OChote

Cu-Catalyzed N-Arylation of Oxazolidinones:
An Efficient Synthesis of the k-Opioid Receptor
Agonist CJ-15161

Arun Ghosh,* Janice E. Sieser, St@ne Caron,
Michel Couturier, Kristina Dupont-Gaudet, and
Melina Girardin

Chemical Research and belopment, Pfizer Global Research
and Development, Eastern Point Road, P.O. Box 8013,
Groton, Connecticut 06340-8013

arun.ghosh@pfizer.com

Receied September 30, 2005

?
0.
1
o
+

-8 T 6 =
~ N g

|

Me
CJ-15,161
(free-base)

NH

gh
[¢]

An efficient method for intermolecular N-arylation of ox-

azolidinones using catalytic copper in the presence of a

Buchwald has further improved the scope of traditional Cu-
catalyzed cross-couplings under Goldberg-type conditions.
Traditionally these involved stoichiometric copper reagents in
a high-boiling solvent at high temperature. These reactions can
now be performed using catalytic coppefl(—10 mol %) in
the presence of a bidentate amine ligdhdnd a weak base
(e.g., KPOy or KyCOs). These conditions tolerate many
functional groups that are known to be problematic in palladium-
catalyzed coupling reactions and provide a cost-effective and
practical method for N-arylation. Recently, our laboratory was
interested in N-arylation of oxazolidinoneand we reported a
method involving a Pd-catalyzed €N cross-coupling process
between aryl chlorides and oxazolidinones that provided a
convergent access to such systems in a relatively few number
of steps. These derivatives could also be used as surrogates to
produce a diverse array of enantiopytemino alcohols for
further synthetic manipulation. We became interested in this
area in the course of developing a fundamentally different
synthetic strategy (Scheme 1) to a potentiaéceptor agonist,
CJ-15,161, that would present synthetic advantages as well as
ensure our proprietary freedom to operate in this area.

The limitations of the original synthetic route 1® (CJ-15,-
161) included poor regioselectivity during the epoxide ring
opening, processing a mixture of regioisomers, low overall yield,
and the noncrystalline nature of the intermediates. The above

(2) (a) Wolfe, J. P.; Rennels, R. A.; Buchwald, STetrahedronl996

bidentate ligand is reported. The conditions allow the use of 21, 7525-7546. (b) Yang, B. H.; Buchwald, S. Org. Lett.1999 1, 35~

copper and can be used to prepare enantiopNhayl

fB-amino alcohols. A short, scalable synthesis of CJ-15,161

37. (¢) Yin, J.; Buchwald, S. LOrg. Lett.200Q 2, 1101-1104. (d) Yin,
J.; Buchwald, S. LJ. Am. Chem. So2002 124 6043-6048.
(3) (a) For a related process, see: Wang, Z.; Skerlj, R. T.; Bridger, G.

is also reported. The required amines were obtained fromJ. Tetrahedron Lett1999 40, 3543-3546. (b) Arterbun, J. B.; Rao, K.

the precursoo-amino acids or, more conveniently, from the
corresponding 1,2-amino alcohols.

Cross-coupling is one of the most straightforward and general

V.; Ramdas, R.; Dible, B. ROrg. Lett. 2001, 3, 1351-1354. (d)
Shakespeare, W. Cletrahedron Lett.1999 40, 2035-2038. (d) For
intramolecular amidation, see: Wolfe, J. P.; Rennels, R. A.; Buchwald, S.
L. Tetrahedron1996 52, 7525-7546.
(4) Recently, improvements including use of truly catalytic copper salt
|as well as significantly milder conditions have been described: (a) Klapars,
A.; Antilla, J. C.; Huang, X.; Buchwald, S. L1. Am. Chem. So2001,

bond-forming methods. However, until a few decades ago, its 123 7727-7729. The effect of various diamine ligands on the efficiency
development had been surprisingly sluggish. In particular, cross- of the aryl amidation reaction have been reported: (b) Klapars, A.; Huang,

coupling methodology to form €X (X = N or other hetero-
atom) bonds is limited compared to analogous @ bond-

