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A Facile and Scaleable Synthesis of ABT-239, A Benzofuranoid H; Antagonist
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Abstract:

A facile and scaleable synthesis of a potent and selective
histamine H; receptor antagonist, ABT-239 (1), was developed
starting from commercially available 4'-hydroxy-biphenyl-4-
carbonitrile (2). The synthesis comprised four chemical steps
and a salt formation step with an overall yield of 40%. A highly
selective monoiodination of a phenol was developed and used
to prepare iodophenol (3b) in near quantitative yield using NIS
in AcOH in the presence of a small amount of HSO,. A Pd-
catalyzed cross coupling reaction of the iodophenols (3b) with
butyn-3-ol (4a) provided benzofuran (5) in one step in>80%
yield, en route to 1. The new process required no chromato-
graphic purification throughout the synthesis and was success-
fully demonstrated on scale-up to prepare 1.7 kg of the target
ABT-239 (1).

Introduction
The histamine Kl receptor (HR) is a presynaptic G

clinical utility for treatment of attention-deficit hyperactivity
disorder (ADHD) or other cognitive disorders. To enable

2

advanced toxicological and safety profiling of this compound,
a large quantity of this drug substance was needed for both
preclinical and clinical studies. Therefore, a facile and
scaleable synthetic route capable of preparing kilogram
guantities of ABT-239 (1) was required.

This compound belongs to a recently described class of
structurally novel benzo]furan derivatives that are of great
interest due to their remarkable biological and pharmacologi-
cal properties, including modulation of androgen biosynthe-
sis? inhibition of 5-lipoxygenase, and the blood coagulation
factor Xa® Of the several general and versatile methodologies
considered for the synthesis of 2-substituted berjfiofans’

CN

. L-Tartrate

ABT-239 (1)

protein-coupled receptor that regulates the release of a varietythe palladium-catalyzed Sonogashira reactioo-b&lophenol
of neurotransmittersAntagonists of this receptor are thought (3) with substituted 1-alkynes (4) represents a very efficient
to offer an attractive therapeutic target for cognitive disorders. procedure and was deemed best suited for our purposes (eq

Despite intense interest in the filds yet, no HR antagonist 1)8

has advanced through clinical trials and been approved for R

human use. Syntheses and biological evaluation of imidazole- X R Y

based HR antagonists have been described in recent years. y-% . m Pl |yt S .
However, these compounds can give rise to erdigig OH Base ZoH

interactions by inhibiting hepatic CYP enzymes and also 3 4

exhibit relatively poor CNS penetration. For this reason, ~

clinical acceptability will likely be greater for nonimidazole YT I G

H3sR antagonists. More recently, a new class of nonimidazole
HsR antagonists has been discovered at Abbott laboratbries.
In vitro and in vivo studies indicate that ABT-232)(is a
potent and highly selective R antagonist with a potent
procognitive activity in several animal models suggestive of
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With adaption of this strategy, the synthesis of ABT-239
(1) could be envisioned as proceeding through a palladium-
catalyzed cross-coupling reaction of halo-pher®)l With
3-butyn-1-ol (4a) as the key step (Scheme 1). This strategy
was initially used to prepare small quantities bffrom
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Scheme 1. Retrosynthetic analysis
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Scheme 2. Scaleable process for the synthesis of 1
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commercially available 4-cyand-fiydroxy-biphenyl ).* product3b proved to be difficult. An alternative procedure

Although the initial synthesis provided a sufficient amount suitable for scale-up was deemed necessary. The main
of 1 for the in vitro and in vivo biological tests, the synthesis challenge was to control the regioselectivity of mono- versus
was not amenable for scale-up, as it involved several di-iodination while still achieving good conversion. Our
chromatographic purifications and the use of toxic solvents initial attempts to improve this iodination reaction included
and reagents in large quantities. Additionally, the preparation varying the reaction conditions with respect to the iodination
of (R)-2-methylpyrrolidine (7) itself was tedious, as it agents (NIS,J), solvents (methanol, chloroform, and aceto-
involved a four-step proce8dn this paper, we describe the nitrile), and reaction temperature (0 to 50). All reactions
successful development of a practical and scaleable proces#nitially tried gave either higher levels of regioisomeric di-

for the synthesis of. and tri-iodinated products or poor conversion. Recently, an
improved iodination procedure (NtSTFA in acetonitrile)
Results and Discussion has been reported to be highly regioselective for electron-

