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Abstract—A three step, convergent synthesis of 4-aryl-3-pyrrolin-2-ones from a tetramic acid has been developed. The key trans-
formation utilized a Suzuki-Miyaura cross-coupling reaction between a 4-tosyloxy-3-pyrrolin-2-one and an arylboronic acid. This
work also provides access to 4-arylpyrrolidin-2-ones, cyclic analogs of y-aminobutyric acid (GABA). Hydrogenation of 4-(4'-chloro-
phenyl)-3-pyrrolin-2-one proceeded smoothly to give baclofen lactam.

© 2006 Elsevier Ltd. All rights reserved.

3-Pyrrolin-2-ones [1 H-pyrrol-2(5H)-ones] are an impor-
tant class of five-membered ring nitrogen heterocycles
closely related to pyrroles. They are structural compo-
nents of oligopyrrole plant pigments' (i.e., bilirubins)
and the indolocarbazole alkaloids? (i.e., staurosporine).
4-Aryl-3-pyrrolin-2-ones 1 serve as convenient precur-
sors to 3-arylpyrroles® 2 by partial reduction of the
lactam carbonyl and to 4-arylpyrrolidin-2-ones 3*7 by
hydrogenation of the alkene (Fig. 1). The latter are
cyclic analogs*? of the neurotransmitter, y-aminobutyric
acid (GABA), and these compounds in turn have been
utilized to prepare acyclic GABA analogs®® such as bac-
lofen.? In addition, simple 3-pyrrolin-2-one derivatives
serve as precursors to 2-silyloxypyrroles'® and 2-triflyl-
oxypyrroles.!! The former have been elaborated into
nitrogen heterocycles utilizing vinylogous enolate chem-
istry,'? while the latter were converted into prodigiosins
via cross-coupling chemistry.!3 Collectively, this chemis-
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Figure 1. Selected transformations of 3-pyrrolin-2-ones 1.
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try demonstrates the value of developing a general
synthesis of 4-substituted-3-pyrrolin-2-ones.

A few synthetic routes to 4-aryl-3-pyrrolin-2-ones lack-
ing substitution at the 3- and 5-positions have been
reported.®”-'4 The most ubiquitous approach to this
class of molecules involves the cyclocondensation of
ammonia (or amines) with B-aryl-y-halo-a,B-buteno-
ates.>!> Predominantly, these approaches employ de
novo ring syntheses where the aryl moiety is incorpo-
rated early in the sequence limiting their utility. One
notable exception involved a multicomponent reaction.’

In continuation of our interest in the chemistry of
3-pyrrolin-2-ones,'® we set out to develop a convergent
synthesis of 4-aryl-3-pyrrolin-2-ones 6 with the introduc-
tion of aryl substituents at a late stage. We reasoned that
these molecules could be put together utilizing a Suzuki—
Miyaura reaction!” of a 4-triflyloxy- or 4-tosyloxy-
3-pyrrolin-2-one 5 as the key step (Fig. 2). The latter
could be prepared from the known tetramic acid 4.'
This approach has been successfully employed by others
to couple aryl groups to structurally related heterocycles
including furan-2-ones,!”** coumarones,?! quinol-4-
ones,”? and maleimides.?* To the best of our knowledge,
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Figure 2. Retrosynthetic analysis to 4-aryl-3-pyrrolin-2-ones 6.
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cross-coupling reactions of 4-halo- or 4-sulfonyloxy-3-
pyrrolin-2-ones 5 have not been reported.?*?> Overall,
this strategy would provide a novel, flexible synthesis
to 4-aryl-3-pyrrolin-2-ones, which in turn would afford
access to 4-arylpyrrolidin-2-ones, 3-arylpyrroles, and
related nitrogen heterocycles.

Our synthesis commenced with the preparation of
tetramic acid 4 from Meldrum’s acid following a
precedented procedure.'®® Next, treatment of 4 with
triflic anhydride in the presence of triethylamine seem-
ingly gave a product with NMR spectral data consistent
with triflate 5a with the exception that '*C NMR lacked
a signal associated with a CF; group. Not deterred, we
attempted Suzuki-Miyaura cross-coupling reactions
[Pd(PPh3)4, [Na,CO3;, ArB(OH),] with this material to
no avail. Later, with the assistance of combustion data
that showed a 0.0% abundance of sulfur in the ‘triflate
product,” we reasoned that we had instead obtained
dimer 7 presumably arising from the Michael addition
of 4 onto intermediate triflate Sa (Scheme 1). The com-
bustion data also supported the structure of 7. Our
inability to isolate 5a was somewhat unexpected given
that the corresponding furan-2-one triflate is known.'’
Interestingly, a 5,5-disubstituted-4-triflyloxy-3-pyrrolin-
2-one has been reported, although no details of its prep-
aration were provided.?®

We next turned our attention to preparing and investigat-
ing reactions of known tosylate 5b. The synthesis of 5b
proceeded without incident following a literature
procedure as noted (Scheme 1).!3° Treatment of 5b with
4-methoxyphenylboronic acid (8a) in the presence of
Pd(PPh;), and sodium carbonate gave 6a albeit in a low
yield (~10%). We were encouraged by this positive result
and subsequently investigated this reaction using differ-
ent catalyst systems as suggested by the literature for
related systems (Table 1): PdCl,(PPhj;),/Na,-CO5,>!>27
PdCl,(PPh;),/KF,?° and PdCl,(dppf)/Cs,- CO5.28 After
some experimentation, we were gratified to find that the
latter provided 6a in excellent yields.

