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Abstract:

(+)—(R)-1-[(E)-3-(2-phenylpyrazolo[1,5a]pyridin-3-yl)acryl- 5«@
oyl]-2-piperidine ethanol (FK453) is a novel, potent adenosine L_OH
A; receptor antagonist for the regulation of renal function. The m
development of a reliable process suitable for large scale XN\

manufacture is described. A Horner—-Emmons reaction and a
1,3-dipolar cycloaddition were successfully scaled up to afford FK453, 1
ethyl (E)-3-(2-phenylpyrazolo[1,5a]pyridin-3-yl)acryloylate, with
excellent regioselectivity and stereoselectivity. Process improve-
ments and optimization of each step permitted elimination of
column chromatography, resulting in a straightforward, practi-
cal synthesis of FK453.
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Introduction FK838, 2 Bay n 1468, 3

In recent years adenosine Aeceptor antagonists have Figure 1. Structure of adenosine A receptor antagonists.
attracted much attention due to their potential therapeutic
usefulness for the regulation of renal functiofhe discovery

of Bay n 1468,3? whose potent effects were attributed to

selective adenosine j;Areceptor antagonistic properties, O KOHDME A\

prompted efforts to find novel and selective adenosine NG BTN N~y
NH2

receptor antagonists. In our previous papers, we described a '
pilot scale synthesis of the adenosingréceptor antagonist, 6
FK838 (2)2 This drug has characteristic features related to

both diuretic and antihypertensive effet®n the other hand,
FK453 (1) has been developed mainly focusing on its more TnagHn PN POCI/DMF Cﬁt_@
potent regulatory effects on renal functidRor the purpose T m_@ 2% Ny

of complete pharmacological and toxicological evaluation

of FK453 (1), we needed to develop a manufacturing process 7
suitable for a large scale synthesis (Figure 1).

Early synthetic efforts aimed at supplying FK458 {n couet Q @
gram quantities for the initial pharmacological screening

L _OH
utilized the synthesis outlined in ScheméThese methods (E10)2POCHCOEY 3 Steps R
- - EETE— /
97 % \ N‘N/ 75% NN
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Scheme 1. Original route to FK453 (1)

9 FK453, 1
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Scheme 2. Route to phenylpropargyl aldehyde (5b) from Scheme 3. Synthetic routes to the ester 9
trans-cinnamaldehyde

Route A Route B
(0] Br O
©/\)J\H Brp ©)\HLH
Br \\ H % H
5b © 5p ©
[e] OEt
EtsN H (EtO)sCH W OEt | \ (E10RPOCH,COzEY
— = - +2 KOH/DMSO
Br Br - [}j 4
NH,
T C’iEO ©\/
=~ TOEt — Z N [
KOH 4 + o}
©/ - <\ > = W Ny SN o
5b 8 10
X
involved several shortcomings from the standpoint of large- (EoppoCHcOsEL )/(ﬁj .
o . al -
scale manufacturability. For example, the decarboxylation " NH,
sequence required severe reaction conditions and column ot
chromatography purificatiof?.In addition, decarboxylation g
and subsequent re-formylation in a synthetic process leads o~
to a prolonged and inherently inefficient procedure. With a SNy

view to develop an alternative and efficient synthesis of

FK453 (1) on a large scale, we decided to investigate a

manufacturing process using phenylpropargyl aldeh§t ( Table 1. Horner—Emmons reaction of aldehyde (5b) and

In this paper, we wish to report the results of the process triethyl phosphonoacetaté

development efforts for FK453 (1). equiv of base yield (%Y of
entry  TEPAP (equiv) solvent  10from (5b)

4
9

Results and Discussion

1 1.2 KOH(1.1) DMSO 79

Phen_ylproparg_yl aldehydeslf) can be purchfised frorr_1 > 15 KOH(1.1) DMSO 77
the Aldrich Chemical Co.; however, this agent is expensive 3 1.2 KOH(1.1) DME 82
and not available in large quantities. Therefore, we decided 4 12 KOH(1.1) DMA 85
to investigate practical and inexpensive preparation methods 12 ‘BUuOK (1.2)  CHCI, 79

