Available online at www.derpharmachemica.com

Scholars Research Library FQ\(\B‘ma Oﬁgl
S 2.
Scholars Research . a ? 8
Der Pharma Chemica, 2013, 5(4):232-239 '-& H
. http://der phar machemi ca.convarchive.html
(poep ) ==

ISSN 0975-413X
CODEN (USA): PCHHAX

An expeditious synthesis of riociguat, A pulmonanhypertension drug

Veerareddy Arava* and Surendrareddy Gogireddy

R&D Centre, Suven Life Sciences Ltd, Plot No.#18, Phase-111, Jeedimetla, Hyderabad, India

ABSTRACT

Riociguat: A potent, Oral stimulator of soluble guanylate cyclase for the treatment of pulmonary hypertension, is
prepared from commercially available 2-Chloronicotinic acid via (E)-2-(2-chloropyridin-3-yl)-2-(2-(2-fluor obenzyl)
hydrazono) acetamide

Keywords: 2-(2-Chloro-pyridin-3-yl)-2-oxo-acetamide, Intrarmeallar cyclization, 1H-Pyra-Zolo [3,4-b]pyridines
and Riociguat.

INTRODUCTION

Pulmonary hypertensiornPH) is a group of condition characterized by incrélabéood pressure in pulmonary
capillaries leading to reduced right heart functionl eventual heart failufé It was first identified by Dr. Ernd von
Romberg in 18917, Recent years have seen significant progress én tteatment of Pulmonary Arterial
Hypertension RAH) with the development of palliative therapies. Hwer, these developments have improved to
some extent for patients WiPAH, but survival rates and quality of life remainatately low .

Treatment ofPH with Nitric oxide (NO)-releasing agents such as nitrates has failedouge beneficial long-time
effects . An alternative therapeutic surgery targets downeasn compounds of the NO- signaling pathway
inhibiting phosphodiesterase-5. The U.S FDA appdo®ildenafil has been the lead substance in thisigr
showing both acute and long term beneficial effedth PAH 1. However the phosphodiesterase-5 inhibition is not
effective in all the patients.

Riociguat9 offer a new mode of action and it has been showatitaulate soluble guanylate cyclase directly,
increasing the enzymes activity independenN@, while also increasing sensitivity to low levels MO. Direct
NO-independent of sGC stimulation was demonstrate@i9@4®. Riociguat: a potent, oral stimulator of soluble
guanylate cyclase for the treatment of pulmonanyehtension!” is an oral agent being investigated in Phase-III
clinical trials as a new approved drug to treatooir thromboembolic pulmonary hypertension (CTERIAH
pulmonary arterial hypertension (PAH). It is thesfimember of novel class of therapeutics cal@@ stimulator.

Cristiana et af! reported (Method-A) the synthesis of Riociguanfroondensation of 2-Flouorobenzaldehyde and
Ethyl cyanopyruvate, where as Liang et!dl reported (Method-B) from1-(2-fluorobenzyl)-1H-pycaa[3,4-
b]pyridine-3-carboximidamide.H@ and Follmann et dt” reported (Method-C) from 2-chloronicotinaldehyhe
shown in Scheme 1.
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Scheme 1. Reported syntheses of Riociguat
MATERIALS AND METHODS

All reagents were obtained commercially and wereghef highest commercial quality and used withouthier
purification. Solvents were freshly distilled anged. Melting points were determined in open capéaand are
uncorrected. TLC or HPLC routinely checked the tyuoif all compounds. IR spectra were recorded étegkin-
Elmer model 2000 instrument in KBr phadd-NMR (400 MHz) and*C-NMR (100MHz) spectra were recorded in
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CDCl; or DMSO using Brucker instrument and Mass specteewecorded on a Perkin-Elmer mass spectrometer
operating at 70 eV.