We briefly explored Suzuki-Miyaura reactions of Sb
using the optimal conditions (Table 2). Treatment of
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Scheme 1. Preparation of cross-coupling substrates 5.

Table 1. Suzuki-Miyaura reaction conditions

MeO
MeO
B(OH
8a (OH), _
5b
conditions® N ©

Boc

6a
Entry Pd catalyst mol % Base Yield® (%)
1 Pd(PPh3), 5 Na,CO; 35
2 Pd(PPh;), 5 Cs,CO;5 40
3 PdClz(PPh:;)z 5 N'dzCO} 21
4 PdCl,(PPhs), 5 KF 13
5 Pd(PhCN),Cl, 10 Ag,O Trace
6 PdCl,(dppf) 10 Na,CO3 80
7 PdCl,(dppf) 10 Cs,CO; 82
8 PdCl,(dppf) 20 Cs,CO; 81
9 PdCl,(dppf) 5 Cs,CO; 84

#Conditions: 1.0 equiv 5b, 1.2 equiv 8a, 5-20 mol % Pd catalyst, base
(3.0 equiv of Cs,CO3; 2.0 equiv for all other bases), 12-24 h, refluxing
10:1 THF/H,0.

®Yields are for isolated, chromatographed materials (>95% purity by
'"H NMR).

Table 2. Preparation of 3-pyrrolin-2-ones 9

Ar-B(OH), 8
Pd(dppf)Cl,
Cs,CO;  Ar TFA Ar
THF/H,0 = CH.Cl, )=
5b ——mM8M o—> N fe)
BIOC H
6 9
Ar-B(OH),  Ar Yield 6* (%)  Yield 9% (%)
8a® 4-OMePh 84 98
8b° Ph 73 95
8¢c° 4-CIPh 73 90
8d° Thiophen-2-yl 62 95

#Yields are for isolated, chromatographed materials (>95% purity by
"H NMR).

® 1.2 equiv boronic acid 8a.

€ 1.5 equiv boronic acid 8b-d.

4 Conditions: 1:1 TFA/CH,Cl,, 15-60 min, rt.

5b with different commercially available arylboronic
acids 8 proceeded to give the corresponding unknown
N-t-butoxycarbonyl-3-pyrrolin-2-ones 6 in good yields.
These materials were then converted into the parent 3-
pyrrolin-2-ones 9 by treatment with TFA. Utilizing this
method, we prepared unknown 9a along with the known
4-aryl-3-pyrrolin-2-ones 9b,%° 9¢,* and 9d.'>° All new
compounds (6a—-d, 9a) gave spectral and analytical
(CHN) data consistent with the given structures, while
the known materials (9b—d) gave spectral and analytical
(MP) data consistent with the literature (see Supplemen-
tary data in the online version).

Finally, hydrogenation of compound 9¢ with 10% Pd/C
under 1 atm of H, gave the cyclic GABA analog, baclo-
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Scheme 2. Preparation of baclofen lactam 10.

fen lactam 10, in an unoptimized 42% yield (Scheme 2).
Improvement of the yield and/or determination of the
structure of by-products is still under investigation,
but in each trial, no starting material was recovered.
Several syntheses of 10 (both racemic and single enan-
tiomer) have been reported with the common theme that
de novo ring syntheses of p-chlorophenyl-containing
substrates were utilized.>3° Our approach to 4-aryl-
pyrrolidinone 10 is unique in that the aryl group was
introduced late in the synthesis via a Suzuki-Miyaura
reaction.! The implementation of this strategy has the
potential to provide a ready access to analogs given
the wide range of commercially available arylboronic
acid derivatives.

In conclusion, we have demonstrated a novel, three step
approach to 4-aryl-3-pyrrolin-2-ones 9 starting from
tetramic acid 4. The key step involved the convergent
Suzuki-Miyaura cross-coupling of tosylate 5b with
arylboronic acids 8. In addition to the preparation of
4-arylpyrrolidin-2-ones, we are continuing to investigate
the chemistry of 4-aryl-3-pyrrolin-2-ones and this will be
reported elsewhere.