amenable to a Iarge scale 0peration- The Symhe§B fsbm aReaction was conducted at 2€ for 2 h on a 20 gscale.Yield was
trans-cinnamaldehyde is known in the literatUend was determined by quantitative HPLETEPA: triethyl phosphonoacetate.
applied to prepare material for the scale-up trial (Scheme
2). One benefit in this method is thns-cinnamaldehyde (10) on a large scale using HorargEmmons reaction of
is ine_xpel_wsive and readily available in bqu_ qgantities. Egch aldehyde (5b) with triethyl phosphonoacetate, since this
reaction in the process proceeded quantitatively, allowing yeagent is inexpensive and readily available in large quanti-
avoiding isolation of irritant intermediates, and final purifica- {jgg. Furthermore, the phosphate byproduct is soluble in water
tion by distillation afforded the aldehydBl) in satisfactory and easily separated from the alkerd®) by extraction.
yield and quality (61% yield, 95% purity, HPLC). Another advantage of this reaction is the excelle}- (
With an efficient preparation of aldehydBl) in hand,  stereoselectivity, mainly due to stabilization of the carbanion
we investigated synthesis of ested).(One of the most  py the ester moiet§ These reactions are usually conducted
practical approaches to pyrazolo[1,5-a]pyridines is via 1,3- iy ethers such as THF or glym&put we investigated the
dipolar cycloaddition ofN-imine (4) with an acetylene. In  reaction in amides or methylene chloride as solvents, aiming
our early studies, cycloaddition of aldehyde (5b) with for 4 “one-pot reaction” which would avoid isolation of the
N-imine (4) was investigated according to the reported e alkene0), since it is an irritant and difficult to purify,
method (Scheme 3, Route A). However, the reaction ang also because handling of this compound may lead to
furnished tarry byproducts along with only small amounts  {hecjsisomer via photochemical isomerization. The Horner
of pyrazolopyridine §) (20% HPLC area). As an alternative  Emmons reaction of aldehyde (5b) with triethyl phosphono-
approach, we investigated the 1,3-dipolar cycloaddition of 5cetate proceeded smoothly in the presence of KOH,
alkene (10) withN-imine (4) (Scheme 3, Route B). We  jtfording thetrans-alkene (10) stereoselectively. As shown
investigated a practical method for the preparation of alkene j, Taple 1,N,N-dimethylformamide (DMF) oN,N-dimeth-
ylacetamide (DMA) gave superior yields in this step (entry

(7) Allen, C. F. H.; Edens, Jr., C. @rganic Syntheses; Wiley: New York,

1955 Collect. Vol. Iil, p 731. 3, 4). Next, we examined the subsequent cycloaddition. As
(8) (&) Anderson, P. L.; Hasak, J. P.; Kahle, A.DHeterocycl. Chenl981,

18, 1149. (b) Huisgen. R.; Grashey, R.; KrischkeTRtrahedron Lett1962 (9) Maryanoff, B. E.; Beitz, A. BChem. Re»1989,89, 867.

387. (10) Wadsworth, W. S., JOrg. React.1977,25, 73—253.
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Table 2. 1,3-Dipolar cycloaddition of the alkene 10 with Scheme 4. Synthetic routes to 1 from 9

N-imine (4)2
equiv base yield H@
entry of 4 (equiv) solvent (%)° \/ oR
1 1.2 KOH(1.2) DMSO 46 BSU Lﬂ R=H
2 1.6 KOH(1.6) DMSO 62 13 R=SilMely O
3 2.0 KOH(1.0) DMSO 67 COR N
K,CO(0.5) e j {_oR
4 2.0 KOH(1.0) DMF 52 _ agﬁv;i‘;'] O~
K,C05(0.5) N// T KN
5 2.0 KOH(1.0) DMA 55 ~-N-N N
K,C05(0.5)
6 2.0 'BuOK (1.0) CHCl, <5 NaOH [ 9 R=Et K,COy [ 14 R=SiMe)s
11 R=H MeOH 1 R=H (FK453)
2 Reaction was conducted at 20 on a 20 g scale” Yield from the aldehyde
5b was determined by quantitative HPLC. Table 3. Effect of base on the coupling of 11 with 13
_ temp (°C)/ yielg
shown in the previous reports, 1,3-dipolar cycloadditions €Y base (equiv) time (min) (%)
were promising in dipolar aprotic solvents such as DMSO 1 N-methylmorpholine (2.74) 0/15 34
or DMF 8 However, the yields were generally low50%) 2 E&N (2.74) 0/15 87
and generated several unknown byproducts, and removal of 3 DIPEAC (2.74) 0/15 84
byproducts required column chromatography purification. 4 EGN (2.54), DMAP (0.2) 0/15 93
5 EtN (2.54), DMAF (0.2) 20/60 93