X.; Buchwald, S. L.J. Am. Chem. SoQ002 124, 7421-7428. For the
first report onintramolecularamidations under relatively mild conditions,
see: (c) Kametani, T.; Ohsawa, T.; lhara, Neterocycled98Q 14, 277—

forming processes such as Suzuki, Stille, and Negishi coupling 280. For reviews on Cu-catalyzed cross-coupling reactions, see: (d) Lindley,
reactions, largely as as result of the sensitivity of functional J:Tetrahedrorl984 40, 1435-1456. (d) Ley, S. V.; Thomas, A. VAngew.

groups to the harsh coupling conditions (e.g., presence of strong

Chem., Int. Ed2003 42, 5400.
(5) For a recent review on therapeutic oxazolidinones, see: (a) Halle,

base, nucleophilic amine, high reaction temperature, etc.). DirecCte.; Majcher-Peszynska, J.; Drewelow, 8hemother. Journa2002 11,
N-arylation with aryl halides is an attractive alternative to 1—11. For some related work in this area, see: (b) Tucker, J. A.; Allwine,

classical RAr reactions for introduction of nitrogen-containing

D. A.; Grega, K. C.; Barbachyn, M. R.; Klock, J. L.; Adamski, J. L.;
Brickener, S. J.; Hutchinson, D. K.; Ford, C. W.; Zurenko, G. E.; Conradi,

functionalities in target molecules. Consequently, several recentr. A - Burton, P. S.: Jensen. R. M. Med. Chem1998 41, 3727-3735.
reports have appeared in the literature with improved reaction (c) Genin, M. J.; Hutchinson, D. K.; Allwine, D. A.; Hester, J. B.; Hemmert,

conditions! However, more work still needs to be done to

improve the efficiency of this process for practical application.

Buchwald and Hartwid® have independently demonstrated
the generality of Pd-catalyzed-&tylation involving amides and
have extended this chemistry to acyclic carbamafescently,

T Dedicated with respect to the memory of Professor U. R. Ghatak.
(1) (a) Hartwig, J. FAngew. Chem., Int. EA.998 37, 2046-2067. (b)

Hartwig, J. F.; Kawatsura, M.; Hauck, S. I.; Shaughnessy, K. H.; Alcazar-

Roman, L. M.J. Org. Chem.1999 64, 5575-5580. (c) Yang, B. H,;
Buchwald, S. L J. Organomet. Cheni999 576, 125-146. (d) Wolfe, J.
P.; Buchwald, S. LJ. Org. Chem200Q 65, 1144-1157. (e) Wolfe, J. P;
Tomori, H.; Sadighi, J. P.; Yin, J.; Buchwald, S. . Org. Chem200Q
65, 1158-1174 and references therein.
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SCHEME 1. Original Route to CJ-15,161
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SCHEME 2. Formal Synthesis of 10 Involving Cu-Catalyzed Aryl Amination
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process, however, was made more efficient during a recent bulkreceptor agonisttORA) CJ-15,161, leading to a process more
campaign. A notable improvement was the ability to obtain amenable to large scale.
crystalline 9 (Scheme 1j2 A synthesis of the penultimate After some initial experiments, the reaction of oxazolidinones
intermediate9, which explores an alternative disconnection, a ith Arx (X = Br, I) in the presence of catalytic Cu was
palladium-mediated €N bond-forming step, has also been jemonstrated to be fairly general, and the results are summarized
reported from our laboratories (Scheme’2WVe herein report iy Taple 1. The coupled N-arylated oxazolidinones were
a mild, practical, and scalable synthetic method for N-arylation ,yained in high yield in most of the cases. Interestingly, the
of ox?zolldlcr;one tml gegeral gi!ng reﬁ':llvely et:'c('je?]t (C%St’ reaction turned out to be less sensitive to the electronic nature
opera |ofn)” U'C? 3)/2% lcgn Itlog?' th IS ”tls 0 "_is_d €€N of the substituent of the substrate aryl halides compared to Pd-
successfully applied and elaborated to the synthesis-aiol catalyzed coupling conditions. Also, the oxidation state of the
copper catalyst (0, 1, or 2) proved not to be as important as is
(7) (&) Couturier, M.; Tucker, J. L.; Andresen, B. M.; Devries, K. M, ygyally thought. The mechanism of this process is not well
}ﬁg‘”g’g;%'gﬁ; ,'i;;%;e';‘;fj?tgﬁ“gglgﬂ; Q ;SWaTS%tr?O ?laéﬁéﬁl&ﬁfnﬁﬁh. established. Itis possible that the addition of a bidentate amine
(Cambridge)2002 15, 1644-1645. ligand not only helps solubilize copper salts but also promotes
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TABLE 1. Examples of Cu-Catalyzed N-Arylation of Oxazolidinones with Aryl Bromides

