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A regiocontrolled synthesis of 3,4-disubstituted pyrrole-2-

SCHEME 1. Selected Routes to 3-Pyrrolin-2-ones
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bazoles.5-Unsubstituted 3,4-diaryl-3-pyrrolin-2-ones have been
synthesized and evaluated as COX-Il inhibitdfurthermore,
simpleN-substituted 3-pyrrolin-2-ones have served as precursors
to 2-silyloxypyrroles? compounds that have been exploited for
the preparation of complex nitrogen heterocyéfes.

Notable synthetic routes to 5-unsubstituted 3,4-disubstituted
3-pyrrolin-2-ones include intramolecular condensation reac-
tions12 reductive cyclization of cyanoestétgnot shown),
oxidation of a pyrrole moiety? and reduction of a maleimide

carboxaldehydes was completed in two steps from acyclic Moiety'® (Scheme 1). The first two strategies operate under

starting materials. A BartonZard pyrrole synthesis between
N-methoxyN-methyl-2-isocyanoacetamide aodnitroalk-
enes orB-nitroacetates provideN-methoxyN-methyl pyr-
role-2-carboxamides (pyrrole Weinreb amides), which were

complete regiocontrol but often require multiple steps and/or
complex starting materials to prepare the acyclic substrates. The

(6) (a) Woydziak, Z. R.; Boiadjiev, S. E.; Norona, W. S.; McDonagh,

A. F.; Lightner, D. A.J. Org. Chem2005 70, 8417-8423. (b) Tu, B.;

converted into the corresponding pyrrole-2-carboxaldehydesGhosh, B.; Lightner, D. ATetrahedron2004 60, 9017-9029. (c) Chen,

by treatment with lithium aluminum hydride. A regioselective
oxidation of the pyrrole-2-carboxaldehydes gave the corre-
sponding 3,4-disubstituted 3-pyrrolin-2-ones.

Pyrrole-2-carboxaldehydes and 3-pyrrolin-2-ond4-(yrrol-
2(5H)-ones) are important heterocyclic building blocks utilized
in the preparation of a wide array of biologically active
compounds. Highly functionalized pyrrole-2-carboxaldehydes

have been employed as key intermediates in the synthesis o

oligopyrrole macrocycle’? linear oligopyrroles, porphobili-
nogen analoguesand kinase inhibitor The condensation of
pyrrole-2-carboxaldehydes with 3-pyrrolin-2-ones provides dipyr-
rinones? useful materials for the preparation of oligopyrrole

Q.; Wang, T.; Zhang, Y.; Wang, Q.; Ma, $ynth. Commun2002 32,
1031-1040. (d) Jacobi, P. A.; DeSimone, R. W.; Ghosh, I.; Guo, J.; Leung,
S. H.; Pippin, D J. Org. Chem200Q 65, 8478-8489.

(7) (a) Santos, M. M. M.; Lobo, A. M.; Prabhakar, S.; Marques, M. M.
B. Tetrahedron Lett2004 45, 2347-2349. (b) Wood, J. L.; Stoltz, B. M.;
Dietrich, H.-J.; Pflum, D. A.; Petsch, D. T. Am. Chem. S0d.997, 119,
9641-9651.

(8) () Bai, A. P.; Guo, Z. R.; Hu, W. H.; Shen, F.; Cheng, GCRin.
Chem. Lett.2001, 12, 775-778. (b) Bosch, J.; Roca, T.; Catena, J.-L.;
Llorens, O.; Peez, J.-J.; Lagunas, C.; Féndez, A. G.; Miquel, I;
Fernadez-Serrat, A.; Farrerons, ®ioorg. Med. Chem. Let200Q 10,

745-1748.

(9) Casiraghi, G.; Rassu, Gynthesis1995 607—626.

