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Dyslipidemia — Pipeline Assessment and Market
Forecasts to 2016

The Dyslipidemia Market is Forecast to Decline until 2016

Competition in the
Global Dyslipidemia Therapeutics Market, Revenue ($bn), Dyslipidemia
2001-2016 Market is Strong
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INSIGHT

PHARMA REPORTS

Expert Intelligence for Better Decisions

In 2010, the global prevalence of diabetes was estimated to have
reached 285 million and is predicted to reach 438 million in 2030. This
$29 Billion market brings many exciting developments and emerging
companies developing oral agents and injectable products!




Dyslipidemia — Pipeline Assessment and Market
Forecasts to 2016

Unmet needs Exists in Terms of the Safety and Efficacy of the
Currently Marketed Products

GlobalData has found that several conventional therapies for the
treatment of dyslipidemia such as statins, fibrates, combinational
therapies, niacin and prescription omega-3 esters are mainstay therapies
for dyslipidemia. These molecules offer substantial efficacy combined
with durable responses and convenient dose frequencies. Combination
therapies lead the market and are the preferred first-line therapies for
dyslipidemia. Dyslipidemic drugs do not completely cure the disease;
rather they offer symptomatic treatments and are associated with safety
concerns. Thus, there are unmet needs in the market in terms of
efficacy and safety. Any new treatment in the pipeline targeting safety
and efficacy — with pricing as another prime factor — is likely to attain
blockbuster drug status.




Nicotinic acid receptor subtypes
and their ligands
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Nicotinic acid

Pyridazine-4-COOH

Pyrazine-2-COOH

Pyrazole-3-COOH

Ki=0.033 uM Ki= 0.121 pM Ki= 0.762 pM Ki=0.594 pM
ECs0=0.703 pM ECsp=3.14 uM ECsp=21.8 uM ECsp=21.5 pM
RIA = 100% RIA = 100% RIA = 100% RIA = 85.3%
‘ N COOH | X COOH /[N_j/CDDH /[NTGDDH
- ~Z - | =
N N N Iil
O
53-Me-nicotinic acid | 6-Me-nicotinic acid | 5-Me-pyrazine-2- Acipimox
COOH
Ki=0.717 uM Ki =1.700 pM Ki=0.652 uyM K;=0.309 pM
RIA = 100% RIA = 100% RIA = 100% RIA = 100%

Lorenzen A, Stannek
C, Lang H, Andrianov
V, Kalvinsh I, Schwabe
U. Characterization of
a G protein-coupled
receptor for nicotinic
acid. Mo/ Pharmacol
2001;59:349-357.



Potencies (K; and EC;, Values) and Relative Intrinsic
Activities (RIA) of Pyrazole-Derived Partial Agonists for the

Rat Nicotinic Acid Receptor

R2 COOH COQOH
\ \
/ N\ / N
R1 N R1 N
H H
R, Rs K; ECs; RIA R, Ki ECsy RIA
(uM) | (uM) | (%) (UM) | (uM) | (%)
nicotinic acid 0.033 | 0.74 100 CgHs- 101 n.d. n.d.
H H 0.594 | 21.5 85.3 JC1-CsHy- 63.7 n.d. n.d.
i-C;H- H 0.683 | 21.8 67.7 4C1-CgHy- 107 n.d. n.d.
C;3H- H 0.143 | 5.09 69.9 4CH,-CgHy- 37.9 n.d. n.d.
C4Hy H 0.072 | 2.26 80.7 CeHs-CHa- 1.25 86.9 50.3
C11Has H 21.4 n.d. n.d. CsHs-(CH2)2- | 1.57 n.d. n.d.
-Cs;Hs- 0.156 | 6.97 55.9 CsHs-(CH2)3- | 6.30 n.d. n..d
-C4Hg- 3.54 64.6 47.2 3C1-CsHy- 0.504 | 46.6 394
CHs;-
4Cl1-CgHy- 3.6l n.d. n.d.
CHs;-
4-CH3;-CgHy- | 20.3 n.d. n.d.
CH>-
4-0OCHs- 66.0 n.d. n.d.
CsHs-CHa-

n.d., notdetermined.