The key intermediate, iodophend@Hk), was originally rich aromatic$? However, wher2 was subjected to the same
prepared by employing sodium iodide and sodium hypochlo- reaction conditions, over-iodination remained a serious
rite for the oxidative iodination of '4hydroxy-biphenyl-4- problem. On the other hand, the reactiorafith bromine
carbonitrile @) (Scheme 2). While the yield for this in acetic acid was found to afford the desired prodaet)(
transformation on a small scale routinely exceeded 50% afterin 69% isolated yield after crystallizatid This finding of
column chromatographic purification, the reaction was a possible advantage of acetic acid as halogenation solvent
plagued with problems on the multigram scale. For example, prompted us to investigate the iodinationfith NIS in
the reaction resulted in reduced regioselectivity and lower acetic acid. The iodination reaction initially gave ori¥5%
conversion, and consequently the isolation of the desired

(10) Castanet, A.-S.; Colobert, F.; Broutin, P.-Eetrahedron Lett2002,43,
(9) Nijhuis, W. H. N.; Verboom, W.; El-Fadl, A. A.; Hummel, G. J. V.; 5047.
Reinhoudt, D. NJ. Org. Chem1989,54, 209. (11) Kelly, S. M. Helv. Chim. Actal989,72, 594.
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of the desired product3p) with 25% of the di-iodinated One of the challenges in the development of a scaleable
byproduct. However, the yield was increased to 93% by process forl was the need for a practical method for the
addition of a small amount of concentrated sulfuric acid (0.5 large-scale preparation of (R)-2-methylpyrrolidine (7). Al-
equiv). The high yield of our procedure was rationalized as though several synthetic methods for the preparatioi of
proceeding through the in situ formation of proton-solvated have been published in the literature, none of these syntheses
iodinating species? were practical for large-scale preparation. For example, in
The iodinated product3p) could be conveniently pre- —©one of these syntheses, the de-chlorination of Boc-protected
cipitated by the addition of water to the reaction mixture 2-chloromethylpyrrolidine required the use of a large excess
and isolated by filtration. This intermediate was of acceptable Of toxic tin hydride? Another synthesis called for the
purity (93% peak area by HPLG;2% di-iodoproduct) and condensation oﬁxfchloropentane-z-one. withRf-phenyl- .
was used directly in the next step without further purification. 9ycinol and required the use of 1 equiv of an expensive
The practicality of this robust procedure was demonstrated Chiral auxiliary reagent: Classical resolution of racemic
by the preparation of 3 kg of iodophenol 8b). Coupling 2-methylpyrrol|d|.ne withL-tartaric auq in _ethanol has been
of the halo-phenoB with but-3-yn-1-ol (4a) was achieved rgportgd in the literatur®, although Iltt!e mformaﬂon was
by a standard Sonogashirstevens protocol, and the hy- given in the report'concgrmng experimental conditions as
droxybutynyl-phenol intermediate subsequently cyclized wel(lj as g‘e elzj?ntlomhe_rlc exlce_ss (ee‘l’ﬁ) ofbthe relsol\lie?j
under the reaction conditions to give the benzofuran alcohol ggoau\(/:;{éblsg:r: d e::lsltse'rtn;iﬁsagtﬁg dc?(;J chr(]a(::}iczl()\sle; t?\?e c
(5) in a one-pot reaction. The reaction was originally carried . : . al sy SIS
out by employing PAGI(PPh)» as the catalyst, with copper- The racemic gmme?() was co.mmerually avallable.and
(1) iodide as the cocatalyst and with dichloromethane as the inexpensive. Given these considerations, the resolution was
solvent in the presence of excess of an organic base. Crosgursued.

