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Abstract- Highly functionalized pyrroles with appropriate r@ghemical functionality represent
an important class of marine natural products astdmgial drug candidates. We describe herein
a detailed study of the reaction efaminoacid esters with vinylogous amides and diso
halovinylaldehydes for the regiospecific synthes:$ 2,34-trisubstituted and 1,2,3,4-
tetrasubstituted pyrroles. Since the vinylogousdasiandp-halovinylaldehydes are readily
available precursors, rapid access to a wide yageunsymmetrically substituted pyrroles is
accomplished via this methodology.

1. Introduction
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Figure 1. Pyrrole Containing Natural Products
Our previous studies have established that vinamidi salt$ and related compounds are
useful building blocks for the construction of fiemd six membered heterocyclic compounds
and in particular highly functionalized, unsymmesti pyrroles. The presence of the pyrrole
core in a large number of natural (Fig. 1) and lsgtit products has attracted the attention of
many others and as a result, various syntheticoagpes are currently availahl@he attention
given to such pyrrole containing natural produaises from their very important biological
propertied. Such properties include potent anti-proliferai@etivity of lamellarin D (2, Fig. 1)
and lukianol & (3, Fig. 1) on various cancer cell lines includthgse, which exhibit multidrug-
resistance. Lynamicin §(1, Fig. 1) and related compounds have demonstgaed antibiotic
activity againstStaphylococcus aureuATCC 43300-MRSA andHaemophilus influenzae
ATCC 49247. Consequently, short and efficient meshéor the regiocontrolled synthesis of
symmetrical and unsymmetrical, polyfunctionalizgurples are of some importance.
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The ideal method for synthesizing polyfunctionatizoyrroles should allow for a high yielding,
regiospecific preparation from readily availablargshg materials in as few synthetic steps as
possible. In 1999 we reporteca short and efficient synthesis of the Furstnerrqly
intermediate, which had been converted to the reamettural product Lukianol A (3, Fig. 1).
The key pyrrole core for this intermediate was prefd by the condensation reaction of a single
vinylogous amide or it's correspondirfighalovinylaldehyde with several glycine derivatives
These early results suggested that both vinylogouges ang-halovinylaldehydes could meet
the general requirements of ideal building bloaksthe high yielding, regiospecific preparation
of appropriately functionalized pyrroles. We nowao# a thorough investigation of vinylogous
amides and B-halovinylaldehydes as efficient precursors for ymsetrical 1,2,3,4-
tetrasubstituted and 2,3,4-trisubstituted pyrroles.

2. Resultsand Discussions

Since a significant number of the important bioaetpyrroled contain aryl groups at the C-3
and C-4 positions of the pyrrole, we decided tandebptimum conditions for the construction
of a variety of aryl benzyl ketones as startingariats for our work. Although many Friedel-
Craft acylation conditionsare available, we liked the idea of using one \eant of triflic
anhydride, (Scheme 1 and Table 1) to medisteh reactions due to high yields, and very clean
and mild reaction conditions. These reactions vgsesally run overnight at room temperature,
required minimum work up and the crude productsevexceptionally pure and could be used in
subsequent steps without further purification.
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Scheme 1. Triflic Anhydride M ediated Acylation with Aryl Acetic Acids

Table 1. Preparation of Aryl Benzyl Ketones

Compound Ar? Ar? % Yield
Number

7a 4-MePh 2,4-(MeQph | 94
7b 4-MePh 2,3,4-(MeQph| 71
7c 4-MePh 3,4-(MeQPh | 89
7d Ph 4-MeOPh 98
7e 4-BrPh 4-MeOPh 81
7f 4-MePh 4-MeOPh 98
79 4-CIPh 4-MeOPh 90
7h 2,3,4-(MeOPh | 4-MeOPh 71
7i 3,4-(MeOYPh | 4-MeOPh 79

The preparation of vinylogous amides from activehylene compounds is well knoWhand

with a variety of benzyl ketones in hand we emptbieN-dimethylformamide dimethyl acetal
in refluxing DMF for this transformation. Nearlyl abactions proceeded in high yield with little
or no purification of the crude products requirdtbraconcentration of the reaction mixtures.
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The only exception was in the case of compo8adTable 2) in which case the product yield
was lower and this could be due to steric issues.

