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Hypertension: An Unmet Medical Need

> Essential (primary) hypertension affects over 1 billion patients worldwide
which if left untreated, can lead to end organ failure (brain, kidney, heart).

> The American Heart Association estimated the direct and indirect costs of
high blood pressure in 2010 as $76.6 billion.

> Main classes of antihypertensive agents include:

- Renin-Angiotensin system blockers
Angiotensin-converting enzyme (ACE) inhibitors
Angiotensin receptor blockers (ARBS)
Renin inhibitors

- Calcium channel blockers

- Diuretics

- Beta blockers

> The majority of patients require a combination of antihypertensive agents to
achieve the target blood pressure of <140/90 mmHg.
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Renin Inhibitor Rationale

Renin is an enzyme that participates in the body’s Renin-Angiotensin-
Aldosterone System (RAAS).

The RAAS plays a key role in the regulation of extracellular fluid volume and
blood pressure.

- Several antagonists of the RAAS pathway have emerged as effective hypertension
treatments (ACE inhibitors; ARBS).

Renin is involved in the first and rate-limiting step of RAAS.

- Inhibition of renin may offer the best potential for blood pressure control.
- Only known substrate for renin is angiotensinogen
= Should avoid mechanism-based adverse effects (e.g. ACE inhibitors)

Aliskiren was the first renin inhibitor on the market (Novartis/Speedel).
- Approved by the FDA in 2007 for treatment of hypertension
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Targeted API

» The target compound was identified as a potent and selective inhibitor
of renin.

> Suitable profile for pre-clinical development.
» Kilogram quantities required to support this.
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» Compound contains two adjacent stereogenic centres.
» Approaches based on a late-stage amide coupling.
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Medicinal Chemistry Route
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Medicinal Chemistry Route
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> Key Issues:
- Side-Chain Installation

» Key Strength:
- Amine from amide
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Medicinal Chemistry Route
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Medicinal Chemistry Route
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- Racemic Synthesis (Chiral Separation) Me 5
- Scalability

» Key Strength:

- Key bond disconnection

OMe
- Epimerization Step MERCK SHARP & DOHME
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15t GMP Delivery: Goals & Retrosynthetic Strategy

» Goals:
- Deliver 2.5 kg of APl within 16 weeks
- Provide assessment of chemistry for future deliveries

Me

N O N\ OMe
| Asymmetric |
Z Hydrogenation \Z OTf
Ne : COR
(N;/I/O (j,cozH j A\ ~COR j L0z
N
Na PG

Sonogashira |

T Qe *? = <hey

10 MERCK SHARP & DOHME



Early Success in Asymmetric Hydrogenation

Sitagliptin (Januvia™, Janumet™)

CFs3 CFs
0.3 mol% [Rh(COD)CI] /<
b P N(\)\;/IfN mct)BL(JJ-Josiphos ’ +> | N(\)\;;N

50 °C, 100psi
- NH, O MeOH, 18 h F Ha O

94% ee, 92% vyield

Asymmetric hydrogenation process: 6 steps, 63% overall yield
Implemented at factory scale (> 20 MT produced to date)
Four-fold reduction in waste, 100% removal of agueous waste streams

Winner 2005 IChemE Astra-Zeneca and 2006 EPA Presidential Green Chemistry
awards

Hsiao, et al. JACS, 2004, 126, 9918; Hansen, et al. JACS 2009, 131, 8798
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Early Success in Asymmetric Hydrogenation

Taranabant @/iHS
|
Fe Pt- ;S(ZJ Toh2 (0]
0N
oY J\K L, QLTS
Me Me NBD),RhBF Me Me
HoNOC ( )2 4 HNOC Me CFs
150 psig H,
O TFE, 60 °C O
cl cl

95% ee, 90% yield

Wallace, et al. Org. Proc. Res. Dev. 2009, 13, 84
Laropiprant (Tredaptive™)

F 1. 10 psi Hy, NH;
A\ s _CO,H 0.1-0.2% (BINAP)(cymene)RuCl, o AN e, -CO2
N 0.6 eq KOH

N
2.0 eq EtzN, EtOH I
o=s=0 0=s=0
| ol 2.1.2eqDIPA | o

> 99.7% ee, 87% yield
Tellers, et. al, JACS., 2006, 128, 17063

12 MERCK SHARP & DOHME
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Asymmetric Hydrogenation in Support of Early
Development Candidates