. . X To evaluate and optimize the resolution process, an
coupling of the less reactive bromopher@af with the but- 55 \vtical tool for determining the enantiomeric purity of

3-yn-1-ol @43) proved to be sluggish, with the reaction often ¢ yesolved tartrate was required. Chiral derivatizing agents
requiring at least 3 equiv efaand a high palladium loading (CDAs), combined with HPLC, appeared to be the most
(5 mol %) at elevated temperature (8000°C) to pushthe  convenient and best suited for our needs. Cbz valine
reaction to completion. When the iodophenol (3b) was used anhydride is a powerful acylating agent with the convenience
as the coupling partner, the Sonogashira reaction proceedegf a UV absorbing chromophore facilitating product detec-
smoothly under milder reaction conditions. For example, the tjon 14 This CDA reacted rapidly with 2-methylpyrrolidine
reaction required less but-3-yn-1-o4&) (1.3 equiv) and | -tartrate to form diasteromeric derivatives in high yield
could be run at the lower temperature (20). The catalyst  without racemization. The two diastereomers were easily
loading could also be reduced to 1 mol % for palladium separated by reversed-phase HPLC. Therefore, Cbz-valine
acetate and 2% for copper(l) iodide. Isopropyl acetate was anhydride was chosen as the CDA for analytical purposes.
selected as a much more environmentally benign replacement With an LC method in hand, we initiated a methodical
for the hazardous dichloromethane. After simple filtration screening of the important parameters for salt formation such
and agueous washing of the reaction mixture of the alcohol as the equivalents aftartaric acid, solvents, concentration,
intermediate (5), the organic phase could be carried outand isolation temperature. Experimental results were judged
directly to the next step without further purification. This by recovery (r) of the desireR-isomer and ee% of the salt
simplification did much to streamline the synthesis but did obtained. A mixture of methanol and ethanol at the ratio 30:
not compromise the final product's specifications in terms 70 by volume was found to be the optimal solvent. Design
of purity and hea\/y metal levels. of experiment (DOE) was next applled to Optimize the
The crude alcohols) was found to be quite difficult to ~ combination of three parameters: equivalents of tartaric acid,
isolate without incurring a significant loss of product to the amount of solvent used (concentration), and isolation tem-
mother liquors, due to the high solubilities Bfin many perature. From these studies, the best prpcedure fpr salt
organic solvents. In contrast, and much to the benefit of the formation (ee~50%, recovery~80%) was realized by using
synthetic efficiency, the tosylatesl) was found to be a 0.86 equiv ofL-tartaric acid an¢35 L of solvent per kg .of
highly crystalline solid with limited solubility in many acemateq) atabout SC. The high ee%x97.0%) material
solvents. Therefore, the crude alcohol was not isolated butWas obtained in 55—-60% yield (theory) after successive

rather was converted to tosylate (6b) by reaction with TSCI (12) Andres, J. M.; Herraiz-Sierra, I.; Pedrosa, R.; Perez-Encatiui.J. Org.

and TEA in acetonitrile containing a catalytic amount of Chem.2000, 1719. _ _
. . (13) (a) Karrer, P.; Ehrhart, KHelyv. Chim. Actal951,34, 2202. (b) Kuil, L.
DMAP. The tosylate (6b) was thereby obtained in excellent A.; Veldhuizen, Y. S. J.; Grove, D. M.; Zwikker, L. J. W.; Jenneskens, L.

purity (99% by HPLC) and good y|e|d (NGO%) froﬁ]by a \lgV.; Dlsn;],gg\‘/l.;l?glezeé? W. J. J.; Spek, A. L.; Koten,R&cl. Trav. Chim.
. e D . . . ays-Ba ,113, 267.
simple purification and isolation procedure, which involved (14) Cbz valine anhydride is a crystalline solid, and it can be readily prepared

direct addition of 2-propano| to the reaction mixture with in high chemical and enantiomeric purity from Cbz-valine with DDC. See:

