Admant-CH), 2.28 (s, 2H, Admant-
CH), 4.53-4.55 (d, J=6 Hz, 2H, CH,), 6.24 (m, 1H, HN),
7.23-7.30 (m, 4H, Ar—H), 7.69 (s, 2H, Ar—H), 7.77 (s, 1H,
Ar—H); °C NMR(300 MHz, CDCl,) 8 28.9, 35.6, 36.7,
38.6, 42.0, 42.2, 42.6, 447, 121.5, 125.5, 126.5, 127.6,
128.5, 131.8, 141.8, 148.4, 178.1; MS m/z (rel intensity)
516.2 (MH™, 100).

Compound 18: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid 3-fluoro-5-trifluoromethyl-benzylamide. 210
mg, Yield=90%; m.p.: 92-94° C.; 'H NMR(300 MHz,
CDCly) o 1.75-2.00 (m, 12H, Admant-CH), 2.29 (s, 2H,
Admant-CH), 4.48-4.50 (d, J=6 Hz, 2H, CH,), 6.07 (m, 1H,
HN), 7.14-7.29 (m, 7H, Ar—H); 13C NMR (300 MHz,
CDCl;) 0 28.9,35.6,36.6,38.3,38.7,42.0,42.1,42.6,44.7,
111.7,112.0,117.7,118.0, 119. 8 126.5, 128.5, 131 8,143.2,
148.4, 161.2, 164.5, 178.1; MS m/z (rel intensity) 466.2
(MH™, 100).

Compound 19: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid 2-fluoro-4-trifluoromethyl-benzylamide. 156
mg, Yield=67%; m.p.: 190-192° C.; 'H NMR(300 MHz,
CDCl;) o 1.60-1.96 (m, 12H, Admant-CH), 2.28 (s, 2H,
Admant-CH), 4.51-4.53 (d, J=6 Hz, 2H, CH,), 6.08 (m, 1H,
HN), 7.26-7.44 (m, 7H, Ar—H); 13’C NMR (300 MHz,
CDCly) o 15.7, 29.0, 35.7, 36.7, 38.7, 42.2, 44.8, 113.3,
121.5,126.6, 128.5, 130.8, 131.9, 148.4, 177.7; MS m/z (rel
intensity) 466.1 (MH“L,, 100).

Compound 20: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid 3,5-difluoro-benzylamide. 160 mg, Yield=85%;
m.p.: 59-61° C.; 'H NMR(300 MHz, CDC1,) 6 1.75-2.03
(m, 12H, Admant-CH), 2.29 (s, 2H, Admant-CH), 4.38-4.41
(d, =6 Hz, 2H, CH,), 6.00 (m, 1H, HN), 6.67-6.81 (m, 3H,
Ar—H), 7.29(s, 4H, Ar—H); '°C NMR(300 MHz, CDCl,)
0 28.9, 35.7,36.7, 38.1, 38.7, 42.1, 42.3, 428, 44.1, 44.7,
103.0, 110.2, 126.6, 128.5, 131.9, 148.4, 164.9, 178.0; MS
m/z (rel intensity) 416.59 (MH™, 100), 417.59 (35), 418.59
(40), 419.60(20).

Compound 21: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid 3,4-difluoro-benzylamide. 179 mg, Yield=86%;
m.p.: 100-102° C.; '"H NMR(300 MHz, CDCl,) 8 1.74-1.98
(m, 12H, Admant-CH), 2.28 (s, 2ZH, Admant-CH), 4.38-4.41
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(d, =6 Hz, 2H, CH,), 5.96 (m, 1H, HN), 6.98 (s, 1H,
Ar—H), 7.06-7.12 (m, 2H, Ar—H), 7.24-7.30 (m, 4H,
Ar—TH); °C NMR(300 MHz, CDCl,) 8 29.0, 35.7, 36.7,
38.7, 42.0, 42.1, 42.7, 448, 116.7, 117.7, 123.7, 126.6,
128.5, 148.5, 177.8; MS m/z (rel intensity) 416.4 (MH",
100).

Compound 22: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid 3.4,5-trifluoro-benzylamide. 195 mg,
Yield=90%; m.p.: 106-108° C.; "H NMR (300 MHz, CDCI,)
0 1.75-1.98 (m, 12H, Admant-CH), 2.29 (s, 2H, Admant-
CH), 4.36-4.38 (d, J=6 Hz, 2H, CH,), 6.03 (m, 1H, HN),
6.82-6.89 (t, I=7.5 Hz, 2H, Ar—H), 7.28 (s, 4H, Ar—H);
>C NMR(300 MHz, CDCl,) 8 28.9, 35.6, 36.7, 38.7, 42.1,
424, 4477, 111.3, 111.4, 111.5, 123.3, 125.5, 126.6, 128.5,
129.8, 131.8, 1335.6, 148.4, 178.0; MS m/z (rel intensity)
434.5 (MH™, 100).

Compound 23: 3-(4-Chloro-phenyl)-adamantane-1-car-

boxylic acid 3-chloro-4-fluoro-benzylamide. 143 mg,
Yield=66.2%; m.p.: 112-114° C.; 'H NMR((300 MHz,
CDCl,) 0 1.74-1.98 (m, 12H, Admant-CH), 2.28 (s, 2H,
Admant-CH), 4.37-4.39 (d, J=6 Hz, 2H, CH,), 5.99 (m, 1H,
HN), 7.08 (s, 1H, Ar—H), 7.10-7.12 (m, 1H, Ar—H),
7.28-7.30 (m, 5H, Ar—H); "°C NMR(300 MHz, CDCl,) &
28.8, 35.5, 36.5, 38.5, 41.8, 42.0, 42.3, 44.6, 116.8, 126.2,
127.2, 128.2,, 129.6, 148.05 177.2; MS m/z (rel intensity)
432.5 (MH™, 50).

Compound 24: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid 4-fluoro-3-trifluoromethyl-benzylamide. 220
mg, Yield=94%; m.p.: 111-113° C.; 'H NMR((300 MHz,
CDCl;) o0 1.72-1.96 (m, 12H, Admant-CH), 2.25 (s, 2H,
Admant-CH), 4.39-4.41 (d, J=6 Hz, 2H, CH,), 6.31-6.34 (m,
1H, HN), 7.03-7.22 (m, 2H, Ar—H), 7.25-7.29 (m, 3H,
Ar—H), 7.38-7.45 (m, 2H, Ar—H); °C NMR(300 MHz,
CDCl,) 6 28.8,35.5,36.7,37.7,38.6,38.7,42.1,42.3,43 .2,
4477, 117.3, 126.2, 126.5, 128.5, 133.2, 148.4, 177.8; MS
m/z (rel intensity) 466.6 (MH™, 100).

Compound 235: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid 2-chloro-4-fluoro-benzylamide. 145 mg,
Yield=97.3%; m.p.: 132-134° C.; 'H NMR(300 Mz,
CDCl;) o 1.72-2.03 (m, 12H, Admant-CH), 2.25 (s, 2H,
Admant-CH), 4.45-4.47 (d, J=6 Hz, 2H, CH,), 6.23 (m, 1H,
HN), 6.90-6.96 (m, 1H, Ar—H), 7.08-7.18 (m, 2H, Ar—H),
7.26-7.33 (m, 4H, Ar—H); "°C NMR(300 MHz, CDCL,) &
29.0, 35.7, 36.7, 38.4, 38.6, 41.2, 42.2, 42.4, 4477, 114 .4,
117.0, 126.6, 128.5, 131.5, 148.5, 163.7, 177.7; MS m/z (rel
intensity) 432.54 (MH™, 100), 433.55 (25), 434.54(80),
435.54(30), 436.64(25).

Compound 26: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid 4-chloro-3-trifluoromethyl-benzylamide. 136
mg, Yield=92.0%; m.p.: 77-79° C.; '"H NMR(300 MHz,
CDCl;) o0 1.58-1.99 (m, 12H, Admant-CH), 2.29 (s, 2H,
Admant-CH), 4.45-4.477 (d, J=6 Hz, 2H, CH,), 6.05 (m, 1H,
HN), 7.26-7.31 (m, 4H, H-Ph), 7.36-7.39(d, J=9 Hz, 1H,
Ar—H), 7.44-7.47(d, J=9 Hz, 1H, Ar—H), 7.66 (s, 1H,
Ar—H); “C NMR(300 MHz, CDCl,) 6 28.7, 35.5, 36.5,
38.5, 41.9, 423, 44.6, 126.2, 126.4, 128.3, 131.6, 131.8,
137.8, 148.0, 177.3; MS m/z (rel mtensity) 482.55 (MH*,
100), 483.55 (35), 484.35(70).

Compound 27: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid 3-aminomethyl-2,4,5,6-tetrachloro-benzylam-
ide. 70 mg, Yield=31%; m.p.: 170-172° C.; "H NMR(300
MHz, CDCl,) o 1.60 (s 2H, NH,), 1.72-1.94 (m, 12H,
Admant-CH), 2.25 (s, 2H, Admant-CH), 4.19 (s, 2H, CH,),
4.79-4.81 (d, J=6 Hz, 2H, CH,), 5.91 (m(br), 1H, HN),
7.26-7.27 (m, 4H, Ar—H); '°C NMR(300 MHz, CDCl,) &
28.7,35.5,36.4, 38.4, 40.9, 41.9, 43.7, 44.5, 122.9, 125.2,
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1259, 126.2, 128.1, 129.3, 131.4, 131.8, 134.1, 134.3,
139.2, 148.0, 176.6; MS m/z (rel intensity) 546.9 (MH",
100).

Compound 28: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid [1-(4-chloro-phenyl)-ethyl]-amide. 113 mg,
Yield=53%; m.p.: 204-206° C. (B); '"H NMR(300 MHz,
CDCl;) o 1.44-1.46 (d, J=6 Hz, 3H, CH;), 1.58-1.94 (m,
12H, Admant-CH), 2.27 (s, 2H, Admant-CH), 5.06-5.11 (m,
1H, CH), 5.75-5.78 (m(br), 1H, HN), 7.20-7.31 (m, 8H,
Ar—H); “C NMR(300 MHz, CDCl,) & 22.0, 29.0, 35.7,
36.7,38.6,38.7,41.8,42.2, 44 8, 48.1, 126.3, 126.6, 127.7,
128.5,129.0,131.8, 133.2, 142.3, 148.5, 176.6; MS m/z (rel
intensity) 428.4 (MH™, 100).

Compound 29: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid [1-(4-bromo-phenyl)-ethyl]-amide. 69 mg,
Yield=29%; m.p.: 218-220° C.; MS m/z (rel intensity) 472
(MH™, 80), 474(MH™, 100);

Compound 30: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid 4-methanesulionyl-benzylamide. 189 mg,
Yield=82%; m.p.: 115-117° C.; "H NMR(300 MHz, CDCI,)
01.75-2.00 (m, 12H, Admant-CH), 2.29 (s, 2H, Admant-
CH), 3.02(s, 3H, CH,), 4.51-4.53 (d, J=6 Hz, 2H, CH,), 6.19
(m, 1H, HN), 7.16-7.28 (m, 4H, Ar—H), 7.40-7.43 (d, J=9
Hz, 2H, Ar—H), 7.84-7.87 (d, J=9 Hz, 2H, Ar—H); '°C
NMR (300 MHz, CDCl,) ¢ 29.0, 35.5,35.7,36.7,37.77, 38.5,
38.7, 42.0, 42.2, 44.6, 44.7, 117.7, 125.6, 126.6, 127.7,
128.1, 129.9, 131.7, 137.4, 139.1, 145.9, 148.6, 178.0; MS
m/z (rel intensity) 458.3 (MH™, 100).

Compound 31: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid 4-dimethylamino-benzylamide. 161 mg,
Yield=76.1%; m.p.: 154-156° C.; 'H NMR((300 Mz,
CDCly) o 1.72-1.97 (m, 12H, Admant-CH), 2.36 (s, 2H,
Admant-CH), 2.94 (s, 6H, N(CH,),), 4.32-4.34 (d, J=6 Hz,
2H, CH,), 5.73 (m, 1H, HN), 6.68-6.71 (d, J=9 Hz, 2H,
Ar—H), 7.13-7.16(d, J=9 Hz, 2H, Ar—H), 7.28 (s, 4H,
Ar—H); “C NMR(300 MHz, CDCl,) 8 15.7, 29.0, 35.8,
38.7, 409, 423, 43,4, 448, 112.9, 126.6, 128.5, 129.2,
137.7, 140.9, 173.4; MS m/z (rel intensity) 422.66 (M™,
100), 423.66 (MH™, 90), 424.64(60).

Compound 32: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid 4-trifluoromethoxy-benzylamide. 200 mg,
Yield=86.2%; m.p.: 119-121° C.; 'H NMR(300 MHz,
CDCly) o 1.72-2.02(m, 12H, Admant-CH), 2.24 (s, 2H,
Admant-CH), 4.39-4.41 (d, J=6 Hz, 2H, CH,), 6.27 (s, 1H,

HN), 7.06-7.26 (m, 8H, Ar—H); l3C NMR(300 MHz,
CDCl;) 0 29.0,35.7,35.8,36.7,38.4,38.7,42.1,42 .4, 42 8,
43.6, 44 .8, 121.2, 121 6, 1263 1266 1285 1287 1291
1377.5,148.4,177.9; MS m/z (rel intensity) 464.4 (MH™, 70).
Compound 33: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid 3-trifluoromethoxy-benzylamide. 200 mg,
Yield=86%; oil; "H NMR(300 MHz, CDCl,) § 1.75-2.00
(m, 12H, Admant-CH), 2.28 (s, 2H, Admant-CH), 4.45-4.47
(d, J=6 Hz, 2H, CH,), 6.00 (m, 1H, HN), 7.01-7.19 (m, 3H,
Ar—TH), 7.24-7.38 (m, 5H, Ar—H); "°C NMR(300 MHz,
CDCly) o6 29.0, 35.7, 36.7, 38.7, 42.0, 42.2, 42.8, 44.8,
119.8, 125.9, 126.6, 128.5, 130.2, 131.8, 141.5, 148.6,
149.7, 177.8; MS m/z (rel intensity) 464.2 (MH*, 100).
Compound 34: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid  4-phenoxy-benzylamide. 170 mg,
Yield=72.0%; m.p.. 121-123° C.; '"H NMR((300 MHz,
CDCl,) 0 1.58-1.99 (m, 12H, Admant-CH), 2.27 (s, 2H,
Admant-CH), 4.41-4.43 (d, J=6 Hz, 2H, CH,), 5.88 (m, 1H,
HN), 6.95-7.02 (m, 3H, Ar—H), 7.09-7.14(m, 1H, Ar—H),
7.20-7.36(m, 9H, Ar—H); '°C NMR((300 MHz, CDCl,) &
28.8, 35.6, 36.5, 38.5, 42.0, 42.9, 43.9, 44.6, 118.8, 118.9,
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123.3, 128.2, 129.0, 129.6, 131.4, 133.1, 148.1, 156.5,
156.9, 176.9; MS m/z (rel intensity) 472.36 (MH™, 100),
4'73.36 (30), 474.37(30).