(@]
\)OJ\ DMF Acetal Ar
Ar —_— R
R |
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8

Scheme 2. Preparation of Vinylogous Amides from Benzyl Ketones

Table 2. Preparation of Vinylogous Amides

Compound| Ar R % Yield
Number

8a 4-MeOPh Me 99
8b 4-MeOPh 4-MeOPh 99
8c 4-MePh 4-MeOPh 96
8d 4-MePh 2,3,4-(Me@ph | 54
8e 4-MePh 3,4-(MeQph | 91
8f 4-MePh 2,4-(MeQPh | 95
89 4-BrPh 4-MeOPh 91
8h 4-CIPh 4-MeOPh 99
8i Ph 4-MeOPh 85
8] 2,3,4-(MeO)Ph | 4-MeOPh 83
8k 3,4-(MeO)Ph | 4-MeOPh 85

In our previous studies of pyrrole forming reactiowith glycine derivatives and vinamidinium
salts, we proposed that the amino acid ester undsrgn amine exchange reaction with one of
the amine groups at the vinamidinium salt termifallowed by base-mediated cyclization.
Consequently we decided to see if we could accatmpglhe same exchange process with a
vinylogous amide and N-methyl glycine ethyl estad actually isolate and characterize the
suggested intermediate (Scheme 3 and Table 3)mbauof examples were evaluated and they
gave good yields by refluxing the reactants in etthaBecause N-methyl glycine was purchased
and used as the hydrochloride salt, we employéddroacetic acid as an additive for the N-
benzyl glycine exchange process, since it was jageth as the free base. The presence of one
equivalent of acid clearly facilitated the exchamgaction. In addition NOESY NMR analysis
of one of the reaction productd0f) indicated that when Rwas an aryl group the E
configuration of the amine exchanged product wdaioed as shown in Scheme 3.

O
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Scheme 3. The Amine Exchange Reaction



Table. 3 Amine Exchange Reaction of Vinylogous Amides with Glycine Derivatives

Compound| Ar' R R® | Additive | % Yield
Number
10a 4-MePh | 4-MeOPh MeNone 64
10b 4-MePh | 3,4-(MeQPh Me| None 54
10c 4-MeOPh 4-MeOPh Me| None 100
10d 4-MeOPh Me Me | None 89
10e 4-MePh | 2,3,4-(MeGRh | Me | None 93
10f 4-MePh | 4-MeOPh Bn GEOH |75
10g 4-MeOPh 4-MeOPh Bn| CECOH | 84

Our previous cyclization studies with vinamidiniwalts and glycine derivatives employed base
mediated conditiortsfor pyrrole formation. We therefore selected satlibydride in THF at
room temperature for our intitial cyclization stesliwith the amino acid ester exchanged
vinylogous amide1(0d) and the results are depicted in Scheme 4.

MeO MeO
o)
MeO
| Me NaH, THF o Me
Me\N ’ rt, O.N. Me 7\
I H + N~ CO,Et

0~ H !

CO,Et Me
1 12a

10d 33% 66%

Scheme 4. Base M ediated Pyrrole Formation from Sar cosine Exchanged Vinylogous
Amide

We were pleased to obtain a 66% vyield of the degiserole ((2a) based ortH NMR analysis

of the crude product and comparison with an autbesgmplé'.The product regiochemistry
was established by NOESY NMR analysisl@g'* (Table 4). Given the E stereochemistry of
the starting materigllOd) it was clear that isomerization about the doubledooccurred prior

to the cyclization step. We were also able to deitee that the side productl) formed in the
reaction (in 33% yield) was a ketoaldehyd&)( which we assumed was formed by hydrolysis
of the sarcosine exchanged vinylogous amided) Since water was generated in the
cyclization step, this presented an obvious probl&m further verify our assumptions the
sarcosine exchanged vinylogous amidédj was treated with aqueous sodium hydroxide in
THF at room temperature overnight in which casekéte aldehydel(l) was produced in 95%
yield (Scheme 5) and was identical by NMR to the material obtained in the base mediated
cyclization (Scheme 4) to form the pyrrol&€24).Although the keto aldehydelX) could in
principle react with sarcosine to regenerate thehamged vinylogous amidd(d) and then
cyclize, the basic reaction conditions should caleygrotonation of the keto aldehydd) and
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make it unavailable for such a process. It shoeldhtited that an attempt was made to remove
water during the dehydration step by running theizgtion reaction (as described in Scheme 4)
in toluene with azeotropic removal of water. Ingtiregly, these conditions did not result in a
meaningful improvement in the yield of the desipsdrole versus the reaction in THF at room
temperature.

