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Studies directed at the synthesis of (Z)-5-benzylidene-4-arylpyrrol-2(5H)-ones from (Z)-3-aryl-3-hal-
oenoic acids are described. The successful strategy relies on the preparation of (Z)-3-aryl-3-haloenoic
acids from acetophenones through the corresponding (Z)-3-aryl-3-haloenals and the conversion of the
(Z)-3-aryl-3-haloenoic acids to (Z)-5-benzylidene-4-aryl-5H-furan-2-ones. The furanones were sub-
sequently treated with primary amines and dehydrated to the corresponding (Z)-5-benzylidene-4-ar-
ylpyrrol-2(5H)-ones.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Ylidenepyrrol-2(5H)-ones (1) can be viewed (Fig. 1) as being
present as a core structure in a variety of naturally occurring al-
kaloids and most recently are represented in the ningalin1 (2e4)
and baculiferin2 (5,6) family of marine natural products. Several of
the ningalins have been shown to possess very good cytotoxic ac-
tivity3 against a variety of cancer cell lines and very significant
multidrug resistance reversal4 activity. Other members of the
family have exhibited ATP-citrate lyase inhibitory properties5 and
the recently isolated baculiferins have been found to be significant
inhibitors2 of the HIV-IIIB virus in MT4 and MAGI cells. Since the
ylidenepyrrol-2(5H)-one motif is a key structural element of such
bioactive alkaloids, efficient synthetic methods for construction of
this heterocyclic framework is of some importance.

Abarbri and co-workers6 have recently indicated that a minimal
number of synthetic methods exist for the construction of the yli-
denepyrrol-2(5H)-ones (1) althoughmore extensive strategies exist
for the corresponding ylidenefuran-2(5H)-ones. The sameworkers6

have utilized a very efficient methodology (Scheme 1) involving
x: þ1 804 287 1897; e-mail
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(Z)-3-iodoalk-2-enamides (7) for the preparation of the 5-(iodoal-
kylidene)-pyrrol-2(5H)-ones (9). The Sonogashira coupling of the
(Z)-3-iodoalk-2-enamides (7) produced good yields of the (Z)-alk-
2-en-4-ynamides (8), which underwent cyclization with ICl to give
an E/Z mixture of the 5-(iodoalkylidene)-pyrrol-2(5H)-ones (9)
with the E isomer normally predominating.

Since the availability of (Z)-ylidenefuran-2(5H)-ones has been
previously established,7 we decided to explore these heterocycles
as potential building blocks for the (Z)-5-benzylidene-4-arylpyrrol-
2(5H)-ones (1). This strategy becamemore intriguing in light of the
recent work (Scheme 2) by Kumar and co-workers8 who recently
demonstrated the lactamization of the fimbrolides such as 10,
which possess the ylidenefuran-2(5H)-one functionality and are
marine derived natural products. The pyrrolones (12) resulting
from the lactamization process exhibited the Z configuration for all
of the examples reported. This work was carried out in order to
develop a new class of antimicrobial agents based on targeting the
N-acylated homoserine lactone system.

The sequence presented in Scheme 2 utilizes a primary amine to
open the fimbrolide (10) and recyclize to a hydroxylactam (11),
which can then be dehydrated to the nitrogen analog (12) of the
starting fimbrolide. The (Z) stereoisomer predominated in all of the
examples, which were studied.
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Scheme 1. Abarbri synthesis of 5-(iodoalkylidene)-pyrrol-2(5H)-ones.
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2. Results and discussions

We have previously reported the use of (Z)-haloenals9 as im-
portant building blocks for the construction of pyrrole containing
marine natural products. We anticipated that such compounds
could serve as properly functionalized building blocks for a very
general route to (Z)-5-benzylidene-4-arylpyrrol-2(5H)-ones via
a (Z)-5-benzylidene-4-aryl-5H-furan-2-one based strategy. (Z)-3-
Aryl-3-haloenoic acids are known to form (Z)-ylidenefuran-2(5H)-
2-ones10 via Sonogashira type reactions with terminal alkynes. Our
route to such (Z)-3-aryl-3-haloenoic acids (18) is presented in
Scheme 3 and Table 1.
Kirsch and co-workers10 have used a similar scheme to obtain
(Z)-3-haloenoic acids with the exception that VilsmeiereHaack
conditions were employed on ketone or alkyne starting materials.
The stepwise preparation (Scheme 3) of the vinylogous amides (14)
prior to formation of the (Z)-3-aryl-3-haloenals appears to give
much better overall yields and does not seem to be sensitive to
various types of substitution on the aromatic ring. It should also be
noted that the (Z) stereochemistry of the 3-aryl-3-haloenals (15) is
well established10 and can be easily determined by examination of
proton NMR chemical shifts. The preparation of bromoenals as well
as chloroenals was easily and cleanly accomplished by the in-
dicated methodology.



Table 1
Conversion of acetophenones to (Z)-haloenoic acids

Entry X Y % Yield (14aed) Z % Yield (15aeh) % Yield (16aeh)

1 Me H 94 (14a)11 Cl 98 (15a)13 90 (16a)13

2 Me H 94 (14a)11 Br 96 (15b)14 92 (16b)
3 OMe H 98 (14b)11 Cl 98 (15c)10 98 (16c)13

4 OMe H 98 (14b)11 Br 94 (15d)10 83 (16d)10

5 Cl H 98 (14c)11 Cl 90 (15e)10 84 (16e)15

6 Cl H 98 (14c)11 Br 91 (15f)10 93 (16f)10

7 OMe OMe 98 (14d)12 Cl 99 (15g)16 92 (16g)
8 OMe OMe 98 (14d)12 Br 88 (15h)14 79 (16h)
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The other component required for the Sonogashira couplingwas
a terminal alkyne. Although a variety of such alkynes are com-
mercially available, one can also use the (Z)-3-aryl-3-haloenals17 as
an efficient source of this reaction component. Refluxing the (Z)-3-
aryl-3-chloroenals in THF in the presence of sodium hydroxide
produces (Scheme 4) very reasonable yields (76e97%) of the re-
spective terminal alkynes and thereby allows a common in-
termediate to be used for construction of both components in the
Sonogashira reaction.
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Scheme 4. Preparation of terminal alkynes from chloroenals.
With the ability to access both (Z)-3-aryl-3-haloenoic acids (16)
and terminal alkynes (17) from (Z)-3-aryl-3-haloenals (15), these
components were subjected to standard Sonogashira reaction
conditions, inwhich case good yields (50e96%) of a variety of (Z)-5-
benzylidene-4-aryl-5H-furan-2-ones (18) were obtained (Scheme 5
and Table 2). Kirsch and co-workers10 have also used this strategy in
a very straight forward preparation of the rubrolide skeleton, which
represents (Z)-ylidenefuran-2(5H)-one type natural products.

Although it had been previously established that the (Z)-5-
benzylidene-4-aryl-5H-furan-2-ones (18) were the thermodynam-
ically preferred stereoisomer,10 NOESY, HSQC, and HMBC NMR ex-
periments were conducted on one of our typical 5-benzylidene-4-
aryl-5H-furan-2-one (18a) to further confirm the stereochemistry of
our materials, prior to their conversion to (Z)-5-benzylidenepyrrol-
2(5H)-ones (20). It should also be mentioned that the (Z)-5-ben-
zylidene-4-aryl-5H-furan-2-ones (18) in general are not highly
stable to chromatographic purification and should be rapidly puri-
fied to avoid low yields in spite of the presence of relatively clean
crude reaction products. In all of the cases reported (Table 2) in this
paper, (Z)-3-aryl-3-bromoenoic acids (16b, 16d, 16f, and 16h) were
used in the cross-coupling reaction. However, (Z)-3-aryl-3-
chloroenoic acids (e.g.,16g) can be used in the Sonogashira reaction
but such substrates required microwave heating in DMF at 150 �C
for 1 h in order to obtain reasonable conversion to the respective 5-
benzylidene-4-aryl-5H-furan-2-one (18d).

The (Z)-5-benzylidene-4-aryl-5H-furan-2-ones (18) were then
treated with primary amines in methylene chloride at room tem-
perature to afford 5-benzyl-5-hydroxy-4-arylpyrrol-2(5H)-ones in
the 57e96% yield range. It was necessary to use an excess of the
primary amine in order to drive such reactions to completion.
Several different primary amines were evaluated in this trans-
formation and only 3,4-dimethoxyphenethylamine produced
a yield below the 60% level. These crude hydroxylactams (19) were
relatively pure and were amenable to chromatography and no
degradation of these substances was noted during the purification
process. Detailed NMR experiments, such as NOESY, HMBC, HSQC,
APT, and COSY, were subsequently carried out on several hydrox-
ylactams (19a and 19i) to insure proper structural assignments.