During optimization and further investigation, it was found
that the byproducts were cleanly removed into the aqueous aReaction was conducted in GEl, on a 20 g scale? Isolated yield asl.
Iayer by extraction with CkCl, and Washing with water. ¢DIPEA: diisopropylethylamine? DMAP: dimethylaminopyridine.

As shown in Table 2, reaction yield was influenced by the

amount ofN-imine (4) employed. It was found that about 2 Several issues were foreseen in the acylation step, which
molar equiv relative to the alken&(@) were required to drive ~ were addressed before establishing the methods amenable
the reaction to completion (entry 3, 4). These results indicatedto large scale operation. Chiral 2-hydroxyethylpiperidih)(
that N-imine (4) played the role of oxidizing agent in a was obtained by a slight modification of the procedure of
manner similar to our previous repdPtA slight improve- Toy! First, I-10-camphorsulfonate of2 (I-I' salt) was
ment in yield was also realized by using a mixture of prepared by optical resolution of racemic compound in
granulated KOH and granulated®O; (entry 2, 3). Using ethanol, followed by recrystallization from ethanol. The salt
the reagent combination established in this way, severalwas then treated with Amberlite IRA-910 ion-exchange resin,
solvents were investigated. Whilst reaction proceeded slug-followed by crystallization from a mixture of-heptane and
gishly in CHCI, (entry 6), cycloaddition in DMF or DMA AcOEt (n-heptane:AcOEt 9:1) to afford optically purd 2
(entry 4, 5) gave inferior results in terms of yield and dark- (17% yield). Silylation of the aminel@) proceeded smoothly
colored product, compared with the case in DMSO. Thus, using BSU N,N-bis(trimethylsilyl)urea) in CkCI, as solvent
optimized reaction conditions used DMSO as solvent (entry and the acid (11) was easily activated by the Vilsmeier
3). The corresponding regioisomer was not detected at allmethod (SOG|, DMF, CH,Cl,)*? (Scheme 4). However, in

in these reactions. The regioselectivity of cycloaddition of early studies, acylation in the presencé\amethylmorpho-
unsymmetrical dipolarophiles is characteristic, and can be line gavel4in unacceptably low yield (34% yield, Table 3,
interpreted as addition dfi-imine (4) to the most electron-  entry 1), whilst the reaction using & or DIPEA (diiso-
deficient terminus, followed by cyclization. The reaction of propylethylamine) resulted in dark colored product (Table
conjugated ested Q) gave a single stereoisomer in 67% yield 3, entries 2,3). During further investigations, it was found
(quantitative HPLC) and is noteworthy. This-isomer was  that a catalytic amount of DMAP (4-dimethylaminopyridine)
not detected in the small amounts of byproducts. This result enhanced the reaction rate and resulted in excellent yield
indicated that cycloaddition proceeded stereoselectively (isolated yield: 93%, loss in the mother liquor: 4%, Table
without involving cis—transisomerization of alkene (10). 3, entries 4, 5) and in high quality (Table 3, entry 4; 98.8%,
However, the obtained puteans-ester9) is readily isomer- entry 5; 99.1% chemical purity ol). Removal of the

ized to thecis-isomer via photochemicélans—cisisomer- trimethylsilyl moiety was conducted in the presence of KF
ization, therefore reaction and all handling of the product on a laboratory scale. However, handling KF in large
should be conducted in the absence of light. guantities requires attention to equipment. Investigation of

The subsequent ester hydrolysis step proceeded smoothlynore practical methods revealed that MeONa was effective,
in the presence of NaOH in water. The reaction was butthe best results (93% isolated yield) were obtained using
conducted in a mixture of MeOH, acetone and water and granulated KCO; in MeOH. Final purification of crudel
the precipitate was collected after acidification to afford the by dissolving in ethanol, followed by addition of purified
acid (11) in high quality and yield (98.9% chemical purity, .