MeO
(@]
MeO
| Me O
Me\N H NaOH, H,O/THF p Me

rt, O.N. o) H

CO,Et
11, 95% Yield
10d

Scheme 5. Hydrolysis of Sarcosine Exchanged Vinylogous Amide

Because of the issues associated with the baseateddiyclization conditions we turned our
attention to an acid mediated process as desanb®dheme 6 and Table 4.

(0]
Arl Ar R1
| R? HOAC

R? — /)
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Scheme 6. Acid Mediated For mation of 1,2,3,4-Tetrasubstituted Pyrrolesfrom Sarcosine
Exchanged Vinylogous Amides

Table4. Acid Mediated Formation of 1,2,3,4-Tetrasubstituted Pyrroles

Compound| Ar R! R® | % Yield
Number

12a 4-MeOPh Me Me | 94
12b 4-MeOPh 4-MeOPh Me| 95

12c 4-MePh 4-MeOPh Me81
12d 4-MePh | 3,4-(MeQPh| Me | 88
12e 4-MeOPHh 4-MeOPh Bn| 80
12f 4-MePh 4-MeOPh Bn 88

For the six examples studied (Scheme 6, Tableeflyxing the respective vinylogous amide
(20) in glacial acetic acid gave relatively clean pyer(12a-12f) with little if any keto aldehyde
(11) formed from the hydrolytic side reaction. Any hgtysis, which may have occurred, would
still allow for the reaction of the N-substitutetygne with the keto aldehydell) thereby
reproducing the exchanged vinylogous amiti® @nd subsequently forming the pyrrol2)in

an irreversible cyclization step. Therefore, noceigible yield loss of pyrrole would be
expected given the deprotonation of the keto aldetfl) in an acidic environment would not
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be possible. Upon reaction of the keto aldehytl®) with N-methyl glycine ethyl ester
hydrochloride in refluxing acetic acid (Scheme A5 yield of the respective pyrrolé2gq)
was obtained after normal reaction work up therebsfying its (11) viability as a pyrrole
precursor.

MeO
MeO
(0] Me
HOAc

Me + MeNHCH,CO,Et —————» // \
Reflux N~ CO.Et

(o] H 9 I

Me
" 12a, 55% Yield

Scheme 7. Acetic Acid Mediated Cyclization of Ketoaldehyde (11) to Pyrrole (12a).

Given the success of the acid-mediated reactionlitons, we decided to evaluate a one pot
reaction where the N-substituted glycine derivat{i®® would undergo exchange with the
vinylogous amidg8) in situ followed by cyclization to the respective pyrr¢l) in refluxing
glacial acetic acid (Scheme 8). A total of 13 exl®pwvere evaluated (Table 5) and very
respectable yields of 1,2,3,4-tetrasubstituted gdgr(l2a-12m) products were obtained in all
cases.

9 Ar. Rl
Ar 1 HOAC
| R, RNHCH,COEt ——— > [/ \
Me,N”~ “H . Reflux Nz CO,Et
R
8
12

Scheme 8. Acetic Acid Mediated One Pot Cyclization of Vinylogous Amidesto 1,2,3,4-
Tetrasubstituted Pyrroles

Table 5. One Pot Cyclization of Vinylogous Amidesto 1,2,3,4-Tetrasubstituted Pyrroles

Compound Ar R R* | % Yield
Number

12a 4-MeOPh Me Me 81
12b 4-MeOPh 4-MeOPh Me73
12¢ 4-MePh 4-MeOPh Me86
12d 4-MePh 3,4-(MeQPh | Me | 87
129 Ph 4-MeOPh Me72
12h 4-BrPh 4-MeOPh Me87
12i 4-CIPh 4-MeOPh Me 87
12j 3,4-(MeO)Ph | 4-MeOPh Me 91
12k 2,3,4-(MeOyPh | 4-MeOPh Me| 91
12| 4-MeOPh Me Bn| 61
12m 4-MePh 3,4-(MeQPh | Bn | 60
12e 4-MeOPh 4-MeOPh Bn 58
12f 4-MePh 4-MeOPh Bn 67




It is proposed that the above cyclization occurerafsomerization of the E-vinylogous
exchanged amided() to the Z isomers. This isomerization would bddwkd by enolization
of the ester group and then an acid mediated imiecular condensation with subsequent
dehydration should yield the desired tetrasubstitytyrroles 12).