Typical procedures for the preparation of Riociguat intermediates:

Preparation of 2-(2-Chloro-pyridin-3-yl)-2-oxo-acdamide (17):

To a solution of Conc.$80, (15.0 ml), sodium chloride (0.35g, 0.0060 mol) amater (0.15 ml, 0.064 mol), (2-
Chloro-pyridin-3-yl)-Oxo-acetonitrild 6 (10.0g, 0.064 mol) was added at 35-40°c over sgeaf 20 minutes and
maintained for 30 minutes at 35-40°C. After comipletof the reaction, the reaction mass was coofeddogenched
into ice-water and extracted with ethyl acetateO(@5ml). Separated the organic layer and washet 006
Na,COs for removal of 2-chloronicoitinic acid. The organ&yer is separated and dried overn8@,. The organic
layer was distilled off under vacuum to get theidso{Wt 6.09g, yield 55%, mp. 200-205 °C). IR (KBQm™):
1694.20, 1727.30, 3415.8'H-NMR (400 MHz, DMSO): 7.57 (dd, 1H,); = 7.45 Hz,J, = 4.94 Hz), 8.08 (s, 1H),
8.13 (dd, 1HJ; = 7.34 Hz,J, = 1.19 Hz), 8.43 (s, 1H), 8.58 (dd, 18,= 4.75 Hz,J, = 1.44 Hz).°*C NMR (100
MHz, DMSO): 6 123.47, 131.63, 140.64, 147.41, 152.62, 163.88.080 MW for GHsCIN,O, calcd. 184.1;
observed 185.1, 187.1.

General procedure for the preparation of (E)-2-(2-bloropyridin-3-yl)-2-(2-(2-fluorobenzyl) hydrazono)
acetamides (18a-f):

To a solution of IPA (50.0ml), 2-(2-Chloro-pyridBryl)-2-oxo-acetamidd7 (6.0g, 0.032 mol), KCO; (8.8g, 0.064
mol), 2-Fluorobenzylhydrazine.2HQhk (10.4g, 0.048 mol) was added at RT. Reaction massheated to 60-65°c
and maintained for 6hrs. Upon completion of reactolvent was distill off under vacuum to get tihede product.
To this crude, water (50.0ml) and ethyl acetateD(@@l) were added and stirred for 30 minutes. Sepdrthe
organic layer and dried over p&0,. Distill off the solvent to get the crude. Which purified by column
chromatography to get colorless sdli@a(Wt. 6.4Q9).

(E)-2-(2-chloropyridin-3-yl)-2-(2-(2-fluorobenzyl) hydrazono) acetamide (18a)(R= 2-Fluorobenzyl): Yield
65%; mp. 82.2-185.1°C; IR (KBr) (chx 1658.74, 3240.4TH-NMR (400 MHz, DMSO):5 4.46 (d, 2H,J = 3.96
Hz), 6.91 (s,1H), 7.09 (s, 1H), 7.14-7.19 (m, 1HR9 (m, 1H), 7.40 (t, 1Hl = 7.50), 7.44 (dd, 1H}, = 7.34 Hz,J,
= 4.80 Hz), 7.64 (d, 1H] = 3.62 Hz);**F NMR (400 MHz, DMS0)35 -119.19 (F)*C NMR (100 MHz, DMS0)3
47.22,115.22, 123.58, 124.60, 126.93, 128.30,2129.30.19, 130.61, 141.58, 150.01, 158.98, 161.85,99MW
for C4H1,CIFN,O calcd. 306.7; observed 307.2, 309.2

2-(2-Chloro-pyridin-3-yl)-2-hydrazono-acetamide(18b (R = H): mp: 167.8-171.8°C; IR (KBr) (ci): 1655.28,
3381.51;'H-NMR (400 MHz, DMS0):5 6.87 (s, 1H), 7.11 (s, 1H), 7.32-7.47 (m, 3HR17(d, 1H,J = 7.51 Hz),
8.40 (m, 1H);*C NMR (100 MHz, DMSO):$ 123.54, 128.01, 132.45, 141.56, 149.83, 150.46,386 MW for
C,H,CIN,O calcd. 198.6; observed 199.7, 201.4