96% vyield). The cqrrespondirrgs-isomer was not detected 83 ;.OQ;EYLSFP;:Z;S mﬂg@?ﬁf ft;?nc;'rgsa%?cgggh?ﬁészgill:k New York,
when the hydrolysis was conducted in the dark. 1969; Vol. 1, p 286.
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water afforded purifiedl (99.8% purity) suitable for phar-  refluxed for 2.5 h and cooled to room temperature. To this

macological and toxicological evaluation. solution was added methylene chloride (1188 L) and water
(594 L). The organic layer was separated and washed with
Conclusions water (594 L) and concentrated to an oil. In another vessel,

In this paper we have described process development of<OH (65 kg, 1158 mol) was dissolved in EtOH (602 L). To
a route to novel non-xanthine adenosineréceptor antago- this _solutlon was added the prepared 0|I,_ and stirring
nist FK453 (). Horner—Emmons reaction of aldehydib) continued at 70#5°C for 1 h', followed by goolmg to room
with triethyl phosphonoacetate and 1,3-dipolar cycloaddition temperature and concentration+d00 L. This solution was
in the same solvent (DMSO) avoided isolation of the alkene @dded to methylene chloride (803 L), and water (1600 L)
(10). The reaction proceeded regio- and stereoselectively towas then added. After the pH was adjusted to 7.5 with
give a single isomer (9) in 67% yield. Process improvement hydrochloric acid, the layers were separated, and the aqueous

efforts focused on optimized reaction conditions for each layer was re-extracted with methylene chloride (803 L). The
step with a view to realizing an efficient and column oOrganic layers were combined and concentrated to an oil.

Chromatography free production system. This oil was then dissolved in EtOH (143 L) and added to
a solution of HSO, (89.2 kg, 909 mol) in water (715 L).
The reaction mixture was refluxed for 1.5 h, followed by
cooling to room temperature. To this solution was added
methylene chloride (715 L). The layers were separated, and
the aqueous layer was re-extracted with methylene chloride
(286 L). The organic layer was combined and concentrated
to an oil (103.4 kg) which contained 79.7 kg &b by
quantitative HPLC. The crude oil was purified by distillation
(91-93°C/6 mmHg; lit” 114—117°C/17 mmHg) to afford

Experimental Section

General Procedures. Pure gradeN-aminopyridinum
iodide salt was commercially available from Ube Industry
Co. Granulated KCO; (<10 um) was commercially avail-
able and inexpensive from Nippon Soda Co. All other
chemicals were obtained from the usual commercial suppli-
ers. IR spectra were recorded on a HORIBA FT-210

spectrometer. NMR spectra were measured on a Bruker - . .
AC200P {H, 200 MHz). Chemical shifts are given in parts 60.5 kg of purified aldehyde5p) (95% purity, 61% yield

per million, and tetramethylsilane was used as the internal from 10,)' Product was identified by comparison V\{'th an
standard. Mass spectra were measured on a Hitachi model"IUthentIC sampl_e purchased from the Aldrich Chemical Co.
M-80 mass spectrometer using EI for ionization. Elemental 2Y SPectroscopic data (NMR, MS)'{ NMR (200 MHz,
analyses were carried out on a Perkin-Elmer 2400 CHN CDCl;) 0 7'35_17'71 (m, 5H),9.43 (s, 1H);1R (KBr) 2189,
Elemental Analyzer. HPLC analyses were performed using 1660, 1490 cm® MS (El) m/z131 (M + H)™.

a YMC GEL ODS 120 A S-7 column and a MeOH/water  Ethyl (E)-3-(2-Phenylpyrazolo[1,58]pyridin-3-yl)acryl-

mobile phase. The water component was adjusted with citric ©Y1at€ (9). To a mixture of triethyl phosphonoacetdf9.9
acid to pH= 4.5. Purity of each obtained product was K9, 227 mol) and phenylpropargyl aldehydsb) (24.6 kg,