Acknowledgments

Support of this research through a Camille and Henry
Dreyfus start-up grant, Research Corporation, Patchett
Foundation, and Hobart and William Smith Colleges is
greatly appreciated.

Supplementary data

Experimental procedures, spectral data, and photo-
copies of '"H NMR and '*C NMR spectra for new
compounds are included in the Supplementary data.
Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/].tetlet.
2006.11.156.

References and notes

1. (a) Chen, Q.; Huggins, M. T.; Lightner, D. A.; Norona,
W.; McDonagh, A. F. J. Am. Chem. Soc. 1999, 121, 9253~
9264, and references cited therein; (b) Brower, J. O.;
Lightner, D. A.; McDonagh, A. F. Tetrahedron 2001, 57,
7813-7827.

2. Omura, S.; Sasaki, Y.; Iwai, Y.; Takeshima, H. J. Antibiot.
1995, 48, 535-538.

3. Verniest, G.; De Kimpe, N. Synlett 2003, 2013-2016.

4. Allan, R. D.; Tran, H. Aust. J. Chem. 1981, 34, 2641-2645.

5.

10.

11.
12.

14.

15.

17.
18.

19.

20.

21.

22.
23.

24.

(a) Berthelot, P.; Vaccher, C.; Musadad, A.; Flouquet, N.;
Debaert, M.; Luyckx, M. J. Med. Chem. 1987, 30, 743—
746; (b) Lampe, J. W.; Chou, Y.-L.; Hanna, R. G.; Di
Meo, S. V.; Erhardt, P. W.; Hagedorn, A. A., III;
Ingebretsen, W. R.; Cantor, E. J. Med. Chem. 1993, 36,
1041-1047.

. Verniest, G.; Boterberg, S.; Bombeke, F.; Stevens, C. V.;

De Kimpe, N. Synlett 2004, 1059-1063.

Tonogaki, K.; Itami, K.; Yoshida, J.-i. J. Am. Chem. Soc.
2006, 128, 1464-1465.

(a) Ebrik, S. A. A.; Rigo, B.; Vaccher, C.; Vaccher, M.-P.;
Flouquet, N.; Debaert, M.; Berthelot, P. J. Heterocycl.
Chem. 1998, 35, 579-583; (b) Garcia, A. L. L.; Carpes, M.
J. S.; de Oca, A. C. B. M.; dos Santos, M. A. G.; Santana,
C. C,; Correia, C. R. D. J. Org. Chem. 2005, 70, 1050—
1053.

(a) Anada, M.; Hashimoto, S.-i. Tetrahedron Lett. 1998,
39, 79-82; (b) Corey, E. J.; Zhang, F.-Y. Org. Lett. 2000,
2, 4257-4259; (c) dos Santos, A. A.; Clososki, G. C;
Simonelli, F.; de Oliveira, A. R. M.; Marques, F. d. A.;
Zarbin, P. H. G. J. Brazil. Chem. Soc. 2001, 12, 673-679;
(d) Enders, D.; Niemeier, O. Heterocycles 2005, 66, 385—
403.

Casiraghi, G.; Rassu, G.; Spanu, P.; Pinna, L. J. Org.
Chem. 1992, 57, 3760-3763.

D’Alessio, R.; Rossi, A. Synlett 1996, 513-514.

(a) Rassu, G.; Zanardi, F.; Battistini, L.; Gaetani, E.;
Casiraghi, G. J. Med. Chem. 1997, 40, 168-180; (b)
Baussanne, I.; Schwardt, O.; Royer, J.; Pichon, M.
Figadére, B.; Cavé, A. Tetrahedron Lett. 1997, 38, 2259~
2262; (c) Dudot, B.; Micouin, L.; Baussanne, I.; Royer, J.
Synthesis 1999, 688-694.

. (a) Firstner, A.; Grabowski, J.; Lehmann, C. W. J. Org.

Chem. 1999, 64, 8275-8280; (b) D’Alessio, R.; Bargiotti,
A.; Carlini, O.; Colotta, F.; Ferrari, M.; Gnocchi, P.;
Isetta, A.; Mongelli, N.; Motta, P.; Rossi, A.; Rossi, M.;
Tibolla, M.; Vanotti, E. J. Med. Chem. 2000, 43, 2557
2565.

(a) Wijnberg, J. B. P. A.; Speckamp, W. N.; Schoemaker,
H. E. Tetrahedron Lett. 1974, 46, 4073-4076; (b) Ide, J.;
Yura, Y. Bull. Chem. Soc. Jpn. 1976, 49, 3341-3342; (c)
Lutz, G. P.; Du, H.; Gallagher, D. J.; Beak, P. J. Org.
Chem. 1996, 61, 4542-4554.