(10) Recent examples of the use of 2-silyloxypyrroles in synthesis: (a)
Brimble, M. A.; Burgess, C.; Halim, R.; Petersson, M.; Rayl étrahedron
2004 60, 5751-5758. (b) DeGoey, D. A.; Chen, H.-J.; Flosi, W. J,;
Grampovnik, D. J.; Yeung, C. M.; Klein, L. L.; Kempf, D. J. Org. Chem.
2002 67, 5445-5453. (c) Li, W.-R.; Lin, S. T.; Hsu, N.-M.; Chern, M.-S.

plant pigments. Substituted 3-pyrrolin-2-ones have also beenJ. Org. Chem2002, 67, 4702-4706.

utilized as starting materials for the preparation of indolocar-

(1) (a) Barbe, J. M.; Burdet, F.; Espinosa, E.; Gros, C. P.; Guilard, R.
Porphyrins Phthalocyanine®003 7, 365-374. (b) Paolesse, R.; Pandey,
R. K.; Forsythe, T. P.; Jacquinod, L.; Gerzevske, K. R.; Nurco, D. J.; Senge,
M. O.; Licoccia, S.; Boschi, T.; Smith, K. MJ. Am. Chem. Sod 996
118 3869-3882.

(2) Notably, pyrrole-2-carboxaldehydes were utilized as building blocks
in the total synthesis of chlorophyll a: Woodward, R. B.; Ayer, W. A;;
Beaton, J. M.; Bickelhaupt, F.; Bonnett, R.; Buchschacher, P.; Closs, G.
L.; Dutler, H.; Hannah, J.; Hauck, F. P.7]Jt8.; Langemann, A.; Le Goff,

E.; Leimgruber, W.; Lwowski, W.; Sauer, J.; Valenta, Z.; Volz, H.
Tetrahedron199Q 46, 7599-7659.

(3) Thompson, A.; Dolphin, DJ. Org. Chem200Q 65, 7870-7888.

(4) (a) Ahmed, R.; Leeper, F. Org. Biomol. Chem2003 1, 21-23.
(b) De Leon, C. Y.; Ganem, Bletrahedron1997 53, 7731-7752.

(5) (a) Lin, N.-H.; Xia, P.; Kovar, P.; Park, C.; Chen, Z.; Zhang, H.;
Rosenberg, S. H.; Sham, H. Bioorg. Med. Chem. LetR00§ 16, 421—

426. (b) Sun, L.; Tran, N.; Liang, C.; Tang, F.; Rice, A.; Schreck, R.; Waltz,
K.; Shawver, L. K.; McMahon, G.; Tang, G. Med. Chem1999 42, 5120~
5130.

6678 J. Org. Chem2006 71, 6678-6681

(11) (a) Pal, M.; Swamy, N. K.; Hameed, P. S.; Padakanti, S.;
Yeleswarapu, K. RTetrahedror2004 60, 3987-3997. (b) References 6c,
8a, and 8b.

(12) Intramolecular condensation approaches to indolocarbazoles: (a)
Trost, B. M.; Krische, M. J.; Berl, V.; Grenzer, E. MDrg. Lett.2002 4,
2005-2008. (b) Kobayashi, Y.; Fujimoto, T.; Fukuyama,Jl.Am. Chem.
Soc.1999 121, 6501-6502. (c) Eils, S.; Winterfeldt, ESynthesisL999
275-281.

(13) (a) Beccali, E. M.; Gelmi, M. L.; Marchesini, Aetrahedrorl 998
54, 6909-6918. (b) Bishop, J. E.; Nagy, J. O.; O’Connell, J. F.; Rapoport,
H. J. Am. Chem. S0d.991 113 8024-8025.

(14) For the oxidation ofi-unsubstituted pyrroles: (a) Xie, M.; Lightner,
D. A. Tetrahedronl993 49, 2185-2200. (b) Bonnett, R.; Buckley, D. G.;
Hamzetash, DJ. Chem. Soc., Perkin Trans1981, 322—325. (c) Bocchi,
V.; Chierici, L.; Gardini, G. P.; Mondelli, RTetrahedronl97Q 26, 4073—
4082.