2-(2-Chloro-pyridin-3-yl)-2-(methyl-hydrazono)-acetamide (18c) R = CH): mp: 159.7-160.8°C; IR (KBr) (cm
1): 1660.13, 3464.48H-NMR (400 MHz, DMSO):5 2.96 (s, 3H), 6.82 (s, 1H), 7.09 (s,1H), 7.171¢4), 7.61 (d,
1H, J = 6.15 Hz), 7.68 (s, 1H), 8.40 (s, 1HC NMR (100 MHz, DMSO)5 37.65, 12.51, 128.36, 129.24, 141.74,
149.88, 150.23, 166.15 ; MW fogkByCIN,O calcd. 212.64; observed 213.5, 215.8

2-(2-Chloro-pyridin-3-yl)-2-(phenyl-hydrazono)-aceamide (18d) R = Pheny): mp: 117-120°C; IR (KBr) (cm
1): 1656.02, 3481.25H-NMR (400 MHz, DMSO0):5 6.85 (t, 1H,J = 6.16 Hz), 7.13 (s, 1H), 7.20 (tH, J = 7.04
Hz), 7.38 (d, 1H,) = 7.48 Hz), 7.49 (t, 1H] = 6.25 Hz), 7.51 (s, 1H), 7.64 (d, 18~ 6.86 Hz), 8.48 (d1H, J =
2.15 Hz) 9.71 (s, 1H)**C NMR (100 MHz, DMSO):3 114.38, 121.32, 123.56, 128.15, 129.17, 132.4%,61%
144.31, 150.04, 150.32, 165.94; MW for38,,CIN,O calcd. 274.21; observed 275.5, 277.5

2-(Benzyl-hydrazono)-2-(2-chloro-pyridin-3-yl)-aceamide(18e) R = Benzy): mp: 171.3-175.8°C; IR (KBr)
(cm?): 1663.39, 3256.08H-NMR (400 MHz, DMSO)$ 4.52 (s, 2H), 6.87 (s, 1H), 7.22 (s, 1H), 7.2497(8 5H),
7.43 (m, 1H), 7.62 (d, 1Hl = 7.17 Hz), 7.85 (s, 1H), 8.40 (d, 18i= 3.76 Hz) ;°C NMR (100 MHz, DMS0)3
53.95, 123.58, 127.16, 127.76, 128.42, 129.94,3B4041.62, 149.94, 150.20, 166.14; MW fqiHG; 3CIN,O calcd.
288.73; observed 289.68, 290.82.
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2-(2-Chloro-pyridin-3-yl)-2-[(2,4-dichloro-phenyl)-hydrazono]-acetamide(18f) R = 2,4-Dichlorophenyl mp:
230.6-232.0°C; IR (KBr) (cf): 1672.00, 3385.01H-NMR (400 MHz, DMSO0):5 7.36 (d, 1H,J = 1.77 Hz), 7.38

(s, 1H), 7.51 (d, 1H] = 1.81, Hz),

7.32 (dd, 1HJ; = 7.33 Hz,J, = 4.95 Hz), 7.90 (d, 1H} = 1.01 Hz), 7.92 (s, 1H), 8.02 (d, 1#5+ 8.89 Hz), 8.43 (s,
1H), 8.53 (d,H, J = 3.22 Hz);"*C NMR (100 MHz, DMSO0):5 118.12, 119.42, 123.64, 125.80, 126.52, 128.46,
128.93, 137.06, 138.73, 141.41, 149.46, 151.07,0P6B1W for G3HyC;3N,O calcd. 343.6; observed 343.7, 345.0

2-(2-Chloro-pyridin-3-yl)-2-[(2,4-dichloro-benzyl)-hydrazono]-acetamide (18g) R = 2,4-dichlorobenzyl mp:
202.1-203.9°C; IR(KBr) (cr): 1654.113, 232.00, 3458.534-NMR (400 MHz, DMSO0):3 4.47 (d, 2HJ = 2.0
Hz), 6.39 (s, 1H), 7.12 (s, 1H), 7.40-7.49 (m, 3AHR8 (s,1H), 7.68 (d, 1H,= 7.39 Hz), 7.85 (s, 1H), 8.43 (t, 1H,
=2.12 Hz) ;*C NMR (100 MHz, DMS0)5 50.73, 123.62, 127.65, 128.23, 128.83, 131.03,2131.32.58, 133.07,
136.76, 141.56, 150.06, 150.11, 165.89; MW feuHz:CIsN,4O calcd. 357.62; observed 359.2, 36.1.2