R Cul/L R N
: [ Dg, (11,10 mol%) 2 Jl/\}Rg,
NP L oy

K,CO5
O’& dioxane 0—§
o X =Br, | reflux ¢}
L = 1,2-diamino-
cyclohexane
Q o] Q
IS IS Mo
O~C8 o (S et O
PR BA Ef
>95% 95% 90%
(0] 0 o]
o) )Lo o) »\0 0 >~ o
& O ~
PrNH R N PriNH
Ph i-Pr Ph
>95% 80% >95%
o o (o}
“—OTr PR Ph
92% 85% 82%

a Reactions were performed in dioxane at #0A0°C (bath temperature) under nitrogen. Yields refer to an average of two runs. The isolated compounds
are 95-99% pure as judged by NMR and HPLC analysis. For physical characterization ddtargfoxazolidinones, see ref 6.

the copper ()/(Il) disproportionation and stabilizes the active and K:CO; (84.84 g, 613.8 mmol) were charged in a-plurged

copper (I) species. flask. A solution of 1,2-diaminocyclohexane (3.70 mL, 30.8 mmol)
The application of this protocol has been demonstrated by and dioxane (310 mL) was added to the solids. The white mixture

the synthesis of CJ-15,161 as shown in Scheme 2. The key stepv@s heated to reflux overnight. After being cooled to*Sthe

in the synthesis was the coupling of the@mido aryl bromide  reaction mixture was filtered through a pad of Celite. Residual solids

(12) with the oxazolidinond 1. Hydrolytic deprotection of the on the pad were washed with warm dichloromethane. The combined

N-aryl oxazolidinonel3 in ethanolic NaOH gave the amino filtrates were concentrated under reduced pressure and suspended

- - - in a saturated NECI solution. After stirring overnight, solids were
alcohol 14. Efficient conversion of14 to 9 involved dual recovered by filtration and dried to yield 96.30 g (97%) of the

protect'i(.)n/a}ctivation .involving oxathiazolidi.norjkﬁ and nu- oxazolidinonet3as light brown solid™H NMR (400 MHz, CDCH)
cleophilic ring opening ofl6 to the 1,2-diaminel? with 0 7.64 (d, 2H,J = 8.7 Hz), 7.46 (d, 2H,) = 8.7 Hz), 7.377.26
pyrrolidinol benzoate ester derivative, followed by reductive (m, 5H), 6.22 (br t, 1H), 5.43 (dd, 1H, = 8.7, 5.8 Hz), 4.80 (t,
methylation. 1H,J = 8.7 Hz), 4.21 (dd, 1HJ = 8.3, 5.8 Hz), 3.36 (q, 2H] =

In summary, we have developed efficient conditions for the 6.6 Hz), 1.59 (m, 2H), 0.94 (t, 3H] = 7.5 Hz).13C NMR (101
Cu-catalyzed N-arylation of oxazolidinones and a formal MHz, CDCk) ¢ 167.1 (C), 155.9 (C), 139.7 (C), 138.0 (C), 130.8
synthesis of CJ-15,161 involving Cu-catalyzed aryl amination (C), 129.7 (CH), 129.2 (CH), 128.0 (CH), 126.3 (CH), 120.0 (CH),
as the key step. The direct amination of an amide-containing 70.1 (CH), 60.4 (CH), 42.0 (Ch), 23.0 (CH), 11.7 (CH). Anal.
aryl halide was an interesting aspect of this strategy. Efficient Calcd for GoHaoN,Os: C, 70.35; H, 6.21; N, 8.64. Found: C, 69.87;
preparation of the substrate amine by dual protection/activation H, 6.16; N, 8.53. _ )
involving oxathiazolidinone formation is another notable feature ~ 4-(2-Hydroxy-1-phenyl-ethylamino)N-propyl-benzamide (14).
of the synthetic scheme. A suspension of oxazolidinork3 (500 mg, 1.54 mmol) in 12.5 N
NaOH (0.19 mL, 2.38 mmol) and EtOH (1 mL) was heated to 50
°C for 30 min. The mixture was cooled to room temperature and
concentrated. The resulting solid was suspended in 14:1 water/