Van Herk T, Brussee J,
van den Nieuwendijk
AMCH, van der Klein PAM,
IJzerman AP, Stannek C,
Burmeister A, Lorenzen A.
Pyrazole derivatives as
partial agonists for the
nicotinic acid receptor.
J.Med,Chem. 2003;
46:3945-3951.



Novel patent publications on high-affinity nicotinic
acid receptor agonists
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Novel patent publications on high-affinity nicotinic
acid receptor agonists
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% of nicotinic acid (100 uM) effect

Pyrazole derivatives as partial agonists for the
nicotinic acid receptor

4f

49 4m
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Figure 5. Stimulation of basal [*S]GTPyS binding and
inhibition of nicotinic acid-stimulated [*S]GTPyS binding by
pyrazole derivatives. *S]GTPyS binding was determined with
1 ug of adipocyte membrane protein in absence or presence of
100 uM nicotinic acid. Pyrazole derivatives (1 mM) stimulate
basal [*S]GTPyS hinding (open columns) and inhibit the
stimulatory effect of nicotinic acid (grey columns). Unstimu-
lated binding of [*S|GTPyS was 1191 + 86 cpm/ug, binding
in the presence of 100 sM nicotinic acid was 2634 4 178 cpm.
All experiments (n = 3) were performed in triplicate.



Niacinskabes receptoru ligandi
Receptors GPR 109A

Zurku receptori

3-hidroksibutirats

Nikotinskabes atvasinajumi

Nikotinskabei lidzigie savienojumi (piecloceklu, seSloceklu heterociklu
karbonskabes)

Tetrazola atvasinajumi

Barbiturskabes atvasinajumi

Piridopirimidona atvasinajumi

Antranilskabes atvasinajumi

Tetrahidroantranilskabes atvasinajumi

Cilveka receptori

3-hidroksibutirats

Nikotinskabes atvasinajumi

Nikotinskabei lidzigie savienojumi (piecloceklu, seSloceklu heterociklu
karbonskabes)

Kondensétu heterociklisko savienojumu karbonskabes

Piesatinatu heterociklisko savienojumu karbonskabes

Tetrazola atvasinajumi




Niacinskabes receptoru ligandi
Receptors GPR 109A

Pelu receptori
3-Hidroksibutirats

Kamju receptori

Pirazola karbonskabju atvasinajumi
Antranilskabju atvasinajumi

(aptuveni aktivitates un afinitates dati)

Receptors GPR 109B

Nikotinskabes atvasinajumi

Nikotinskabei lidzigie savienojumi (piecloceklu, seSloceklu heterociklu
karbonskabes)

Kondensétu heterociklisko savienojumu karbonskabes

Tetrazola atvasinajumi



Secondary structure of the human nicotinic acid

Intracellular
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Molecular modeling aided design of nicotinic acid
receptor GPR109A agonists
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1,4-Dihidroizonikotinskabes rindas peptidomimetiku
iedarbiba uz niacina receptoriem

GPR109A GPR109B
0SI-5443 Ag 84x1%  |Ag 70+14% X=0
g 9 fvt[ Uz abiem
EtOO0C
| X=S
-5- +10
P-5-76 0 Ag 80£1% Tikai uz 1098
COONa
- o 0 —
Glutapirons Ag 66+17% |Ag 89+12% va AS= < N
EtOOC COOEt
|
Alapirons Ag 74+14% Ag 71+2% AS= —CH,CH,COONa
R=Me
- 4750
OSI-3093 0 Ag 51+25% n N=2  Tikai Lz 1098
: R=Et
Tauropirons Ag 63+£8% Ag 62+9% Roocf\i/[com n=2
| B
R=Et Homologs-
Homotauropirons 0 0 omoiogs

n=3 neaktivs!