The hydroxylactams (19) were then treated with PTSA and
subjected to traditional or microwave heating to produce the de-
sired (Z)-5-benzylidene-4-arylpyrrol-2(5H)-ones (20) with the
microwave heated reaction conditions giving much improved
yields ranging from 46 to 96%. Several (Z)-5-benzylidene-4-aryl-
pyrrol-2(5H)-ones (20a and 20f) were subjected to NOESY, HMBC,
HSQC, and DQF-COSY NMR experiments to confirm the Z stereo-
chemistry of the exocyclic double bond and to allow for proper
structural assignment. It should be noted that examples 20aec,
20e, and 20i exhibited a greater than 9:1 preference for the Z iso-
mer whereas examples 20d, 20f, 20g, and 20h produced a 3:2
preference for the Z stereochemistry when the crude products were



Table 2
Preparation of (Z)-5-benzylidenepyrrol-2(5H)-ones from (Z)-haloenoic acids

Entry X Y Q R %Yield (18) G %Yield (19) %Yield (20)

1 Me H H H 96 (18a) n-Butyl 87 (19a) 96 (20a)
2 OMe H H H 67 (18b)10 n-Butyl 88 (19b) 73 (20b)
3 Cl H H H 67 (18c)10 n-Butyl 62 (19c) 75 (20c)
4 OMe OMe H H 77 (18d) n-Butyl 70 (19d) 46 (20d)
5 Me H H H 96 (18a) n-Hexyl 96 (19e) 96 (20e)
6 Me H H H 96 (18a) 2,4-Dimethoxybenzyl 95 (19f) 96 (20f)
7 Me H Me H 93 (18e) n-Butyl 95 (19g) 95 (20g)
8 Me H OMe H 88 (18f) n-Butyl 87 (19h) 96 (20h)
9 OMe OMe OMe OMe 50 (18g)18 3,4-Dimethoxyphenethyl 57 (19i) 50 (20i)

J.T. Gupton et al. / Tetrahedron 66 (2010) 9113e91229116
initially isolated. For the latter examples, when the crude products
containing such mixtures of Z and E isomers were allowed to stir in
chloroform at room temperature overnight, Z:E ratios in the range
of 4:1e13:1 in favor of the Z isomer were normally obtained. The
variations in such ratios appear to be related to the steric nature of
the substituent attached at the nitrogen of the pyrrolones.

3. Conclusions

We believe that the six-step sequence of reactions described in
this paper offers a very efficient and stereoselective strategy for the
preparation of N-substituted 5-benzylidene-4-arylpyrrol-2(5H)-
ones (20). If, for example, one examines the six-step transformation
of aryl ketone 13a to (Z)-5-benzylidene-4-arylpyrrol-2(5H)-one
20a, a 71% overall yield is realized. The reaction sequence appears
to have considerable generality for a variety of acetophenones (13),
vinylogous amides (14), (Z)-haloenals (15), (Z)-haloenoic acids (16),
alkynes (17), and amines and could offer important precursors for
construction of a number of nitrogen containing marine natural
products. The utility of the (Z)-3-aryl-3-haloenals (15) to serve as
a source for both the (Z)-3-aryl-3-haloenoic acids (16) and the al-
kynes (17) is an additional attractive feature of this strategy.

4. Experimental

4.1. General

All chemicals were used as received from the manufacturer
(Aldrich Chemicals). Some of the alkynes used in the Sonogashira
reaction were purchased from Aldrich Chemicals. All solvents were
dried over 4�A molecular sieves prior to their use. NMR spectra
were obtained on either a Bruker 300 MHz spectrometer or
a Bruker 500 MHz spectrometer in either CDCl3, DMSO-d6 or ac-
etone-d6 solutions. IR spectra were recorded on a Nicolet Avatar
320 FT-IR spectrometer with an HATR attachment. High resolution
mass spectra were provided on a Biotof Q electrospray mass
spectrometer at the University of Richmond. Low resolution
GCeMS spectra were obtained on a Shimadzu QP 5050 instrument.
Melting points and boiling points are uncorrected. Chromato-
graphic separations were carried out on a Biotage SP-1 instrument
(equipped with a silica cartridge) and ethyl acetate/hexane was
used as the eluant. The reaction products were eluted within the
range of 6e8 column volumes of eluant with a mix of 60e80%
ethyl acetate/20e40% hexane. TLC analyses were conducted on
silica plates with hexane/ethyl acetate as the eluant. All purified
reaction products gave TLC results, MS spectra, and 13C NMR
spectra consistent with a sample purity of >95%. When the
preparation of an analytical sample is reported, the crude reaction
product was of sufficient purity to be used in subsequent steps
without further purification.

4.1.1. 3-(Dimethylamino)-1-(p-tolyl)prop-2-en-1-one (14a). To a
round bottom flask equipped with a magnetic stir bar and reflux
condensorwas added 4-methylacetophenone (6.00 g, 0.045 mmol),
N,N-dimethylformamide dimethyl acetal (21.3 g, 0.179 mmol) in
100 mL of DMF. The reaction mixture was refluxed for 24 h and
solvent was removed in vacuo to give a light brown solid (8.0 g,
94%). The crude product was sufficiently pure for subsequent re-
actions and exhibited the following physical properties: mp
112e114 �C; 1H NMR (CDCl3) d 2.25 (s, 3H), 2.73 (br s, 6H), 5.68 (d,
J¼12.6 Hz, 1H), 7.08 (d, J¼7.8 Hz, 2H), 7.63 (d, J¼12.6 Hz, 1H), and
7.71 (d, J¼7.8 Hz, 2H); 13C NMR (CDCl3) d 187.9, 153.9, 141.0, 137.8,
128.7,127.5, 91.8, 45.0, 37.0, 21.3; IR (neat) 1639 cm�1; HRMS (ES)m/
z calcd for C12H16NO 190.1226, found 190.1168. This compound had
NMR spectral properties which were consistent with those pre-
viously reported.11

4.1.2. 3-(Dimethylamino)-1-(4-methoxyphenyl)prop-2-en-1-one
(14b). This compound was prepared by the above procedure with
the exception that 4-methoxyacetophenone was used in the re-
action in which case a 98% yield of a solid was obtained. This ma-
terial exhibited the following physical properties: mp 59e63 �C; 1H
NMR (CDCl3) d 2.99 (br s, 6H), 3.82 (s, 3H), 5.69 (d, J¼12.6 Hz, 1H),
6.89 (d, J¼7.8 Hz, 2H), 7.76 (d, J¼12.6 Hz, 1H), and 7.89 (d, J¼8.7 Hz,
2H); 13C NMR (CDCl3) d 187.4, 161.9, 153.8, 133.2, 129.4, 113.3, 91.7,
55.3, 45.0, 37.0; IR (neat) 1664 cm�1; HRMS (ES) m/z calcd for
C12H16NO2 206.1176, found 206.1189. This compound had NMR
spectral properties which were consistent with those previously
reported.11

4.1.3. 1-(4-Chlorophenyl)-3-(dimethylamino)prop-2-en-1-one
(14c). This compound was prepared by the above procedure with
the exception that 4-chloroacetophenonewas used in the reaction
in which case a 98% yield of a solid was obtained. This material
exhibited the following physical properties: mp 76e77 �C; 1H
NMR (CDCl3) d 2.57 (br s, 3H), 2.78 (br s, 3H), 5.39 (d, J¼12.6 Hz,
1H), 7.09 (d, J¼8.1 Hz, 2H), 7.49 (d, J¼12.6 Hz, 2H), and 7.60 (d,
J¼8.1 Hz, 2H); 13C NMR (CDCl3) d 186.2, 154.2, 138.8, 136.4, 128.8,
128.1, 91.3, 44.7, 37.0; IR (neat) 1635 cm�1; HRMS (ES) m/z calcd
for C11H13ClNO2 210.0680, found 210.0727. This compound had
NMR spectral properties which were consistent with those pre-
viously reported.11

4.1.4. 1-(3,4-Dimethoxyphenyl)-3-(dimethylamino)prop-2-en-1-one
(14d). This compound was prepared by the above procedure with
the exception that 3,4-dimethoxycetophenone was used in the
reaction in which case a 98% yield of a solid was obtained. This
material exhibited the following physical properties: mp
112e114 �C; 1H NMR (CDCl3) d 2.88 (br s, 6H), 3.79 (s, 3H), 3.83 (s,
3H), 5.61 (d, J¼12.3 Hz, 1H), 6.75 (d, J¼8.4 Hz, 2H), 7.40 (d, J¼8.4 Hz,
2H), 7.66 (d, J¼12.3 Hz, 1H); 13C NMR (CDCl3) d 187.1, 153.7, 151.5,
148.7, 133.4, 121.0, 110.5, 110.0, 91.5, 55.9, 45.0, 37.0; IR (neat)
1634 cm�1; HRMS (ES) m/z calcd for C13H18NO3 236.1281, found
236.1300. This compound had NMR spectral properties which were
consistent with those previously reported.12

4.1.5. (Z)-3-Chloro-3-(p-tolyl)acrylaldehyde (15a). To a round bot-
tom flask equipped with a magnetic stir bar and reflux condensor
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was added 3-(dimethylamino)-1-(p-tolyl)prop-2-en-1-one (2.00 g,
0.105 mol), phosphorus oxychloride (2 mL, 0.021 mol) in 25 mL of
dichloromethane. The reactionmixturewas refluxed for 2 h and the
solvent was removed in vacuo. The residue was dissolved in 50 mL
of a 1:1 mixture of water/THF and was allowed to stir at room
temperature for 24 h. The mixture was diluted with water and
extracted with ethyl acetate (3�30 mL). The organic extract was
washedwith brine (3�15 mL), dried over anhydrous sodium sulfate
and concentrated in vacuo to yield a brown solid (1.87 g, 98% yield).
This material was sufficiently pure to be used in subsequent re-
actions and exhibited the following physical properties: mp
75e77 �C; 1H NMR (CDCl3) d 2.39 (s, 3H), 6.65 (d, J¼6.5 Hz,1H), 7.26
(d, J¼8.0 Hz, 2H), 7.65 (d, J¼8.0 Hz, 2H), and 10.21 (d, J¼6.5 Hz, 1H);
13C NMR (CDCl3) d 191.1, 152.2, 142.6, 132.5, 129.5, 127.1, 123.4, 21.3;
IR (neat) 1668 cm�1; HRMS (ES) m/z calcd for C10H10ClO 181.0415,
found 181.0420. NMR spectral properties were consistent with
those previously reported.13