MeO,C NHAC

NHBoc

F
F

(-)-TMBTP/(COD)Ru(methallyl),
99% ee, 97% vyield

Steinhuebel, et al. Org. Lett. 2010, 12, 4201

F (@)
@k O
NHCbz

SLNO004-2/(PPh3)3RuCl,
93% ee

Tellers, et al. Tet: Asymm 2006, 17, 550
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tBu-Josiphos/[Ru(p-cymene)Cl,],
97% ee, 98% vyield

Shultz, et al. Org. Lett. 2005, 7, 3405

O
OMs
N | H
S~ N N
| N
N. O
Me

furyl/tBu-Josiphos/ [(COD)RNCI],
90% ee, 90% vyield
Zhong, et al. Org. Lett. 2009, 11, 369
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Asymmetric Hydrogenation of Tetra-substituted

a,B-unsaturated esters

> An important precedent had been set for the synthesis of a previous

compound in this program.

Cl
O/\/O
Xy Cl Me
N H, 1000 psi
£ Ru(COD)(Me-allyl),
SL-J212-1
HBF,-Et,0
2-MeTHF
TFA 23 °C
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o~
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I 2

O‘\\CozEt
N
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92% yield; 99% ee

Me

.
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@\ pBuz
0 P%"Me
—\ & H
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_J

Molinaro, C.; Schultz, S.; Roy, A.; Lau, S.; Trinh, T.; Angelaud, R.; O’Shea, P.D.; Abele, S.; Cameron, M.;
Corley, E.; Funel, J.-A.; Steinhuebel, D.; Weisel, M.; Krska, S. J. Org Chem. 2011, 76, 1062.
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Acid Fragment: Retrosynthesis

N

N

PG
Me Me

gcoz Y Ko :> G :>

Boc PG

O \COZEt j COZEt

» Liabilities with Atoxide and pyridone reduction during asymmetric
hydrogenation

» Methoxypyridine selected as best pyridone surrogate

Z-O
\ /Z+'o
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Preparation of the Hydrogenation Substrate

» One-pot borylation-Suzuki coupling using 4-bromo-2-methoxypyridine

demonstrated on lab scale
> 4-bromo-2-methoxypyridine not available on kg scale in suitable timeline.

0] 0 oTf
COEt Hz, Pd(OH), CO.Et Tf,0, 'Pr,NEt N\ COaEt
> r
N Boc,0O, TEA N DCM N
Bn . HCI EtOH Boc 99% Boc 2.5eq THCOQ,
85% water >
+
— - ~80%
Ao o [ N _OMe
N OMe O,B_B\O I =
| ~ 7 r Z
Z . 8
Br 3mol% Pd(dppf)Cl, o Mo
KOAc, dioxane ﬁ

» 4-Bromo-2-chloropyridine was identified as a replacement, but also
had long lead-time.

N Cl
N NaOMe, toluene | N

s
83%
osearch Laboratories
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Preparation of the Hydrogenation Substrate

» 2,4-dichloropyridine was readily available and met project timelines

> S\Ar with sodium methoxide
> High selectivity and conversion in dioxane
> Poor conversion in toluene

N N N
7 N—ci NaOMe - Q_OMe .\ QCI
solvent al — Ml —

» Screen of Cu catalysts identified effective catalyst/ligand combination
» Complete conversion in toluene in 20 h with 2 mol% catalyst

Cl

1. Cul, (MeNHCH,),

N N \
72\ NaOMe, PhMe
Yo - /_\ OMe /_\ Cl
2. distillation cl MeO
: 1

70%

>100

MERCK SHARP & DOHME
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Preparation of the Hydrogenation Substrate
& Hydrogenation

0.77 eq
‘ ) 0] L Me Me
10
OTf O _[ o’B_B‘o] Me-ﬁ—ﬁvle
XN Okt ! N Og© 1 mol% Pd(OAc)2
- cO.Et 2 Mol% X- Phos 1. MsOH, DCM
3mol% Pd(dppf)CI N 2
sOC KOAc, dioxane ? KzPO,4-H,0O 2. TFAA, DIPEA
75% N 2-MeTHF / water THF84°/
0 Boc 75% Boc o

Attempted hydrogenation of the A-Boc substrate resulted in partial

deprotection and catalyst poisoning.
> PG switch is a through-process without isolation of the free piperidine

Ny, -OMe 350 psi H, Ny OMe ( SL-3212-1 h
| Ru(cod)(methallyl), l ~
2 SL-J212-1 < 0 ‘
> : L @ o
N 0kt HBF ,-Et,0 O OEt 07" >p” Fe {"Me
MeTHF/DCM (—( & H
50°C. 16 h N N
TFA A \ o

85%; >98.5% ee

> HBF, protonates the pyridyl nitrogen to avoid catalyst poisoning.