Compound 35: Adamantane-1-carboxylic acid 3,4-dihy-
droxy-benzylamide. 143 mg, Yield=48%; m.p.: 184-186°
C.; MS m/z (rel intensity) 302 (MH™, 8).

Compound 36: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid 3,4-dihydroxy-benzylamide. 134 mg,
Yield=65%; m.p.: 73-75° C.; MS m/z (rel intensity) 412
(MH™, 10).

Compound 37: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid phenethyl-amide. 150 mg, Yield=76%; m.p.:
123-125° C.; MS m/z (rel intensity) 394 (MH™, 14).

Compound 38: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid [2-(4-fluoro-phenyl)-ethyl]-amide. 156 mg,
Y1eld=78%; m.p.: 103-105° C.; MS m/z (rel intensity) 412
(MH™, 52), 413(17), 414(20).

Compound 39: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid [2-(4-bromo-phenyl)-ethyl]-amide. 30 mg,
Yield=55%; m.p.: 114-116° C.; MS m/z (rel intensity) 472
(MH™, 38), 474(MH™, 42);

Compound 40: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid [2-(4-hydroxy-phenyl)-ethyl]-amide. 112 mg,
Yield=55%; m.p.: 174-176° C.; MS m/z (rel intensity) 410
(MH™, 100), 411(25), 412(33).

Compound 41: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid [2-(4-methoxy-phenyl)-ethyl]-amide. 159 mg,
Yield=75%; m.p.: 108-110° C.; MS m/z (rel intensity) 424
(MH™, 55), 425(18), 426(20).

Compound 42: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid [2-(3-bromo-4-methoxy-phenyl)-ethyl]-amide.
220 mg, Yield=87.5%; oil; 'H NMR(300 MHz, CDCl,) &
1.63-1.89 (m, 12H, Admant-CH), 2.25 (s, 2H, Admant-CH),
2.71-2.776(t, I=7.5 Hz, 2H, CH,), 3.42-3.48(q, J=12 Hz, 2H,
NCH,), 3.87 (s, 3H, OCH,), 5.62 (s(br), 1H, NH), 6.82-6.84
(d, =6 Hz, 1H, Ar—H), 7.07-7.09 (d, J=6 Hz, 1H, Ar—H),
7.27-7.30 (m, 4H, Ar—H), 7.36 (s, 1H, Ar—H); 13C NMR
(300 MHz, CDCl,) 06 29.0,34.6,35.7,36.7,38.6,40.8, 41.9,
42.2, 44.8, 56.5, 112.3, 111.7, 126.6, 128.5, 128.6, 129.0,
132.8,133.9, 148.6, 154.7,, 177.6; MS m/z (rel intensity) 502
(MH™, 80), 503 (25), 504(MH™, 100), 505 (33);

Compound 43: Adamantane-1-carboxylic acid [2-(3.4-
dihydroxy-phenyl)-ethyl]-amide. 69 mg, Yield=24%; mp:
08-100° C.; "H NMR(300 MHz, DMSO-d,) & 0.94-0.98(m,
2H, CH,), 1.60-1.95 (m, 153H, Admant-CH), 3.12-3.15 (m,
2H, CH,), 6.39-6.41 (d, J=6 Hz, 1H, Ar—H), 6.54(s, 1H,
Ar—H), 6.60-6.62 (d, J=6 Hz, 1H, Ar—H), 7.35 (s, 1H,
NH); °C NMR(300 MHz, DMSO-d,) § 27.6, 29.4, 35.1,
36.9, 37.8, 38.6, 44.6, 46.4, 114.8, 116.9, 1194, 131.4,
145.6, 164.4; MS m/z (rel intensity) 316.5 (MH+, 50),317.5
(8).

Compound 44: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid [2-(3,4-dihydroxy-phenyl)-ethyl]-amide. 100
mg, Yield=47.0%; m.p.: 124-126° C.; MS m/z (rel intensity)
426 (MH™, 100).

Compound 45: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (2-benzo [1,3]dioxol-5-yl-ethyl)-amide. 190
mg, Yield=87%; oil; "H NMR(300 MHz, CDCl,) & 1.71-
1.90(m, 12H, Admant-CH), 2.24 (s, 2H, Admant-CH), 2.70-
2.75(t, J=6 Hz, 2H, CH,), 3.42-3.48(q, J=6 Hz, 2H, CH,),
5.61 (m, 1H, NH), 5.93 (s, 2H, CH,), 6.60-6.63(d, J=9 Hz,
1H.Ar—H), 6.67(s, 1H, Ar—H), 6.73-6.76(d, J=9 Hz,
1H,Ar—H), 7.26-7.29 (m 4H, Ar—H); °C NMR(3OO
MHz, CDCIl,) 0 28.6, 28.8,35.4,35.5,36.4,38.3,40.6,41.6,
42.0, 43.8, 44.5, 100.8, 108.2, 109.0, 121.5, 126.2, 128.1,
132.5, 146.0, 148.2, 177.0; MS m/z (rel intensity) 438.28
(MH“L,, 100), 439.29 (45), 440.28(55).
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Compound 46: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxvylic acid [2-(3-phenoxy-phenyl)-ethyl]amide. 200 mg,
Yield=82%; m.p.: 114-116° C.; 'H NMR(300 MHz, CDCl,)
0 1.70-1.95 (m, 12H, Adnlant CH), 2.23 (s, 2H, Admant-
CH), 2.75-2.80(t, J=7.5 Hz, 2H, CH,), 3.45-3.51(q, J=12 Hz,
2H, NCH,), 5.63 (s(br), 1H, NH), 6.83-7.01 (m, 5H,
Ar—H), 7.07-7.18 (m, 2H, Ar—H), 7.22-7.35 (m, 6H,
Ar—H); “C NMR(300 MHz, CDCl,) 6 28.8, 29.0, 35.8,
36.7,38.6,40.7,41.9,42.3, 44 .8, 116.9, 117.1, 119.2, 119.4,
123.5, 123.6, 123.9, 126.6, 128.5, 130.0, 130.2, 141.7,
148.3, 157.4, 177.7; MS mv/z (rel intensity) 486.58 (MH"™,
93), 487.56 (60), 488.55(68), 489.54 (25).

Compound 47: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxvylic acid [2-(4-phenoxy-phenyl)-ethyl]-amide. 224 mg,
Yield=92%; m.p.: 88-90° C.; "H NMR(300 MHz, CDCl,) &
1.71-1.90 (m, 12H, Admant-CH), 2.24 (s, 2H, Admant-CH),
2.77-2.81(t, J=6 Hz, 2H, CH,), 3.48-3.51(m, 2H, NCH,),
5.63 (s(br), 1H, NH), 6.94-7.00 (m, 4H, Ar—H), 7.09-7.35
(m, 9H, Ar—H); °C NMR(300 MHz, CDCl,) & 29.1, 29.3,
35.2, 35.8, 36.7, 38.7, 409, 41.9, 42.3, 448, 118.9, 1194,
123.5, 126.6, 128.6, 129.3, 130.0, 1304, 131.8, 134.2,
148.7, 156.1, 157.6, 177.5; MS m/z (rel intensity) 486.58
(MH™, 93), 487.56 (60), 488.55(68), 489.54 (25).

Compound 48: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (3-phenyl-propyl)-amide. 195 mg, Yield=59%;
m.p.: 97-100° C.; MS m/z (rel intensity) 408 (MH™, 55).

Compound 49: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (biphenyl-4-ylmethyl)-amide. 200 mg,
Yield=87.7%; m.p.:. 208-210° C.; 'H NMR(300 MHz,
CDCl,) 0 1.74-2.09 (m, 12H, Admant-CH), 2.26 (s, 2H,
Admant-CH), 4.48-4.50 (d, J=6 Hz, 2H, CH,), 5.94 (m, 1H,
HN), 7.29-7.37 (m, 6H, Ar—H), 7.42-7.46(m, 3H, Ar—H),
7.55-7.59(m, 4H, Ar—H); "°C NMR(300 MHz, CDCl,) &
15.7, 29.0, 35.8, 36.7, 38.8, 42.0, 42.3, 43 4, 44.9, 126.6,
1273, 127.6, 127.7, 128.4, 128.5, 1290 137.7, 140.9,
148.5, 177.4; MS m/z (rel 1nten51ty) 456.59 (MH+ 90),
457. 57 (20), 458 56(30).

Compound 50: Adamantane-1-carboxylic acid (1-meth-
ylpiperidin-4-yl)-amide. 120 mg, Yield=76%; m.p.: 157-
159° C.; MS m/z (rel intensity) 277 (MH™, 100).

Compound 351: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (1-methyl-piperidin-4-yl)-amide. 136 mg,
Yield=74.4%; m.p.:. 146-148° C.; 'H NMR(300 MHz,
CDCl,) 0 1.06-2.77(m, 25H, Admant-CH,

_<_>
N+CHs),

4.44-3770 (m, 1H, CH), 5.41-5.43 (m, 1H, HN), 7.26-7.29
(m, 4H, H—Ar); "*C NMR(300 MHz, CDCl,) § 11.6, 29.1,
32.5, 35.8, 36.7, 38.6, 41.9, 42.2, 44.8, 46.0, 46.4, 54.7,
126.6,128.5, 131.8, 148.6, 176.8; MS m/z (rel intensity) 387
(MH™ 100).

Compound 52: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (4-methyl-piperazin-1-yl)-amide. 182 mg,
Yield=66.2%; m.p.: 142-147° C.; MS m/z (rel intensity) 387
(MH™, 48).

Compound 33: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (3-tert-butylamino-propyl)-amide. 160 mg,
Yield=79%; oil; 'H NMR(300 MHz, CDC1,) & 1.11(s, 9H,
3CH,), 1.69-1.95 (m, 14H, Admant-CH, CH,), 2.18 (m, 1H,
HN), 2.25 (s, 2H, Admant-CH), 2.70-2.74 (t, J=6 Hz, 2H,
CH,), 3.33-3.38 (m, 2H, CH,), 7.16-7.27 (m, 4H, Ar—H),
7.42 (m, 1H, HN); 13C NMR(300 MHz, CDCl,) o 28.3,
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28.7,29.1,29.4,35.9,36.7,38.8,39.3,39.7,41.1,41.8,42.3,
42.6,45.0,46.0,51.8,126.3, 128.3, 128.4, 148.8, 177.8; MS
m/z (rel intensity) 403.1 (MH™, 100).

Compound 354: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (3-pyrrolidin-1-yl-propyl)-amide. 184 mg,
Yield=92%:; m.p.: 86-88° C.; "H NMR(300 MHz, CDC]l,) &
1.63-1.92 (m, 18H, Admant-CH, CH,), 2.24 (s, 2H, Admant-
CH), 2.50 (s.4H, CH,), 2.58-2.62 (t, J=6 Hz, 2H, CH,),
3.33-3.38 (m, 2H, CH,), 7.19-7.28 (m, 4H, Ar—H), 7.92 (m,
1H, HN); “C NMR(300 MHz, CDCl,) & 23.7, 26.5, 29.1,
35.9, 36.7, 38.7, 40.7, 41.7, 42.3, 44.9, 544, 56.4, 126.6,
128.4, 129.6, 131.6, 148.8, 177.6; MS m/z (rel intensity)
401.25(MH™, 100).

Compound 355: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid [3-(2-oxo-pyrrolidin-1-yl)-propyl]-amide. 190
mg, Yield=98%; oil; 'H NMR(300 MHz, CDCl,) § 1.60-
2.12 (m, 16H, cyclo-CH,, Admant-CH), 2.27 (s, 2H,
Admant-CH), 2.36-2.47 (t, I=7.5 Hz, 2H, cyclo-CH,), 3.15-
3.20 (t, J=7.5 Hz, 2H, CH,), 3.32-3.42 (m, 4H, CH,), 7.09
(m, 1H, HN), 7.18-7.32 (m, 4H, Ar—H); 13C NMR(300
MHz, CDC13)6182 26.5,29.1,31.1,35.0,35.9,36.7, 38.5,
39.5,42.0,42.4, 44 8, 477.6, 267 1284 166.5, 177.9; MS
m/z (rel intensity) 4135.6 (Miﬂ, 100).

Compound 56: Adamantane-1-carboxylic acid [2-(1-
methyl-pyrrolidin-2-yl)-ethyl]-amide. 23 mg, Yield=33%;
m.p.: 82-84° C.; MS m/z (rel mtensity) 291 (MH™, 100).

Compound 57: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid [2-(1-methyl-pyrrolidin-2-yl)-ethyl]-amide.
200 mg, Yield=61.7%; Oil; "H NMR(300 MHz, CDCl,) &
1.68-2.36(m, 24H, Admant-CH,

- )
Y\’} N
Hb \>

2.98-3.04 (m, 1H, CH*), 3.17-3.27 (m, 1H, Ha), 3.45-3.53
(m, 1H, Hb), 7.24-7.30 (m, 4H, H—Ar); °C NMR(300
MHz, CDCl;) 6 22.9, 28.6,29.1, 29.5, 35.9, 36.7, 38.6, 40.9,
41.7, 42.4, 4477, 57.3, 65.0, 1265 128.4, 131.6, 148.8,
177.4; MS m/z (rel intensity) 401 (MH*, 100). HCL salt:
m.p.: 68-70° C.

Compound 58: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (2-morpholin-4-yl-ethyl)-amide. 147 mg,
Yield=73%; m.p.: 110-112° C.; MS m/z (rel intensity) 403
(MH™, 100).