(15) (a) Faul, M. M.; Winneroski, L. L.; Krumrich, C. Al. Org. Chem.
1998 63, 6053-6058. (b) Link, J. T.; Raghavan, S.; Gallant, M.;
Danishefsky, S. J.; Chou, T. C.; Ballas, L..N. Am. Chem. S0d.996
118 2825-2842. (c) Link, J. T.; Danishefsky, S. Tetrahedron Lett1994
35, 9135-9138. (d) Harris, W.; Hill, C. H.; Keech, E.; Malsher, P.
Tetrahedron Lett1993 34, 8361-8364.
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Retrosynthetic Approach

H
3

latter two strategies are well suited to the preparation of sym-

metrical substrates with respect to the substitution pattern at

the 3- and 4-positions (R= R?), but both require a regio-
selective transformation in the event of nonsymmetrical sub-
strates (R= R?) and this often proves to be dependent on steric

and/or electronic factors. In the case of a reported total syn-
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SCHEME 3. Preparation of Isocyanide 7

QMe
a b,c
BocHN/\H/OH —_ BocHN/\n/N‘Me —
o) o]
4

5

JCJ)\ (?Me Cl)Me
N d N

HOONTY  Me ——= OC=N" Y Me

H o ® o
6 7
a8 Reagents and conditions: (a) MeONHMe, DCC, H, 0 °C — rt
(78%); (b) HCQH, 80 °C; (c) HCOEL, E&N, A (65%, two steps); (d)
POCE, EtN, THF (70%).

thesis of the indolocarbazole natural product staurosporine, a

regioselective reduction of a maleimide moiety proved to be
problematictbe Similarly, the synthesis of pyrrole-2-carboxal-
dehydes utilizing either a VilsmeieHaack formylatio® or
metalatiod” often lead to mixtures of products when nonsym-
metrical pyrrole substrates are involvid.

materials that include nitroalkarf@sand aldehydes (Henry
reactions of which givex-nitroalkene® or S-nitroacetate®?d
along with known isocyanid@.2’” Notably, related syntheses
of 3-pyrrolin-2-ones have been reportédhat involve the
regioselective introduction of oxygen ontetosylpyrroles.

We envisioned a new regiocontrolled route to 5-unsubstituted  The synthesis of known isocyanid@@’ was achieved in four

3,4-disubstituted pyrrole-2-carboxaldehydzand 3-pyrrolin-
2-ones 3 starting from the corresponding pyrrole Weinreb
amidesl (Scheme 2}? First, compound4 could be converted
to pyrrole-2-carboxaldehyde? by reduction of the Weinreb
amide?° Second, a precedented regiospecific oxid&fiofithe
formyl group of2 followed by hydrolysis of the intermediate
formate esters would lead to the desired 3-pyrrolin-2-ades
The requisite pyrrole Weinreb amidéscould be obtained by
utilizing the Barton-Zard pyrrole synthesi&?® a cyclocon-
densation reaction between amnitroalkene ors-nitroacetate

steps from Boc-glycine4 utilizing a procedure that differed
from the literaturé® (Scheme 3). DCC coupling dfwith freshly
distilled N,O-dimethylhydroxylamine gaveés in 78% yield.
Removal of the Boc group and formylation geven 65% yield

(two steps) after a modified workup. Finally, dehydration of
the formamides with phosphorus oxychloride gave the desired
isocyanide7 in 70% vyield, which represents an improvement
over the literature yield of 50% for the same transformafitn.
The yield for this dehydration reaction appears to be dependent
on the purity of the formamide substrate, and thus an extra

and an activated isocyanide. This reaction has received muchworkup step of the crude formamideproved to be beneficial.

attention for the preparation of 3,4-disubstituted pyrrole-2-
carboxylates suitable for the preparation of porphyrins and
related macrocyclic pyrrole-containing materigd® although

it has not been utilized for the synthesis of pyrrole Weinreb
amides?* Overall, this synthetic route to pyrrole-2-carboxalde-

hydes and 3-pyrrolin-2-ones is attractive as a result of the
flexibility afforded by incorporating readily available starting

(16) de Groot, J. A.; Gorter-La Roy, G. M.; van Koeveringe, J. A.;
Lugtenburg, JOrg. Prep. Proc. Int1981 13, 97—101.