. P . . . Leanna, M. R.; Hannick, S. M.; Rasmussen, M.; Tien, J.-h. J.; Bhagavatula,
vigorous stirring to _crystalllzeﬁb. This procedure rejected L. Singam, P. R.. Gates, B. D.. Kolaczkowski, L.. Patel. R. R.. Wayne,
all impurities including the EN and DMAP tosylate salts G.; Lannoye, G.; Zhang, W.; Lukin, K. A.; Narayanan, B.; Riley, D. A;

: : : .y : Morton, H.; Chang, S.-J.; Curty, C. B.; Plata, D.; Bellettini, J.; Shellat, B.;
presentin the r_eactlon mixture, thereby eliminating the need Spitz, T.: Yang, C.-X. PCT Int. Appl. WO 2000008025 A1 20000217, 2000,
for any extractive workup. 92 pp.
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recrystallizations, four times, on a kilogram scale. Attempts of tosylate 6b), by use of a selective precipitation of product
at resolution with other chiral acids, such as dibenzoyl from the reaction mixture. A subsequent displacement
L-tartaric acidL-malic acid, etc. were investigated, but either reaction generated the free baselddfter which a simple
all gave no solid product or else the product was obtained acid—base extractive workup was employed to effectively
in lower ee%. remove the byproducts as well as heavy metals (Pd, Cu) at
Displacement of tosylate (6b) with 2-(R)-methylpyrroli- the penultimate step. The new process provided improve-
dine, generated in situ from itstartrate in acetonitrile with ments to the small-scale procedure predescribed and stream-
K,CO;s, produced the desired free baselafi 70—80% vyield. lined isolation and purification procedures, resulting in a
Typically, this reaction was accompanied by-2D% of the chromatography-free process. The efficiency and practicality
styrene elimination producBj. To minimize the formation  of the process were demonstrated by the synthesis of more
of this elimination product, other substrates with different than 1 kg of analytically puré with an overall~40% yield.
leaving groups were prepared and subjected to similar
reaction conditions. From these studies, the relative yield
for these derivatives & was OTf~ OTs> OMs> | > Br
> CI. Although the triflate reacted rapidly withat ambient
temperature, it was also highly reactive, even toward many
tertiary amines. Overall, in the terms of yield, convenience,

and stability, the tosylate6b) remained as the superior reactions were performed under a positive pressure of

alkylating agent among those tested. ; .
Other reaction parameters, such as solvent and base Wergnrogen. All chemicals and reagents were purchased and
also screened FrF())m these SL{U dies. acetonitrile was thé bec sed without further purification unless otherwise mentioned.
: ' [l melting points were measured on a Thom&toover

solvent for the reaction. Nonpolar solvents such as tolueneCapillary melting point apparatus and uncorrected. Al

slolwed the rehactlogl\z/lir'ld rejﬂt&im a Iower. y|eI(|1I. Either pﬁlar reaction progresses were monitored by HPLC with purities
solvents such as an or a protic solvent, such as being determined by peak area% at 230 nm. All assayed

ethanol, facilitated the _elimination reaction and yiglded the yields were obtained by HPLC, using the pure and character-
styrene (8) as the major product. The most optimal baseized standards

proved to be KCO,, producing an~80% assayed yield, 4'-Hydroxy-3'-bromo-biphenyl-4-carbonitrile (3a). To
higher than those for weak and organic basesNEINd 5 3| three-necked flask provided with a mechanical stirrer