Compound 59: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (2-piperazin-1-yl-ethyl)-amide. 144 mg,
Yield=72%, oil; 'H NMR(300 MHz, CDCl,) 8 1.65-1.97
(m, 15H, NH, cyclo-CH,, Admant-CH), 2.27 (s, 2H,
Admant-CH), 2.36-2.50 (m, 6H, cyclo-CH,), 2.87-2.90 (m,
2H, CH,), 3.30-3.95 (m, 2H, CH,), 6.34 (m, 1H, HN),
7.18-7.29 (m, 4H, Ar—H); "°C NMR(300 MHz, CDCL,) &
28.8,35.6,36.4,38.4,41.6,42.1,44.5,46.2,52.'7, 54.1, 56.8,
126.3, 128.2, 148.4, 156.2, 177.3; MS m/z (rel intensity)
402.6 (MH™, 100).

Compound 60: Adamantane-1-carboxylic acid (pyridin-
4-ylmethyl)-amide. 200 mg, Yield=74%; m.p.: 155-157° C.;
MS m/z (rel intensity) 285.63 (MH™, 100), 286.71 (40).

Compound 61: 3-(4-Fluoro-phenyl)-adamantane-1-car-
boxylic acid (pyridin-4-ylmethyl)-amide. 105 mg,
Yield=97%; oil; MS m/z (rel intensity) 365 (MH™, 90).

Compound 62: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (pyridin-4-ylmethyl)-amide. Yield=92.6%;
m.p.: 128-130° C.; "H NMR(300 MHz, CDCl,) § 1.72-2.25
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(m, 12H, Admant-CH), 4.44-4.46 (d, J=6 Hz, 2H, CH,-Py),
6.18 (m, 1H, HN), 7.13-7.15 (d, J=6 Hz, 2H, H-Py), 7.15-
7.30 (m, 4H, H-Ph), 8.52-8.54 (d, J=6 Hz, 2H, H-Py); '°C
NMR((300 MHz, CDCl;) 6 28.98, 33.73, 36.71, 38.77,
42.18,42.37,44.88, 122.38, 125.30, 126.57, 128.56, 129.26,
148.39, 150.20 177.76; MS m/z (rel intensity) 381.50 (MH™,
100), 383.41 (90), 384.35(80).

Compound 63: Adamantane-1-carboxylic acid (2-pyridin-
4-yl-ethyl)-amide. 175 mg, Yield=61%; m.p.: 151-153° C.;
MS m/z (rel intensity) 285 (MH™, 100).

Compound 64: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (2-pyridin-4-yl-ethyl)-amide. 70 mg,
Y1eld=55.7%; m.p.: 144-147° C.; MS m/z (rel intensity) 395
(MH™, 100).

Compound 65: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (3-tmidazol-1-yl-propyl)-amide. 195 mg,
Yield=95%; m.p.: 128-130° C.; '"H NMR(300 MHz, CDCl,)
o 1.70-2.00 (m, 14H, CH,, Admant-CH), 2.27 (s, 2H,
Admant-CH), 3.25-3.32 (m, 2H, CH,), 3.96-4.00 (m, 2H,
CH,), 5.65 (m, 1H, HN), 6.95 (s, 1H, imdazol-H), 7.07 (s,
1H, imidazol-H), 7.26-7.28 (m, 4H, Ar—H), 7.49 (s, 1H,
imidazol-H); °C NMR(300 MHz, CDCL,) & 29.0, 31.5,
35.7,36.77, 37.0, 38.6, 41.9, 42.2, 44 .8, 45.0, 119.1, 126.3,
126.6, 128.5,129.8, 131.8, 137.3, 148.5, 178.0; MS m/z (rel
intensity) 398.66 (MH™, 100), 399.62 (45), 400.63(60),
401.60(20).

Compound 66: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxvylic acid (2-methyl-1H-1ndol-5-yl)-amide. Yield=56%;
m.p.: 145-147° C.; MS m/z (rel intensity) 419 (MH™, 35).

Compound 67: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (1H-tetrazol-5-yl)-amide. 120 mg, Yield=67%;
m.p.: >240° C.; MS m/z (rel intensity) 358.2 (MH™, 100),
359.1 (35), 361.1(60).

Compound 68: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (9-ethyl-9H-carbazol-3-yl)-amide. 111 mg,
Yield=46%; m.p.: 165-167° C.; MS m/z (rel intensity)
482.67 (MH™, 100), 483.67(65), 484.66(55).

Compound 69: Adamantane-1-carboxylic acid [4-(4-
chloro-phenyl)-thiazol-2-yl]-amide. 182 mg, Yield=49%;
m.p.: 162-164° C.; MS m/z (rel mtensity) 373 (MH™, 100).

Compound 70: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid [4-(4-chloro-phenyl)-thiazol-2-yl]-amide.
Yield=56%; m.p.: 172-174° C.; MS m/z (rel intensity) 483
(MH™, 20).

Compound 71: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid benzothiazol-2-ylamide. Yield=48.8%; m.p.:
209-211° C.; MS m/z (rel intensity) 423 (MH™, 30).

Compound 72: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (5-chloro-benzooxazol-2-yl)-amide.
Yield=45%; o1l; MS m/z (rel intensity) 441 (MH™, 18).

Compound 73: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxylic acid (9H-purin-6-yl)-amide. 180 mg, Yield=88.2%;
oil; "H NMR(300 MHz, CDCL,) & 1.84-2.21 (m, 13H, Ni,
Admant CH), 2.38 (s, 2H, Admant-CH), 7.07 (s,
Ar—H), 7.30 (m, 4H, Ar—H), 7.63 (s, 1H, Ar—H), 8.38 (s,
1H, Ar—H); '°C NMR(300 MHz, CDCl,) § 28.8, 35.5,
36.7,37.77,38.7,42.1,44.6,45.1, 117.7,123.2,125.5, 126.5,
126.6, 128.7, 129.9, 130.1, 132.1, 137.4, 147.8, 174.3; MS
m/z (rel intensity) 408.6 (MH™, 100).

Example 4

Method for the Conversion of Adamantylamides
into Adamantylamines

As an example, a process for the synthesis of adaman-
tylamine compounds 1s described 1n Scheme 3. A number of
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adamantylamides, prepared as described above, were con-
verted to their corresponding adamantylamines by reduction
of the carbonyl group with Zn(BH,), (Scheme 3).

Zinc borohydride (Zn(BH,),) was prepared by methods
known 1n the art. Briefly, 20.8 g (165 mmol) of freshly fused
/nCl, and 12.9 g (330 mmol) of NaBH, were placed 1n a
dried 250 ml side arm tlask fitted with a retlux condenser. To
this, 250 ml of dry THF was added using a double-ended
needle, and the mixture was stirred for 24 h at room
temperature. The active hydride content of the supernatant
solution was estimating by quenching aliquots with 2N
H,SO, and estimating the amount of hydrogen that was
evolved using a gas burette. The final supernatant solution
contained 0.66 M Zn(BH,),, and was used for further
reactions as follows.

The general method for the conversion of adamantylam-
ides 1nto the corresponding adamantylamines mnvolved com-
bining 100 mg of an adamatanylamide with 2.0 ml of

/n(BH,), (036 M, 2.3 mmol) in THF. The mixture was
refluxed for 24 h, and any excess hydrnide present was
quenched by the addition of 1 ml of water. Typically, the
mixture was then saturated with K,CO, and the supernatant
layer was filtered and dried over K,CO;, and the solvent was
removed by evaporation. The residue was then purified by

flash chromatography (ethyl acetate:hexane=1:4) to give the
adamantylamine compound.

Scheme 3.

Zn(BHy),

HN
\R3

The following Example provides several representatives
of the products of this process; however, these methods can
be adapted to produce many structurally related adamanty-
lamines that are considered to be subjects of this invention.

Example 5
Synthesis of Adamantylamines

The methods described in Example 4 were used to prepare
a library of substituted adamantylamines. Data provided
below include: the amount synthesized, the vield of the
reduction reaction; the melting point (m.p.) of the com-
pound; mass spectral (MS) data for the compound; and
NMR spectral data for the compound.

Compound 75: [3-(4-Chloro-phenyl)-adamantan-1-ylm-
cthyl]-1sopropyl-amine. 39 mg, Yield=41%:; o1l; MS m/z (rel
intensity) 318 (MH™, 20).

Compound 76: 4-{[3-(4-Chloro-phenyl)-adamantan-1-yl-
methyl]-amino }-phenol. 75 mg, Yield=66%; oil; 'H NMR
(300 MHz, CDC1,) 06 1.60-1.86(m, 12H, Admant H), 2.22(s,
2H, Admant-H), 2.58-2.62(m, 1H, NH), 2.83(s, 2H, CH,),
6.53-6.56(d, J=9 Hz, 2H, Ar—H), 6.68-6.71(d, J=9 Hz, 2H,
Ar—H), 7.28(s, 4H, Ar—H); '°C NMR(300 MHz, CDCI,)
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0 14.3, 29.0, 34.9, 36.1, 36.7, 39.9, 42.6, 46.3, 57.4, 114.1,
116.1, 126.3, 128.1, 131.2, 143.2, 147.3, 148.9; MS m/z (rel
intensity) 368.6 (MH™, 100), 369.6 (50), 370.6(30).

Compound 77: [3-(4-Chloro-phenyl)-adamantan-1-ylm-
cthyl]-(4-trnfluoromethyl-benzyl)-amine. 23 mg,
Yield=28%; oil; "H NMR (300 MHz, CDCl,) 8 1.55-1.83(m,
13H, Admant-H, NH), 2.18(s, 2H, Admant-H), 2.32(s, 2H,
NCH,), 3.84(s, 2H, NCH,), 7.27(s, 4H, Ar—H), 7.43-7.45
(d, J=6 Hz, 2H, Ar—H), 7.56-7.58(d, J=6 Hz, 2H, Ar—H);
SC NMR((300 MHz, CDCl,) 8 29.1, 34.7, 36.3, 36.7, 40.0,
42.7, 46.5, 54.1, 61.7, 125.1, 126.3, 128.0, 131.1, 144.9,
149.1; MS m/z (rel intensity) 434.4 (MH™, 60), 435.4 (25),
436.4(30).

Compound 78: [3-(4-Chloro-phenyl)-adamantan-1-ylm-
cthyl]-(2-fluoro-4-trifluoromethyl-benzyl)-amine. 21 mg,
Yield=24%; oil; "H NMR (300 MHz, CDCI,) & 1.55-1.83(m,
12H, Admant-H), 2.20(s, 2H, Admant-H), 2.32(s, 2H, CH,),
3.88(s, 2H, Ar—CH,), 7.26-7.277(s, 4H, Ar—H), 7.29-7.31
(m, 2H, Ar—H) 7.49-7.53 (m, 2H, Ar—H); '°C NMR(300
MHz, CDCl;) 6 29.0,34.6,36.2,36.7,39.9,42.7,46.5,47.6,
61.7,112.4,112.77, 120.8, 126.3, 128. O 1304 131.8, 149 1;
MS m/z (rel intensity) 452.7 (MH®*, 100), 453.7 (30),,
454.7(40).

Compound 79: [3-(4-Chloro-phenyl)-adamantan-1-ylm-
cthyl]-(4-fluoro-3-trifluoromethyl-benzyl)-amine. 24 mg,
Yield=38%:; oil; '"H NMR (300 MHz, CDCl,) 8 1.28-1.82(m,
12H, Admant-H), 2.19(s, 2H, Admant-H), 2.51-2.55(m, 1H,
CH,), 2.88-2.90(m, 1H, CH,), 3.40(s, 1H, NH), 3.76-3.80
(m, 1H, CH,), 4.08-4.13(m, 1H, CH,), 7.14-7.29(m, SH,
Ar—H), 7.57 (m, 2H, Ar—H); **C NMR(300 MHz, CDC],)
0 28.5, 343,355,364, 398, 41.9, 42.1, 46.3, 61.2, 66.7,
117.4, 117.7, 126.0, 128.2, 129.0, 1305 131.6, 1335.9,
147.7, 138.1, 161.5; MS m/z (rel 1n ensﬂy) 452.4 (MH™,
100), 453 .4 (50)3 454.4(60).

Compound 80: [3-(4-Chloro-phenyl)-adamantan-1-ylm-
cthyl]-(4-trnfluoromethoxy-benzyl)-amine. 23 mg,
Yield=36%:; oil; "TH NMR(300 MHz, CDCI,) & 1.28-1.80(m,
12H, Admant-H), 2.13(s, 2H, Admant-H), 2.53-2.57(m, 1H,
NCH,), 2.84-2.90(m, 1H, NCH,), 3.38(m, 1H, NH), 3.68-
3.75(m, 1H, NCH,), 4.14-4.19(m, 1H, NCH,,), 7.13-7.16(d,
I=9 Hz, 2H, Ar—H), 7.36-7.39(d, J=9 Hz, 2H, Ar—H),
7.2-5-7.27(m, 4H, Ar—H); “C NMR(300 MHz, CDCI,) 8
28.5,29.0,34.6,36.3,39.7,40.0,42.7,46.5,53.9,61.7, 66.2,
120.7, 121.2, 126.0, 126.3, 128.1, 129.0, 131.6, 132.9,
147.9; MS m/z (rel intensity) 450.6 (MH™, 70), 451.6 (30),
452.6(40).

Compound 81: [3-(4-Chloro-phenyl)-adamantan-1-ylm-
cthyl]-[2-(3-phenoxy-phenyl)-ethyl]-amine. 27 mg,
Yield=42%; oil; 'H NMR(300 MHz, CDCL,) & 1.50-1.82
(m, 13H, Admant-CH, NH), 2.16 (s, 2H, Admant-CH),
2.34(s, 2H, CH,), 2.76-2.84(m, 4H, NCH,), 5.63 (s(br), 1H,
NH), 6.83-7.01 (m, 5H, Ar—H), 7.07-7.18 (m, 2H, Ar—H),
7.22-7.35 (m, 6H, Ar—H); "°C NMR(300 MHz, CDCl,) &
29.1, 34.6, 36.1, 36.7, 40.0, 42.7, 46.5, 52.1, 62.3, 116 .4,
118.8, 119.1, 123.1,, 123.6, 126.3, 128.0, 129.5, 142.2,
149.1, 157.1; MS m/z (rel intensity) 472.4 (MH™, 100),
4'73.3 (70), 474.3(80).