(17) (a) Katritzky, A. R.; Kunihiko, AOrg. Prep. Proc. Int1988 20,
585-590. (b) Brittain, J. M.; Jones, R. A.; Arques, J. S.; Saliente, T. A.
Synth. Commuril982 12, 231—-248.

(18) Examples of formylations that give mixtures of regioisomeric
formylpyrroles: (a) Balasubramanian, T.; Strachan, J.-P.; Boyle, P. D.;
Lindsey, J. SJ. Org. Chem.200Q 65, 7919-7929 (compound). (b)
Reference 2 (compouri2¥); (c) Reference 4b (compourt9).

(19) This work was initially communicated in part at two conferences:
(a) Roussell, M. A.; Pelkey, E. TAbstracts of Papers224th National
Meeting of the American Chemical Society, Boston, MA.; American
Chemical Society: Washington, DC, 2002; CHED 200. (b) Tserlin, E.;
Pelkey, E. T Abstracts of Paper224th National Meeting of the American
Chemical Society, Boston, MA.; American Chemical Society: Washington,
DC, 2002; CHED 215. (c) Coffin, A. R.; Pelkey, E. Abstract of Papers

The synthesis of pyrrole Weinreb amidéswas simulta-
neously investigated with botB-nitroacetates8 and a.-nitro-
alkenes9. The cyclocondensation reaction between isocyanide
7 and8 or 9 in the presence of DBU led to the corresponding
pyrrole Weinreb amided in good yields when the reaction
conditions were kept mild (°C — rt) (Table 1). With
nonsymmetrical pyrrolesb andlc, the expected regiochemistry
was confirmed by their subsequent conversion to the corre-
sponding known pyrrole-2-carboxaldehyd2b and 2c and
known 3-pyrrolin-2-one8b and 3c, respectively.

The pyrrole Weinreb amideswere then converted into the
corresponding known pyrrole-2-carboxaldeh@ds/ reduction
with lithium aluminum hydridé® in THF (Table 2). The yields
obtained were moderate, and no major byproducts were isolated.

(24) Examples of pyrrole Weinreb amides in the literature prepared from
the corresponding pyrrole-2-carboxylic acids: (a) Ruiz, J.; Sotomayor, N.;
Lete, E.Org. Lett.2003 5, 1115-1117. (b) Banwell, M.; Smith, Bynth.
Commun 2001, 31, 2011-2019.

(25) (a) Ballini, R.; Barboni, L.; Giarlo, GJ. Org. Chem.2004 69,
6907-6908. (b) Rosini, G.; Ballini, R.Synthesis1988 833-847. (c)
Kornblum, N.; Larson, H. O.; Blackwood, R. K.; Mooberry, D. D.; Oliveto,

47th Undergraduate Research Symposium-ACS Rochester Section, Genevég. P.; Graham, G. El. Am. Chem. Sod.956 78, 1497-1501.

NY.; American Chemical Society: Washington, DC, 2002.

(20) Nahm, S.; Weinreb, S. M.etrahedron Lett1981, 22, 3815-3818.

(21) Pichon-Santander, C.; Scott, |. Petrahedron Lett200Q 41, 2825~
2829. See also: Hwang, K.-O.; Lightner, D. Aetrahedron1994 50,
1955-1966.

(22) (a) Barton, D. H. R.; Kervagoret, J.; Zard, S.T&trahedronl990
46, 7587-7598. (b) Ono, N.; Kawamura, H.; Bougauchi, M.; Maruyama,
K. Tetrahedron199Q 46, 7483-7496.