4.1.6. (Z)-3-Chloro-3-(4-methoxyphenyl)acrylaldehyde (15c). This
compound was prepared by the above procedure with the excep-
tion that 3-(dimethylamino)-1-(4-methoxyphenyl)prop-2-en-1-
onewas used in the reaction inwhich case a 98% yield of a solid was
obtained. This material exhibited the following physical properties:
mp 35e37 �C; 1H NMR (CDCl3) d 3.88 (s, 3H), 6.63 (d, J¼7.0 Hz, 1H),
6.98 (d, J¼9.0 Hz, 2H), 7.75 (d, J¼9.0 Hz, 2H), and 10.21 (d, J¼7.0 Hz,
1H); 13C NMR (CDCl3) d 191.5, 162.8, 152.1, 129.0, 127.7, 122.6, 114.3,
and 55.5; IR (neat) 1647 cm�1; HRMS (ES) m/z calcd for C10H10ClO2

197.0364, found 197.0444. NMR spectral properties were consistent
with those previously reported.10

4.1.7. (Z)-3-Chloro-3-(4-chlorophenyl)acrylaldehyde (15e). This
compound was prepared by the above procedure with the ex-
ception that 1-(4-chlorophenyl)-3-(dimethylamino)prop-2-en-1-
one was used in the reaction in which case a 90% yield of a solid
was obtained. This material exhibited the following physical
properties: mp 98e100 �C; 1H NMR (CDCl3) d 6.66 (d, J¼6.9 Hz,
1H), 7.46 (d, J¼9.3 Hz, 2H), 7.71 (d, J¼9.3 Hz, 2H), and 10.23 (d,
J¼6.9 Hz, 1H); 13C NMR (CDCl3) d 191.5, 150.8, 138.2, 134.0, 129.2,
128.4, and 124.6; IR (neat) 1663 cm�1; HRMS (ES) m/z calcd for
C9H10Cl2O 200.9869, found 200.9898. NMR spectral properties
were consistent with those previously reported.10

4.1.8. (Z)-3-Chloro-3-(3,4-dimethoxyphenyl)acrylaldehyde (15g). This
compound was prepared by the above procedure with the excep-
tion that 1-(3,4-dimethoxyphenyl)-3-(dimethylamino)prop-2-en-
1-one was used in the reaction in which case a 99% yield of a solid
was obtained. This material exhibited the following physical
properties: mp 102e105 �C; 1H NMR (CDCl3) d 3.96 (s, 3H), 3.97 (s,
3H), 6.64 (d, J¼6.5 Hz, 1H), 6.94 (d, J¼8.5 Hz, 1H), 7.26 (d, J¼2.0 Hz,
1H), 7.45 (dd, J¼2.0 Hz, J¼8.5 Hz, 1H), and 10.21 (d, J¼6.5 Hz, 1H);
13C NMR (CDCl3) d 191.5,152.4,152.1,149.0,128.0,122.8,121.2,110.9,
109.8, and 56.1; IR (neat) 1658 cm�1; HRMS (ES) m/z calcd for
C11H12ClO3 227.0470, found 227.0473. NMR spectral properties
were consistent with those previously reported.16

4.1.9. (Z)-3-Bromo-3-(p-tolyl)acrylaldehyde (15b). To a round bot-
tom flask equipped with a magnetic stir bar and reflux condensor
was added 3-(dimethylamino)-1-(p-tolyl)prop-2-en-1-one (2.00 g,
0.105 mol), phosphorus oxybromide (6.31 g, 0.0217 mol) in 25 mL
of dichloromethane. The reaction mixture was refluxed for 2 h and
the solvent was removed in vacuo. The residue was dissolved in
50 mL of a 1:1 mixture of water/THF and was allowed to stir at
room temperature overnight. The mixture was diluted with water
and extracted with ethyl acetate (3�30 mL). The organic extract
was washed with brine (3�15 mL), dried over anhydrous sodium
sulfate, and concentrated in vacuo to yield a solid (2.29 g, 96%). This
material exhibited the following physical properties: mp
155e158 �C; 1H NMR (CDCl3) d 2.40 (s, 3H), 6.76 (d, J¼6.6 Hz, 1H),
7.21 (d, J¼8.1 Hz, 2H), 7.59 (d, J¼8.1 Hz, 2H), and 10.05 (d, J¼6.6 Hz,
1H); 13C NMR (CDCl3) d 193.5, 145.1, 142.6, 134.5, 129.5, 128.0, 126.6,
and 21.4; IR (neat) 1659 cm�1; HRMS (ES) m/z calcd for C10H10BrO
224.9910, found 224.9970. NMR spectral properties were consis-
tent with those previously reported.14

4.1.10. (Z)-3-Bromo-3-(4-methoxyphenyl)acrylaldehyde (15d). This
compound was prepared by the above procedure with the excep-
tion that 3-(dimethylamino)-1-(4-methoxyphenyl)prop-2-en-1-
onewas used in the reaction inwhich case a 94% yield of a solid was
obtained. This material exhibited the following physical properties:
mp 43e45 �C; 1H NMR (CDCl3) d 3.89 (s, 3H), 6.76 (d, J¼6.5 Hz, 1H),
6.96 (d, J¼9.0 Hz, 2H), 7.71 (d, J¼9.0 Hz, 2H), and 10.06 (d, J¼6.5 Hz,
1H); 13C NMR (CDCl3) d 193.8, 162.6, 145.0, 129.9, 129.5, 125.6, 114.2,
and 55.6; IR (neat) 1639 cm�1; HRMS (ES)m/z calcd for C10H10BrO2
240.9859, found 240.9868. NMR spectral properties were consis-
tent with those previously reported.10

4.1.11. (Z)-3-Bromo-3-(4-chlorophenyl)acrylaldehyde(15f). This com-
pound was prepared by the above procedure with the exception
that 1-(4-chlorophenyl)-3-(dimethylamino)prop-2-en-1-one was
used in the reaction in which case a 91% yield of a solid was
obtained. This material exhibited the following physical properties:
mp 97e99 �C; 1H NMR (CDCl3) d 6.78 (d, J¼6.3 Hz, 1H), 7.43 (d,
J¼8.7 Hz, 2H), 7.67 (d, J¼8.7 Hz, 2H), and 10.07 (d, J¼6.3 Hz,1H); 13C
NMR (CDCl3) d 193.3,143.3,138.2,135.9, 129.3,129.1,127.7; IR (neat)
1664 cm�1; HRMS (ES) m/z calcd for C9H7BrClO 244.9363, found
244.9429. NMR spectral properties were consistent with those
previously reported.10

4.1.12. (Z)-3-Bromo-3-(3,4-dimethoxyphenyl)acrylaldehyde
(15h). This compound was prepared by the above procedure with
the exception that 1-(3,4-dimethoxyphenyl)-3-(dimethylamino)
prop-2-en-1-one was used in the reaction in which case an 88%
yield of a solid was obtained. This material exhibited the following
physical properties: mp 93e95 �C; 1H NMR (CDCl3) d 3.96 (s, 3H),
3.97 (s, 3H), 6.78 (d, J¼6.5 Hz, 1H), 6.93 (d, J¼8.5 Hz, 1H), 7.24 (s,
1H), 7.40 (d, J¼8.5 Hz, 1H), and 10.07 (d, J¼6.5 Hz, 1H); 13C NMR
(CDCl3) d 193.7, 152.3, 148.9, 144.9, 129.8, 125.8, 122.1, 110.8, and
56.1; IR (neat) 1658 cm�1; HRMS (ES) m/z calcd for C11H12BrO3
270.9964, found 270.9949. NMR spectral properties were consis-
tent with those previously reported.14

4.1.13. 4-Ethynyltoluene (17a). Into a round bottom flask equipped
with a magnetic stir bar and reflux condensor were added (Z)-3-
chloro-3-(p-tolyl)acrylaldehyde (1.00 g, 5.54 mmol), sodium hy-
droxide (0.900 g, 22.15 mmol), and THF (30 mL). The resulting
mixture was refluxed overnight, cooled to room temperature, di-
luted with water (40 mL), and extracted with ethyl acetate
(3�20 mL). The combined organic phases were washed with brine
(2�15 mL), dried over anhydrous sodium sulfate, and concentrated
in vacuo to give a yellow liquid (0.625 g, 97% yield), which exhibited
the following properties: 25e26 �C at 1.30 Torr; 1H NMR (CDCl3)
d 2.44 (s, 3H), 3.13 (s, 1H), 7.20 (d, J¼8.1 Hz, 2H), and 7.49 (d,
J¼8.1 Hz, 2H); 13C NMR (CDCl3) d 139.0, 132.1, 129.2, 119.3, 84.0,
76.6, and 21.5; IR (neat) 3294 and 2107 cm�1; HRMS (ES) m/z calcd
for C9H8Na 139.0518, found 139.1117. NMR spectral properties were
consistent with an authentic Aldrich Chemicals sample.