Compound 82: [3-(4-Chloro-phenyl)-adamantan-1-ylm-
cthyl]-(1-methyl-piperidin-4-yl)-amine. 12 mg, Yield=6%:;
oil; MS m/z (rel intensity) 373.6 (MH™, 100), 374.6 (25),
375.6(36).

Compound 83: [3-(4-Chloro-phenyl)-adamantan-1-ylm-
ethyl]-(4-methyl-piperazin-1-yl)-amine. Yield=12%; oil; 'H
NMR (300 MHz, CDCl,) 0 1.54-1.82(m, 12H, Admant-H),
2.17(s, 2H, Admant-H), 2.52(s, 2H, CH,), 2.63(s, 3H,
NCH,), 2.77-2.80(m, 4H, NCH,), 2.98-3.15 (m, 4H, NCH,),
7.28(s, 4H, Ar—H); °C NMR(300 MHz, CDCl,) & 28.8,
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29.0,34.3,36.2,39.8,40.0,42.3,42.6,45.9,46.5,50.4,51.5,
534.6, 58.5,59.6,60.3,126.3, 128.0, 131.2, 148.1, 149.4; MS
m/z (rel mtensity) 374.7 (MH™, 30), 375.7(5), 376.7(8).

Compound 84: N-tert-Butyl-N'-[3-(4-chloro-phenyl)-ada-
mantan-1-ylmethyl]-propane-1,3-diamine. Yield=18%; o1l;
'H NMR(300 MHz, CDCl,) & 1.29-1.32 (m,6H, CH,),
1.55-1.90 (m, 21H, Admant-CH, C(CH,),;), 2.21-2.46 (m,
2H, Admant-CH), 2.42-2.87 (m, 2H, NH), 3.29-3.31(d, J=6
Hz, 2H, CH,), 7.26-7.28 (m, 4H, Ar—H); "°C NMR(300
MHz, CDCl;) 0 26.4, 26.6, 28.6, 28.7, 28.8,36.2, 38.2, 38 4,
38.6,39.7, 42.7, 44.6, 126.3, 128.0; MS m/z (rel intensity)
389.6 (MH"™, IOO)

Compound 85: [3-(4-Chloro-phenyl)-adamantan-1-ylm-
cthyl]-(3-pyrrolidin-1-yl-propyl)-amine. 15 mg,
Yield=15%; m.p.: 138-140° C.; 'H NMR(300 MHz, CDC]l,)
0 1.56-1.91 (m, 18H, Admant-CH, CH,), 2.21-2.46 (m, SH,
Admant-CH, NH, CH,), 2.72-2.89 (m,6H, CH,), 3.52(m,
2H, CH.,), 7.26-7.28 (m, 4H, Ar—H); "°C NMR (300 MHz,
CDCl,) 0 22.8,22.9, 23.3, 28.6, 29.8, 34.6, 35.6, 36.6, 39.6,
3908, 42.1, 42.2, 46.1, 56.6, 61.2, 61.3, 62.2, 126.2, 128.2,
131.5, 147.9; MS m/z (rel itensity) 387.6 (MH™, 100),
388.6 (60), 389.6(65).

Compound 86: [3-(4-Chloro-phenyl)-adamantan-1-ylm-
cthyl]-[2-(1-methyl-pyrrolidin-2-yl)-ethyl]-amine. 23 mg,
Yield=24%; oil; "H NMR(300 MHz, CDCL,) & 1.54-1.87(m,
20H, CH,, Admant-H), 2.18(s, 2H, Admant-H), 2.29-2.41
(m, 4H, CH,), 2.62(m, 3H, NCH,), 2.87-3.18(m, 1H, NCH),
3.36 (m, 1H, NH), 7.27(s, 4H, Ar—H); '°C NMR(300 Mz,
CDCl;) 0 29.0,36.2,36.7,40.0,40.6,42.7,46.6, 48.6, 57.2,
64.7,126.3, 128.0; MS m/z (rel intensity) 387.4 (MH™, 100),
388.4 (33), 389.4(40).

Compound 87: [3-(4- Chloro-phenyl) adamantan-1-ylm-
cthyl]-(2-morpholin-4-yl-ethyl)-amine. 9 mg, Yield=9%:;
oil; 'H NMR(300 MHz, CDCl,) 8§ 1.57-1.90(m, 16H,
Admant H), 2.25(s, 2H, Admant-H), 2.36-2.47(m, 4H,
CH,), 2.73-2.99(m, 4H, NCH,), 3.57-3.58(m, 2H, NCH,),
4.32 (m, 1H, NH), 7.27(s, 4H, Ar—H); °C NMR(300 MHz,
CDCl,) 0 28.6, 29.1,35.7,36.2,39.7, 40.0, 46.6, 4'7.4, 53 8,
54.5,55.4,62.9,67.1,126.1, 16.3, 128.0, 128.2; MS m/z (rel
intensity) 389.7 (MH™, 100), 390.7 (33), 391.7(40).

Compound 88: [3-(4- Chloro-phenyl) adamantan-1-ylm-
ethyl]-pyridin-4-ylmethyl-amine. Yield=72%:; oil; 'H NMR
(300 MHz, CDCl;) 0 1.55-1.84(m, 12H, Admant H) 2.20(s,
2H, CH,), 2.29(s, 2H, Admant-H), 3.90(s, 2H, Ar—CH,),
7.26-7.28(s, 4H, Ar—H), 7.49-7.51 (d, J=6 Hz, 2H, Ar—H),
8.59-8.51 (d, J=6 Hz, 2H, Ar—H); "°C NMR(300 MHz,
CDCl,) 0 28.9,34.6,36.0,36.5,39.8,42.5,46.3, 52.6, 61.7,
123.9, 126.2, 127.9, 128.0, 131.0, 146.8, 148.9, 154.6; MS
m/z (rel intensity) 367.7 (MH™, 100), 368.7(35), 369.7(60).

Compound 89: [3-(4-Chloro-phenyl)-adamantan-1-ylm-
cthyl]-(9-ethyl-9H-carbazol-3-yl)-amine. 77 mg,
Yield=81%; o1l; MS mv/z (rel intensity) 468 (MH™, 20).

Compound 90: [3-(4-Chloro-phenyl)-adamantan-1-ylm-
cthyl]-[5-(4-chloro-phenyl)-thiazol-2-yl]-amine. 15.5 mg,
Yield=21%; oil; MS m/z (rel intensity) 469 (MH™, 30).

Example 6

Methods for the Synthesis of Adamantylethylamine
and Adamantylethylamide Compounds

As an example, a process for the synthesis of adamanty-
lethylamine and adamantylethylamide compounds 1is
described 1n Scheme 4. Substituted-1-adamantanecarbonyl
chlorides (4) were prepared as described in Example 1.
Reaction of 4 with dimethyl malonate 1 toluene in the
presence of sodium hydroxide yielded dimethyl (3-R-sub-
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stituted-phenyl-1-adamantanecarbonyl )malonates (5),
which were hydrolyzed by a mixture of acetic acid with

water and sulfuric acid (CH,COOH—H,0O—H,S0O, ratio
10:3:1) to afiord the corresponding 3-R-substituted-phenyl-
1 -adamantyl methyl ketone (6). Ketone 6 was reacted with
formamide and formic acid (Leukart reaction) to vyield 7,
which can be modified by either alkylation or acylation to
produce adamantylethylamine compounds (8) or adamanty-
lethylamide compounds (9).

Scheme 4

R
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COClI
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‘ CH,COOH
P o
COCH(COOCH3),
5
R
G
A
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-
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7
R
HN

\R,
3
R\ G
\ CHs
HN

A second method for the synthesis of adamantylethylam-
ine compounds 1s described 1 Scheme 3. 3-R-substituted-
phenyl-1-adamantyl methyl ketone (6) was prepared as
described above. By reaction of 6 with a substituted primary
amine in formic acid, 1.e. a Wallach reaction, the correspond-
ing adamantylethylamine compound (8) can be obtained.
For example, by reaction of 4-chloro-6 with 4-amino-1-

or
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methylpiperidine, which was synthesized by converting
N-methyl piperidone to the corresponding oxime followed
by reduction to the amino compound using lithium alumi-
num hydride (LiAlH,), {1-[3-(4-chloro-phenyl)-adamantan-
1-yl]-ethyl}-(1-methyl-piperidin-4-yl)-amine, also referred
to as Compound 107, was obtained.

Scheme 5
R
R'— NH,
o
HCOOH
COCH;5
6
R

N

\ CHj3
HN

~. R

The following Example provides several representatives
of the products of these processes; however, these methods
can be adapted to produce many structurally related ada-
mantylethylamine or adamantylethylamide compounds that
are considered to be subjects of this invention.

Example 7
Synthesis of Adamantylethylamine Compounds

The methods described in Example 6 were used to prepare
a library of substituted adamantylethylamine compounds.
Data provided below include: the amount synthesized, the
yield of the reaction; the melting point (m.p.) of the com-
pound; and mass spectral (MS) data for the compound.

Compound 91: 1-[3-(4-Chloro-phenyl)-adamantan-1-yl]-
ethylamine. Yield=77%; oil; "H NMR(300 MHz, CDCL,) &
0.95-0.98(m, 3H, CH;), 1.30-2.22(m, 16H, Admant-CH,
NH,), 4.24-430 (m, 1H, CH), 7.26-7.29 (m, 4H, H—Ar);
MS m/z (rel intensity) 290.4 (MH™, 40).

Compound 92: {1- [3 (4-Chloro-phenyl)-adamantan-1 -
yl]-ethyl}-isopropyl-amine. Yield=27%; oil; "H NMR(300
MHz, CDCl,) 6 0.91-0.94(d, J=6 Hz, 6H, 2CH,), 1.15-1.68
(m, 12H, Admant-CH), 1.81 (m, 3H, CH,), 2.19 (s, 2H,
Admant-CH), 3.74-3.76 (m, 1H, HN), 4.24-4.30 (m, 1H,
CH), 7.26-7.29 (m, 4H, H—Aur).

Compound 93: Phenyl-[1-(3-phenyl-adamantan-1-yl)-
cthyl]-amine.

Compound 94: {1-[3-(4-Fluoro-phenyl)-adamantan-1-
yl]-ethyl}-phenyl-amine.

Compound 95: {1-[3-(4-Chloro-phenyl)-adamantan-1-
yl]-ethyl}-phenyl-amine. Yield=19%; oil.

Compound 96: (1-Adamantan-1-yl-ethyl)-benzyl-amine.
Yield=64%; m.p.: 62-64° C.; 'H NMR(300 MHz, CDCl,) 8
1.12-1.16(d, J=8 Hz, 3H, CH,), 1.56-2.01(m, 17H, Admant-
CH, CH,), 3.03 (m, 1H, HN), 4.24-4.40 (m, 1H, CH),
7.26-7.30 (m, 4H, Ar—H), 8.32(s, 1H, Ar—H); 13’C NMR
(300 MHz, CDCl,) 6 11.6, 29.1, 32.5,35.8,36.7, 38.6, 41.9,
42.2,44 8, 46.0, 46 .4, 547, 266 128.5, 131.8, 148.6; MS
m/z (rel intensity) 270.5 (MH“L,, 10).
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Compound 97: Benzyl-[1-(3-phenyl-adamantan-1-yl)-
cthyl]-amine. Yield=41%; oil.

Compound 98: Benzyl-{1-[3-(4-fluoro-phenyl)-adaman-
tan-1-yl]-ethyl}-amine. Yield=42%; oil; "H NMR (300 MHz,
CDCly) o6 0.92-0.95 (d, J=6 Hz, 3H, CH;), 1.49-2.10 (m,
21H, Admant-CH, CH,), 2.19-2.29 (m, 6H, NCH), 2.79-
2.94 (m, 1H, HN), 6.94-7.04 (m, 2H, Ar—H), 7.28-7.35 (m,
2H, Ar—H); “C NMR(300 MHz, CDCIl,) 8 28.98, 35.73,
36.71, 38.77, 42.18, 42.37, 44.88, 122.38, 125.30, 126.57,
128.56, 129.26, 148.39, 150.2; MS m/z (rel intensity) 364.5
(MH™, 75), 365.5 (20).

Compound 99. Benzyl-{1-[3-(4-chloro-phenyl)-adaman-
tan-1-yl]-ethyl}-amine. Yield=25%; oil; "H NMR (300 MHz,
CDCl,)01.13-1.17(d, J=8 Hz, 3H, CH,), 1.59-2.05(m, 15H,
Admant-CH, CH,), 2.23(s, 2H Admant H), 3.03 (m, 1H,
HN), 4.04- 4 10 (m, 1H, CH) 720 7.31 (m, 8H, Ar—H),
8.33-8.35(s, 1H, Ar—H) *C NMR(300 MHz, CDCIB) 0
11.6,29.1,32.5, 35 8,36.7,38.6,41.9,42.2, 44.8,, 46.0,46 4,
54.7, 126.63 128.5,, 131.83 148.6; MS m/z (rel intensity)
380.4 (MH™, 80)

Compound 100: (4-tert-Butyl-benzyl)-{1-[3-(4-chloro-
phenyl)-adamantan-1-yl]-ethyl}-amine. Yield=2%; oil; MS
m/z (rel intensity) 436.3 (MH™, 30).

Compound 101: [1-(4-Bromo-phenyl)-ethyl]-{1-[3-(4-
chloro-phenyl)-adamantan-1-yl]ethyl }-amine.  Yield=3%:;
oil; MS m/z (rel intensity) 472.2 (MH™, 98), 474.2 (MH",
100).

Compound 102: (1-Adamantan-1-yl-ethyl)-[2-(4-bromo-
phenyl)-ethyl]-amine. Yield=0.4%; oil; MS m/z (rel inten-
sity) 362.2 (M-H", 98), 364.2 (M-H", 100).

Compound 103:  [2-(4-Bromo-phenyl)-ethyl]-{1-[3-
(4chloro-phenyl)-adamantan-1-yl]-ethyl }-amine.
Yield=11%; oil; MS m/z (rel intensity) 472.1 (MH™, 50),
474 1(MH™, 60).