> >999% conversion & 98.5% ee using 1 mol% catalyst.
MERCK SHARP & DOHME
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Pyridine to Pyridone Conversion

OMe Me

Ny N__O

® 9

: j) Scalable and Efficient “

Oy T Ay
N

TFA TEA

> Inspired by recent breakthrough in development of a 2"9 generation
manufacturing route to Raltegravir Potassium.

OH 0 OMe
Me;SOIl, Mg(OH
NP OHH F Mes Wate?( )2 Me< | OHH F NP OHH F
CbzHN_ N N P CbzH N N + CbzHN S N
N NMP, 100°C N N
o) o) o)

N
N
Me Me >99% conversion Me Me Me Me

92% isolated yield
>99.9% N-Me versus O-Me

Humphrey, G. R.; Pye, P. J.; Zhong, Y.-L.; Angelaud, R.; Askin, D.; Belyk, K. M.; Maligres, P. E.; Mancheno,
D. E.; Miller, R. A.; Reamer, R. A.; Weissman, S. A. Org. Process Res. Dev. 2011, 15, 73.

» Could this be applied to the conversion of 2-methoxypyridines?

19 MERCK SHARP & DOHME



Completing the Synthesis of the Acid Fragment

<
)

Me
N Me - N
| AN §+ | Ejo I N 0
Z Me”7 “Me = i) 1.2 eq NaOEt, rt, 1h
H ﬁ\ Me » Mg(OH), - H i) 1.2 eq water, rt, 20min ./
A Q ~ \COZEt " H
W . W CO,H
O OFt DMF, 1 etluw H20 iii) 1.2 eq Boc,O, rt, 20min 2
N 98°C N iv) 5 eq NaOH/water, 70 °C
TEA 79% TEA 2h, EtOH EOC
91%, >98.5% ee
trans:cis =>100:1
before isolation
NaOEt
EtOH 5 N NaOH
70°C
Me M
N Me e

O No_O N__O
i Qj Ej
2 H,0 l_ Boc,O Z
—

(:TCOZEt (Ej,cozEt 3 (j,COZEt
N N N
TFA H Boc
trans:cis = 6:1 trans:cis = ~22:1

» One-pot, four-step sequence developed to convert the ci/s ester to the
trans acid, based on earlier work from a previous compound in this

program.
20 MERCK SHARP & DOHME
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Medicinal Chemistry Route to Amine Fragment
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MERCK SHARP & DOHME

Research Labomatories



22

Sonogashira Approach to the Amine Fragment

» Ethyl ester substrate successfully prepared in the lab.

Br

Me

OH

1. =\

1. EtOH, H2804 Me OMe Me
2. NIS (1.15 GQUIV), Pd(PPh3)2CI2, Cul s OMe

H,S0, Br ! Et;N, THF Br ~

— > y
3. Recrystallization 2. Chromatography, SiO,
68% 91%
O” "OEt O” "OEt
~5% bis-coupled
product

» Two impurities generated in the hydrogenation.
> Residual Pd from the Sonogashira increased formation of C.

Me

CO,Et

Me

Hydrogenation OMe
Conditions
COzEt COzEt CO,Et
C

Entry Catalyst? Solvent Additive®  Conversion® A:B° %C°

1 RhCI(PPh3)3 EtOAc none 0%

2 Pd/C EtOH none 0% -

3 Pd/C EtOH MgBr, 100% 9:1 3.3%

4 PtO, EtOH none 100% 11 -

5 PtO, PhMe none 100% 13:1 <3%

6 PtO, PhMe AcOH 100% 19:1 -

7 PtO, PhMe Cs,CO3 100% >50:1 1.8%

25mol% catalyst loading. ° 20mol% additive. ¢ Determined by HPLC

rch Laborato
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Synthesis of the Amine Fragment

» Adapted Sonogashira Approach:

23

» Sonogashira coupling and hydrogenation separated by the amidation.
> Removed the esterification step.