General procedure for the preparation of 1-(2-fluoobenzyl)-1H-pyrazolo [3,4-b] pyr-

idine-3-carboxamides (5a-f):

To a solution of DMSO (35.0 ml), and (E)-2-(2-ctdpyridin-3-yl)-2-(2-(2-fluorobenzyl)hydrazono)acetile 18a
(7.0g, 0.0228 mol), GEO; (14.8g, 0.045 mol) was added at room temperaifilre.reaction mass was heated and
maintained for 30 minutes at 65-70°C. After comipletof the reaction, the reaction mass was quendattedice
water (75.0 ml) and ethyl acetate (150.0 ml) amdest for 30 minutes. Organic layer was separatedl v@ashed
with brine solution (25.0 ml), and dried over antois NaSQO,. The organic layer was distilled off under vacutam
get the solidba (Wt 4.09).

1-(2-fluorobenzyl)-1H-pyrazolo [3,4-b] pyridine-3-arboxamide (5a) (R= 2-Fluoroben-

zyl):Yield 65.0%; mp 138.2-140.0°C; IR (KBr) (c¢th 1688.47, 3487.45H-NMR (400 MHz, DMSO):5 5.80 (s,
2H), 7.11 (m, 2H), 7.19 (t, 1H,= 9.30 Hz), 7.31-7.40 (m, 2H), 7.56 (s, 1H), 7(821H), 8.54 (d, 1H] = 7.92 Hz),
8.63 (d, 1H,J= 4.13 Hz);**F NMR (400 MHz, DMSO0):5 -119.18 (F);"*C NMR (100 MHz, DMSOQ):5 44.37,
114.45, 115.68, 119.33, 123.96, 124.94, 130.16,9831137.70, 150.00, 151.04, 158.86, 161.36, 163W& for
Cy14H11FN4O calcd. 270.26; observed 271.3.

1H-Pyrazolo[3,4-b]pyridine-3-carboxylic acid amide(5b) (R = H): Yield 20.0%; mp: >260°C; IR (KBr) (cih):
1663.003, 3461.27H-NMR (400 MHz, DMSO0):$ 7.28 (dd, 1H,J, = 7.96 Hz,J, = 4.4 Hz), 7.45 (s, 1H), 7.54 (s,
1H), 8.49 (d, 1H,) = 8.01 Hz), 8.56 (d, 1H] = 3.96 Hz), 14.01 (s, 1H); MW for8N,O calcd. 162.15; observed
163.4.

1-Methyl-1H-pyrazolo[3,4-b]pyridine-3-carboxylic add amide (5¢c) R = CH): Yield 35.0%; IR (KBr) (cri):

1675.04, 3419.80'H-NMR (400 MHz, DMSO):5 4.11 (s, 3H), 7.32 (dd, 1H; = 7.74 Hz,J, = 4.41 Hz), 7.49
(s,1H), 7.83 (s, 1H), 8.50 (d, 1H,= 7.90 Hz), 8.61 (d, 1H] = 3.47 Hz);"*C NMR (100 MHz, DMSO0)5 34.39,
114.37, 118.98, 131.73, 136.69, 149.67, 151.04.5P63/1W for GHgN,O calcd. 176.18; observed 177.6

1-Phenyl-1H-pyrazolo[3,4-b]pyridine-3-carboxylic aed amide (5d) R = Pheny): Yield 58.0%; mp: 162.1-
164.1°C; IR (KBr) (crit): 1688.21, 3467.31:H-NMR (400 MHz, DMSO):5 7.37 (t, 1H,J = 7.30 Hz), 7.44 (dd,
1H, 3, =7.99 Hz,J, = 4.48 Hz), 7.57 (d, 1Hl = 7.74 Hz), 7.60 (s, 1H), 7.51 (s, 1H), 8.14 ¢4),18.34 (d, 1HJ =
7.98, Hz), 8.63 (d, 1HJ) = 8.0 Hz), 8.70 (d, 1H) = 4.32 Hz);**C NMR (100 MHz, DMSO0):5 115.99, 119.97,
121.66, 127.11, 129.52, 132.34, 138.51, 138.98,2B50150.88, 163.34; MW for ;¢H;oN4,O calcd. 238.24;
observed 239.6.