Compound 104: (1-Adamantan-1-yl-ethyl)-(1-methyl-pi-
peridin-4-yl)-amine. Yield=16%; oil; 'H NMR(300 Mz,
CDCl;) 6 0.91-0.94 (d, J=9 Hz, 3H, CH;), 1.43-2.00 (m,
23H, Admant-CH, CH,), 2.25 (m, 3H, NCH,), 2.47-2.50 (m,
1H, NH), 2.76-2.80 (m, 2H, HC—N); MS m/z (rel intensity)
2'75.2 (M-H", 45).

Compound 105: (1 Methyl piperidin-4-yl)-[1-(3-phenyl-
adamantan-1-yl)-ethyl]-amine. Yield=29%; oil; 'H NMR
(300 MHz, CDCl;) o 0.92-0.95 (d, J=6 Hz, 3H, CH;),
1.49-2.10 (m, 21H, Admant-CH, CH,), 2.19-2.29 (m, 6H,
NCH), 2.79-2.94 (m, 1H, HN), 6.94-7.04 (m, 2H, Ar—H),
7.28-7.35 (m, SH, Ar—H); °C NMR(300 MHz, CDCl,) 8
28.98, 35.73, 36.71, 38.77, 42.18, 42.37, 44 88, 122.38,
125.30, 126.57, 128.56, 129.26, 148.39, 150.2; MS m/z (rel
intensity) 353.6 (MH™, 85), 354.6 (25).

Compound 106: {1-[3-(4-Fluoro-phenyl)-adamantan-1-
yl]-ethyl }-(1-methyl-piperidin-4-yl)-amine. Yield=11%; oil:
'H NMR((300 MHz, CDCl,) & 0.92-0.95 (d, J=6 Hz, 3H,
CH;), 1.49-2.10 (m, 21H, Admant-CH, CH,), 2.19-2.29 (m,
6H, NCH), 2.79-2.94 (m, 1H, HN), 6.94-7.04 (m, 2H,
Ar—H), 7.28-7.35 (m, 2H, Ar—H); "°C NMR(300 MHz,
CDCl,) 0 28.98, 35.73, 36.71, 38.77, 42.18, 42.37, 44 88,
122.38, 125.30, 126.57, 128. 56 129.26, 148.39, 150.2; MS
m/z (rel intensity) 371.5 (MH“L,, 85), 372.5 (50), 373.5(8).

Compound 107: {1-[3-(4-Chloro-phenyl)-adamantan-1-
yl]-ethyl }-(1-methyl-piperidin-4-yl)-amine. Yield=28%; oil;
'"H NMR(300 MHz, CDCL,) & 0.95-0.98(d, J=6 Hz, 3H,
CH,), 1.30-2.75(m, 29H, Admant-CH,

_<_>
N—CHy),
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3.74-3.76 (m, 1H, HN), 4.24-4.30 (m, 1H, CH), 7.26-7.29
(m, 4H, H—Ar); MS m/z (rel intensity) 387.3 (MH™, 63).

Compound 108: {1-[3-(4-Chloro-phenyl)-adamantan-1-
yl]-ethyl}-(4-methyl-piperazin-1-yl)-amine.  Yield=23%:
oil; MS m/z (rel intensity) 389.2 (MH™, 100).

Compound 109: [1-(3-Phenyl-adamantan-1-yl)-ethyl]-
pyridin-4-ylmethyl-amine. Yield=16%; oi1l; MS m/z (rel
intensity) 347.2 (MH™, 30).

Compound 110: {1-[3-(4-Chloro-phenyl)-adamantan-1-
yl]-ethyl}-(6-chloro-pyridin-3-ylmethyl)-amine.
Yield=18%; oil; MS m/z (rel intensity) 415.2 (MH™, 20).

Compound 111: {1-[3-(4-Chloro-phenyl)-adamantan-1-
yl]-ethyl}-(2-pyridin-4-yl-ethyl)-amine. Oil.

Compound 112: {1-[3-(4-Chloro-phenyl)-adamantan-1-
yl]-ethyl}-(3H-imidazol-4-ylmethyl)-amine. Oil.

Compound 113: {1-[3-(4-Chloro-phenyl)-adamantan-1-
yl]-ethyl}-(2-methyl-1H-indol-5-yl)-amine. Yield=5%; oil;
MS m/z (rel intensity) 417.2 (M™* -H, 15).

Compound 114: {1-[3-(4-Chloro-phenyl)-adamantan-1-
yl]-ethyl}-(9-ethyl-9H-carbazol-3-yl)-amine.  Yield=60%:
m.p.: 70-72° C.; MS m/z (rel intensity) 482 (M™, 50),
483(MH™, 25), 484(20).

Compound 115: {1-[3-(4Chloro-phenyl)-adamantan-1-
yl]-ethyl}-(9-ethyl-9H-carbazol-3-ylmethyl)-amine.
Yield=13%; oil; MS m/z (rel mtensity) 496.2 (M-H", 30).

Compound 116: 9-Ethyl-9H-carbazole-3-carboxylic acid
{1-[3-(4-chloro-phenyl)-adamantan-1-yl]-ethyl } -amide.
Yield=28.

Compound 117: 1-{1-[3-(4-Chloro-phenyl)-adamantan-
1-yl]-ethyl}-3-(4-chloro-3-trifluoromethyl-phenyl)-urea.
Yield=6%:; m.p.: 103-105° C.; MS m/z (rel intensity) 511.2
(MH™, 5).

Compound 118: 1-{1-[3-(4-Chloro-phenyl)-adamantan-
1-yl]-ethyl}-3-(4-chloro-3-trifluoromethyl-phenyl)-urea.
m.p: 103-105° C.; '"H NMR(300 MHz, DMSO-d,) 8 1.05-
1.07 (d, J=6 Hz, 3H, CH;), 1.50-1.80 (m, 12H, Admant-CH),
2.18 (s, 2H, Admant-CH), 3.62-3.68 (m, 1H, CH), 4.83-4.86
(m, 1H, HN), 6.91-6.94 (m, 1H, NH—Ar), 7.20-7.28 (i,
4H, Ar—H), 7.32-7.35 (d, =9 Hz, 1H, Ar—H), 7.48-7.51
(d, J=9 Hz, 1H, Ar—H), 7.60 (s, 1H, Ar—H); '°C NMR(300
MHz, CDCl;) 0 15.2, 28.8,36.0, 36.5,37.6,37.8,42.4, 54.0,
56.1, 117.8, 122.8, 126.2, 128.1, 131.8, 132.7, 154.6; MS
m/z (rel intensity) 511 (M_ﬂﬂ 5).

Compound 119: (4-Bromo-thiophen-2-ylmethyl)-{1-[3-
(4-chloro-phenyl)-adamantan-1-yl]-ethyl}-amine.
Yield=8%:; oil; MS m/z (rel intensity) 464.1 (MH™, 50).

Compound 120: {1-[3-(4-Chloro-phenyl)-adamantan-1-
yl]-ethyl}-(4-phenyl-thiophen-2-ylmethyl)-amine.
Yield=8%; oil; m/z (rel intensity) 463.0 (MH™, 100).

Example 8

Method for the Synthesis of Adamantylpropenones

As an example, a process for the synthesis of adamantyl-
propenone compounds 1s described mm Scheme 5. 3-R-
substituted-phenyl-1-adamantyl methyl ketone (6) was pre-
pared as described above. By reaction of 6 with a substituted
aldehyde, the corresponding adamantylpropenone com-
pound (10) can be obtained. For example, by reaction of
4-chloro-6 with 4-hydroxybenzylaldehyde, 1-[3-(4-chloro-
phenyl)-adamantan-1-yl]-3-(4-hydroxy-phenyl)-propenone,
also referred to as Compound 132, was obtained.
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Scheme 5
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Example 9
Synthesis of Adamantylpropenones

The methods described 1n Example 6 were used to prepare
a library of substituted adamantylpropenone compounds.
Data provided below include: the yield of the reaction; the
melting point (m.p.) of the compound; and mass spectral
(MS) data for the compound.

Compound 121: 3-Phenyl-adamantane-1-carboxylic acid.

Compound 122: 3-(4-Fluoro-phenyl)-adamantane-1-car-
boxylic acid.

Compound 123: 3-(4-Chloro-phenyl)-adamantane-1-car-
boxvylic acid. Yield=79%.

Compound 124: 1-Adamantan-1-yl-ethanone.
44-46° C.

Compound 125: 1-(3-Phenyl-adamantan-1-yl)-ethanone.
Yield=54%; '"H NMR(300 MHz, CDCl,) & 1.73-2.10(m,
12H, Admant-CH), 2.14 (s, 3H, CH,), 2.27 (s, 2H, Admant-
CH), 7.25-7.26(m, 1H, Ar—H) 7.30-7.36 (m, 4H, H—Ar).

Compound 126: 1-[3-(4-Fluoro-phenyl)-adamantan-1-
yl]-ethanone. Yield=35 9% 59%; oil; '"H NMR(300 MHz,
CDCl,) o 1.73-1.90(m, 12H, Admant CH), 2.10 (s, 3H,
CH;), 2.27 (s, 2H, Admant-CH), 6.96-7.04(m, 2H, Ar—H),
7.28-7.35 (m, 2H, H—Ar).

Compound 127: 1-[3-(4-Chloro-phenyl)-adamantan-1-
yl]-ethanone. Yield=54% (2 steps); m.p.: 54-56° C.

Compound 128: 2-(Adamantane-1-carbonyl)-malonic
acid dimethyl ester. Yield=80%; oil.

Compound 129: 2-[3-(4-Chloro-phenyl)-adamantane-1-
carbonyl]-malonic acid dimethyl ester. Yield=91%; oil.

Compound 130: 3-(4-Chloro-phenyl)-1-[3-(4-chloro-phe-
nyl)-adamantan-1-yl]-propenone. Yield=18%.

Compound 131: 4-{3-[3-(4-Chloro-phenyl)-adamantan-
1-y1]-3-oxo-propenyl } -benzonitrile.

Compound 132: 1-[3-(4-Chloro-phenyl)-adamantan-1-
yl]-3-(4-hydroxy-phenyl)-propenone. Yield=16%; m.p.:
87-89° C.; MS m/z (rel intensity) 393.2 (MH™, 100).

Compound 133: 1-[3-(4-Chloro-phenyl)-adamantan-1-
yl]-3-naphthalen-2-yl-propenone. Yield=20%; m.p.: 82-84°
C.

Compound 134: 1-[3-(4-Chloro-phenyl)-adamantan-1-

1]-3-(6-chloro-pyridin-3-yl)-propenone. Yield=4%.

Compound 135: 1-[3-(4-Chloro-phenyl)-adamantan-1-

1]-3-(1H-1m1dazol-4-yl)-propenone. Yield=3%; oil.

Compound 136: 1-[3-(4-Chloro-phenyl)-adamantan-1-
yl]-3-(9-ethyl-9H-carbazol-3-yl)-propenone. Yield=3%:;
m.p.: 138-140° C.

m.p.:
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Compound 137: 1-[3-(4-Chloro-phenyl)-adamantan-1-
y1]-3-(4-phenyl-thiophen-2-vyl)-propenone. Yield=13%.

Example 10
Assays for Inhibition of Human SK Activity

An assay for identitying inhibitors of recombinant human
SK has been established (French et al., 2003, Cancer Res 63:
5962). cDNA for human SK was subcloned into a pGEX

bacterial expression vector, which results in expression of
the enzyme as a fusion protein with glutathione-5-transter-
ase, and the fusion protein 1s then purified on a column of
immobilized glutathione. SK activity 1s measured by 1ncu-
bation of the recombinant SK with ["H]sphingosine and 1
mM ATP under defined conditions, followed by extraction of
the assay mixture with chloroform:methanol under basic
conditions. This results in the partitioning of the unreacted
[°H]sphingosine into the organic phase, while newly syn-
thesized ["H]S1P partitions into the aqueous phase. Radio-
activity 1 aliquots of the aqueous phase 1s then quantified as
a measure of [°H]S1P formation. There is a low background
level of partitioning of [°H]sphingosine into the aqueous
phase, and addition of the recombinant SK greatly increases
the formation of ["H]S1P. A positive control, DMS, com-
pletely inhibits SK activity at concentrations above 25 uM.

In an alternate assay procedure, the recombinant human
SK was incubated with unlabeled sphingosine and ATP as
described above. After 30 minutes, the reactions were ter-
minated by the addition of acetonitrile to directly extract the
newly synthesized S1P. The amount of S1P 1n the samples
1s then quantified as follows. C,, base D-erythro-sphin-
gosimne and C,, S1P are used as internal standards for
sphingosine and S1P, respectively. These seventeen-carbon
fatty acid-linked sphingolipids are not naturally produced,
making these analogs excellent standards. The lipids are
then fractionation by High-Performance Liquid Chromatog-
raphy using a C8-reverse phase column eluted with 1 mM
methanolic ammonium formate/2 mM aqueous ammonium
formate. A Finnigan LCQ Classic LC-MS/MS 1s used 1n the

multiple reaction monitoring positive 1onization mode to
acquire 1ons at m/z ol 300 (precursor 1on)—282 (product
ion) for sphingosine and 380—264 for S1P. Calibration
curves are generated by plotting the peak area ratios of the
synthetic standards for each sphingolipid, and used to deter-
mine the normalized amounts of sphingosine and S1P 1n the
samples.

Example 11

Inhibition of Human SK by Compounds of this
Invention

Each Compound of this invention was tested for its ability
to inhibit recombinant SK using the LC/MS/MS assay
described above. Typically, the Compounds were individu-
ally dissolved in dimethylsulfoxide and tested at a final
concentration of 6 ug/ml. The results for the assays are
shown 1n Table 3. The data demonstrate that compounds of
Formula I demonstrate a range of abilities to inhibit the 1n
vitro activity of recombinant SK. Several Compounds
caused complete suppression of SK activity at the concen-
tration of 6 micrograms/ml (corresponding to approximately
15 micromolar). As detailed in the Examples below, signifi-
cantly greater concentrations of the Compounds can be
achieved 1n the blood of mice receiving the Compounds by
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oral administration, indicating that the Compounds are sui-
ficiently potent to be therapeutically usetul.