determined by comparison with purified authentic samples 189 mol) in DMSO (246 L) was added granulated KOH (11.7
using quantitative HPLC. Optical purity dfwas determined K9, 208 mol) maintaining the temperature<.80 °C. Stirring
using a SUMIPAK OA 3100 column and mhexane/1,2- ~ Was continued 01 h at 15-20 °C to afford a solution
dichloroethane/ethanol mobile phase. Melting points were containing 28.4 kg of alkenel0) (75% yield, quantitative
measured on a Thomas-Hoover apparatus and are uncortPLC). To this reaction mixture was added 1-aminopyri-
rected. Preparation &, 11, 14, andl was conducted under  dinium iodide @) (63.1 kg, 284 mol), granulated;RO; (13.1
conditions where light was passed through a yellow film, kg, 95 mol) and granulated KOH (10.6 kg, 189 mol) at 15
since these materials were readily isomerized in solution to “C. Stirring was continued for 2.5 h at 2@5 °C, followed
the correspondingis-isomers via photochemicttans—cis by cooling to 6-5 °C. To this solution was then added
isomerization. methylene chloride (246 L) and water (492 L) followed by
Phenylpropargyl Aldehyde (5b).To a solution otrans adjusting pH to 5.9-6.1 with 18% hydrochloric acid in water.
cinnamaldehyde (100 kgkg, 757 mol) in acetic acid (300 L) The organic layer was separated and the aqueous layer was
was added bromine (121 kg, 757 mol) with stirring ati® re-extracted by methylene chloride (74 L). The combined
°C. After completion of addition, the resulting mixture was Organic layers were concentrated+@9 L under reduced
further stirred at ambient temperature for 2 h. After addition pressure, treated with ethyl acetate (148 L) and again
of NaHSQ (39.4 kg, 379 mol) to the reaction mixture sBt concentrated to~49 L under ambient conditions. After
(76.6 kg, 757 mol) was added dropwise at1D °C. The addition of ethyl acetate (25 L), stirring was continued for 1
resulting mixture was then stirred at 80 for 1 hand cooled  h at—5—0°C. The precipitate was filtered off and washed
to room temperature. To this solution was added methylenewith ethyl acetate (80 L) and dried under reduced pressure
chloride (800 L) and water (400 L). The organic layer was to afford 9 (28.6 kg, 52% yield) of 99.8% chemical purity
separated and washed with water (400 L) and 3% NajCO as a yellowish solid: mp 129130°C; *H NMR (200 MHz,
in water (500 L), concentrated t6250 L under reduced CDCkL) 6 1.32 (t, 3 H,J=7.1Hz), 425(q, 2H)=7.1
pressure, treated with ethanol (500 L), and again concentratedHz), 6.31 (d, 1HJ = 16.3 Hz), 6.93 (td, 1HJ = 6.9, 1.3
to 250 L under ambient conditions. To the residue was addedHz), 7.27—7.72 (m, 6H), 7.84 (d, 1H,= 9.0 Hz), 7.95 (d,
ethyl orthoformate (114.7 kg, 774 mol) and ammonium 1H,J= 16.1 Hz), 8.54 (d, 1HJ = 9.0 Hz); IR (KBr) 1690,
chloride (1.88 kg, 35 mol). The resulting mixture was then 1618, 1512, 1482, 1465 crh MS (El) m/z293 (M + H)™,
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279. Anal. Calcd for ggH16N2O2: C, 73.95; H, 5.52; N, 9.58.  organic layer was separated, and the aqueous layer was re-

Found: C, 73.62; H, 5.48; N, 9.54. extracted with methylene chloride (30 L). To the combined
(E)-3-(2-Phenylpyrazolo[1,5a]pyridin-3-yl)acrylic Acid organic layer was added MeOH (150 L) and granulated K

(11). To a solution of the ested (28.6 kg, 97.8 mol) ina  CO; (3.93 kg, 28 mol). Stirring was continued at the same

mixture of acetone (286 L) and MeOH (57 L) was added temperature overnight, and to this reaction mixture was added

dropwise sodium hydroxide (15.6 kg, 390 mol) in water (143 water (90 L). The organic layer was washed with water (90