4.1.14. 4-Ethynyl-1,2-dimethoxybenzene (17b). This compound was
prepared by the above procedure with the exception that (Z)-3-
chloro-3-(3,4-dimethoxyphenyl)acrylaldehyde was used in the re-
action in which case a yellow solid (76% yield) was obtained, which
exhibited the following properties: 48e51 �C; 1H NMR (CDCl3)



J.T. Gupton et al. / Tetrahedron 66 (2010) 9113e91229118
d 3.02 (s, 1H), 3.90 (s, 3H), 3.91 (s, 3H), 6.82 (d, J¼8.5 Hz,1H), 7.01 (d,
J¼2.0 Hz, 1H), and 7.13 (dd, J¼2.0 Hz, J¼8.5 Hz, 1H); 13C NMR
(CDCl3) d 149.9, 148.7, 125.5, 114.8, 114.3, 111.0, 83.8, 75.6, and 55.9;
IR (neat) 3242 cm�1; HRMS (ES)m/z calcd for C10H9NaO2 185.0529,
found 185.1220. NMR spectral properties were consistent with
those previously reported.17

4.1.15. (Z)-3-Chloro-3-(p-tolyl)acrylic acid (16a). To a round bottom
flask equipped with a magnetic stir bar, was added (Z)-3-chloro-3-
(p-tolyl)acrylaldehyde (1.00 g, 5.50 mmol) which was previously
dissolved in 35 mL of DMSO. Sodium hydrogen phosphate mono-
hydrate (0.759 g, 5.50 mmol), dissolved in 10 mL of water was added
and the reaction mixture was cooled in ice bath at 0 �C. Sodium
chlorite (1.502 g, 16.6 mmol) was dissolved in 10 mL of water and
added dropwise to the reaction mixture. After the addition was
complete, the ice bath was removed and the reaction mixture was
stirred for 24 h at room temperature. The reaction mixture
was cooled in an ice bath and acidified to pH of 2, dilutedwith 20mL
of brine, and extracted with ethyl acetate (3�30 mL). The organic
phase was dried over anhydrous sodium sulfate and concentrated in
vacuo to give a yellow solid (0.970 g, 90%). This material exhibited
the following physical properties: mp 139e141 �C; 1H NMR (CDCl3)
d 2.43 (s, 3H), 6.60 (s, 1H), 7.25 (d, J¼8.0 Hz, 2H), 7.64 (d, J¼8.0 Hz,
2H); 13C NMR (CDCl3) d 169.1, 141.7, 134.2, 129.4, 128.7, 127.3, 114.5,
21.3; IR (neat) 1687, 2918 cm�1; HRMS (ES) m/z calcd for C10H10ClO2

197.0364, found 197.0409. NMR spectral properties were consistent
with those previously reported.13

4.1.16. (Z)-3-Chloro-3-(4-methoxyphenyl)acrylic acid (16c). This
compound was prepared by the above procedure with the exception
that (Z)-3-chloro-3-(4-methoxyphenyl)acrylaldehyde was used in
the reaction in which case a 98% yield of a solid was obtained. This
material exhibited the following physical properties: mp
144e146 �C; 1H NMR (CDCl3) d 3.88 (s, 3H), 6.55 (s, 1H), 6.95 (d,
J¼8.5 Hz, 2H), 7.71 (d, J¼8.5 Hz, 2H); 13C NMR (CDCl3) d 167.6, 162.1,
148.7,129.3,129.1,114.1, 55.5; IR (neat) 1670, 2909 cm�1; MS (DI)m/z
214 (Mþ). NMR spectral properties were consistent with those pre-
viously reported.13

4.1.17. (Z)-3-Chloro-3-(4-chlorophenyl)acrylic acid (16e). This com-
pound was prepared by the above procedure with the exception
that (Z)-3-chloro-3-(4-chlorophenyl)acrylaldehyde was used in the
reaction in which case an 84% yield of a solid was obtained. This
material exhibited the following physical properties: mp
149e151 �C; 1H NMR (CDCl3) d 6.60 (s, 1H), 7.44 (d, J¼7.0 Hz, 2H),
7.68 (d, J¼7.0 Hz, 2H); 13C NMR (CDCl3) d 167.9, 147.7, 137.4, 129.0,
128.7, 115.6; IR (neat) 1676, 2897 cm�1; MS (DI) m/z 216 (Mþ). NMR
spectral propertieswere consistentwith those previously reported.15

4.1.18. (Z)-3-Chloro-3-(3,4-dimethoxyphenyl)acrylic acid (16g). This
compound was prepared by the above procedure with the exception
that (Z)-3-chloro-3-(3,4-dimethoxyphenyl)acrylaldehyde was used
in the reaction inwhich case a 92% yield of a solid was obtained. This
material exhibited the followingphysicalproperties:mp148e152 �C;
1H NMR (CDCl3) d 3.96 (s, 3H), 3.97 (s, 3H), 6.56 (s, 1H), 6.92 (d,
J¼8.0 Hz,1H), 7.24 (d, J¼2.5 Hz,1H), 7.38 (dd, J¼2.5 Hz, J¼8.0 Hz,1H);
13C NMR (CDCl3) d 168.8, 151.5, 148.8, 140.5, 131.7, 121.7, 117.5, 111.3,
110.7, 56.1; IR (neat) 1690, 3014 cm�1; MS (DI)m/z 242 (Mþ).

4.1.19. (Z)-3-Bromo-3-(p-tolyl)acrylic acid (16b). This compound
was prepared by the above procedure with the exception that (Z)-
3-bromo-3-(p-tolyl)acrylaldehyde was used in the reaction in
which case a 92% yield of a yellow solid was obtained. This ma-
terial exhibited the following physical properties: mp 143e145 �C;
1H NMR (CDCl3) d 2.42 (s, 3H), 6.79 (s, 1H), 7.24 (d, J¼8.3 Hz, 2H),
7.59 (d, J¼8.3 Hz, 2H); 13C NMR (CDCl3) d 169.7, 141.4, 140.8, 136.4,
129.3, 128.2, 118.6, 21.3; IR (neat) 1683, 2913 cm�1; MS (DI) m/z
240 (Mþ).

4.1.20. (Z)-3-Bromo-3-(4-methoxyphenyl)acrylic acid (16d). This
compound was prepared by the above procedure with the excep-
tion that (Z)-3-bromo-3-(4-methoxyphenyl)acrylaldehyde was
used in the reaction in which case an 87% yield of a solid was
obtained. This material exhibited the following physical properties:
mp 114e115 �C; 1H NMR (CDCl3) d 3.88 (s, 3H), 6.74 (s, 1H), 6.94 (d,
J¼8.5 Hz, 2H), 7.66 (d, J¼8.5 Hz, 2H); 13C NMR (CDCl3) d 168.1, 161.9,
140.5, 131.4, 129.9, 117.0, 113.9, 55.9; IR (neat) 1682, 2897 cm�1; MS
(DI) m/z 258 (Mþ). NMR spectral properties were consistent with
those previously reported.10

4.1.21. (Z)-3-Bromo-3-(4-chlorophenyl)acrylic acid (16f). This com-
poundwas prepared by the above procedurewith the exception that
(Z)-3-bromo-3-(4-chlorophenyl)acrylaldehyde was used in the re-
action inwhich case a 93% yield of a solidwas obtained. Thismaterial
exhibited the following physical properties: mp 136e139 �C; 1H
NMR (CDCl3) d 6.78 (s, 1H), 7.40 (d, J¼8.4 Hz, 2H), 7.62 (d, J¼8.4 Hz,
2H); 13CNMR (CDCl3) d 169.1,139.1,137.6,129.5,128.9,119.8; IR (neat)
1681, 2806 cm�1; MS (DI) m/z 260 (Mþ). NMR spectral properties
were consistent with those previously reported.10

4.1.22. (Z)-3-Bromo-3-(3,4-dimethoxyphenyl)acrylic acid (16h). This
compound was prepared by the above procedure with the exception
that (Z)-3-bromo-3-(3,4-dimethoxyphenyl)acrylaldehyde was used
in the reaction inwhich case a 79% yield of a solid was obtained. This
material exhibited the followingphysical properties:mp105e107 �C;
1H NMR (CDCl3) d 3.95 (s, 3H), 3.96 (s, 3H), 6.75 (s, 1H), 6.90 (d,
J¼8.0 Hz,1H), 7.21 (d, J¼2.5 Hz,1H), 7.32 (dd, J¼2.5 Hz, J¼8.0 Hz,1H);
13C NMR (CDCl3) d 169.3, 151.5, 148.8, 140.5, 131.7, 121.8, 117.6, 111.4,
110.7, 56.1; IR (neat) 1689, 3005 cm�1; MS (DI)m/z 288 (Mþ).

4.1.23. (Z)-5-Benzylidene-4-p-tolyl-5H-furan-2-one (18a). A round
bottom flask was equipped with a magnetic stir bar and (Z)-
3-bromo-3-p-tolylacrylic acid (4.00 g, 0.0167 mol) and phenyl
acetylene (2,42 g, 0.0183 mol) were placed in the flask along with
100 mL of acetonitrile. Triethylamine (6.72 g, 0.066 mol), copper(I)
iodide (0.158 g, 0.83 mmol), and tetrakis-(triphenylphosphine)
palladium(0) (0.960 g, 0.83 mmol) were added to the flask and the
resulting reaction mixture was capped and stirred at room tem-
perature for 24 h. The reaction mixture was diluted with 50 mL of
ethyl acetate, passed through a short plug of silica gel, and con-
centrated in vacuo to yield a brown solid (4.18 g, 96% yield). The
resulting product was sufficiently pure for further transformations
and was somewhat unstable to chromatography. However, an an-
alytical sample was prepared by flash chromatography on a Biotage
SP-1 instrument (equipped with a silica cartridge) and utilizing an
ethyl acetate/hexane gradient. The product was eluted with five
column volumes of eluant and the resulting solid exhibited the
following physical properties: mp 159e161 �C; 1H NMR (CDCl3)
d 2.48 (s, 3H), 6.21 (s, 1H), 6.22 (s, 1H), 7.36 (m, 3H), 7.43 (m, 4H),
and 7.38 (d, J¼8.5 Hz, 2H); 13C NMR (CDCl3) d 168.9, 158.9, 148.1,
140.9, 133.1, 130.8, 129.8, 129.2, 128.8, 128.5, 127.6, 114.0, 113.7, and
21.4; IR (neat) 1752 cm�1; HRMS (ES) m/z calcd for C18H15O2

263.1067, found 263.1075.