'PLNEL. It should be noted that the reaction still resulted in and dropping funnel were chargetthydroxy-biphenyl-4-
some elimination product{15%) even without addition of -5 nitrile (2) (100.0 g, 0.512 mol) and glacial acetic acid

any base. Only a trace amount of this byproduct was formed(1_75 L). Bromine (90.1 g, 0.563 mol) in glacial acetic acid
in the absence of chiral amine)(7his result suggested that (0.25 L) was added slowly over 2 h at thaternal
the & elimination pathway of tosylate (6b) was caused temperature-20°C. The suspension was agitated overnight
mainly by the reactanf)-2-methylpyrrolidine itself and not (20 ). The reaction mixture was diluted with water (3.0 L),
by any added weak base. Since all of the undesired yixed at 20°C for 1 h, and cooled to C. The crude product
byproducts in the reaction mixture are neutral, the free baseya5 collected by filtration, washed with water (2.0x2)

of 1in toluene was extracted readily into a mixture of water/ gpq heptane (2.0 L), and dried at 55 under vacuum with
N-methylpyrrolidinone/methanesulfonic acid (70:20:10 by a nitrogen bleed for 24 h. The crude product was recrystal-
volume). The free base df was then isolated in excellent  |ized from hot acetonitrile (1.5 L) to afford 98.0 g (69%) of
recovery (>95%) and purity (99%) after basification of the 33 as a near white solid. Mp: 26203°C (lit.!* 202—202
aqueous solution to pH 12 and extraction with isopropyl °c). 1H NMR [DMSO-de): ¢ 7.04 (d,J = 8.4 Hz, 1H), 7.58
acetate. Itis significant that much of the remaining residual (dd, J = 8.4, 2.3 Hz, 1H), 7.7—7.5 (m, 4H), 7.86 (d,=
palladium and copper were also removed during this-acid 2.3 Hz, 1H), 10.62 (s, br, 1H}*CNMR [DMSO-d: &

base extractive workup. Because of this high purity, the free 109.0, 109.8, 116.4, 118.5, 126.4, 127.0, 130.0, 130.8, 132.2,
base ofl could be taken onto the final salt formation step 142.6, 154.2. CI-MS (Nb): 291, 293 (M+ NH4t).

without further purification, and was obtained in over 95% 4'-Hydroxy-3'-iodo-biphenyl-4-carbonitrile (3b). To a
yield with excellent purity and acceptable residual Pd and reaction vessel provided with a mechanical stirrer and
Cu levels 10 ppm by inductively coupled plasmatomic  dropping funnel were charged-Bydroxy-bipehnyl-4-car-
emission spectrometry, ICP-AES). bonitrile (2) (2.15 kg, 10.90 mol), glacial acetic acid (17.89
In summary, we have developed a practical and scaleablekg, ~17.2 L), and concentrated sulfuric acid (533 g, 5.4 mol).
process for the synthesis of ABT-23B from commercially ~ N-lodosuccinimide (2.40 kg, 97%, 10.36 mol) was added
available 4'-hydroxy-biphenyl-4-carbonitril@)( A highly portionwise at the internal temperatur@0 °C. The suspen-
selective and robust mono-iodination procedure was devel-sion was agitated overnight (20 h) or urliwas less than
oped and then used to prepare kilogram quantities of 4% by HPLC. The reaction mixture was diluted with water
iodophenol (3b) in excellent yield. A Sonogashi@tevens (34.4 kg, 34.4 L) and mixed at 2T for 1 h. The product
coupling reaction was successfully scaled up on a kilogram was collected by filtration, washed with water (32.2 kg) and
scale with good yield and purity. A simple isolation and heptane (15.0 kg), and dried at 35 under vacuum with a
purification procedure was used in the large-scale preparationnitrogen bleed for 48 h to give 3.27 kg (93% yield)3if as

Experimental Section

General Remarks.The NMR spectra were recorded on
a Varian 400 MHz instrument at 400 MHz féid and 100
MHz for 3C. The electrospray ionization (ESI) and atmo-
spheric pressure chemical ionization (APCI) mass spectra
were obtained using an LC—MS spectrometer. All the
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an off-white solid. The product could be used directly in
the next step without further purification. An analytical
sample was obtained by crystallizing from methanol. Mp:
166—167°C. 'THNMR [DMSO-dg]: 6 6.99 (d,J = 8.4 Hz,
1H), 7.62 (dd,J = 8.4, 2.3 Hz, 1H), 7.79 (dJ = 8.4 Hz,
2H), 7.85 (d,J = 8.4 Hz, 2H), 8.05 (d,) = 2.3 Hz, 1H),
10.70 (s, br, 1H)}3C NMR [DMSO-dg]: ¢ 85.3, 108.8,

[CDClg): 6 21.9, 28.9, 67.2, 104.3, 110.2, 111.2, 118.7,
119.1, 123.0, 127.5, 127.6, 129.0, 129.4, 132.2, 132.3, 133.9,
144.4, 145.6, 154.1, 154.4. CI-MS (M m/z435 (M +
NH,*).