General Methods.Reagents and solvents were obtained com- dichloromethane and stirred for 4 h. Solids were recovered by
mercially and used without further purification. Reactions were filtration and dried, affording 441 mg (96%) of the amirigtas a
carried out under dry nitrogen atmosphere. Chemical shiftslin ~ white solid.*H NMR (400 MHz, CDC}) 6 7.50-7.46 (m, 2H),
and3C NMR spectra are expressed in ppm relative to the internal 7.33-7.25 (m, 5H), 6.456.41 (m, 2H), 5.97 (br t, 1H), 5.05 (d,
solvent peak. 1H,J= 4.6 Hz), 4.56-4.46 (m, 1H), 3.95 (ddd, 1Hl=11.2, 6.6,

General Procedure for the Preparation of N-Aryl Oxazoli- 4.2 Hz), 3.78-3.72 (m, 1H), 3.3#3.32 (m, 2H), 2.69 (t, 1H) =
dinones. Representative Procedure for 4-(2-Oxo-4-phenyl-ox- 6.4 Hz), 1.57 (m, 2H), 0.93 (t, 3H] = 7.5 Hz).13C NMR (101
azolidin-3-yl)-N-propyl-benzamide (13). (9-(+)-4-Phenyl-ox- MHz, DMSO-D6)¢ 166.8 (C), 151.1 (C), 142.3 (C), 129.0 (CH),
azolodin-2-ong (11, 50.0 g, 306.5 mmol), 4-bromi-propyl- 128.9 (CH), 127.6 (CH), 127.5 (CH), 122.4 (C), 112.3 (CH), 66.6
benzamide 12, 74.19 g, 306.4 mmol), Cul (5.86 g, 30.8 mmol), (CHy), 59.9 (CH), 41.4 (CH), 23.3 (CH), 12.1 (CH). Anal. Calcd