Although many of the Compounds inhibited the purified
SK enzyme, 1t was useful to determine their abilities to
inhibit endogenous SK 1n an intact cell. We have previously
described an intact cell assay where, following treatment

with a test compound, MDA-MB-231 human breast carci-
noma cells are incubated with [°H]sphingosine at a final

concentration of 1 uM (French et al., Cancer Res 63: 5962
(2003)). The cells take up the exogenous ["H]sphingosine
and convert it to ["H]S1P through the action of endogenous
SK. The resulting [PH]S1P is isolated via charge-based
separation as indicated above. The results from this assay are
indicated 1n Table 3. The data demonstrate that many of the
Compounds that inhibit purified SK also inhibit SK activity
in the intact cell. For potency studies, MDA-MB-231 cells
were exposure to varying concentrations of a test Compound
and then assayed for conversion of ["H]sphingosine to
["H]S1P. Each of Compounds decreased ["H]S1P formation
in a dose dependent fashion, with IC,, values ranging from
15 to 64 uM. These results demonstrate that compounds of
tformula I or II effectively 1nhibit SK activity 1n intact cells.

TABLE 3

Inhibition of SK activity.

Recombinant SK Cellular S1P Cellular S1P

Compound (% 1nhibition) (% inhibition) IC5p (UM)
1 38 0 ND
2 0 ND ND
3 6 ND ND
4 44 14 ND
5 100 17 ND
6 72 90 15
7 100 96 ND
8 49 0 ND
9 84 40 ND

10 3 9 ND
11 17 0 ND
12 36 3 ND
13 78 0 ND
14 19 ND ND
16 8 ND ND
17 56 ND ND
18 0 ND ND
20 0 ND ND
21 65 ND ND
22 56 ND ND
23 0 ND ND
24 20 ND ND
25 47 ND ND
26 36 ND ND
27 50 ND ND
28 6 ND ND
29 55 0 ND
30 1 ND ND
31 74 ND ND
32 17 ND ND
33 10 ND ND
34 0 ND ND
35 &7 0 ND
36 37 72 ND
37 24 36 ND
38 40 34 ND
39 19 26 ND
40 100 52 ND
41 67 23 ND
42 5 ND ND
43 0 0 ND
44 33 88 35

45 64 ND ND
46 4 ND ND
47 26 ND ND
48 36 14 ND
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TABLE 3-continued

Inhibition of SK activity.

Recombinant SK Cellular S1P Cellular S1P

Compound (%0 1nhibition) (% 1nhibition) ICysy (M)
49 33 ND ND
50 0 44 ND
51 84 88 25
52 54 61 ND
53 52 ND ND
54 95 ND ND
55 8 ND ND
56 33 40 ND
57 30 83 60
58 67 55 ND
59 0 ND ND
60 0 23 ND
61 58 24 ND
62 13 92 26
63 0 39 ND
64 41 80 63
65 3 ND ND
66 92 8 ND
67 10 ND ND
68 17 0 ND
69 40 13 ND
70 33 4 ND
71 27 0 ND
72 14 1 ND
73 53 ND ND
74 0 28 ND
75 ND 41 ND
76 42 ND ND
77 27 ND ND
78 43 ND ND
79 19 ND ND
80 5 ND ND
81 67 ND ND
82 75 ND ND
83 60 88 16
84 84 ND ND
85 0 ND ND
86 6 ND ND
87 75 55 64
88 1 ND ND
89 37 1 ND
90 26 16 ND
93 70 ND ND

104 0 ND ND
114 33 46 51

118 77 5 ND
130 38 ND ND
131 41 ND ND
132 8 ND ND
133 36 ND ND
134 52 ND ND
135 64 ND ND

Human SK was incubated with 6 pg/ml of the indicated compounds, and then assayed for
activity as described above.

Values 1n the column labeled “Recombinant SK (% inhibition)” represent the percentage
of SK activity that was inhibited. MDA-MB-231 cells were incubated with 20 pg/ml of the
indicated compounds and then assayed for endogenous SK activity as indicated above.
Values 1n the column labeled “Cellular S1P (% inhibition)” represent the percentage of S1P
production that was inhibited. Additionally, MDA-MB-231 cells were treated with varying
concentration of certain compounds and the amount of S1P produced by the cells was
determined.

Values in the column labeled “Cellular S1P ICs5y (uM)” represent the concentration of
compound required to inhibit the production of §1P by 50%.

ND = not determined.

Example 12
Selectivity of SK Inhibitors of this Invention

A common problem with attempts to develop protein
kinase mhibitors 1s the lack of selectivity toward the target
kinase since the majority of these compounds interact with
nucleotide-binding domains that are highly conserved
among kinases. To determine 1 compound of this mnvention
are non-selective kinase inhibitors, the effects of the SK
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inhibitor, Compound 62, on a diverse panel of 20 purified
kinases was determined. The compound was tested at a

single concentration of 50 uM. The kinases and the etlects

of the SK inhibitor are shown 1n Table 4.

T'he data indicate high specificity of Compound 62 for SK
in that none of the 20 diverse kinase tested were significantly
inhibited by this compound. The panel included both serine/
threonine kinases and tyrosine kinases, as well as several
that are regulated by their interaction with lipids. Overall,
the data indicate that the biological efiects of the compounds
of this mnvention are not mediated by ofl-target inhibition of
protein kinases.

TABLE 4

Selectivity of Compound 62.

Compound Compound
Kinase 62 Kinase 62
Ca?*/calmodulin PK IV 81 + 3 MEK kinase 1 104 + 3
Abl 98 = 0 CHK1 142 = 13
Aurora-A 103 = 1 EFGR 101 =3
Protein kinase C « 86 £ 5 Fyn 84 £ 5
Protein kinase C € 101 =1 cSIe 1153
CDKl1/cyclinB 105 £ 1 IKK« 150 £ 16
CDK2/cyclinE 106 = 6 PKA 104 £ 5
P38 MAP kinase 1 94 = 2 PKBa 95 = 2
P38 MAP kinase 2 109 = 5 PKBY 105 = 8
PDK1 116 £ 3 cRaf 96 = 5

Values represent the percent of control activity of the indicated kinase in the presence of

50 uM of Compound 62.

Example 13

Cytotoxicity Profiles of SK Inhibitors of this
Invention

To further assess the biological eflicacies of the Com-
pounds 1n intact cells, each Compound was evaluated for
cytotoxicity using human cancer cell lines. These experi-
ments followed methods that have been extensively used.
Cell lines tested included MCF-7 human breast adenocar-
cinoma cells and MCF-10A non-transformed human breast
epithelial cells. The indicated cell lines were treated with
varying doses of the test Compound for 48 h. Cell survival
was then determined using the SRB binding assay (Skehan
et al., 1990, ] Natl Cancer Inst 82: 1107), and the concen-
tration of compound that inhibited proliferation by 50% (the
IC;,) was calculated. The cytotoxicities of the compounds of
this invention are summarized in Table 5. Values (1in uM)
represent the meanzsd for replicate trials. As the data show,
the compounds of this invention are antiproliferative at
sub-to-low-micromolar. In many cases, the transformed
MCEF-7 cells were significantly more sensitive than were the
non-transformed MCF-10A cells. This indicates that the
Compounds will inhibit the growth of tumor cells without
inducing toxicity to normal cells within the patient. Overall,
the data demonstrate that these Compounds are able to enter
intact cells and prevent their proliferation, making them
usetul for the indications described above.

TABLE 5

Anticancer activity of compounds of this invention.

MCE-7 MCF-10A

Compound ICs5q (ULM) ICsq (UM)
1 23 151
2 20 ND
3 18 ND
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TABLE 5-continued TABLE 5-continued

Anticancer activity of compounds of this invention. Anticancer activity of compounds of this invention.

MCE-7 MCEF-10A MCE-7 MCEF-10A
Compound [Cqy (UM) [Cqy (LM) d Compound [Csq (UM) [Cy5q (LM)
4 72 137 79 ND ND
5 ND 30 &0 ND ND
6 5 15 81 ND ND
7 3 ND 82 ND ND
8 47 04 10 83 5 ND
9 9 17 84 ND ND
10 ND 170 85 ND ND
11 87 87 86 5 ND
12 11 99 87 38 33
13 51 115 88 11 ND
14 36 ND 15 89 74 41
15 >112 ND 90 06 107
16 17 ND o1 5 4
17 17 ND 92 2 6
1R 19 ND 93 15 ND
19 >108 ND o4 0.6 ND
20 33 ND 95 22 68
21 27 ND 20 o6 0 0
22 18 ND 97 0.5 ND
23 23 ND OR 3 ND
24 17 ND 99 0.7 ND
25 87 ND 100 0.3 ND
26 19 ND 101 10 ND
27 8 ND 25 102 2 ND
28 64 ND 103 ND ND
29 7 106 104 34 ND
30 14 ND 105 5 14
31 74 ND 106 2 6
32 24 ND 107 | 1
33 30 ND 30 108 5 ND
34 >106 ND 109 26 ND
35 19 ND 110 6 ND
36 13 9 111 13 ND
37 5 127 112 5 ND
3% 9 40 113 14 ND
39 15 106 33 114 55 9
40 6 37 115 | ND
41 6 71 116 6 ND
42 >100 ND 117 3 ND
43 277 ND 118 ND ND
44 6 0 119 11 ND
45 17 ND 120 10X ND
46 91 ND 40 121 13 176
47 16 ND 122 155 182
48 ND ND 123 48 05
49 6& ND 124 11 105
50 181 ND 125 8 59
51 8 25 126 2 6
52 10 15 45 127 6 16
53 11 ND 128 34 63
54 11 ND 129 16 105
55 ND ND 130 7 ND
56 10 ND 131 27 ND
57 6 8 132 17 ND
58 20 36 50 133 13 ND
59 ND ND 134 16 ND
60 7 ND 135 3 ND
61 ND ND 136 8 ND
62 17 21 137 9 ND
63 11 ND
64 8 20 55 The cytotoxicity of the indicated Compounds toward human breast cancer cells (MCFE-7)
65 ND ND and non-transformed human breast epithelial cells (MCE-10A) were determined.
66 10 53 Values represent the mean ICs5y for mhibition of cell proliferation.
67 ND ND ND = not determined.
68 54 104
69 30 106 -
0 . 103 Example 14
71 21 118 60 | o o
72 p, 6 Survey ol Anticancer Activity of SK Inhibitors of
73 80 ND this Invention
74 3 70
75 11 ND . eye
76 5 ND The data provided above demonstrate the abilities of
77 ND ND 65 compounds of this invention to inhibit the proliferation of
78 30 ND human breast carcinoma cells. To examine the range of

anticancer activity of representative compounds, the chemo-
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therapeutic potencies of Compounds 62 and 57 towards a
panel of varied human tumor cell lines representing several
major tumor types were determined. The data are described
in Table 6, and demonstrate that the compounds of this

invention have anticancer activity against a wide variety of >

Ccanccers.

TABLE 6

Potencies of SK inhibitors toward human tumor cell lines.

IC50 (ULM) ICs0 (M)
Cell Line Tissue Compound 62 Compound 57
1025LU melanoma 33.7 £ 2.7 7.2 £ 0.8
A-498 kidney 12.2 £ 6.0 8.0 £ 3.5
Caco-2 colon 11.8 £ 5.6 3.2 2.0
DU145 prostate 21.9 £ 1.5 8.7 £ 3.3
Hep-G2 liver 6.0 £ 2.6 5.0 £ 1.8
H'T-29 colon 48.1 = 7.6 9.6 +4.0
MCE-7 breast, ER+ 184 7.4 12.1 = 3.1
MDA-MB-231 breast, ER- 29.1 £ 11.1 12.5 £ 2.5
Panc-1 pancreas 32.8 £ 0.1 14.1 = 6.3
SK-OV-3 ovary 10.5 £ 2.6 9.2 = 2.8
124 bladder 394+ 74 12.7 = 2.8

Sparsely plated cells were treated with an SK inhibitor for 48 hours, and cell viability was
determuned using sulforhodamine B staining and compared to vehicle-(DMSO) treated
cells.

Values are the mean + sd for at least three separate experiments.

Example 15

In vivo Toxicity of SK Inhibitors of this Invention

For example, Compounds 62 and 57 were found to be
soluble to at least 15 mg/ml (~30-40 mM) in DMSO:PBS for
intraperitoneal (IP) administration or PEG400 for oral dos-
ing. Acute toxicity studies using IP dosing demonstrated no
immediate or delayed toxicity in female Swiss-Webster mice
treated with up to at least 50 mg/kg of Compounds 62 and
S7. Repeated 1njections 1n the same mice every other day
over 15 days showed similar lack of toxicity. Each of the
compounds could also be administered orally to mice at
doses up to at least 100 mg/kg without noticeable toxicity.

Example 16

Pharmacokinetics of SK Inhibitors of this Invention

Oral pharmacokinetic studies were performed on Com-
pounds 62 and 57. Each compound was dissolved in
PEG400 and administered to female Swiss-Webster mice at
a dose of 100 mg/kg by oral gavage. Mice were anesthetized
and blood was removed via cardiac puncture at 5 minutes,
30 minutes, 1, 2, and 8 hours. Concentrations of the test
compounds were determined using liquid-liquid extraction,
appropriate internal standards and reverse phase HPLC with
UV detection. Control blood samples were run to identify
compound-specific peaks. Pharmacokinetic parameters were
calculated using the WINNONLIN analysis software pack-
age (Pharsight). Non-compartmental and compartmental
models were tested, with the results shown in Table 7
derived from the best fit equations.
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TABLE 7
Oral pharmacokinetic data for SKI inhibitors.
Dose AUC, . o tr Cor
Compound (mg/kg) (ug* h/ml) (M *h) (h) (M) t, (h)
62 100 172 452 0.5 558 7.3
57 100 45 111 2.0 3.8 19.3

These studies demonstrate that substantial amounts of
cach compound can be detected 1n the blood 1 h after oral
dosing. Both compounds have excellent PK properties, with
Area Under the Curve (AUC) and C_ __ (maximum concen-
tration reached 1n the blood) values exceeding the IC., for
recombinant SK catalytic activity, as well as for S1P for-
mation in the intact cell model for at least 8 h. The high
half-life suggests prolonged activity, which will diminish the
need for frequent dosing regimens. These PK properties
demonstrate that the compounds of this invention have
excellent drug properties, specifically high oral availability
with low toxicity.