(23) Recent applications of the Bartedard pyrrole synthesis: (a)
Okujima, T.; Komobuchi, N.; Uno, H.; Ono, NHeterocycles2006 67,
255-267. (b) Cillo, C. M.; Lash, T. DTetrahedron2005 61, 11615~
11627. (c) Larionov, O. V.; de Meijere, AAngew. Chem., Int. ER005
44, 5664-5667. (d) Reference 6a.

(26) (a) Ballini, R.; Castagnani, R.; Petrini, M. Org. Chem1992 57,
2160-2162. (b) Robertson, D. NI. Org. Chem196Q 25, 47—50.

(27) (a) Kim, S. W.; Bauer, S. M.; Armstrong, R. \Wetrahedron Lett.
1998 39, 6993-6996. (b) Sawamura, M.; Nakayama, Y.; Kato, T.; Ito, Y
J. Org. Chem1995 60, 1727-1732.

(28) (a) Kakiuchi, T.; Kinoshita, H.; Inomata, KSynlett1999 901—
904. (b) Kohori, K.; Hashimoto, M.; Kinoshita, H.; Inomata, Bull. Chem.
Soc. Jpn1994 67, 3088-3093. (c) see also refs 6a, 6b.

(29) With regard to the reported syntheses of isocyanid@) Reference
27a utilized Boc-glycine but offered very little experimental details and no
yields. (b) Reference 27b utilized Cbz-glycine.

(30) Kolhatkar, R. B.; Ghorali, S. K.; George, C.; Reith, M. E. A.; Dutta,
A. K. J. Med. Chem2003 46, 2205-2215.
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TABLE 1. Preparation of Pyrrole Weinreb Amides 1

metrical pyrrole-2-carboxaldehydes and 3-pyrrolin-2-ones with

R! R2 Rl R? respect to substituents located in fheositions, and this might
>—< or >:/ prove useful for the preparation of oligopyrroles and related
ON  OAc OoN . compounds. Furthermore, by taking advantage of the chemistry
8 * Ve 9 RO R OMe associated with the Weinreb amide functionatfy,could prove
N DBU_ 7/ N\ | to be useful precursors to 2-ketopyrroles.
ON" OMe THF N "Me
o) occ—n H 0 , _
7 Experimental Section
substrate R R? product (%) General Method. Synthesis of Pyrrole Weinreb Amides 1
p 89 from a-Nitroalkenes 9.To a 0°C stirred solution of isocyanide
a Me Me 1a (0.51 g, 4.0 mmol) and DBU (0.84 mL, 5.6 mmol) in THF (10
9a Me Me la 89 ) ) .
8b Et Me b 05 mL) was added a solution af-nitroalkene9 (5.6 mmol) in THF
9b Et Me 1b 92 (10 mL) dropwise via syringe. The reaction mixture was stirred at
sc Me Et 1c 85 0 °C for 30 min and then at room temperature for 4 h. The solvent
9c Me Et 1c 90 was then removed in vacuo, and the crude material obtained was
9d -[CH3]4 -[CH2] 4 1d 84 purified by flash chromatography (ethyl acetate/petroleum ether
9e Ph Ph le 71 gradient).

TABLE 2. Preparation of Pyrrole-2-carboxaldehydes 2 and
3-Pyrrolin-2-ones 3

R! R? R!' R? R! R?
OMe —
R WER N
N "Me N~ CHO N O
H o H H
1 2 3

N-Methoxy-N-methyl-3,4-diphenylpyrrole-2-carboxamide (1e).
The product was obtained as a white amorphous solid (71% yield).
Recrystallization (ethyl acetate) gave the analytical sample as white
prisms: mp 137140°C; Rr = 0.16 (1:2 ethyl acetate/petroleum
ether); IR (film) 3470, 3220, 3025, 2990, 1610, 1470, 1425, 1380,
1265, 1070, 1020, 965, 940, 895, 860 ¢ytH NMR (CDCl;, 300
MHz) 6 10.01 (br s, 1 H), 7.037.26 (m, 10 H), 7.06 (d, 1 H] =
3.0 Hz), 3.59 (s, 3 H), 2.98 (s, 3 H) ppr*C NMR (CDCk, 75
MHz) 6 162.4, 135.5, 135.1, 130.5, 128.7, 128.33, 128.26, 127.5,