1260 J. Org. Chem.Vol. 71, No. 3, 2006
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for Ci1gH2N20,: C, 72.46; H, 7.43; N, 9.39. Found: C, 72.46; H, MgSQ,, filtered, and concentrated under reduced pressure. The
7.44; N, 9.48. crude product was adsorbed on silica and filtered through silica
4-(2-Oxo-4-phenyl-[1,2,3]oxathiazolidin-3-yl)N-propyl-ben- gel with 80% EtOAc/Hexanes (500 mL, first fraction) and 2%N#t
zamide (15).Thionyl chloride (20QuL, 2.75 mmol) and anhydrous ~ EtOAc (800 mL, second fraction). The second fraction filtrate was
pyridine (3.4 mL, 42.04 mmol) were added to dichloromethane (3.7 concentrated under reduced pressure to give 2.34 g (89%) of
mL) at 0°C. A suspension of amindl4 (500 mg, 1.68 mmol) in compoundl?7 as a white foamy solidH NMR (400 MHz, CDC})
DCM (24 mL) was added dropwise. The funnel was rinsed with 6 8.07—8.04 (m, 2H), 7.6%+7.45 (m, 5H), 7.387.23 (m, 5H),
dichloromethane (12 mL), and the resulting mixture was warmed 6.50-6.47 (m, 2H), 5.90 (br t, 1H) = 5.6 Hz), 5.46 (br s, 1H),
slowly to room temperature. After stirringfd h 15 min, water 5.43-5.38 (m, 1H), 4.33 (dd, 1H] = 10.8, 3.7 Hz), 3.35 (qd, 2H,
and MTBE were added. Layers were separated. The aqueous layed = 7.1, 1.3 Hz), 3.07 (dd, 1H] = 10.8, 6.2 Hz), 2.962.88 (m,
was extracted with MTBE. The combined organic layers were 2H), 2.812.78 (m, 1H), 2.61 (dd, 1H] = 12.2, 4.4 Hz), 2.5%
washed with brine, dried overXO;, filtered, and concentratedto  2.52 (m, 1H), 2.36 (m, 1H), 2.661.99 (m, 1H), 1.57 (m, 2H),
give 575 mg (99%) of compount5 as a light yellow solidH 0.93 (t, 3H,J = 7.5 Hz).13C NMR (101 MHz, CDC}) 6 167.6
NMR (400 MHz, CDC}) 6 7.63-7.60 (m, 2H), 7.3%#7.29 (m, (C), 166.6 (C), 150.7 (C), 142.1 (C), 133.4 (CH), 130.4 (C), 129.8
3H), 7.26-7.22 (m, 2H), 7.0%£6.98 (m, 2H), 6.07 (brt, 1H), 5.36  (CH), 129.0 (CH), 128.7 (CH), 128.5 (CH), 127.7 (CH), 126.5 (CH),
(dd, 1H,J=8.3, 6.6 Hz), 5.29 (dd, 1Hl = 3.3, 6.6 Hz), 4.52 (dd, 123.6 (C), 113.4 (CH), 74.9 (CH), 63.0 (g 60.1 (CH), 57.0
1H,J= 8.3, 3.3 Hz), 3.35 (m, 2H), 1.58 (m, 2H), 0.93 (t, 3H+= (CH), 52.5 (CH), 41.8 (CH), 32.2 (CH), 23.3 (CH), 11.7 (CH).
7.5 Hz).13C NMR (101 MHz, CDC}{) ¢ 167.0 (C), 141.8 (C), 137.1  Anal. Calcd for GgH33sN3Os: C, 73.86; H, 7.05; N, 8.91. Found:
(C), 129.5 (CH), 129.1 (C), 128.9 (CH), 128.8 (CH), 126.5 (CH), C, 73.79; H, 7.15; N, 8.86.

117.8 (CH), 78.1 (ChH), 61.3 (CH), 41.9 (Ch), 23.1 (CH), 11.7 Benzoic Acid 1{2-[Methyl-(4-propylcarbamoyl-phenyl)-

(CHg). Anal. Calcd for GgH,oN,0sS: C, 62.77; H, 5.85; N, 8.13; amino]-2-phenyl-ethyl} -pyrrolidin-3-yl Ester (9). Sodium boro-

S, 9.31. Found: C, 62.72; H, 5.82; N, 8.03; S, 9.25. hydride (80 mg, 2.12 mmol) and trifluoroacetic acid (2.65 mL) were
4-(2,2-Dioxo-4-phenyl-[1,2,3]oxathiazolidin-3-yl)N-propyl- stirred at room temperature for 20 min. The solution was cooled to

benzamide (16).Ruthenium(lll) chloride hydrate (420 mg, 2.03 0 °C before addition of DCM (2.65 mL), compourdd (500 mg,

mmol) was added to a solution of compouh8 (10.0 g, 29.04 1.06 mmol), and formaldehyde (37 wt % in,®l, 158 uL, 2.12

mmol) in dichloromethane (58 mL) and acetonitrile (58 mL) at 0 mmol). The mixture was stirred at @ for 90 min, warmed to

°C. The mixture was stirred for 10 min before addition of sodium room temperature, basified with NaOH (1 M), and stirred vigorously

periodate (9.94 g, 46.46 mmol) and a pH 7 buffer solution (58 mL). for 15 min. Layers were separated. The aqueous layer was extracted

The mixture was stirred for 20 min, warmed to room temperature, repeatedly with DCM. The combined organic layers were washed

and filtered through a pad of Celite. The residual solids on the Celite with brine, dried over MgS® filtered, and concentrated under

pad were rinsed with dichloromethane. The combined filtrates were reduced pressure. The crude product was purified by flash chro-

diluted with water, and the separated aqueous layer was extractednatography on silica gel eluting with 60% EtOAc/2%Nhexanes

twice with dichloromethane. The combined organic layers were to yield 443 mg (86%) o (CJ-18,027) as a white foamy solid.