Oral bioavailability studies were performed on Com-
pound 62 dissolved 1 0.375% Tween-80. Female Swiss-
Webster mice were dosed with 350 mg/kg Compound 62
either intravenously or orally. Mice were anesthetized and
blood was removed by cardiac puncture at time points
ranging from 1 minute to 8 hours. Concentrations of Com-
pound 62 were quantified using liquid-liquid extraction and
reverse phase HPLC coupled to an 10n trap quadrapole mass
spectrometer. Control blood samples were spiked with
known amounts of internal standard and analyte to 1dentify
compound-specific peaks and to develop standard curves for
quantification. Pharmacokinetic parameters were calculated
using the WINNONLIN analysis software package (Phar-
sight). Non-compartmental and compartmental models were

tested, with the results from the best fitting models shown 1n
Table 8.

TABLE 8

Bioavailability data for Compound 62.

Dose  AUC,., AUCq.. T.. C,.. ©C._ T
Route (mg/kg) (ug * Wml) (M *h) (h) (ug/ml) @M) ()
v 50 56.9 137 0 3.1 74 14
Oral 50 37.3 90.1  0.25 g 19 45

Blood levels of Compound 62 exceeded the IC., for
inhibition of SK activity during the entire study. Comparison
of oral versus intravenous pharmacokinetics of Compound
62 revealed very good oral bioavailability properties
(F=AUC (oral)/AUC (1v)=0.66). These results demonstrate
that Compound 62 has excellent drug properties, specifically
good oral availability with low toxicity.

Example 17

Antitumor Activity of SK Inhibitors of this
Invention

The antitumor activity of the representative SK inhibitors
were evaluated using a syngeneic tumor model that uses the
mouse JC mammary adenocarcinoma cell line growing
subcutaneously 1n 1immunocompetent Balb/c mice (Lee et
al., 2003, Oncol Res 14: 49). These cells express elevated
levels of SK activity relative to non-transformed cells, as
well as the multidrug resistance phenotype due to P-glyco-
protein activity.
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The data are shown 1n FIGS. 1 and 2. In FIG. 1, Balb/c
mice, 6-8 weeks old, were injected subcutaneously with 10°

JC cells suspended in phosphate-buflered saline. The SK
inhibitors Compounds 62 and 57 were dissolved in PEG400
and administered to mice every-other day at a dose of 100
mg/kg. Body weights and tumor volumes were monitored
daily. In FIG. 1, tumor growth 1s expressed as the tumor
volume relative to day 1 for each animal.

As mdicated in FIG. 1, tumor growth in animals treated
with either SK inhibitor was significantly lower (>70%
decreased at day 16) than tumor growth in control animals.
Compounds 62 and 357 inhibited tumor growth relative to
controls by 69 and 78%, respectively. The insert of FIG. 1
indicates the body weight of the animals during this experi-
ment. No significant difference i the body weights of
amimals 1n the three groups was observed, indicating the lack
of overt toxicity from eirther SK inhibitor.

Dose-response studies with Compound 62 demonstrated
that the compound has antitumor activity when orally
administered at doses of 35 kg/kg or higher (FIG. 2). No
toxicity to the mice were observed at any dose.

Additional compounds of this invention were tested for
their ability to inhibit the growth of JC adenocarcinoma cells
in mice. The results are summarized 1n Table 9.

TABLE 9

In vivo antitumor activity of SK inhibitors.

Compound In vivo activity
44 active - 1p
51 active - 1p and po
57 active - po
62 active - 1p and po
107 active - 1p

The mdicated compounds were tested in the JC tumor model using either intraperitoneal
(1ip) or oral (po) admunistration.

A compound 1s indicated as being active 1f it suppressed tumor growth by at least 60%
relative to tumors in control animals.

Example 18

ftects of SK Inhibitors on VEGF-induced
Vascular Permeability

L1

In vivo |

The effects of VEGF on vascular leakage 1n vivo were
measured as described by Miles and Miles (Miles et al.,
1932, J Physiol 118: 228). Groups of female athymic nude
mice (approximately 20 g) were given intraperitoneal 1njec-
tions of DMSO alone or Compound 62 (75 mg/kg) in a
volume of 50 microliters. In some experiments, Compound
62 was administered by oral gavage at a dose of 100 mg/kg.
After 30 minutes, 100 uL. of 0.5% Evan’s blue dye in PBS
was administered by tail vein injection. Thirty minutes later,
mice received the first of 3 sequential (every 30 minutes)
intradermal 1njections of VEGF (400 ng 1n 20 ul. of PBS per
injection) on the left hind flank. As a control, similar
injections of PBS were administered on the right hind flank.
Thirty minutes after the last injection, leakage of the dye
from the vasculature 1nto the skin was assessed by measur-
ing the length and width of the spots of blue-colored skin
using calipers.

Administration of an intradermal bolus of VEGF results
in leakage of the protein-bound dye into the skin indicating
a local increase in vascular permeability. As indicated 1n
FIG. 3, when Compound 62 was administered by either
intraperitoneal 1njection or oral gavage one hour before the
VEGF treatment, vascular leakage (determined three hours
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later) was markedly reduced. Therefore, SK inhibitors of
this invention have the ability to suppress i vivo vascular

leakage 1n response to VEGFE.

Example 19

In vivo Eftects of SK Inhibitors on Diabetic
Retinopathy

Male Sprague-Dawley rats weighing 150-175 g were
used. Diabetes was produced by intraperitoneal injection of
streptozotocin (65 mg/kg 1n citrate buller) after overnight
fasting. Sham-injected non-diabetic animals were also car-
ried as controls. Blood glucose was measured three days
post-injection and animals with blood glucose over 250
mg/dl. were used as diabetic rats for the study. Blood
glucose levels and body weights were monitored weekly
throughout the study. On Day 43, retinal vascular perme-
ability was measured 1n a group of control and diabetic rats

(Antonett1 et al., 1998, Diabetes 47: 1953, Barber et al.,
2003, Invest Ophthalmol Vis Sci1 46: 2210). Briefly, animals
were welghed, anesthetized with ketamine/xylazine (80/0.8
mg/kg) and 1njected with fluorescein isothiocyanate-conju-
gated bovine serum albumin (FITC-BSA; Sigma catalog
number A-9771) mto the femoral vein. Following 30 min-
utes of FITC-BSA circulation, the rats were sacrificed by
decapitation. Trunk blood was collected to measure the
FITC-BSA concentration, and eyes were quickly enucleated.
Each eye was placed 1n 4% paratormaldehyde for 1 hour and
frozen 1n embedding medium 1n a bath of 1sopentane and dry
ice. The paratlin-embedded eyes were sectioned on a micro-
tome making 10 um sections. Sections were dewaxed and
viewed with an Olympus OM-2 fluorescence microscope
fitted with a Sony CLD video camera. Fluorescence inten-
sities of digital images were measured using Leica Contfocal
Software (Version 2.61, build 1338, LCS Lite, 2004). The
average retinal intensity for each eye was then normalized to
non-injected controls analyzed in the same manner and to
the plasma fluorescence of the animal. Through serial sec-
tioning of the eye, this technique enables quantification of
varied vascular permeability in the retina (Antonetti et al.,
1998, Diabetes 47: 1953, Barber et al., 2005, Ibid.).
The remaiming control animals were maintained for an
additional 6 weeks, 1.e. until Day 87, as were the remaining
diabetic rats that were divided into untreated, low-dose
Compound 62 (25 mg/kg) or high-dose Compound 62 (75
mg/kg) treatment groups. Compound 62 was administered
by 1ntraperitoneal mnjection (dissolved 1n 0.375% Tween-80)
5 days per week from Day 45 to Day 87. On Day 87, all
remaining amimals were tested for retinal vascular perme-
ability as described above. Sections were also stained for SK
immunoreactivity using rabbit polyclonal antibodies, and
counterstained for nucle1 using Hoescht stain.
Hyperglycemic rats were left untreated for 45 days to
allow the progression of retinopathy. At that time, control
and diabetic rats were evaluated for retinal vascular perme-
ability by measuring the leakage of FITC-labeled BSA nto
the retina using quantitative 1image analyses. The diabetic
amimals had substantial increases in the leakage of the
labeled BSA into the inner plexiform and outer nuclear
layers of the retina. Quantification of the images indicated
that there 1s an approximately 4-fold increase 1n the amount
of FITC-BSA leakage in the retinas from diabetic rats.
Therefore, substantial diabetes-induced vascular damage
was present before the 1mitiation of treatment with the SK

inhibitor.
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All of the surviving rats were sacrificed on Day 87 and
retinopathy was measured as the leakage of FITC-BSA 1nto
the retina. As indicated in FIG. 4, retinal vascular perme-
ability 1n the diabetic rats was significantly elevated com-
pared with the control rats. Diabetic animals that had been
treated with the SK inhibitor Compound 62, at either dose,
had substantially reduced levels of FITC-BSA leakage than
did the untreated diabetic rats. This eflect of the compound
was manifested 1n both the mner plexiform layer and the
outer nuclear layer of the retina.

Immunohistochemistry with the SK antibody described
above was used to evaluate the expression of SK 1in the
retinas of these animals. Fluorescence 1n the retinal pigment
epithelium and the outer segment was non-specific since 1t
was present 1n samples incubated in the absence of the SK
antibody. Retinal sections from control rats had only low
levels of specific staining for SK; whereas, SK expression
was markedly elevated 1in the ganglion cell layer and in
specific cell bodies and projections at the interface of the
inner nuclear layer and the mner plexiform layer. Elevated
SK expression was also observed 1n both the low-dose and
the high-dose Compound 62-treated animals. Therefore, the
long-term hyperglycemic state appears to be associated with
clevation of retinal SK levels that are not normalized by
treatment with the SK inhibitor. This expression data indi-
cates that Compound 62 very eflectively suppresses SK
activity in the diabetic retina, thereby preventing the
increased vascular permeability normally present in ret-
inopathy.

Example 20

Inhibition of TNFa-induction of NFkB by SK
Inhibitors

The excellent aqueous solubility of Compound 62
allowed it to be evaluated 1n an NFkB reporter cell line (FIG.
5). Fibroblasts transtected with an NFkB response element
linked to luciferase produce high levels of luciferase upon
exposure to TNFa. Activation of NFkB by TNFa was
dose-dependently suppressed by the SK inhibitor, Com-
pound 62.

Example 21

Inhibition of TNFa-1induced Adhesion Molecule
Expression by SK Inhibitors

Like endothelial cells 1n the body, HUVECs will prolii-
erate 1n response to several growth factors, and will respond
to inflammatory cytokines such as TNFa and IL-1{3. West-
ern analyses were conducted with human endothelial cells to
evaluate the effects of the SK 1nhibitors on signaling proteins
known to be regulated by TNFa.. In these experiments, the
cells were serum-starved for 24 hours and then exposed to
TNFo (100 ng/mL) for 6 hours. Cell lysates from treated
cells were assayed for the adhesion molecules ICAM-1 and
VCAM-1. TNFa caused marked increases in the expression
levels of adhesion proteins involved in leukocyte recruit-
ment, including ICAM-1 and VCAM-1. These eflects of

TNFo were mhibited by treating the cells with Compound
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62, such that the induction of both proteins was completely
abrogated by 25 uM Compound 62.

Example 22

Inhibition of TNFa-induced Prostaglandin
Synthesis by SK Inhibitors

To determine the eflects of the SK inhibitors on Cox-2
activity, an ELISA assay was used to measure PGE, pro-
duction by IEC6 rat intestinal epithelial cells and human
endothelial cells treated with TNFa.. Exposure of either type
of cell to TNFa resulted 1in marked increases i Cox-2
activity, measured as the production of PGE, (FIG. 6). This
induction of Cox-2 activity by TNFa was strongly sup-
pressed by Compound 62.

Overall, these data demonstrate that inhibition of SK will
be eflective 1 blocking the inflammatory cascade 1n cells
initiated by TNFa. This 1s expected to alleviate the pathol-
ogy ol diseases several inflammatory diseases, including
IBD, arthritis, atherosclerosis and asthma.

Example 23

Tects of SK Inhibitors in an Acute Model
of Inflammatory Bowel Disease

L1

In vivo .

We have conducted experiments with SK 1nhibitors using,
the dextran sulfate sodium (DSS) model of IBD. In these
experiments, male C57BL/6 mice were provided with stan-
dard rodent diet and water ad libitum. After their acclima-
tion, the animals were randomly divided into groups of 3 or
6 for DSS (40,000 MW from ICN Biomedicals, Inc., Aurora,
Ohio)— and drug-treatment. The SK inhibitors were dis-
solved 1n PEG400, and given once daily by oral gavage 1n
a volume of 0.1 mL per dose. Dipentum, an FDA-approved
anti-colitis drug whose active ingredient, olsalazine, 1s con-
verted to S-aminosalicylic acid 1n vivo, was used as a
positive control. The mice were given normal drinking water
or 2% DSS and ftreated orally with an SK inhibitor or
Dipentum at a dose of 50 mk/kg daily. The body weight of
cach amimal was measured each day, and the Disease Activ-
ity Index (DAI) was scored for each animal on Days 4-6. On
Day 6, the amimals were sacrificed by cervical dislocation
and the entire colon was removed and measured to the
nearest 0.1 cm. Portions of the colons were then fixed,
sectioned and their histologies were assessed on a blinded
basis to determine their Histology Score. Other portions of
the colons were used for biochemical analyses of intlam-
mation markers.

The DAI monitors weight loss, stool consistency and
blood 1n the stool and 1s a measure ol disease severity.
Animals receiving normal drinking water and PEG as a
solvent control had very low DAIs throughout the experi-
ment (FIG. 7). Exposure of the mice to DSS in their drinking
water markedly imnduced IBD symptoms, including weight
loss and the production of loose, bloody stools. The intensity
of the disease progressively increased from Day 4 to the time
the mice were sacrificed on Day 6. Treatment of the animals
receiving DSS with Compound 62 or Dipentum reduced the
intensity of the IBD manifestations in the mice, most dra-
matically on Day 6. The SK inhibitors and Dipentum were
essentially equivalent 1n their abilities to reduce the DAI of
mice receiving DSS. It should be noted that this acute model
produces rapid and dramatic symptoms of IBD, making 1t a
very stringent assay for drug testing.
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On Day 6, the animals were sacrificed by cervical dislo-
cation and the entire colon was measured to assess short-
ening due to scarring and damage, and then fixed, sectioned
and examined histologically on a blinded basis. Compared
with the water control group, the colons of mice treated with

DSS and PEG were signmificantly shortened (FIG. 8). DSS-

treated mice that were also treated with Compound 62 or
Dipentum had colons of intermediate length, indicating
substantial protection by the drugs. Again, the response to
either of the SK inhibitors was at least as good as that of
mice treated with Dipentum.