4-Aril-1,4-dihidropiridina atvasinajumu iedarbiba uz
niacina receptoriem GPR 109A, GPR 109B

GPR109A GPR109B Estera alkilgrupas apjoma un
amida ietekme
Prosidins NA NA R = Pr-/
F,HCO
Foridons NA Ag 64x1% ROOC coor | R = Me
|
DIﬂUI’OnS Ag 73:1:80/0 Ag 71:1:50/0 H.C N CH R - Q
3 H 3
F,HCO
- 0 0 - HNOC CONH -
OSI-541 Ag 74%t6% |Ag 52+1% Q & @
H.C N CH,
F,HCO
Selektivi uz
0SI-9791 NA Ag 69+1% MeQOC COOH 109B
| /
H.,C N CH,OCH,CH,NH,




3. Paaudzes 1,4-dihidropiridina Ca antagonista
cerebrokrasta antidiabétiskas ipasibas

Cerebrokrasts ilgstoSi samazina plazmas glikozes limeni STZ-
diabétisko zurku asinis, sekmé glikozes transportu uz smadzeném,
izoletos eritrocitos, izoleta sirdi; palielina ATF veidoSanos miokarda,
normalizé plazmas lipidu sastavu, inhibe 3H-arahidonskabes
atbrivosanos no trombocitu plazmatiskas membranas fosfolipidiem,
mobiliz€ insulinu no beta sinam.
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Katjonie 1,4-dihidropiridini ka GPR 109A, GPR 109B

un adenozina A2A, A2B receptoru efektori

+~
GPR 109A | GPR 109A A2A A2B T\
Z-41-67-A | Ag 29+5% | Ag Ant 36+8% Ant 46+5%
47+14% (Parkinsona (astma,
slimiba) diabets, vezis)
Z-41-74 NA NA NA NA
D-3-14 NA Ag Ago 1574+96% | Ago 15+10% _
70+£10% Allost. Allost. Br\
259+142% 155+17% |
(pret plausu N
iek.)
L-6 Ag 16+1% | Ag 29+5% | Ant Ant 7£3% N(CH,),
IC,,=46%19 A
MM | §7

(Parkinsona sl.)




NMR and theoretical data show that HB protons of the
methylene group form CH...O intramolecular H-bond with
carboxyl group

¥ : : 5 !
| @

S(HB) S(HA)

More intensive NOE registered between NH and H, protons
shows preferable orientation of H, towards to NH



'H NMR signal intensity vs time
, NMR spectra showing the
£ temperature dependence of
51’2 - the methylene protons and
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The ab initio calculations show that the most stable conformation corresponds
to the minimum on the potential energy surface and is stabilized with CH...O
bond by ~1.5 kcal/mol.

The hindered rotation around O=C----C3=C2 bond is about twice more
restricted than around the C5-CH2 one.
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Fenacilpiridinija atvasinajumu ietekme uz GPR

109A, GPR 109B receptoriem

GPR109A GPR109B R
O\
IB-120 NA NA B /\’(©/
AR O
|
IB-125 Ag 64+1% NA LO & /\n/<j/No2
g () o)\| | I
/\” OH
IB-149 Ag 79+5% Ag 71+20% /ﬁ(@i,ﬁ'




Tetrahidropirimidinonu-5-karbonskabes
atvasinajumu iedarbiba uz niacina receptoriem

GPR 109A | GPR 109B
8-105-2 | Ag 71£5% | Ag 63£23%
acils
8-105-1 | NA Ag 66+10% | R'=NC R=H
J-9-21 | NA NA R’=H,CCH,CH,0 | R | R=OCHF,
R0 NH
N 0]
H
J-9-20 Ag 68+14% | Ag 74£15% F
O)\F
O NH
N S
H
Tetrahidropirimidinoni nedaudz atgadina Roche patentetos

piridopirimidinonus. Karbonskabes atvasinajums ir GPR 109A un GPR 109B agonists,
skabes cianoetilesteris tikai GPR 109B agonists, bet propoksietilesterim aktivitates
nav. Tomér analogais tions atkal ir aktivs gan uz GPR 109A gan GPR 109B. Zinama

meéra aktivitates var but saistitas ar protonu kustigumu.