OMe
Me Me = Me 1. TP, PrNEt
r
Br Br | Pd(PPh),Cl, (0.6%) =~ OMe 1. 9772
1.NIS, H,SO, Cul (1.2%) Br = HoN—<]
o o
2. Trituration in MeCN EtsN, THF, 60 °C 2. Toluene/Heptane
o)
0% oH 85% 0% oH % 0P oH 85%
Me
Me
o g ome N e
H, (15 psi) OMe Br OMe
0,
PtO; (4%) 1. NaBH,, BF; THF
g >
OGP NH EtsN, Toluene 2. MsOH + MsO
A 91% O X‘ 85% NH,

> All intermediates are crystalline allowing for facile purification.

> No bis-coupling observed in the Sonogashira.

» Sonogashira product was extracted into aqueous base to reject impurities.

> Hydrogenation substrate contained only 31 ppm Pd & 2 ppm Cu.

» Final amine isolated as a crystalline salt. MERCK SHARP & DOHME
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Amide Coupling and End-Game

Me Me
Me
M o N O N O
g 1) TsCl, NMI, -10 °C 1. HsPO,, DCM / MeOH
= 2-MeTHF / MeCN

93%

COH 5y 1.1 equiv 2. HCl in Et,0, IPA/MTBE
HN Br 95%
Eoc Boc
Me
MsOH

ﬂ%

2.6 kg
1.3 equiv TsClI DCM, -10°Ctort Br 98.4 LCAP; >99.9% ee
4.5 equiv NMI 90% HIN
2-MeTHF/MeCN A
-10°C
.MsOH OMe

Me Me . .

N. O Ne O (solution in DCM)

Y O oo — Y 0O

H \\S'/ ~ s

SR 0! Qe
~/ +
N Me N —
Boc Boc TsO

» Temperature of the coupling was carefully controlled in order to minimize
formation of the diastereomeric amide.

> Room temperature reaction yielded as much as 5% of c/s-diastereomer
> <0.5% cis-diastereomer formed with above conditions.
24 MERCK SHARP & DOHME
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1st GMP Delivery Summary

Me Me Me
)} f N._-OMe N_ O
(0] oTf Me a5 Me 3 steps | = E;/I/
ﬁﬁ/cozEt 2 steps N\ COzEt 1step B 63% Z 2 steps Z
—_— o —_— —_— H
Bn Boc
N c— N N N
Boc — TFA TEA
(Prepared in 1 step / 70%) 1 step
91%
Me
Me Me Me
Br N O
OMe -~ OMe OMe
BI’ : / BI’ / HZN—q |
—_— —_— + 2
2 steps 4 steps + MsO 2 __CO,H
65% 66% NH;
0” “OH A
N
Boc

» First GMP Delivery Summary:
Me

> Total of 18 steps.
N O
> The longest linear sequence is 11 steps (19% vyield). Ej

~
> 2.6 kg of APl HCI salt isolated via this process. (j)OLN N
T L
. HCI OMe

» Second GMP Delivery Goal:
> Deliver 13 kg of API.
25 E»‘IE!R:(;,‘F'(SHARP & DOHME



2"d Delivery: Preparation of the Acid Fragment

» Used 4-bromo-2-chloropyridine for this delivery
> 98:2 selectivity for 2- vs. 4-methoxy with 99% conversion after 40 h.

i)

o P
[,
o 0

|

N © N_ _OMe 2.5 mol% Pd(dppf)Cl,, KOAc,
| NaOMe, toluene, 95 °C> | S 2-MeTHF / DMAc, 85 °C
[ 7 iy OTf
o Br - CO2Et
25 kg 83% @ KHCOs (aq), 85 °C N
TFA
73%
iii) HBF 4.OEt,

» TFA protected vinyl triflate used in the Suzuki coupling.

> 45 kg prepared in 2 steps & 86% vyield.

» Process developed for the one-pot borylation-Suzuki coupling:

> Dioxane replaced with 2-MeTHF.

> DMACc added to ensure reproducible conversion and rate.

> Product isolated as a crystalline HBF, salt.
26

osearch Labomtories



27

2"d Delivery: Preparation of the Acid Fragment

Me

Me
120 psi Hy Ny -OMe N O No_.O
Ru(cod)(methallyl), | _ g i) NaOEt, EtOH, 25 °C |
G g Me3SOl, Mg(OH), - Z ii) H,0, 30 °C Z
: - H > =
HBF4—Et20 W LOEt 1 equiv Hzo “\COZEt III) BOCQO, 20 °C COZH
2-MeTHF/DCM DMF/2-MeTHF iv) NaOH (5, 60 °C O’
50°C, 2 h "I\'IF A 100 °C N N
TFA BOC
92% AY; 98.3% ee 78% 92%

> Small amount of HBF, required to activate the hydrogenation catalyst.
> Reaction complete in 2 h with 1 mol% catalyst (at lower pressure).