(R)-2-Methylpyrrolidine L-Tartrate. To a reaction vessel
provided with a mechanical stirrer and a thermometer were
charged absolute ethanol 3A (96.7 kg), methanol (40.9 kg),

114.9,118.5,126.3, 127.9, 130.5, 132.2, 136.6, 142.5, 156.8.and L-tartaric acid (7.60 kg, 50.67 mol). The mixture was

CI-MS (NH3): m/z339 (M + NH4").
4-[2-(2-Hydroxy-ethyl)-benzofuran-5-yl]-benzonitrile
(5). To a reaction vessel provided with a mechanical stirrer

agitated to dissolve all solids, and racemic 2-methylpyrro-
lidine (5.00 kg, 58.8 mol) was charged. The mixture was
heated to 60C to ensure a homogeneous solution, and the

and a thermometer was added isopropyl acetate (49.2 kgsolution was then cooled to 2% at approximately 10C/
56.4 L). The solvent was evacuated and purged with nitrogen.h. The solution was seeded with 100 g B){2-methylpyr-

To this solvent were charged-HAydroxy-3'-iodo-biphenyl-
4-carbonitrile (3b) (3.27 kg, 10.18 mol), palladium acetate
(23.0 g, 0.10 mol, 1 mol %), copper(l) iodide (39.0 g, 0.20
mol, 2 mol %), triphenylphosphine (53.0 g, 0.20 mol, 2 mol
%), and butyn-3-ol 4a) (0.92 kg, 13.14 mol), while
maintaining a stream of NDiisopropylamine (2.05 kg, 20.3
mol) was added slowly over 10 min &30 °C. The reaction
mixture was heated to-45 °C and mixed for~40 h or until

rolidine L-tartrate and mixed at 2%C for 8 h (note: the
white slurry was formed 34 h after seeding, and the
nucleation was slow without it). The slurry was cooled to
~5 °C, held for 2 h, filtered, and dried at 68C under
vacuum with a nitrogen bleed overnight to yield 7.10 kg of
the partially resolved tartrate (ee50.0%). The enantiomeric
purity of the tartrate could be improved t®7% by repeated
recrystallization from ethanol/methanol (70:30) (20 L/kg of

the uncyclized intermediate was less than 2% by HPLC. The solid) as described above. Aftexd4recrystallization, 3.90

mixture was cooled to 25C and filtered through a pad of
Celite. The filter was rinsed with isopropyl acetate (12.0 kg),

kg (ee= 97.0%, 55% of theory) of the desired product was
isolated. Mp: 129-130°C. [DMSO-d]: 6 1.27 (d,J=16.7

and the combined mixture was assayed by HPLC to containHz, 3H), 1.48 (m, 1H), 1.88 (m, 2H), 2.02 (m, 1H), 3.18

2.30 kg (85% assayed yield) of the desired prod&xt The
mixture was washed with a 5% NaHG@queous solution
(17 kg x 3) and distilled water (16.0 kg). The upper organic
layer was distilled down to one-fourth of the original volume,
chased with isopropyl acetate (18.0 kg, 20.6 L) to near

(m, 2H), 3.56 (m, 1H), 4.04 (s, 2H).

HPLC Method for Assaying ee% of the Tartrate.
Sample preparation: Add 23.5 mg &)¢2-methylpyrroldine
L-tartrate, 62.0 mg of CBZ-valine anhydride, 1 mL of
dichloromethane, and 0.1 mL of triethylamine & 4 mL

dryness. The crude product was redissolved in acetonitrile vial. Stir for 10 min. An aliquot was assayed by HPLC.