4.1.24. (Z)-5-Benzylidene-4-(4-methoxyphenyl)-5H-furan-2-one
(18b). This compound was prepared by the above procedure with
the exception that (Z)-3-bromo-3-(4-methoxyphenyl)acrylic acid
was used for the cross-coupling reaction in which case a solid (67%
yield) was obtained after flash chromatography and this material
exhibited the following physical properties: mp 92e95 �C; 1H NMR
(CDCl3) d 3.92 (s, 3H), 6.17 (s, 1H), 6.22 (s, 1H), 7.06 (d, J¼7.0 Hz, 2H),
7.36 (t, J¼7.0 Hz, 1H), 7.42 (t, J¼7.0 Hz, 2H), 7.49 (d, J¼7.5 Hz, 2H),
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and 7.83 (d, J¼7.5 Hz, 2H); 13C NMR (CDCl3) d 169.0, 161.5, 158.5,
148.2, 133.1, 130.8, 130.0, 129.2, 128.8, 122.8, 114.6, 113.7, 113.3, and
55.5; IR (neat) 1755 cm�1; HRMS (ES) m/z calcd for C18H15O3
279.1016, found 279.1088. NMR spectral properties were consistent
with those previously reported.10

4.1.25. (Z)-5-Benzylidene-4-(4-chlorophenyl)-5H-furan-2-one
(18c). This compound was prepared by the above procedure with
the exception that (Z)-3-bromo-3-(4-chlorophenyl)acrylic acid was
used for the cross-coupling reaction in which case a solid (67%
yield) was obtained after flash chromatography and this material
exhibited the following physical properties: mp 147e148 �C; 1H
NMR (CDCl3) d 6.15 (s, 1H), 6.24 (s, 1H), 7.37 (t, J¼7.0 Hz, 1H), 7.43 (t,
J¼7.0 Hz, 2H), 7.47 (d, J¼8.5 Hz, 2H), 7.54 (d, J¼8.5 Hz, 2H), and 7.83
(d, J¼7.0 Hz, 2H); 13C NMR (CDCl3) d 168.5, 157.5, 147.8, 136.8, 132.8,
130.8, 129.8, 129.5, 129.4, 128.9, 128.8, 114.9, and 113.9; IR (neat)
1755 cm�1; HRMS (ES) m/z calcd for C17H12ClO2 283.0520, found
283.0515. NMR spectral properties were consistent with those
previously reported.10

4.1.26. (Z)-5-Benzylidene-4-(3,4-dimethoxyphenyl)-5H-furan-2-one
(18d). This compound was prepared by the above procedure with
the exception that Z-3-bromo-3-(3,4-dimethoxyphenyl)-acrylic
acid was used for the cross-coupling reaction inwhich case a solid
(77% yield) was obtained after flash chromatography and this
material exhibited the following physical properties: mp
132e134 �C; 1H NMR (CDCl3) d 3.97 (s, 3H), 3.99 (s, 3H), 6.19 (s,
1H), 6.26 (s, 1H), 7.02 (m, 2H), 7.14 (dd, J¼2.0 Hz, J¼8.5 Hz, 1H),
7.36 (t, J¼7.0 Hz, 1H), 7.43 (t, J¼7.0 Hz, 2H), and 7.84 (d, J¼7.0 Hz,
2H); 13C NMR (CDCl3) d 168.9, 158.6, 151.1, 149.5, 148.2, 133.1, 130.8,
129.3, 128.8, 123.0, 121.6, 113.7, 113.5, 111.6, 111.5, 56.2, and 56.1; IR
(neat) 1754 cm�1; HRMS (ES) m/z calcd for C19H17O4 309.1121,
found 309.1118. In addition to the routine 1H and 13C NMR spectra
obtained for this solid, NOESY, HSQC, and HMBC experiments
were performed, all H and C assignments were made and the Z
stereochemistry of the exocyclic double bond of the furanone was
established.

4.1.27. (Z)-5-(4-Methylbenzylidene)-4-p-tolyl-5H-furan-2-one
(18e). This compound was prepared by the above procedure
with the exception that 4-ethynyltoluene was used for the cross-
coupling reaction inwhich case a solid (93% yield) was obtained. An
analytical samplewas obtained after flash chromatography and this
material exhibited the following physical properties: mp 74e76 �C;
1H NMR (CDCl3) d 2.40 (s, 3H), 2.47 (s, 3H), 6.17 (s, 1H), 6.19 (s, 1H),
7.22 (d, J¼8.1 Hz, 2H), 7.34 (d, J¼8.1 Hz, 2H), 7.42 (d, J¼8.1 Hz, 2H),
and 7.72 (d, J¼8.1 Hz, 2H); 13C NMR (CDCl3) d 169.1, 158.8, 147.6,
140.8, 139.7, 130.8, 130.3, 129.8, 129.6, 128.5, 127.7, 113.9, 113.6, and
21.5; IR (neat) 1754 cm�1; HRMS (ES) m/z calcd for C19H17O2
277.1223, found 277.1212.

4.1.28. 5-(Z)-(4-Methoxybenzylidene)-4-p-tolyl-5H-furan-2-one
(18f). This compound was prepared by the above procedure with
the exception that 4-ethynylanisolewas used for the cross-coupling
reaction in which case a solid (88% yield) was obtained. An
analytical sample was obtained after flash chromatography and
this material exhibited the following physical properties: mp
115e118 �C; 1H NMR (CDCl3) d 2.47 (s, 3H), 3.87 (s, 3H), 6.14 (s, 1H),
6.17 (s, 1H), 6.94 (d, J¼9.0 Hz, 2H), 7.34 (d, J¼8.5 Hz, 2H), 7.42 (d,
J¼8.5 Hz, 2H), and 7.79 (d, J¼9.0 Hz, 2H); 13C NMR (CDCl3) d 169.3,
160.5, 158.8, 146.6, 140.7, 132.6, 129.8, 128.5, 127.8, 126.0, 114.4,
113.8, 112.9, 55.3, and 21.4; IR (neat) 1750 cm�1; HRMS (ES) m/z
calcd for C19H17O3 293.1172, found 293.1117.

4.1.29. (Z)-5-(3,4-Dimethoxybenzylidene)-4-(3,4-dimethoxyphenyl)-
5H-furan-2-one (18g). This compound was prepared by the above
procedure with the exception that (Z)-3-bromo-3-(3,4-dimeth-
oxyphenyl)acrylic acid and 4-ethynyl-1,2-dimethoxybenzene
were used for the cross-coupling reaction in which case a solid
(50% yield) was obtained after flash chromatography and this
material exhibited the following physical properties: mp
154e156 �C; 1H NMR (CDCl3) d 3.94 (s, 3H), 3.96 (s, 3H), 3.97 (s,
3H), 3.98 (s, 3H), 6.13 (s, 1H), 6.19 (s, 1H), 6.90 (d, J¼8.5 Hz, 1H),
7.01 (m, 2H), 7.13 (dd, J¼1.5 Hz, J¼8.0 Hz, 1H), 7.33 (dd, J¼1.5 Hz,
J¼8.0 Hz, 1H), and 7.49 (d, J¼1.5 Hz, 1H); 13C NMR (CDCl3) d 169.1,
158.5, 151.0, 150.3, 149.4, 149.2, 146.8, 126.2, 124.9, 123.2, 121.6,
113.9, 113.0, 112.6, 111.6, 111.4, 111.1, 56.2, 56.1, 56.0, and 55.9; IR
(neat) 1744 cm�1; HRMS (ES) m/z calcd for C21H20O6 369.1332,
found 369.1285.

4.1.30. 5-Benzyl-1-butyl-5-hydroxy-4-p-tolylpyrrol-2(5H)-one
(19a). Into a round bottom flask equipped with a magnetic stir bar
were placed methylene chloride (210 mL) and 5-benzylidene-4-p-
tolyl-5H-furan-2-one (3.50 g, 0.0133 mol). The mixture was cooled
in an ice water bath and n-butylamine (4.88 g, 0.067 mol) was
added to the reaction mixture in a dropwise fashion and the
resulting solution was stirred for 3 h in the cold. The ice water
bath was removed and the reaction mixture was stirred overnight
at room temperature and the solvent was removed in vacuo to
give a solid (4.10 g, 87% yield). Although the crude material was
sufficiently pure for subsequent transformations, an analytical
sample was prepared by flash chromatography on a Biotage SP-1
instrument, equipped with a silica cartridge, and employing an
ethyl acetate/hexane gradient. The product was eluted with five
column volumes of eluant. The resulting dark solid exhibited the
following physical properties: mp 165e167 �C; 1H NMR (CDCl3)
d 0.95 (t, J¼7.2 Hz, 3H), 1.36 (sextet, J¼7.2 Hz, 2H), 1.71 (m, 2H), 2.43
(s, 3H), 3.27 (m, 3H), 3.56 (m, 1H), 4.37 (s, 1H), 5.78 (s, 1H), 6.68 (d,
J¼7.8 Hz, 2H), 7.06 (m, 3H), 7.24 (d, J¼8.4 Hz, 2H), and 7.55 (d,
J¼8.4 Hz, 2H); 1H NMR (CDCl3) d 169.1, 157.3, 140.1, 134.2, 129.5,
129.4,128.9,127.9,127.6,126.9,120.6, 94.1, 41.4, 39.7, 31.4, 21.4, 20.7,
and 13.8; IR (neat) 3400 and 1652 cm�1; HRMS (ES) m/z calcd for
C22H26NO2 336.1958, found 336.1953. Additional NMR experiments
including NOESY, HMBC, HSQC, and DQF-COSY were carried out in
order to allow for complete assignment of all proton and carbon
absorptions.