1-Benzyl-1H-pyrazolo[3,4-b]pyridine-3-carboxylic aéd amide (5e) R = Benzy): Yield 52.0%; mp: 136-
139.8°C; IR (KBr) (crif): 1654.61, 3414.01H-NMR (400 MHz, DMSO): 5.74 (s, 2H), 7.24-7.35 (m, 4H), 7.36
(dd, 1H,J, = 7.68 Hz J, = 4.49 Hz), 7.54 (s, 1H), 7.86 (s, 1H), 8.54 (d, 1= 7.94 Hz), 8.63 (d, 1Hl = 3.79 Hz);
3C NMR (100 MHz, DMSO): 50.71, 114.51, 119.30, 127.75, 128.02, 128.96,9731137.15, 137.44, 149.99,
150.98, 163.50; MW for GH1,N,Ocalcd. 252.27; observed 253.3

1-(2,4-Dichloro-phenyl)-1H-pyrazolo[3,4-b]pyridine3-carboxylic acid amide (5f) R = 2,4-Dichlorophenyl
Yield 73.0%; mp: 227.3-229.1 °C; IR (KBr) (chh 1698.53, 3463.41"H-NMR (400 MHz, DMSO):§ 7.43 (dd,
1H, J; = 7.93 HzJ, = 4.52 Hz), 7.66 (s, 1H), 7.68 (dd, 1H,= 8.30 Hz,J,= 1.12 Hz), 7.80 (d, 1H] = 8.52 Hz),
7.98 (d, 1HJ = 1.64 Hz), 8.05 (s, 1H), 8.60 (d, 18= 3.65 Hz), 8.63 (d, 1H] = 8.05 Hz);**C NMR (100 MHz,
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DMSO0): 4 114.62, 119.91, 128.75, 130.21, 132.20, 132.38,043 134.34, 135.62, 139.61, 150.62, 152.07, 163.2
MW for C;3HgCI,N,O calcd. 307.5; observed 308.5.

1-(2,4-Dichloro-benzyl)-1H-pyrazolo[3,4-b]pyridine3-carboxylic acid amide (5g)

(R = 2,4-dichlorobenzyi Yield 50.0%; mp: 176-196 °C; IR (KBr) (chx 1681.31, 3458.66H-NMR (400 MHz,
DMSO):§ 5.81 (s, 2H), 6.92 (d, 1H,= 8.40 Hz), 7.33 (dd, 1H); = 8.34 Hz,J, = 1.75 Hz), 7.38 (dd, 1H); = 8.00
Hz,J, = 4.47 Hz ), 7.56 (s, 1H), 7.67 (d, 1H= 1.77 Hz) 7.82 (s, 1H), 8.56 (d, 18i= 7.99 Hz), 8.62 (d, 1H] =
3.33 Hz) ;**C NMR (100 MHz, DMSO)3 47.79, 114.47, 119.47, 128.04, 129.28, 130.97,1132.33.21, 133.54,
133.58, 138.00, 150.11, 151.19,163.36; MW feiHz,CI,N4O calcd. 321.6; observed 321.5, 323.0

Preparation of 1-(2-fluorobenzyl)-1H-pyrazolo[3,4-Qpyridine-3-carbonitrile (19):