washed with brine, dried over magnesium sulfate, filtered, and *H NMR (400 MHz, CDC}) 6 7.99-7.97 (m, 2H), 7.66-7.62 (m,

concentrated under reduced pressure to give 9.78 g (93%) com-2H), 7.58-7.53 (m, 1H), 7.457.41 (m, 2H), 7.347.25 (m, 5H),

pound16 as a beige solidtH NMR (400 MHz, CDC}) ¢ 7.67— 6.83-6.79 (m, 2H), 5.95 (br t, 1H), 5.365.32 (m, 1H), 5.1%

7.64 (m, 2H), 7.4%7.34 (m, 5H), 7.26-7.16 (m, 2H), 6.10 (br t, 5.14 (m, 1H), 3.4%3.36 (m, 2H), 3.13+3.08 (m, 2H), 2.96 (dd,

1H), 5.42 (t, 1HJ = 7.1 Hz), 4.95 (dd, 1HJ = 9.1 and 6.6 Hz), 1H, J = 10.6, 6.0 Hz), 2.892.84 (m, 5H), 2.3+2.23 (m, 1H),

4.51 (dd, 1HJ = 8.7, 7.9 Hz), 3.383.33 (m, 2H), 1.59 (m, 2H), 1.96-1.89 (m, 1H), 1.61 (q, 2H) = 7.5 Hz), 0.96 (t, 3H) = 7.5

0.94 (t, 3H, 7.1 Hz)13C NMR (101 MHz, CDC}) 6 166.9 (C), Hz). 13C NMR (101 MHz, CDC}) 6 167.6 (C), 166.6 (C), 152.8

138.3 (C), 134.7 (C), 131.7 (C), 129.8 (CH), 129.8 (CH), 128.7 (C), 142.2 (C), 133.2 (CH), 130.5 (C), 129.8 (CH), 128.8 (CH),

(CH), 127.0 (CH), 119.9 (CH), 73.2 (GH 62.4 (CH), 42.0 (CH), 128.7 (CH), 128.6 (CH), 127.6 (CH), 127.2 (CH), 122.4 (C), 112.0

23.0 (CH), 11.7 (CH). Anal. Calcd for GgH20N20,S: C, 58.98; (CH), 74.9 (CH), 60.6 (CH), 60.4 (ChH 57.6 (CH), 53.1 (CH),

H, 5.59; N, 7.77; S, 8.90. Found: C, 58.92; H, 5.54; N, 7.53; S, 41.8 (CH), 32.6 (CH), 32.2 (CH), 23.3 (CH), 11.8 (CH). Anal.

8.86. Calcd for GoH3sN303: C, 74.20; H, 7.26; N, 8.65. Found: C, 74.33;
Benzoic Acid 1-[2-Phenyl-2-(4-propylcarbamoylphenylamino)- H, 7.31; N, 8.59.

ethyl]-pyrrolidin-3-yl Ester (17). Triethylamine (1.55 mL, 11.10 . .

mmol) was added to a slurry of benzoic acid pyrollidin-3-yl-ester _ Acknowledgment. The authors thank Dr. Tamim Braish,

hydrochloride (2.52 g, 11.10 mmol) and compour{2.00 g, 5.55 Professors Steven Ley (Cambridge U_nlverS|_ty), and David

mmol) in acetonitrile (20 mL) at room temperature. Aftieh 40 Collum (Cornell University) for helpful discussions.

mln,ll_ N aqueous hydro_chlc(;rl;: acid (25 mL) was adde(cjia a(?d thg Supporting Information Available: H and!3C NMR spectra

[ﬁsu tlngt m!i(t.fre was stirre :)rdls rgln. Wgter \évas adaded, a‘lr']h' for compounds9 and 13—17. This material is available free of
€ acetonitrie was evaporated under reduced pressure. IS(:harge via the Internet at http://pubs.acs.org.

aqueous solution was extracted repeatedly with ethyl acetate. The

combined organic layers were washed with brine, dried over JO052060Z
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