4.1.31. 5-Benzyl-1-butyl-5-hydroxy-4-methoxyphenylpyrrol-2(5H)-
one (19b). This compound was prepared by the above procedure
with the exception that 5-benzylidene-4-(4-methoxyphenyl)-5H-
furan-2-one was used in the reaction in which case a solid (88%
yield) was obtained. An analytical sample was produced after flash
chromatography and this material exhibited the following physical
properties: mp 99e102 �C; 1H NMR (CDCl3) d 1.00 (t, J¼7.5 Hz, 3H),
1.43 (sextet, J¼7.5 Hz, 2H), 1.72 (m, 1H), 1.82 (m, 1H), 3.29 (d,
J¼14.0 Hz, 1H), 3.34 (m, 1H), 3.38 (d, J¼14.0 Hz, 1H), 3.70 (m, 1H),
3.90 (s, 3H), 5.97 (s, 1H), 6.71 (d, J¼7.0 Hz, 2H), 6.98 (d, J¼7.5 Hz,
2H), 7.10 (m, 3H), and 7.73 (d, J¼7.5 Hz, 2H); 13C NMR (CDCl3)
d 169.1, 161.0, 156.7, 134.0, 129.4, 129.2, 128.0, 127.0, 124.1, 119.8,
114.3, 94.2, 55.4, 41.1, 39.6, 31.8, 20.7, and 13.8; IR (neat) 3080 and
1658 cm�1; HRMS (ES) m/z calcd for C22H26NO3 352.1907, found
352.1919.

4.1.32. 5-Benzyl-1-butyl-5-hydroxy-4-chlorophenylpyrrol-2(5H)-one
(19c). This compound was prepared by the above procedure with
the exception that 5-benzylidene-4-(4-chlorophenyl)-5H-furan-2-
one was used in the reaction in which case a solid (62% yield) was
obtained after flash chromatographic purification as previously
described. This material exhibited the following physical proper-
ties: mp 112e115 �C; 1H NMR (CDCl3) d 0.98 (t, J¼7.5 Hz, 3H), 1.45
(sextet, J¼7.5 Hz, 2H), 1.74 (m, 3H), 3.33 (m, 3H), 3.69 (m, 1H), 5.98
(s, 1H), 6.69 (d, J¼7.5 Hz, 2H), 7.10 (m, 3H), 7.40 (d, J¼8.4 Hz, 2H),
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and 7.66 (d, J¼8.4 Hz, 2H); 13C NMR (CDCl3) d 168.6, 156.2, 136.0,
133.8, 130.1, 129.4, 129.1, 128.8, 128.0, 127.1, 122.0, 94.1, 41.1, 39.7,
31.5, 20.7, and 13.8; IR (neat) 3200 and 1667 cm�1; HRMS (ES) m/z
calcd for C21H23ClNO2 356.1412, found 356.1406.

4.1.33. 5-Benzyl-1-butyl-5-hydroxy-3,4-dimethoxyphenylpyrrol-2
(5H)-one (19d). This compound was prepared by the above pro-
cedure with the exception that 5-benzylidene-4-(3,4-dimeth-
oxyphenyl)-5H-furan-2-one was used in the reaction in which
case a solid (70% yield) was obtained after flash chromatographic
purification as previously described. This material exhibited the
following physical properties: mp 124e127 �C; 1H NMR (CDCl3)
d 1.00 (t, J¼7.5 Hz, 3H), 1.44 (sextet, J¼7.5 Hz, 2H), 1.74 (m, 1H), 1.84
(m, 1H), 3.37 (m, 3H), 3.74 (m, 1H), 3.91 (s, 3H), 3.98 (s, 3H), 5.99 (s,
1H), 6.72 (d, J¼7.0 Hz, 2H), 6.95 (d, J¼8.0 Hz, 1H), 7.11 (m, 3H), 7.24
(d, J¼2.0 Hz, 1H), and 7.45 (dd, J¼2.0 Hz, J¼8.0 Hz 1H); 13C NMR
(CDCl3) d 169.0, 157.0, 150.7, 149.1, 134.0, 129.5, 127.9, 127.0, 124.5,
121.1, 120.1, 111.1, 110.5, 94.2, 56.0, 55.9, 41.3, 39.6, 31.7, 20.7, and
13.8; IR (neat) 3400 and 1662 cm�1; HRMS (ES) m/z calcd for
C23H28NO4, 382.2013, found 382.2022.

4.1.34. 5-Benzyl-1-hexyl-5-hydroxy-4-p-tolylpyrrol-2(5H)-one
(19e). This compound was prepared by the above procedure with
the exception that n-hexylamine was used in the reaction in which
case a solid (96% yield) was obtained after flash chromatography
and this material exhibited the following physical properties: mp
107e110 �C; 1H NMR (CDCl3) d 0.92 (t, J¼6.6 Hz, 3H), 1.35 (br s, 6H),
1.72 (m, 2H), 2.52 (s, 3H), 3.31 (m, 3H), 3.65 (m, 1H), 5.95 (s, 1H),
6.70 (d, J¼7.2 Hz, 2H), 7.10 (m, 3H), 7.25 (d, J¼8.1 Hz, 2H), and 7.63
(d, J¼8.1 Hz, 2H); 13C NMR (CDCl3) d 169.2, 157.4, 140.0, 134.2, 129.5,
129.0, 128.5, 127.9, 127.6, 126.9, 120.6, 94.1, 41.5, 39.9, 31.6, 29.3,
27.3, 22.7, 21.4, and 14.1; IR (neat) 3300 and 1662 cm�1; HRMS (ES)
m/z calcd for C24H30NO2 364.2271, found 364.2282.

4.1.35. 5-Benzyl-1-(2,4-dimethoxybenzyl)-5-hydroxy-4-p-tol-
ylpyrrol-2(5H)-one (19f). This compound was prepared by the
above procedure with the exception that 2,4-dimethoxybenzyl-
aminewas used in the reaction inwhich case a solid (95% yield) was
obtained after flash chromatography and this material exhibited
the following physical properties: mp 136e138 �C; 1H NMR (CDCl3)
d 2.43 (s, 3H), 3.32 (d, J¼14.5 Hz,1H), 3.48 (d, J¼14.5 Hz,1H), 3.81 (s,
3H), 3.94 (s, 3H), 4.60 (d, J¼15.0 Hz, 1H), 4.82 (d, J¼15.0 Hz, 1H),
6.04 (s,1H), 6.50 (m, 2H), 6.72 (d, J¼7.0 Hz, 2H), 7.10 (m, 3H), 7.24 (d,
J¼8.0 Hz, 2H), 7.47 (d, J¼9.0 Hz, 1H), and 7.69 (d, J¼8.0 Hz, 2H); 13C
NMR (CDCl3) d 169.5, 160.4, 157.7, 157.4, 140.1, 134.3, 132.0, 129.6,
129.5, 129.0, 127.9, 127.8, 126.9, 120.6, 118.8, 105.0, 98.8, 94.0, 55.7,
55.4, 42.4, 36.7, and 21.4; IR (neat) 1669 cm�1; HRMS (ES)m/z calcd
for C27H28NO4 430.2013, found 430.1997.

4.1.36. 5-(4-Methylbenzyl)-1-butyl-5-hydroxy-4-p-tolylpyrrol-2
(5H)-one (19g). This compound was prepared by the above pro-
cedure with the exception that 5-(4-methylbenzylidene)-4-p-tolyl-
5H-furan-2-one was used in the reaction in which case a solid (95%
yield) was obtained after flash chromatography and this material
exhibited the following physical properties: mp 144e146 �C; 1H
NMR (CDCl3) d 0.98 (t, J¼7.5 Hz, 3H), 1.41 (sextet, J¼7.5 Hz, 2H), 1.71
(m, 1H), 1.80 (m, 1H), 2.23 (s, 3H), 2.44 (s, 3H), 2.96 (s, 1H), 3.28 (m,
3H), 3.68 (m, 1H), 6.00 (s, 1H), 6.58 (d, J¼8.0 Hz, 2H), 6.88 (d,
J¼8.0 Hz, 2H), 7.25 (d, J¼8.0 Hz, 2H), and 7.66 (d, J¼8.0 Hz, 2H); 13C
NMR (CDCl3) d 168.9, 157.0, 140.2, 136.5, 130.9, 129.6, 129.3, 128.7,
127.6, 120.9, 94.3, 40.7, 39.6, 31.7, 21.5, 21.0, 20.7, and 13.8; IR (neat)
3027 and 1651 cm�1; HRMS (ES)m/z calcd for C23H28NO2 350.2115,
found 350.2129.

4.1.37. 5-(4-Methoxybenzyl)-1-butyl-5-hydroxy-4-p-tolylpyrrol-2
(5H)-one (19h). This compound was prepared by the above
procedure with the exception that 5-(4-methylbenzylidene)-4-p-
tolyl-5H-furan-2-one was used in the reaction in which case a solid
(87% yield) was obtained after flash chromatography and this ma-
terial exhibited the following physical properties: bp 79e80 �C at
0.41 Torr; 1H NMR (CDCl3) d 0.97 (t, J¼7.2 Hz, 3H), 1.39 (sextet,
J¼7.2 Hz, 2H), 1.75 (m, 2H), 2.42 (s, 3H), 3.19 (d, J¼14.1 Hz, 1H), 3.29
(d, J¼14.1 Hz, 1H), 3.32 (m, 1H), 3.64 (m, 1H), 3.71 (s, 3H), 5.92 (s.
1H), 6.60 (br s, 4H), 7.22 (d, J¼8.1 Hz, 2H), and 7.62 (d, J¼8.1 Hz, 2H);
13C NMR (CDCl3) d 169.1,158.4,157.3, 140.1,130.5,129.5,128.9,127.6,
126.2, 120.7, 113.3, 94.2, 55.1, 40.5, 39.6, 31.5, 21.4, 20.7, and 13.8; IR
(neat) 3500 and 1671 cm�1; HRMS (ES) m/z calcd for C23H28NO3
366.2064, found 366.2138.