Histological examination of colon sections from the vari-
ous treatment groups were consistent with the DAI endpoint,
revealing marked damage 1n the DSS-alone group that was
reduced or negated in the SK inhibitor-treated animals.
Colons from water-treated control amimal demonstrated nor-
mal morphology, while colons from DSS alone-treated mice
were severely inflamed and damaged. Numerous neutrophils
were present throughout the section, along with severely
damaged crypts, and moderate intflammatory infiltration
with submucosal edema. Colons from animals treated with
DSS and Compound 62 showed no or mild crypt damage, no
or low levels of inflammatory cell infiltration and no edema
in the submucosa.

As a quantifiable measure of damage, the colons were
graded for their Histology Score, which 1s based on inflam-
mation severity, inflammation extent, crypt damage and the
percentage of surface area demonstrating the characteristic.
These morphologies were scored on a blinded basis. As
indicated 1n FIG. 9, animals receiving DSS 1n their drinking
water had substantially higher Histology Scores (represent-
ing moderate-to-severe IBD) than animals recerving normal
drinking water (which had some mild inflammation, possi-
bly due to the PEG vehicle). As with the other assays, the
Histology Scores of mice given an SK inhibitor or Dipentum
were consistently lower than the DSS-alone animals,
although not all amimals were fully protected. DAI scores
and histology scores correlated well for the individual
amimals, confirming that the DAI score as an excellent
indicator of colon mflammation and damage.

Myeloperoxidase (MPO) activity, which 1s retlective of

neutrophil influx into the colon, 1s often used as measure of
inflammation, and was assayed in the colons of the mice
from the DSS-colitis studies. As indicated 1n FIG. 10, MPO
activity was highly elevated in the DSS-alone anmimals
compared to water controls. The increase 1n MPO activity
was markedly attenuated 1n mice receiving daily doses of
Compound 62 or Dipentum. This reduction in the activity of
the neutrophil marker 1s consistent with the decreased occur-
rence ol granulocytes observed in the H&E-stained colon
sections. Therefore, the level of colomic MPO appears to be
an excellent biomarker for the extent of tissue infiltration by
inflammatory leukocytes.

Several cytokines involved 1in mflammation were mea-
sured using the Luminex 100 System that allows the quan-
tification of multiple cytokines and growth factors 1n a small
sample volume. We examined the Thl cytokine IFN-v, the
regulatory IL-10 cytokine, as well as the macrophage-
derived pro-inflammatory cytokines, TNFa, IL-1§3, IL-6 1n
colon samples from mice in the DSS model of colitis. FIG.
11 depicts the results of these assays, and indicates that
DSS-treatment promoted the accumulation of all of the
cytokines 1n the colon. Importantly, the elevations of all of
the pro-inflammatory proteins, i1.e. IFN-y, IL-1{3, IL-6 and
TNFo, were attenuated 1in mice treated with either an SK
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inhibitor or Dipentum. Conversely, levels of the anti-inflam-
matory cytokine IL-10 were not suppressed by the SK
inhibitors.

As a final measure of the eflects of the SK 1nhibitors 1n
this acute model, S1P levels were assayed 1n the colons of
the DSS-treated animals using an LC-MS/MS method. This
technique allows us to examine correlations between bio-
logic activity and changes 1in S1P levels in animals treated
with the SK 1nhibitors. Samples of colons from animals from
the DSS-colitis experiments were homogenized in cold PBS,
spiked with internal standards (C,, analogs of sphingosine
and S1P) and processed by liquid-liquid extraction. Ratios
of analyte to internal standard for each sphingolipid were
determined. S1P levels were markedly higher in the colons
from DSS-treated mice as compared to the water controls
(FI1G. 12). Importantly, animals that were treated with Com-
pound 62 had markedly lower levels of colonic S1P than the
DSS-alone samples.

Example 24

In vivo Effects of SK Inhibitors in a Chronic
Model of Inflammatory Bowel Disease

A 35-day model of IBD was used to evaluate the eflec-
tiveness of the SK inhibitors in mice that experience mul-
tiple cycles of DSS-induced inflammation. This chronic
model 1s similar to the acute model, except that the DSS
concentration in the drinking water 1s lower and animals

receive periodic exposure to DSS (DSS on days 1-7, water

on Days 8-13, DSS on day 14-21, water on Days 22-27 and
then DSS until the completion of the study on Day 35). In
these experiments, treatment of the mice with an SK 1nhibi-
tor or Dipentum began on Day 28 and continued daily until
the completion of the study. The DAI index was monitored
every other day until Day 28 and then daily until Day 35.
Animals were sacrificed on Day 33, and changes in the colon
length and cytokine profiles were measured.

Cyclic exposure of mice to DSS 1n their drinking water
caused reversible increases 1n the DAI (FIG. 13). Treatment
of the mice with Compound 62 or Dipentum during the third
exposure to DSS significantly suppressed the increase in
DAI experienced by the control mice (P<<0.001 for all three
compounds on Day 35).

The colon lengths of DSS-treated mice were significantly
shorter than the water-treated control amimals (4.9+£0.2 cm
vs. 7.820.3 cm) reflecting inflammation-induced scarring.
As 1 the acute model, the colons of animals treated with
Compound 62 or Dipentum were of intermediate length
(6.2+0.2 and 6.1+0.2 cm, respectively). This 1s a significant
finding since the amimals were untreated for the first and
second DSS cycles. Therefore, suppression of intflamma-
tion-induced colon contraction can be reversed by effective
ant1-IBD drugs.

Immunohistochemistry revealed that SK expression was
present 1n low levels 1n the colons of control, non-DSS
treated mice. SK expression was elevated 1n the colons of
DSS treated mice compared to water controls with this
expression clearly reduced i DSS mice also receiving
Compound 62.

S1P levels 1n the colons of the chronic colitis model mice
were assessed 1n an identical manner as described for the
acute model, and revealed results similar to those in the
acute model with elevated S1P levels in DSS alone treated
mice as compared to water controls (FIG. 14). Treatment
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with Compound 62 (oral 50 mg/kg daily; 7 days prior to
sacrifice) resulted 1n significant reductions of S1P levels

(FIG. 14).
The levels of the pro-inflammatory cytokines TNFa.,
IL-113, IFN-vy and IL-6 were substantially increased in the

colons of mice treated chronmically with DSS; whereas, the
level of IL-10 was unchanged (FIG. 15). Mice treated with

Compound 62 during the final DSS cycle had reduced levels
of the pro-inflammatory cytokines, while amimals treated
with Dipentum expressed cytokine profiles equivalent to the
DSS-alone group. This may reflect the presence of high
numbers of resident immune cells 1 the colons of mice
exposed chronically to DSS. However, the elevation in
cytokine levels 1n the SK inhibitor-treated mice does not
result in 1ncreased DAI or colon shortening, indicating that
signaling induced by the mflammatory cytokines had been
blocked.

For comparison, the levels of the same cytokines in the
serum ol the mice at the time of sacrifice were also deter-
mined. As indicated in FIG. 16, the circulating levels of
these cytokines are markedly lower than the colonic levels
reflecting the local inflammation 1n this model. DSS
increased the circulating levels of IL-1§3, IFN-vy, IL-6 and
IL-10, while TNFa remained below the detection limit of
the assay. None of the test compounds affected the circu-
lating levels of IL-1p or INF-y; however, both Compound 62
and Dipentum reduced the serum level of I1L-6. Therefore,
serum levels of IL-6 may be a useful pharmacodynamic
marker for the anti-inflammatory eflects of the SK inhibitors
during clinical testing.

Example 25

In vivo Eflects of SK Inhibitors 1n the
Collagen-Induced Arthritis Model in Mice

The anti-arthritis activities of the SK 1nhibitor Compound
62 were assessed 1n the Collagen-Induced Arthritis (CIA)
model. Female DBA/1 mice were injected subcutaneously in
the tail with chicken immunization-grade type II collagen
(Chondrex) emulsified in complete Freund’s adjuvant
(S1igma) at 2 mg/mL. Three weeks later, the mice received a
collagen booster 1n incomplete Freund’s adjuvant and were
monitored daily thereafter for arthritic symptoms. Once
mice reached a threshold paw thickness and clinical score,
they were randomized into the following treatment groups:
Compound 62 (100 mg/kg given orally each day for 6 days
per week) or vehicle (0.375% Tween-80 given under the
same schedule). The severity of disease 1n each animal was
quantified by measurement of the hind paw volume with
digital calipers. Each paw was scored based upon perceived
inflammatory activity, in which each paw receives a score of
0-3 as follows: O=normal; 1=mild, but definite redness and
swelling of the ankle or wrist, or apparent redness and
swelling limited to individual digits, regardless of the num-
ber of aflected digits; 2=moderate redness and swelling of
the ankle and wrist and 3=severe redness and swelling of the
entire paw including digits, with an overall score ranging
from 0-12. Diflerences among treatment groups were tested
using ANOVA.

As indicated 1in FIG. 17, treatment with either SK 1nhibi-
tor dramatically slowed the inflammation response, mea-
sured as either the Average Clinical Score (FIG. 10A) or the
Average Hind Paw Diameter (FIG. 10B), with significant
decreases beginning at Day 5 of treatment for both end-
points. By the end of the experiment on Day 12, Compound
62 caused a 90% reduction in the increase i hind paw

96

thickness, and a 67% reduction in clinical score compared
with vehicle-treated mice. Since a 30% reduction 1n symp-
toms 1s considered demonstrative ol anti-arthritic activity in
this assay, the SK 1nhibitor surpasses the criteria for eflicacy
in this model.

On Day 12, the mice were euthamized and their hind limbs
were removed, stripped of skin and muscle, formalin-fixed,
decalcified and parathin-embedded. The limbs were then
sectioned and stained with hematoxylin/eosin. Tibiotarsal

10 joints were evaluated histologically for severity of inflam-
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mation and synovial hyperplasia. Collagen-Induced Arthritis
resulted 1n a severe phenotype compared with non-induced
mice, manifested as severe mflammation and synovial cell
infiltration, as well as significant bone resorption. Mice that
had been ftreated with Compound 62 had significantly
reduced histologic damage, correlating with the paw thick-
ness and clinical score data.

Example 26

In vivo Effects of SK Inhibitors in the
Adjuvant-Induced Arthritis Model 1n Rats

Adjuvant-induced arthritis 1s another widely used assay
that recapitulates many features of human rheumatoid arthri-
t1s, and so 1s usetul 1n the evaluation of new drug candidates.
Age- and weight-matched male Lewis rats (150-170 g) were
injected subcutaneously 1n the tail with 1 mg of Mycobac-
terium butyricum (Difco, killed dried) suspended 1n 0.1 ml
of light mineral oil. Symptoms of immune reactivity were
present after 2 weeks. Responsive rats were randomized into
treatment groups, and received oral daily doses (1 ml) of:
solvent alone (0.373% Tween-80); 100 mg/kg Compound
62; 35 mg/kg Compound 62; or 5 mg/kg Compound 62, or
intraperitoneal ijections of mdomethacin (5 mg/kg) every
other day as a positive control. The severity of disease 1n
cach amimal was quantified by measurement of the hind paw
thickness. As above, a reduction of 30% or greater was
considered to be an indication of anti-inflammatory activity
in this model.

As indicated in FIG. 17, solvent alone-treated rats dem-
onstrated a progressive increase 1n paw thickness over the
course of the next 10 days. Compound 62 inhibited this
arthritic response 1 a dose-dependent manner, with the
highest dose having similar therapeutic eflicacy as indo-
methacin. Compound 62 at doses of 5, 35 or 100 mg/kg
resulted 1n 13, 42 and 76 percent reductions in the arthritic
response, respectively. Thus, Compound 62 1s highly eflec-
tive in this arthritis model.

What 1s claimed 1s:
1. A compound of the formula I

()

or a pharmaceutically acceptable salt thereof, wherein:

R, 1s phenyl, 4-chlorophenyl or 4-fluorophenyl;

R, 1s 4-pyridyl, optionally substituted with up to 4 groups
that are independently (C,-C,) alkyl, halogen, haloal-
kyl, —OC(O)(C,-C; alkyl), —C(O)O(C,-C, alkyl),
—CONR'R", —OC(O)NR'R", —NR'C(O)R", —CF;,
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—OCF;, —OH, C,-C; alkoxy, hydroxyalkyl, —CN,
—CO,H, —SH, S-alkyl, —SOR'R", —SO,R’,
—NO,, or NR'R", wherein R' and R" are independently
H or (C,-C,) alkyl, and wherein each alkyl portion of R X,
a substituent is optionally further substituted with 1, 2, >
or 3 groups independently selected from halogen, CN, O
OH, and NH,;
R, 1s H or alkyl; and
nis 1 or 2.
2. A compound according to claam 1 wherein R, 1s
4-fluorophenyl or 4-chlorophenyl.
3. A compound according to claim 1, that 1s:
3-(4-fluorophenyl)-N-(pyridin-4-ylmethyl)adamantane-
1 -carboxamide;

wherein X 1s a Cl or OH, with a compound having the
10 structure

H
N Ro,

T

3-(4-chlorophenyl)-N-(pyridin-4-ylmethyl)adamantane- .
1 -carboxamide; or optionally using a coupling reagent.

3-(4-chlorophenyl)-N-(2-pyridin-4-ylethyl)adamantane- 6. A compound according to claim 3 that is 3-(4-chloro-
1-carboxamide, or a pharmaceutically acceptable salt phenyl)-N-(pyridin-4-vimethyl)adamantane-1-carboxamide
thereof. o OF a pharmaceutically acceptable salt thereof.

4. A pharmaceutical composition comprising a compound 7. A pharmaceutical composition according to claim 4

according to claim 1, or a pharmaceutically acceptable salt comprising the compound 3-(4-chlorophenyl)-N-(pyridin-4-

thereof, in combination with a pharmaceutically acceptable ¥ Imethyl)adamantane-1-car bo,x:*amfde or 4 th”’ maceuli-
carrier, medium, or auxiliary agent cally acceptable salt thereof, in combination with a phar-

5. A process for preparing a compound according to claim 23 maceutically acceptable carrier, medium, or auxiliary agent.
1 comprising coupling a compound having the structure %k k% ok
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