To a solution of toluene (50.0 ml), 1-(2-fluorobghzLH-pyrazolo [3,4-b] pyridine-3-carboxamid®d) (2.0g,
0.0074 mol), SOGlwas added at room temperature. Reaction massdhaatemaintained for overnight at 110°C.
Reaction mass cooled to room temperature and gedriolo ice water. Separated the organic layerdaiedl over
Na,SO,. Distilled off the solvent to get the crude proguehich is purified by column chromatography.(W#d,
yield 75%, mp. 80.4-82.0°C). IR (KBr) (¢t 2238.57H-NMR (400 MHz, DMSO0)3 5.85 (s, 2H), 7.12-7.21 (m,
2H), 7.28-7.38 (m, 2H), 7.48 (dd, 1B~ 8.08 Hz,J,= 4.44 Hz), 8.45 (d, 1H] = 8.08 Hz), 8.76 (d, 1H] = 4.08
Hz); **C NMR (100 MHz, DMSO):s 45.42, 113.36, 115.78, 116.58, 116.60, 120.58,7222125.01, 129.75,
130.80, 149.49, 151.50, 159.17, 161.62; MW feiHgFN, calcd. 252.0; observed 253.2.

Preparation of 1-(2-Fluoro-benzyl)-1H-pyrazolo[3,4b]pyridine-3-carboxamidine .HCI (6):

To a solution of methanol (150.0ml) and 1-(2-fluoeazyl)-1H-pyrazolo[3,4-b]pyridine-3-carbonitrilld (3.6459,
0.0144 mol), NaOCk was added at room temperature. Maintained for @ir25-30°C. After completion of
reaction, the resulting solution having Imid&@ To this solution, glacial acetic acid (3.376g,310mol) and
ammonium chloride (1.85g, 0.034 mol) were added&tReaction mass heated and maintained for 1athmeflux
temperature. After completion of reaction, quenclmd ice water (25.0ml) and extracted with ethgketate
(50.0ml). Separated the organic layer and washéul bvine solution (25.0ml). The organic layer wastitled off
under vacuum to get the compouhds free base (Wt 2.63g) and was converteéiHE!I.

(DSC. 204.22°C). IR (KBr) (c): 1663.20;H-NMR (400 MHz, DMSO): 5.89 (s, 2H), 7.13-7.29 (m, 3H), 7.36-
7.38 (m, 1H), 7.51-7.54 (m, 1H), 8.53 (d, 1Hs 8.04 Hz), 8.77 (s, 1H), 9.38 (s, 2H), 9.48 (4):2°C NMR (100
MHz, DMSO): § 45.13, 113.27, 115.82, 119.89, 123.01, 125.06,6530L31.32, 132.14, 150.65, 151.10, 158.48,
158.98.

RESULTS AND DISCUSSION

We recently developet'™? a methodology for regioselective synthesis of imde8-carboxylicacids and its
derivatives from 2-halobenzoic acids via 2-halokatudes. Based in this methodology, we attemptexymohesize
key intermediates of Riociguat from commerciallyadable 2-chloronicotinic acid4 via 2-(2-Chloro-pyridin-3-yl)-
2-ox0-acetamidé?.

2-Chloronicotinic acidl4 is converted into 2-Chloro-nicotinoyl chlorid® and then to (2-Chloro-pyridin-3-yl)-oxo-
acetonitrile16 in overall quantitative yield. The (2-Chloro-pyirie3-yl)-oxo-acetonitrilel6 is converted to 2-(2-
Chloro-pyridin-3-yl)-2-oxo-acetamide? in 55% yield as shown in scheme 2.

O

COOH COCN
(\/E SOcCl, CuCN (\//E H,SO, (Y‘\”/NHQ

N Cl Chlorobftlanzene N Cl NaCl/H,O ™y Clo
Reflux
14 16 35-40C 17

Scheme 2: Synthesis of 2-(2-Chloro-pyridin-3-yl)-2xo-acetamide

The 2-(2-Chloro-pyridin-3-yl)-2-oxo-acetamidé is reacted with 2-Fluorobenzy- |lhydrazine.2H@lto give (E)-2-
(2-chloropyridin-3-yl)-2-(2-(2-fluorobenzyl) hydrano acetamidd.8a and is cyclised to 1-(2-Fluoro-benzyl)-1H-
pyrazolo[3,4-b]pyridine-3-carboxylic acid amidgs, which is one of the key intermediate of the drdpis
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cyclisation is best conducted (see Table. 1) inpitesence of Cesium carbonate in DMSO with 65%dyikater it
was converted to 1-(2-Fluoro-benzyl)-1H-pyrazolq4B]pyridine-3-carbonitrile19 with75% vyield as shown
scheme 3.