4.1.38. 5-(3,4-Dimethoxybenzyl)-1-(3,4-dimethoxyphenethyl)-5-
hydroxy-4-(3,4-dimethoxyphenyl)-pyrrol-2(5H)-one (19i). This com-
poundwas prepared by the above procedurewith the exception that
5-(3,4-dimethoxybenzylidene)-4-(3,4-dimethoxyphenyl)-5H-furan-
2-one and 3,4-dimethoxyphenethylamine were used in the reaction
in which case a solid (57% yield) was obtained after flash chro-
matographic purification as previously described. This material
exhibited the following physical properties: mp 170e172 �C; 1H
NMR (CDCl3) d 2.97 (m, 1H), 3.12 (d, J¼13.8 Hz, 1H), 3.19 (d,
J¼13.8 Hz, 1H), 3.22 (m, 1H), 3.47 (m, 1H), 3.56 (s, 3H), 3.78 (s, 3H),
3.85 (s, 3H), 3.86 (s, 3H), 3.87 (s, 3H), 3.94 (s, 3H), 3.98 (m, 1H), 5.93
(s, 1H), 6.08 (d, J¼2.1 Hz, 1H), 6.28 (dd, J¼2.1 Hz, J¼8.4 Hz, 1H), 6.58
(d, J¼8.4 Hz, 1H), 6.80 (m, 3H), 6.90 (d, J¼8.7 Hz, 1H), 7.18 (d,
J¼2.1 Hz, 1H), and 7.37 (dd, J¼2.1 Hz, J¼8.4 Hz 1H); 13C NMR (CDCl3)
d 169.1, 157.3, 150.7, 149.1, 149.0, 148.1, 148.0, 147.7, 132.1, 126.3, 124.3,
121.6, 121.2, 120.9, 119.5, 112.7, 112.3, 111.4, 111.0, 110.6, 110.3, 93.7,
56.0, 55.9, 55.8, 55.7, 55.5, 41.9, 41.0, and 34.0; IR (neat) 3200 and
1658 cm�1; HRMS (ES) m/z calcd for C31H36NO8 550.2441, found
550.2452. Additional NMR experiments including NOESY, HMBC,
HSQC, APT, and COSY were carried out in order to allow for complete
assignment of all proton and carbon absorptions.

4.1.39. (Z)-5-Benzylidene-1-butyl-4-p-tolylpyrrol-2(5H)-one (20a).
Method A. Into a round bottom flask containing a magnetic stir bar
were placed 15 mL of chloroform, 5-benzyl-1-butyl-5-hydroxy-4-
p-tolylpyrrol-2(5H)-one (0.200 g, 0.600 mmol), and p-toluene sul-
fonic acid (0.017 g, 0.09 mmol) and the reactionmixturewas stirred
at room temperature for 3 h. The reaction mixture was diluted with
additional chloroform (20 mL) and the resulting chloroform phase
was extracted with saturated aqueous bicarbonate solution
(3�20 mL) and brine (3�10 mL) and dried over anhydrous mag-
nesium sulfate. After removing the drying agent by filtration, the
filtrate was concentrated in vacuo to give a solid, which was
purified by flash chromatography on a Biotage SP-1 instrument,
equipped with a silica cartridge, and employing an ethyl acetate/
hexane gradient. The product (0.181 g, 96% yield) was eluted with 6
column volumes of eluant. The resulting solid exhibited the
following physical properties: mp 132e135 �C; 1H NMR (CDCl3)
d 0.64 (t, J¼7.4 Hz, 3H), 0.88 (sextet, J¼7.4 Hz, 2H), 1.19 (pentet,
J¼7.7 Hz, 2H), 2.43 (s, 3H), 3.56 (t, J¼7.5 Hz, 2H), 6.19 (s, 1H), 6.40 (s,
1H), 7.28 (d, J¼6.0 Hz, 2H), 7.32 (m, 3H), and 7.38 (m, 4H); 13C NMR
(CDCl3) d 171.2, 153.1, 139.3, 139.2, 135.0, 129.8, 129.3, 129.0, 128.0,
127.8, 120.0, 115.1, 41.1, 30.3, 21.3, 19.6, and 13.5; IR (neat)
1689 cm�1; HRMS (ES) m/z calcd for C22H24NO 318.1852, found
318.1868. Additional NMR experiments including NOESY, HMBC,
HSQC, and DQF-COSY were carried out in order to allow for com-
plete assignment of all proton and carbon absorptions and to es-
tablish the Z stereochemistry.

4.1.40. (Z)-5-Benzylidene-1-butyl-4-(4-methoxyphenyl)pyrrol-2
(5H)-one (20b). Method B. 5-Benzyl-1-butyl-5-hydroxy-4-meth-
oxyphenylpyrrol-2(5H)-one (0.200 g, 0.569 mmol) was placed in
a 10 mL microwave reaction tube along with a stir bar, p-toluene
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sulfonic acid (0.016 g, 0.085 mmol), and 6 mL of chloroform. The
microwave vial was sealed and heated withmicrowaves at 65 �C for
1 h. The resulting reaction mixture was diluted with additional
chloroform (15 mL), extracted with saturated aqueous bicarbonate
solution (3�10 mL) and brine (2�10 mL), and dried over anhydrous
magnesium sulfate. After removing the drying agent by filtration,
the filtrate was concentrated in vacuo to give an orange oil, which
was purified byflash chromatography on a Biotage SP-1 instrument,
equipped with a silica cartridge, and employing an ethyl acetate/
hexane gradient. The product (0.139 g, 73% yield) was eluted with
six column volumes of eluant. The resulting solid exhibited the
following physical properties: bp 70e72 �C at 0.67 Torr; 1H NMR
(CDCl3) d 0.64 (t, J¼7.0 Hz, 3H), 0.86 (sextet, J¼7.0 Hz, 2H), 1.19
(pentet, J¼7.0 Hz, 2H), 3.55 (t, J¼7.0 Hz, 2H), 3.88 (s, 3H), 6.16 (s,1H),
6.39 (s, 1H), 7.00 (d, J¼8.5 Hz, 2H), 7.33 (m. 3H), 7.38 (d, J¼7.0 Hz,
2H), and 7.41 (d, J¼8.5 Hz, 2H); 13C NMR (CDCl3) d 171.3,160.5,152.7,
139.3, 135.1, 130.4, 129.3, 128.0, 127.8, 125.0, 119.6, 114.9, 114.1, 55.4,
41.0, 30.3, 19.6, and 13.4; IR (neat) 1682 cm�1; HRMS (ES)m/z calcd
for C22H24NO2 334.1802, found 334.1828.

4.1.41. (Z)-5-Benzylidene-1-butyl-4-(4-chlorophenyl)pyrrol-2(5H)-
one (20c). This compound was prepared by the above procedure
(Method B) with the exception that 5-benzyl-1-butyl-5-hydroxy-4-
chlorophenylpyrrol-2(5H)-one was used in the reaction. The crude
product was purified by flash chromatography on a Biotage SP-1
instrument, equipped with a silica cartridge, and employing an
ethyl acetate/hexane gradient. The product was eluted with six
column volumes of eluant. The resulting yellow oil (75% yield)
exhibited the following physical properties; bp 71e72 �C at
0.68 Torr; 1H NMR (CDCl3) d 0.63 (t, J¼7.5 Hz, 3H), 0.87 (sextet,
J¼7.5 Hz, 2H), 1.18 (pentet, J¼7.5 Hz, 2H), 3.55 (t, J¼7.5 Hz, 2H), 6.20
(s, 1H), 6.31 (s, 1H), 7.32 (m, 3H), 7.37 (d, J¼6.0 Hz, 2H), 7.38 (d,
J¼7.0 Hz, 2H), and 7.43 (d, J¼7.0 Hz, 2H); 13C NMR (CDCl3) d 170.7,
151.7, 138.9, 135.4, 134.7, 131.0, 130.4, 129.3, 128.9, 128.1, 128.0,
120.8, 115.2, 41.1, 30.3, 19.6, and 13.5; IR (neat) 1685 cm�1; HRMS
(ES) m/z calcd for C21H21NOCl 338.1306, found 338.1324.

4.1.42. (Z)-5-Benzylidene-1-butyl-4-(3,4-dimethoxyhenyl)pyrrol-2
(5H)-one (20d). This compound was prepared by the above pro-
cedure (Method B) with the exception that 5-benzyl-1-butyl-5-
hydroxy-4-(3,4-dimethoxyphenyl)pyrrol-2(5H)-one was used in
the reaction. The crude product was purified by flash chromatog-
raphyon a Biotage SP-1 instrument, equippedwith a silica cartridge,
and employing an ethyl acetate/hexane gradient. The product was
eluted with six column volumes of eluant. The resulting yellow oil
(46% yield) was found to be a mixture of Z:E isomers (6:1 ratio, re-
spectively, as determined by NMR) and when this material was
allowed to stir in chloroform overnight the Z:E isomeric ratio
changed to 13:1 in favor of the Z isomer. The resulting material (Z
isomer) exhibited the following physical properties; bp 86e87 �C at
1.10 Torr; 1H NMR (CDCl3) d 0.64 (t, J¼7.5 Hz, 3H), 0.87 (sextet,
J¼7.5 Hz, 2H), 1.19 (pentet, J¼7.5 Hz, 2H), 3.55 (t, J¼7.5 Hz, 2H), 3.94
(s, 3H), 3.95 (s, 3H), 6.18 (s, 1H), 6.43 (s, 1H), 6.97 (m, 2H), 7.05 (dd,
J¼2.5 Hz, J¼7.5 Hz 1H), 7.34 (m, 3H), and 7.38 (m, 2H); 13C NMR
(CDCl3) d 171.1, 152.8, 150.1, 149.1, 139.2, 135.0, 129.3, 128.1, 127.8,
125.2, 121.9, 119.7, 112.3, 111.2, 115.0, 56.1, 56.0, 41.1, 30.3, 19.6, and
13.4; IR (neat) 1674 cm�1; HRMS (ES) m/z calcd for C23H26NO3
364.1907, found 364.1894.