Aminovinilkarboksi un acilamino izosteru
fragmentus saturosie hidréto antranilskabju analogi
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GPR 109A, GPR 109B ligandu un klopidogrela un 3.
kliniskaja fazeé esosa prasugrela bioizostéra sintéze
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1H-Pirolo[ 3,4-c]piridin-1,3(2H)-dions (1) un ta
atvasinajumi 2 - 5

)
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1 O

1H-Pirolo[3,4-c]piridin-1,3(2H)-dions

Paslaik sintezéti:
1 un 5a,R=H

2b-5b,R

S
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SINTEZEJAMO SAVIENOJUMU VISPARIGA
STRUKTURA
O OH
N AN
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\R = H vai attiecigi modificéta sanu kéde /




1H-Pirolo[3,4-c]piridin-1,3(2H)-diona (1) ipasibas

ESl:

Savienojums 1 LC-MS analize paradas ka M5 Micromass Waters 5100 Mass Deteclar Cone,V

H H H == famee Woiery 2695 Sepprafions Misdele |-\,:'I||::. k%
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1H-Pirolo[ 3,4-c]piridin-1,3(2H)-diona (1) un ta 2-aizvietoto
atvasinajumu 2b un 2c sintéze
Aprobétas 1,3-dionu 2 sintézes metodologijas
1) sakauséjot piridindikarbonskabi 7 ar attiecigu aminu NH,R (ja tie ir termiski stabili);

2) vispirms parvérsot dikarbonskabi 7 par hloranhidridu 10 un tad to apstradajot ar
attiecigu aminu NH,R (ja tie ir gaistosi vai termiski nestabili):

o 0
i
= | OH | ~N o
Nx OH 84% N~ 0% 7%

0 @)
7 8 9
vi V Jiv
"z I
O
N @)
| N_R "4 AN H/R
wre S A S ¢!
OMe ) = H R
1,R=H O
2b, 2c 11

:

\_ | J

Reagenti un reakciju apstakli: i) Ac,0, 112°C, 1,5 st., 84%; ii) 1) NaOMe, THF, MeOH, -70°—25°C; 2) k.HCI, ist. temp., 50%);
iii) SOClI,, benzols, 80°C, 16 st., 77%; iv) NH,R,Et;N, DMAP, CH,Cl,; v) 185°C; vi) 170°C, NH,R.



2-(4-Metoksibenzil)-1,2-dihidro-3H-pirolo[ 3,4-c]piridin-3-
ona 4b un ta 1-hidroksianaloga 3b sinteze

Savienojumiem 2 ir iespéjama selektiva 1-okso grupas reducéesana par
spirtiem 3 vai pat pilniga tas deoksigenésana, veidojot savienojumus 4:

~ ™ - ™
OH _ o \
i i
| = N - | A N —_— Nl _ N
N m 49% N~ 85% _
o~ 0 o~ © ©
0
3b 2b 4b
® ), = S~ ~

Reagenti un reakciju apstakli: i) Sn (granulas), AcOH, HCI, 25°C, 24 st., 49%; ii) Sn (pulv.),
AcOH, HCI, 25°C, 48 st., 85%.



2,3-Dihidro-1H-pirolo[ 3,4-c]piridin-1-ona 5a un ta 2-aizvietoto
analogu 5b,c sinteze

Savienojumu 5, kuri satur tikai vienu okso grupu 1.pozicija, sintézei ir aprobéta to
iegisanas metode no 3,4-lutidina (12):

i _~_COOH i - COOEt
O G s G
N 19% Nx 31%

12 13 14

Na N~ 5a: R=H (57%)
5b
5¢c

' R = -CH,C¢H,-p-OMe (23%)
] 5¢: R = -CH,CH,-(2-Naftil) (14%)

Reagenti un reakciju apstakli: i) Se,0, 1,4-dioksans, 102°C, 24 st., 19%; ii) 1) NaOH, ist. temp., 1 st., 2) EtBr, 40°C, 15 st., 31%;
iij) NBS, Bz,0,, CCl, 76°C, 3 st.; iv) H,NR, EtOH, ist. temp., 48 st.