0 HNH2 2HCI1 CONH,
Ny NHe K,COj | N
| + - N
A0 IPA, 60-65°C N ¢l
N Cl
6hrs F
17 la
18a
CONH2 N CN
| | '
(Cs2CO; S AN SOCl, NN N
“DMSO Toluene
70-75°C Reflux
30 minutes Shrs
F F
5a 19

Scheme 3: Synthesis of 1-(2-Fluoro-benzyl)-1H-pyrao[3,4-b]pyridine-3-carbonitrile

Table 1. Conversion of 18 to 5

S.NC Catalyst/base/solve Temp. (°C | (%) Yield
1 Cul/L-Proline/CsCO/DMSO 50-80 20
2 K>,COy/DMSO 80-100 35
3 C$C03Error! Not a valid link. 70-75 65
4 CaCQError! yot a vaiid link. 70-100 ----
5 N@COsError! Not a valid link. 70-100

1-(2-Fluoro-benzyl)-1H-pyrazolo[3,4-b]pyridine-3+banitrile 19 is converted to imidate0 and then to 1-(2-
fluorobenzyl)-1H-pyrazolo[3,4-b]pyridine-3-carboxigiami damide. HC6 as shown in scheme 4.
NH

N CN NH
| | N N NH,
NN NaOCH | T OCHs | |
N N 3 P NH,CI (Excess sy N
Methanol N N'N ﬁ ) NN .HCl1
cetic aci
e (O
F Overnight F
19 F
20 6

Scheme 4: Synthesis of 1-(2-fluorobenzyl)-1H-pyrakaf3,4-b]pyridine-3-carboximidamide.HCI

Compoundb structure is confirmed and compared the spectria with the reported orf&” and can be converted
easily to Riocigua® as per the reported procedure shown as in scheme 5
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NH NH, NH,CH,
N7 N-coocH,

L __NH,
| A | NH, N\)\/I[ o
N e D WN .
. ~ N = .

F F
6 8 9

Scheme 5: Synthesis of Riociguat

Generally poly substituted derivatives of 1H-Pytaz§3,4-b] pyridine have been synthesized as pahynt
biologically active materials such as anti tumorexin receptor antagonists, TTX-S channels blagker
cardiovascular agents, infertility management asedun the treatment of CB1-mediated diseH#8éY. Based on
this concept and to check the generality of conwaref 2-(2-Chloro-pyridin-3-yl)-2-oxo-acetamidgr to 1-(2-
Fluoro-benzyl)-1H-pyrazolo[3,4-b]pyridine-3-carbdixy acid amides 5 by reacting with different substituted
hydrazinesl(a-g) (see Table-2) has been studied. Amides are hyzirdlyo acids, which are key intermediates in
some for various biologically active compounds.

Table 2: Synthesis of 1H-Pyrazolo[3,4-b]pyridine

o)
O R-NHNH, 2HCI/H,S0,  GONH, NH,
| N NH, 1 (a-g) | X N“N'R Cs,COj3 (2.0 Moles) | AN N
N P K,COa,IPA N >cl H  pwMmso, 70-75°c NN
o R
17 60-65°c 18a-g 5a’y
S.NO R Reaction Conditions MP(°C) Yield (%)
5a (5/ F 70-75°C 138.2-140 65%
5b H 70-75°C >260 20
5c CHs 70-75°C - 35

5d 70-75°C 162-164 58

5e é 70-75°C 136-139.8 52
1
5f 70-75°C 227.3-229 73

C
Cl
Cl

Cl
59 70-75°C 176-196 50
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CONCLUSION

In conclusion we have developed a new high yieldimgthod from commercially available 2-chloronicatimcid
for the synthesis of Riociguat. The key intermestiatre characterized and compared with the knows.dn
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