» Carbon treatments incorporated before and after the rearrangement.
> Facilitated crystallization of the A-Me pyridone.
> Reduced residual metal content (2 ppm Pd; 31 ppm Ru; 14 ppm Fe).

» Streamlined work-up & isolation of the frans-acid developed.
> Isolated solid contained <0.1 A% of the c¢/s diastereomer.

osearch Labomtories
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2"d Delivery: Synthesis of the Amine Fragment

OM
i ©
Me _ Me _
Br | Pd(PPhs),Cl, (0.5 mol%) gy ~Z OMe
NIS, H2504 Cul (1 mol%) > H2N q
y
- :
20°C EtzN, THF, 65 °C T3P, 'Pr,NEt, THF
0% oH 0P oH 5°C
35k
9 99% 74% AY
Me
= ~OMe Me Me
Br 7 B
H, (26 psi) : OMe 1 naBH. BELTHE OMe
4 mol% PtO, ' iHF4l35 030
> ’ > MsO"
0~ “NH Et3N, Toluene, 25 °C O NH 2. MsOH +
A THF / MTBE NHz
7% 95%

86%

lodination didn’'t work with 5 equiv of acid in a co-solvent, or with
weaker acids (AcOH or TFA).

Carbon treatment after the Sonogashira used to remove residual Pd.

“Saturated” amide was crystallized to ensure high purity amine MsOH
salt was obtained.

MERCK SHARP & DOHME
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2"d Delivery: End-game

Me Me

NS o N&© NP
Ej i) (COCI),, cat. DMF g E/;/l/

DCM, -15 °C T 0 i) HCI (a) DCM / IPA, 35 °C 0

COH > AN Br > A Br

R 1) HN ii) NaOH (4q), DCM N
N A Me i) HCl ag), IPA/MTBE N A Me
Boc Me Boc H
MsOH Me OMe - HCI OMe
'Pr,NEt, DCM, -15 °C 18.8 kg
71% over 2 steps
98.6 LCAP

» Amide coupling run via formation of the acid chloride.

> Couplings with CDI, EDC, or T,P gave minimal product.
> Slight undercharge of the amine used (0.9 equiv) — acid easier to reject.

» Simplified deprotection procedure with HCl was used.
> DCM solution of the penultimate taken directly into the deprotection.
> API HCI salt extracted from reaction mixture into water, then neutralised and
re-extracted into DCM, to upgrade purity.
> APl HCI salt was crystallized from IPA by addition of conc. HCI.

MERCK SHARP & DOHME

Raesearch Labomtories
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2"d GMP Delivery Summary

BF,4 Me
Hy N_-O
! step NS, -OMe g
1step IN\ OMe 73% - l — 2 steps =/
83% Z OTf CO,Et 72% A WCOEt
Br A\ COE! N
s T
"I\'IFA 1 step
(Prepared in 2 steps / 86%) 92%
Me Me Me Me
Br __ OMe g = ©OMe HoN—<] o OMe IN ©
= .
2 st 4 st MsO- H
73% 63% NH, ) (j’COZH
O OH o OH
N
Boc
25teps¢
71%
> Second Delivery Summary: vie
N O
> Total of 15 steps. |
. . . Y (0]
> The longest linear sequence is 8 steps (30% yield). H N B
» 18.8 kg of APl HCI salt isolated. . A e
H
. HCI

30
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Summary

Me

r
I
Z o
N A Me
H
. HCI OMe

A highly convergent synthesis of a novel Renin inhibitor was developed
to support kilogram deliveries of API.

Key steps include an asymmetric hydrogenation of a tetra-substituted
alkene, efficient rearrangement of a methoxypyridine to the N-Me
pyridone, and the Sonogashira coupling to selectively install the
methoxypropyl chain.

» This route supported a 2.6 kg delivery of API.

31

Further improvements shortened the route by 3 steps, increased
overall yield from 19% to 30%, and supported a 18.8 kg delivery.

Asymmetric hydrogenation of prochiral olefins is outstandingly powerful

technology for the asymmetric synthesis of pharmaceuticals
MERCK SHARP & DOHME
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