(28.6 kg, 35.6 L), and it was used in the next step without
further purification. However, an analytical sample was
obtained by crystallization from 2-propanol. Mp: 16102
°C.H NMR [CDCl3]: 6 1.80 (1H, s), 3.08 (1) = 6.2 Hz,
2H), 4.01 (t,J = 6.2 Hz, 2H), 6.56 (s, 1H), 7.42 (dd,=
8.4, 2.1, 1H), 7.49 (d) = 8.4 Hz, 1H), 7.66-7.75 (m, 5H).
B3CNMR [CDCl3]: 6 32.3, 60.6, 103.6,110.1, 111.2, 118.8,

HPLC Conditions:

Column, Zorbax Rx-C8, 4.6 250 mm, 5um.

Column temperature: 48C. Wavelength: 215 nm.
Injection Volume: 5uL. Flow rate: 1.5 mL/min.

Mobile phase A: 100% kD with 0.1% HPQ,.

Mobile phase B: 100% CHCN with 0.1% HPO.

90% A to 50% A over 30 min, then to 10% A over 35

119.0, 122.7,127.6, 129.2,132.2, 133.8, 145.8, 154.6, 157.0min, held 10% A to 45 min, back to 90% A.

CI-MS (NHz): m/z281 (M + NHzY).

Toluene-4-sulfonic acid 2-[5-(4-cyano-phenyl)-benzo-
furan-2-yl]-ethyl Ester (6b). To the above solution d in
acetonitrile were chargep-(dimethylamino)pyridine (0.11
kg, 0.87 mol), triethylamine (1.87 kg, 18.4 mol), and
p-toluenesulfonyl chloride (3.30 kg, 17.5 mol). The reaction
mixture was stirred at 25C for ~6 h or until 5 was
consumed by HPLC (less than 2%). The mixture was
concentrated to minimum volume, and 2-propanol (24.1 kg,
30.9 L) was added. The resulting slurry was stirred at@5
for 2 h and 5°C for 5 h. The product was collected by
filtration and washed with 2-propanol (5.2 kg, 6.7 L). The
wet cake was purged with Nor 1 h and then dried at 45
°C under vacuum with a nitrogen bleed for 24 h to 2.59 kg
(purity = 99%, 61% isolated yield frorb) of 6b as a white
solid. Mp: 124-125°C.*H NMR [CDCl3]: 6 2.37 (s, 3H,
3.15 (t,J = 6.5 Hz, 2H), 4.38 (tJ = 6.5 Hz, 2H), 6.50 (s,
1H), 7.21 (d,J = 8.4 Hz, 2H), 7.40 (dJ = 8.4, Hz, 1H),
7.43 (ddJ=8.4,1.7 Hz, 1H), 7.657.75(m, 7H):*3C NMR

Retention times:S-isomer, 30.1 minR-Isomer, 30.7 min.

44 2-[2-(2R-Methyl-pyrrolidin-1-yl)-ethyl]-benzofuran-
5-yl}-benzonitrile, Free Base of 1.To a reaction flask
provided with a mechanical stirrer and a refluxing condenser
were charged withR)-2-methylpyrrolidine_-tartrate (milled,
1.76 kg, 7.49 mol), potassium carbonate powder (2.28 kg,
16.52 mol), and acetonitrile (37.45 kgy47.6 L). The
reaction mixture was heated to 60, agitated for 48 h, and
cooled to 25°C. Tosylate 6b) (2.10 kg, 5.00 mol) was added
all at once, and the mixture was reheated back t¢®0
The mixture was stirred at this temperature for 36 h or until
no more than 1% o8b was present by HPLC. The reaction
mixture was chilled to 25C and filtered. The filter was
rinsed with acetonitrile (5.0 kg). The filtrate was concentrated
to one-fourth of the original volume (~14 L), and toluene
(32.3 kg,~37 L) was charged. The mixture was washed with
5% NaHCQ aqueous solution (24.0 Kg 2). The upper
organic layer was extracted with a mixture (32.0 kg and 8.0
kg) of H,O/N-methylpyrrolidinone/methanesulfonic acid (70:
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20:10, viviv), respectively. Isopropyl acetate (32.5 @7 mixed at 65°C for 1 h and seeded with 20.0 g @f The