L). The reaction mixture was heated to4& °C over 1 h, L x 2). The separated organic layer was concentrated®

followed by adjusting pH to 6:97.1 with 18% hydrochloric L under reduced pressure. To this residual organic solution

acid in water. Stirring was continuedrfd h at ambient = was added ethyl acetate (150 L) and then reconcentrated to

temperature and additional 18% hydrochloric acid in water ~90 L under reduced pressure. After additional stirring over

was added to this solution to adjust pH to 2A1. The 1 h at 6-5 °C, the precipitate was filtered off, washed with

resulting mixture was further stirred at-8 °C for 1 h, and ethyl acetate (30 L), and dried to afford cruti¢19.8 kg,

the precipitate was filtered off and washed with water (143 93% yield). A solution of crudé& (18 kg, 48 mol) in ethanol

L). Drying under reduced pressure affordeld(24.9 kg, 96% (90 L) at 50-55 °C was purified by filtration through a 0.45

yield) of 98.9% purity as a yellowish solid; mp 23233 u filter, after confirming that no crystals had precipitated,

°C dec;'H NMR (200 MHz, DMSO¢s) 6 6.35 (d, 1H,J = followed by cooling to 5-10°C. To this solution was added

16.1 Hz), 7.16 (td, 1HJ) = 6.9, 1.1 Hz), 7.51—7.70 (m, purified water (180 L), and stirring was continued fioh at

6H), 7.77 (d, 1HJ = 16.1 Hz), 8.11 (d, 1HJ) = 8.9 H), ambient temperature. The precipitate was filtered off, washed

8.88 (d, 1H,J = 6.9 H); IR (KBr) 1678, 1664, 1599, 1539, with purified water (90 L), and dried under reduced pressure

1511, 1469 cm! ; MS (EI) m/z265 (M + H)*. Anal. Calcd to afford purified1 (17.7 kg, 98% yield) of 99.8% chemical

for CigH12N2O,: C, 72.72; H, 4.58; N, 10.60. Found: C, purity. Optical purity was determined by HPLC to be over

72.82; H, 4.54; N, 10.62. 99% ee.; §]°% = + 44.6° (c 2.0, MeOH), mp 147148
R-(—)-2-Piperidine Ethanol (12). 12 kg of 12 was °C;*H NMR (200 MHz, CDC}) 6 1.44-1.65 (m, 7H), 1.98

prepared by optical resolution of racemic compound by a (t, 1H,J = 14.0 Hz), 2.95 (t, 1HJ = 11.9 Hz), 3.32 (t, 1H,

slight modification of the procedure of TdyOptical purity J=11.5Hz), 3.61-3.75 (m, 2H), 4.37 (dd, 1BI= 12.2,

of 12 was determined to be over 99% ee. by HPLC after 3.5 Hz), 4.90 (br s, 1 H), 6.65 (d, 1H,= 15.4 Hz), 7.32

coupling with FLEC (1-(9-fluorenyl)ethyl chloroformate). (t, 1 H,J = 7.5 Hz), 7.46-7.80 (m, 6H), 7.95 (d, 1H]) =
(+)-(R)-1-[(E)-3-(2-Phenylpyrazolo[1,5a]pyridin-3-yl)- 15.4 Hz), 8.51 (d, 1HJ = 6.9 H); IR (KBr) 1636, 1624,

acryloyl]-2-piperidine Ethanol (FK453, 1). To a mixture 1573, 1513, 1469, 1444 crh; MS (El) m/z376 (M+ H)™,

of the acid (1) (15.0 kg, 57 mol) and thionyl chloride (7.77 358, 247. Anal. Calcd for £H,sN:0,: C, 73.57; H, 6.71;

kg, 65 mol) in methylene chloride (300 L) was added DMF N, 11.19. Found: C, 73.58; H, 6.70; N, 11.20.

(4.77 kg, 65 mol) at 510 °C, and stirring was continued at

ambient temperature for 1.5 h. In another vessel, a mixture ACknowledgment , o

of the amine {2) (8.08 kg, 62.5 mol) and BSU (18.6 kg, 91 We especially thank Dr_. DaV|d“Barrett, Medicinal C_hem—

mol) in methylene chloride (120 L) was heated to-3® istry Resgarph Laboratories, Fullsawg P'harnjaceutlcal Co.

°C for 2 h, followed by cooling to 85 °C. After addition Ltd., for his interest and ongoing advice in this work.

of DMAP (1.39 kg, 11 mol) and BN (14.7 kg, 145 mol) to

this solution, the acid chloride solution was added. After

additional stirring for 1 h, water (120 L) was added. The 0P990044W
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