6-0Okso-1,4,5,6-tetrahidro-3-piridinkarbonskabes 16

atvasinajumu retrosintézes shema

COOH

16 Ciklohekséna atvasinajumi ir
niacina receptoru agonisti
0O 0
R 2 R 2
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Kopsavilkums

. Savakti un apkopoti literaturas dati par mazmolekularo
savienojumu ietekmi uz GPR109A, GPR109B receptoriem.

. Konstateti galvenie strukturelementi, kas raksturigi aktivajiem
GPR109A, GPR109B ligandiem, sakta kvantitativas strukturas-
aktivitates sakaribu noskaidroSana, gatavosanas ligandu
dokingam.

. Izverteta originala informacija par 3 dazadu savienojumu grupu
parstavju ietekmi uz GPR109A, GPR109B receptoriem.

. Izverteti Cetri sinté€zu virzieni, izstradatas sintézu shémas, ieguti,
attiriti un raksturoti 12 savienojumi — potencialie GPR109A,
GPR109B ligandi.
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Protective Role of SIRT1 in Diabetic Vascular
Dysfunction

Masayuki Orimo, Tohru Minamino, Hideyuki Miyauchi, Kaoru Tateno, Sho Okada,
Junji Moriya, Isseif Komuro
Arterioscler Thromb Vasc Biol. 2009; 29:889-894.

Objective—Calorie restriction (CR) prolongs the lifespan of various species, ranging
from yeasts to mice. In yeast, CR extends the lifespan by increasing the activity of
silencing information regulator 2 (Sir2), an NAD-dependent deacetylase. SIRT1, a
mammalian homolog of Sir2, has been reported to downregulate p53 activity and
thereby prolong

the lifespan of cells. Although recent evidence suggests a link between SIRT1 activity
and metabolic homeostasis during CR, its pathological role in human disease is not yet
fully understood.

Methods and Results—Treatment of human endothelial cells with high glucose
decreases SIRT1 expression and thus activates p53 by increasing its acetylation. This in
turn accelerates endothelial senescence and induces functional abnormalities.
Introduction of SIRT1 or disruption of p53 inhibits high glucose—-induced endothelial
senescence and dysfunction. Likewise, activation of Sirtl prevents the hyperglycemia-
induced vascular cell senescence and thereby protects against vascular dysfunction in
mice with diabetes.

Conclusions—These findings represent a novel mechanism of vascular cell senescence
induced by hyperglycemia and suggest a protective role of SIRT1 in the pathogenesis of
diabetic vasculopathy.




Small molecule activators of SIRT1 replicate signaling
pathways riggered by calorie restriction /n vivo

Jesse J Smith, Renée Deehan Kenney, David J Gagne, Brian P Frushour,
William Ladd, Heidi L Galonek, Kristine Israelian, Jeffrey Song,
Giedre Razvadauskaite, Amy V Lynch, David P Carney, Robin J Johnson,
Siva Lavu, Andre Iffland, Peter J Elliott, Philip D Lambert,

Keith O Elliston, Michael R Jirousek, Jill C Milne and Olivier Boss

BMC Systems Biology 2009, 3:31

Results: Here we demonstrate that SIRT1 activators recapitulate many of the
molecular events downstream of CR /7 vivo, such as enhancing mitochondrial
biogenesis, improving metabolic signaling pathways, and blunting pro-
inflammatory pathways in mice fed a high fat, high calorie diet.

Conclusion: CNM of gene expression data from mice treated with SRT501 or
SRT1720 in combination with supporting /n vitro and in vivo data demonstrates
that SRT501 and SRT1720 produce a signaling profile

that mirrors CR, improves glucose and insulin homeostasis, and acts via SIRT1
activation /n vivo. Taken together these results are encouraging regarding the
use of small molecule activators of SIRT1 for therapeutic intervention into type
2 diabetes, a strategy which is currently being investigated in multiple clinical
trials.




Small molecule activators of SIRT1 replicate signaling
pathways riggered by calorie restriction /n vivo
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