L) was charged into the combined aqueous extracts, and thesolution was cooled slowly to 25 and held overnight. The

mixture was cooled to 5C. Sodium hydroxide solution  slurry was then cooled to 8C and held for 5 h. The product

(~5.0 kg, 50%) was added slowly &30 °C until the pH was collected by filtration, washed with 2-propanol (6.3 kg),

of the mixture was~12. The upper organic phase was and dried at 50C under vacuum with a nitrogen bleed for

separated, and the lower aqueous phase was extracted on4 h to give 1.70 kg (70% isolated yield fro6io) of ABT-

more with isopropyl acetate (6.0 kg). The combined organic 239 (1) as a near white solid: purity 99.5% by HPLC; ee

solution was washed with 5% NaHG@queous solution = 98.0% by chiral HPLC. Mp: 166167 °C. *H NMR

(33.6 kgx 3) and 25% brine (33.6 kg). The organic solution [DMSO-ds]: 6 1.26 (d,J= 6.1 Hz, 3H), 1.55 (m, 1H), 1.83

was assayed by HPLC to contain 1.20 kg (72% assayed(m, 2H), 2.04 (m, 1H), 2.80 (gq] = 8.4 Hz, 1H), 3.00 (m,

yield) of the free base. The filtrate was concentrated to an 1H), 3.07 (m, 1H), 3.19 (t) = 8.4 Hz, 2H), 3.44 (m, 2H),

~10 L volume, and isopropyl acetate (20.0 kg) was added. 4.13 (s, 2H), 6.78 (s, 1H), 7.60 (m, 2H), 7.90 (m, 5HC

The solution was distilled down to an10 L volume and NMR [DMSO-dg]: 6 16.5,21.2, 25.5, 31.4, 49.8,52.3, 61.5,

filtered. The filtrate was concentrated & 5 L volume and 72.0,103.4,109.1, 111.0, 118.5, 118.9, 122.6, 127.2, 128.8,

chased with 2-propanol (15.0 Kg 2) to the final volume 132.3,132.9, 144.6, 153.7, 156.3, 173.4. ESI-M%z331

~10 L. An analytical sample was obtained by stripping an (M + 1). Anal. Calcd for GgH2gN,O7+%-,H,0: C, 63.74; H,

aliquot of the above solution down to drynessl NMR 5.76; N, 5.72. Found: C, 63.83; H, 5.60; N, 5.64. P®B

[CDs0OD]: 6 1.03 (d,J = 6.1 Hz, 3H), 1.33 (m, 1H), 1.66  ppm, Cu= 1 ppm.

(m, 2H), 1.86 (m, 1H), 2.12 (q] = 8.4 Hz, 1H), 2.30 (m,

2H), 2.89 (m, 2H), 3.12 (m, 2H), 6.47 (s, 1H), 7.37 {d= Acknowledgment

1.3 Hz, 2H), 7.90 (m, 5H). ESI-MSm/z331 (M + 1). The authors thank Dr. Jonathan Pease for the initial scale-
ABT-239(1): The above free base solution (1.20 kg, 3.64 up of resolution of 2-methylpyrroldine on a 300 g scale.

mol) in IPA was diluted with ethanol, 3A (3.20 kgy4.0

L), and the solution was warmed to 66. An L-tartaric acid _ _

solution (600.0 g, 4.00 mol) in ethanol, 3A (4.8 kgs.0L)  Received for review October 27, 2004.

was added slowly at this temperature. The solution was OP049809C

50 e Vol 9, No. 1, 2005 / Organic Process Research & Development