substrate R R? 2 (%) 3 (%) 126.9, 126.1, 125.5, 121.6, 119.9, 61.0, 35.2 ppm; 5276,
275 (M" — OMe), 246 (M- — NMeOMe), 245, 217, 216, 190,
la Me Me 84 50 189. Anal. Calcd for GHigN.Ox: C, 74.49; H, 5.92; N, 9.14.
1b Et Me 69 73 ) . -
1o Me Et 65 67 Found: C, 74.25; H, 5.92; N, 9.14.
1d -[CH2] s -[CH2]s 59 56 General Method. Synthesis of Pyrrole-2-carboxaldehydes 2.
le Ph Ph 72 80 To a 0°C stirred mixture of lithium aluminum hydride (57 mg,

aReaction conditions: (a) LiAll THF, 0 °C; (b) H,O,, NaHCG,
MeOH, rt.? Yields of 2 are reported for isolated, chromatographed materials.
¢Yields of 3 are reported for isolated, recrystallized materials.

1.5 mmol) in THF (5 mL) was added a solution of pyrrole Weinreb
amide 1 (1.0 mmol) dissolved in THF (10 mL) dropwise via
addition funnel. The reaction mixture was stirred &@for 2—4

h and monitored by TLC (1:4 ethyl acetate/petroleum ether). Upon
completion, the reaction mixture was treated with an aqueous

The identity of2 was confirmed by comparison to reported solution of KHSQ (0.82 g, 6.0 mmol) in deionized water (20 mL)
spectral datd! This reduction was also investigated using dropwise via addition funnel followed by dilution with ether (20
DIBAL 32with 1c, but unexpectedly, none of the desired product ML). The organic layer was separated, and the aqueous layer was
2c was formed. Importantly, this sequence allows for the extracted with ether (3k 20 mL). The combined organic layers

preparation of pyrrole-2-carboxaldehydes where the substitution
pattern can be controlled by the appropriate choice of starting

material.
Finally, oxidation of the pyrrole-2-carboxaldehyd2to the
corresponding known 3-pyrrolin-2-onéswas accomplished

were washed with aqueous citric acid (5% w/v, 50 mL), aqueous
sodium bicarbonate (saturated, 50 mL), and brine (50 mL) and dried
over sodium sulfate. Removal of the solvent in vacuo gave a crude
material that was purified by flash chromatography (ethyl acetate/
petroleum ether gradient).

3,4-Diphenylpyrrole-2-carboxaldehyde (2e§* The product was

utilizing hydrogen peroxide and sodium bicarbonate as describedobtained as a red amorphous solid (72% vyield): mp-1B6& °C

by Scott and Pichon-SantandérThis reaction presumably
proceeds via a BaeyeWilliger-type oxidation of the formyl
group followed by hydrolysis of the intermediate formate ester.
Again, the identity of3 was confirmed by comparison to
reported spectral dafa.

In conclusion, we have demonstrated a novel synthetic route

to 3,4-disubstituted pyrrole-2-carboxaldehy@esnd 3-pyrrolin-
2-ones3 from readily available acyclic starting materials as
follows: (1) Barton-Zard pyrrole synthesis leading to pyrrole
Weinreb amideq; (2) reduction to pyrrole-2-carboxaldehydes
2; and (3) a regioselective oxidation to 3-pyrrolin-2-ores
Significantly, this work allows for the preparation of nonsym-

(31) See Supporting Information for references regarding known pyrrole-
2-carboxaldehyde® and known 3-pyrrolin-2-ones.