(a) Mathew, J.; Alink, B. J. Org. Chem. 1990, 55, 3880-
3886; (b) Kagabu, S.; Ito, C. Biosci. Biotech. Biochem.
1992, 56, 1164-1165; (c) Vaccher, C. Synth. Commun.
2001, 31, 1481-1487.

. Coffin, A. R.; Roussell, M. A_; Tserlin, E.; Pelkey, E. T. J.

Org. Chem. 2006, 71, 6678-6681.

Miyaura, N.; Suzuki, A. Chem. Rev. 1995, 95, 2457-2483.
(a) Hamilakis, S.; Kontonassios, D.; Sandris, C. J.
Heterocycl. Chem. 1996, 33, 825-829; (b) Li, W.-R.; Lin,
S. T.; Hsu, N.-M.; Chern, M.-S. J. Org. Chem. 2002, 67,
4702-4706.

(a) Grigg, R.; Savic, V.; Thornton-Pett, M. Tetrahedron
1997, 53, 10633-10642; (b) Yao, M.-L. J. Org. Chem.
2000, 65, 5034-5036.

Wu, J.; Zhu, Q.; Wang, L.; Fathi, R.; Yang, Z. J. Org.
Chem. 2003, 68, 670-673.

(a) Boland, G. M.; Donnelly, D. M. X.; Finet, J.-P.; Rea,
M. D. J. Chem. Soc., Perkin Trans. 1 1996, 2591-2597; (b)
Whu, J.; Wang, L.; Fathi, R.; Yang, Z. J. Org. Chem. 2002,
43, 4395-4397.

Wu, J.; Sun, X.; Zhang, L. Chem. Lett. 2005, 34, 796-797.
Neel, D. A.; Jirousek, M. R.; McDonald, J. H., IIIL
Bioorg. Med. Chem. Lett. 1998, 8, 47-50.

For Suzuki-Miyaura reactions of 3-iodo-3-pyrrolin-2-
ones, see: (a) Robinson, R. P.; Laird, E. R.; Blake, J. F.;
Bordner, J.; Donahue, K. M.; Lopresti-Morrow, L. L.;


http://dx.doi.org/10.1016/j.tetlet.2006.11.156
http://dx.doi.org/10.1016/j.tetlet.2006.11.156

830

25.

26.

217.

28.

S. J. P. Yoon-Miller et al. | Tetrahedron Letters 48 (2007) 827-830

Mitchell, P. G.; Reese, M. R.; Reeves, L. M.; Stam, E. J.;
Yocum, S. A. J. Med. Chem. 2000, 43, 2293-2296; (b) Cox,
C. D.; Siu, T.; Danishefsky, S. J. Angew. Chem., Int. Ed.
2003, 42, 5625-5629.

For Stille reactions of 4-stannyl-3-pyrrolin-2-ones, see: (a)
Reginato, G.; Capperucci, A.; Degl’Innocenti, A.; Mor-
dini, A.; Pecchi, S. Tetrahedron 1995, 51, 2129-2136; (b)
Santos, M. M. M.; Lobo, A. M.; Prabhakar, S.; Marques,
M. M. B. Tetrahedron Lett. 2004, 45, 2347-2349.
Papillon, J. P. N.; Taylor, R. J. K. Org. Lett. 2002, 4, 119—
122.

Baxter, J. M.; Steinbuebel, D.; Palucki, M.; Davies, I. W.
Org. Lett. 2005, 7, 215-218.

Steinhuebel, D.; Baxter, J. M.; Palucki, M.; Davies, 1. W.
J. Org. Chem. 2005, 70, 10124-10127.

29.

30.

31.

Pachaly, P.; Sin, K. S. Arch. Pharm. (Weinheim) 1984,
317, 624-632.

(a) Bladé-Font, A. Tetrahedron Lett. 1980, 21, 2443-2446;
(b) Langlois, N.; Dahuron, N.; Wang, H.-S. Tetrahedron
1996, 52, 15117-15126; (c) Palomo, C.; Aizpurua, J. M.;
Oiarbide, M.; Garcia, J. M.; Gonzélez, A.; Odriozola, 1.;
Linden, A. Tetrahedron Lett. 2001, 42, 4829-4831; (d)
Chang, M.-Y.; Sun, P. P.; Chen, S.-T.; Chang, N.-C.
Tetrahedron Lett. 2003, 44, 5271-5273; (e) Felluga, F.;
Gombac, V.; Pitacco, G.; Valentin, E. Tetrahedron:
Asymmetry 2005, 16, 1341-1345; (f) Paraskar, A. S.;
Sudalai, A. Tetrahedron 2006, 62, 4907-4916.

Notably, a sequence to related 4-arylpyrrolidin-2-ones
(i.e., rolipram) utilized a Heck reaction of a 3-pyrroline
substrate: see Ref. 8b.



	Short synthesis of 4-aryl-3-pyrrolin-2-ones
	Acknowledgments
	Supplementary data
	References and notes