4.1.43. (Z)-5-Benzylidene-1-hexyl-4-p-tolylpyrrol-2(5H)-one
(20e). This compound was prepared by the above procedure
(Method B) with the exception that n-hexylamine was used in the
reaction. The crude product was an orange solid and was purified
by flash chromatography on a Biotage SP-1 instrument, equipped
with a silica cartridge, and employing an ethyl acetate/hexane
gradient. The product (96% yield) was eluted with six column
volumes of eluant. The resulting solid exhibited the following
physical properties; mp 142e144 �C; 1H NMR (CDCl3) d 0.80 (t,
J¼7.5 Hz, 3H), 0.97e1.28 (m, 8H), 2.43 (s, 3H), 3.55 (t, J¼7.5 Hz,
2H), 6.19 (s, 1H), 6.39 (s, 1H), and 7.27e7.38 (m, 9H); 13C NMR
(CDCl3) d 171.1, 153.0, 139.3, 139.2, 135.0, 129.7, 129.3, 129.0, 128.1,
127.8, 120.0, 115.1, 41.3, 31.2, 28.2, 26.0, 22.4, 21.3, and 13.9; IR
(neat) 1694 cm�1; HRMS (ES) m/z calcd for C24H28NO 346.2165,
found 346.2161.

4.1.44. (Z)-5-Benzylidene-1-(2,4-dimethoxybenzyl)-4-p-tolylpyrrol-2
(5H)-one (20f). This compound was prepared by the above pro-
cedure (Method B) with the exception that 2,4-dimethoxybenzyl-
amine was used in the reaction. The crude product was an orange
liquid which was purified by flash chromatography on a Biotage SP-
1 instrument, equipped with a silica cartridge, and employing an
ethyl acetate/hexane gradient. The product (96% yield) was eluted
with six column volumes of eluant andwas found to be amixture of
Z:E isomers (as determined by NMR). When this material was
allowed to stir in chloroform for three days, the Z:E isomeric ratio
was 6:1 in favor of the Z isomer. The resulting material (Z isomer)
exhibited the following physical properties; bp 85e86 �C at1.3 Torr;
1H NMR (CDCl3) d 2.43 (s, 3H), 3.50 (s, 3H), 3.77 (s, 3H), 4.69 (s, 2H),
6.22 (d, J¼2.4 Hz, 1H), 6.29 (s, 1H), 6.30 (s, 1H), 6.31 (dd, J¼2.4 Hz,
J¼8.0 Hz, 1H), 6.51 (d, J¼8.4 Hz, 2H), 6.99 (d, J¼7.4 Hz, 2H), 7.15 (t,
J¼7.4 Hz, 2H), 7.21 (t, J¼7.4 Hz, 1H), 7.29 (d, J¼7.9 Hz, 2H), and 7.39
(d, J¼7.9 Hz, 2H); 13C NMR (CDCl3) d 171.7, 159.7, 157.5, 153.4, 139.4,
138.9, 134.5, 129.7, 129.3, 129.0, 128.9, 127.6, 127.2, 127.1, 119.6, 117.9,
116.1, 103.5, 97.8, 55.3, 54.8, 40.5, and 21.3; IR (neat) 1694 cm�1;
HRMS (ES) m/z calcd for C27H26NO3 412.1907, found 412.1882.
Additional NMR experiments including NOESY, HMBC, HSQC, and
DQF-COSY were carried out in order to allow for complete assign-
ment of all proton and carbon absorptions and to establish the Z
stereochemistry.

4.1.45. (Z)-5-(4-Methylbenzylidene)-1-butyl-4-p-tolylpyrrol-2(5H)-
one (20g). This compound was prepared by the above procedure
(Method B) with the exception that 4-ethynyltoluene was used in
the reaction. The crude product was an orange liquid which was
purified by flash chromatography on a Biotage SP-1 instrument,
equipped with a silica cartridge, and employing an ethyl acetate/
hexane gradient. The product (95% yield) was eluted with six col-
umn volumes of eluant and was found to be a mixture of Z:E iso-
mers (as determined by NMR). When this material was allowed to
stir in chloroform for three days the Z:E isomeric ratio was 4:1 in
favor of the Z isomer. The resulting material (Z isomer) exhibited
the following physical properties; bp 70e71 �C at 1.15 Torr; 1H NMR
(CDCl3) d 0.66 (t, J¼7.5 Hz, 3H), 0.91 (m, 2H), 1.20 (pentet, J¼7.5 Hz,
2H), 2.39 (s, 3H), 2.43 (s, 3H), 3.59 (t, J¼7.5 Hz, 2H), 6.18 (s, 1H), 6.37
(s, 1H), 7.18 (d, J¼8.5 Hz, 2H), 7.21 (d, J¼8.5 Hz, 2H), 7.28 (d,
J¼8.5 Hz, 2H), and 7.35 (d, J¼8.5 Hz, 2H); 13C NMR (CDCl3) d 171.3,
153.1, 139.2, 138.9, 137.8, 131.9, 129.8, 129.3, 129.2, 129.0, 128.7,
119.8,115.5, 41.1, 30.3, 21.3, 21.2,19.6, and 13.5; IR (neat) 1683 cm�1;
HRMS (ES) m/z calcd for C23H26NO 332.2009, found 332.2029.

4.1.46. (Z)-5-(4-Methoxybenzylidene)-1-butyl-4-p-tolylpyrrol-2
(5H)-one (20h). This compound was prepared by the above pro-
cedure (Method B) with the exception that 4-ethynylanisole was
used in the reaction. After isolation, the crude product was stirred
overnight in chloroform at room temperature to insure that opti-
mum conversion to the Z isomer had takenplace. The crude product
was purified byflash chromatography on a Biotage SP-1 instrument,
equipped with a silica cartridge, and employing an ethyl acetate/
hexane gradient. The product (96% yield) was eluted with six col-
umnvolumes of eluant andwas found to be amixture of Z:E isomers
(as determined by NMR) in a 7:1 ratio in favor of the Z isomer. The
resulting material (Z isomer) exhibited the following physical
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properties; bp 68e69 �C at 1.45 Torr; 1H NMR (CDCl3) d 0.67 (t,
J¼7.5 Hz, 3H), 0.90 (m, 2H), 1.24 (m, 2H), 2.70 (s, 3H), 3.62 (t,
J¼7.5 Hz, 2H), 3.83 (s, 3H), 6.15 (s, 1H), 6.34 (s, 1H), 6.90 (d, J¼7.8 Hz,
2H), 7.26 (m, 4H), and 7.34 (d, J¼7.8 Hz, 2H); 13CNMR (CDCl3) d 171.4,
159.4, 153.1, 139.2,138.6,130.7, 129.8,129.3,129.0,127.1, 119.6,115.4,
113.6, 55.3, 41.1, 30.3, 21.3,19.7, and 13.5; IR (neat) 1686 cm�1; HRMS
(ES) m/z calcd for C23H26NO2 348.1958, found 348. 2014.

4.1.47. (Z)-5-(3,4-Dimethoxybenzylidene)-1-(3,4-dimeth-
oxyphenethyl)-4-(3,4-dimethoxyphenyl)-pyrrol-2(5H)-one (20i). This
compound was prepared by the above procedure (Method B)
with the exception that 4-ethynyl-1,2-dimethoxybenzene, 3,4-di-
methoxyphenethylamine, and 5-(3,4-dimethoxybenzylidene)-4-
(3,4-dimethoxyphenyl)-5H-furan-2-one were used in the reaction.
After workup and isolation, the crude product was purified by flash
chromatography on a Biotage SP-1 instrument, equipped with a sil-
ica cartridge, and employing an ethyl acetate/hexane gradient. The
product was eluted with six column volumes of eluant and the
resulting solid (50% yield) exhibited the following physical proper-
ties: mp 112e115 �C; 1H NMR (CDCl3) d 2.50 (t, J¼8.1 Hz, 2H), 3.74 (s,
3H), 3.82 (s, 3H), 3.89 (m, 2H), 3.90 (s, 3H), 3.93 (s, 3H), 3.94 (s, 3H),
3.95 (s, 3H), 6.17 (s, 1H), 6.22 (d, J¼2.0 Hz, 1H), 6.33 (dd, J¼2.0 Hz,
J¼8.5 Hz,1H), 6.35 (s,1H), 6.67 (d, J¼8.5 Hz,1H), 6.86 (s,1H), 6.93 (m,
3H), 6.95 (d, J¼8.0 Hz, 1H), and 7.01 (dd, J¼1.8 Hz, J¼8.0 Hz, 1H); 13C
NMR (CDCl3) d 171.4,153.3,150.1,149.1,148.7,147.5,138.7,131.0,127.4,
125.2, 122.7, 121.8, 120.9, 119.3, 115.3, 112.7, 112.3, 111.9, 111.2, 110.9,
56.1, 56.0, 55.9, 55.8, 55.7, 43.3, and 34.3; IR (neat) 1683 cm�1; HRMS
(ES) m/z calcd for C31H34NO7 532.2330, found 532.2324.
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