(32) Davies, I. W.; Marcoux, J.-F.; Corley, E. G.; Journet, M.; Cai, D.-
W.; Palucki, M.; Wu, J.; Larsen, R. D.; Rossen, K.; Pye, P. J.; DiMichele,
L.; Dormer, P.; Reider, P. J. Org. Chem200Q 65, 8415-8420.
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(lit.3* mp 168-170 °C); R = 0.30 (1:4 ethyl acetate/petroleum
ether);!H NMR (d-DMSO, 300 MHz)6 12.40 (br s, 1 H), 9.30
(s, 1 H), 7.117.49 (m, 11 H) ppmt3C NMR (ds-DMSO, 75 MHz)

179.2, 134.0, 132.8, 130.4, 130.0, 128.4, 128.3, 127.8, 127.4,
126.1, 125.2, 125.0, 124.7 ppm; M8z 248, 247 (M), 246, 218,
189, 165, 152, 140, 123, 115, 108.

General Method. Synthesis of 3-Pyrrolin-2-ones {-Pyrrol-
2(5H)-ones) 3. A modification of a reported procedure was
utilized?! To a room temperature stirred solution of pyrrole-2-
carboxaldehyde? (2.0 mmol) in methanol (50 mL) was added
sodium bicarbonate (1.7 g, 20 mmol) followed by hydrogen
peroxide (30% wi/v, 2.3 mL, 20 mmol). The reaction mixture was
stirred for 3-7 d, and additional hydrogen peroxide was added
periodically until TLC (4:1 ethyl acetate/petroleum ether, visualiza-

(33) Ruiz, J.; Ardeo, A.; Ignacio, R.; Sotamayor, N.; LeteTEtrahedron
2005 61, 3311-3324.

(34) Dannhardt, G.; Steindl, LArch. Pharm. (Weinheim]986 319,
749-755.
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tion with Ehrlich’s reagent) showed complete conversion (total ~ Acknowledgment. Support of this research by a Camille &
hydrogen peroxide, 3660 mmol). The solvent was then removed Henry Dreyfus start-up grant (E.T.P.), Merck/AAAS/Perkin
in vacuo, and the crude material obtained was treated with deionizedFoundations undergraduate summer fellowships (E.T. and
water (30 mL) and aqueous HCI (0.1 M, 30 mL). The aqueous M A.R.), a Council of Undergraduate Research summer fel-
layer was extracted with Gi€l, (5 x 50 mL). The organic layer — |owship (A.R.C.), Patchett Foundation undergraduate summer
was concentrated in vacuo, giving a crude material that was purified fellowship (A.R.C.), Research Corporation, and Hobart and
by flash chromatography (gradient ethyl acetate/petroleum ether)'WiIIiam Smith Colleges is greatly appreciated. This work also

3,4-Diphenyl-1H-pyrrol-2(5H)-one (3e)3® The product was " :
obtained as a yellow amorphous solid (80% yield): mp-1823 tétlagtﬁgt:(;if(r;a?ntlselef)rl:ltjallr(]:ggrespondence with Dr. A. I Scott and

°C (lit.3> mp 192-193°C); R = 0.56 (4:1 ethyl acetate/petroleum
ether);'H NMR (dg-DMSO, 300 MHz)d 8.62 (br s, 1 H), 7.33

7.36 (m, 10 H), 4.41 (s, 2 H) pprC NMR (ds-DMSO, 75 MHz) Supporting Information Available: General methods, experi-

0 172.4, 150.4, 133.3, 132.3, 131.7, 129.3, 129.0, 128.6, 128.1, mental procedures5¢-7), and spectral datal{-3, 5-7). This

127.7, 127.5, 47.5 ppm; M8vVz 235 (M*), 206, 191, 178. material is available free of charge via the Internet at http://pubs.
acs.org.

(35) Yakushijin, K.; Kozuka, M.; Furukawa, iEhem. Pharm. BullL98Q
28, 2178-2184. JO061043M
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