It is important to note that a significant numbé&biactive, pyrrole natural products and their
synthetic counterparts require the nitrogen of gggole to be unsubstituted. Attempts to use
glycine ester hydrochloride in place of N-subsétuiglycines under the previously described
conditions showed no indication of pyrrole formatioNe have previously had success
converting vinylogous amides8)( to p-halovinylaldehyde’$ (13) in high yield and we
anticipated that such substances would offer aarreltive three-carbon building block for
successful condensation with glycine ester hydayate. After preparation of a mod@h
halovinylaldehyde 13c) as a mixture of E13c-1) and Z (3c-2) isomers, the isomeric products
were separated chromatographically and individueligracterized along with NOESY NMR
analysis. The isomersl3c-1 and 13c-2) were then separately reacted with glycine ester
hydrochloride in refluxing DMF (Scheme 9) wherehy esired N-unsubstituted pyrroli2¢,
Table 6) was produced in both reactions in genegdod yields (83% for the E isomer and
68% for the Z isomer).

OMe
Me
Me
‘ 2 1. POCl; in O cl Me O
DCM at rt
(T Aol AL,
MezN H OMe 2-Aq. NaHCO3 o H OMe
(o) H
8¢ 13¢c-1 13c-2
E Isomer 80% Z Isomer 20%
M OMe
M e
QL
NH,CH,CO,Et O
ae -
0” H OMe DMF and Heat I\ CO,Et
N
13c-1 H
E Isomer
12c 83% Yield
OMe OMe
Me
. C O O
‘ NH,CH,CO,Et
= ?
(o] I\
DMF and Heat N CO.Et
(o] H I|-|
13c-2
Z Isomer 12c 68% Yield

Scheme 9. Formation of N-H-2,3,4-Trisubstituted Pyrrole (12c) from Individual B-
Chlorovinyl Aldehyde I somers (13c-1 and 13c-2)

Since both individual isomers were converted tordspective pyrrole (Scheme 9), a variety of
chlorovinyl aldehydes1@) were prepared and the crude isomeric producte webjected to
reaction with glycine ethyl ester in refluxing DMHAhe respective unsymmetrical 2,3,4-
trisubstituted pyrroleslgn-12t) were subsequently obtained in generally goodigiéTable 6).
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Interestingly, similar reactions with either N-mgtilycine ethyl ester or N-benzylglycine ethyl
ester also produced pyrrolek2,12c,12d,129,12h,12f andl2m) in good yield as well and the
pyrrole products were identical to those prepargdthe previously described vinylogous
amide/acetic acid route (Scheme 8, Table 5). #ise worth noting that no added acid or base
was required to initiate the amine exchange orctlotization processes in refluxing DMF. It is
assumed that trace amounts of acid from the sktteeaamino acid esters or from elimination of
HCI during the elimination step could facilitateetbbserved process. It is also assumed that the
amine group of the amino acid ester would readiepeatially with the aldehyde group and not
the chlorovinyl group for steric reasons.

1
1. POCl4in Cl  RNHCH,COEt Ar_ R
Ar
wDOMa A a9 .
—» N~ “CO,Et
MeN" H 2.Ag. NaHCO3 0~ H DMF and Heat R2
8 workup 13

12

Scheme 10. For mation of Unsymmetrical 2,3,4-Trisubstitutedpyrroles and Unsymmetrical
1,2,3,4-Tetrasubstitutedpyrrolesvia p-Chlorovinyl Aldehydes

Table 6. Unsymmetrical 2,3,4-Trisubstitutedpyrroles and Unsymmetrical 1,2,3,4-
Tetrasubstitutedpyrrolesvia p-Chlorovinyl Aldehydes

Compound Ar R R* | % Yield
Number

12n 4-MeOPh 4-MeOPh H 84
120 4-MePh 3,4-(MeQpPh|H |59
12p 4-MePh 4-MeOPh H| 85
12q 4-MeOPh Me H| 45
12r Ph 4-MeOPh H| 86
12s 4-BrPh 4-MeOPh H| 85
12t 3,4-(MeO)Ph | 4-MeOPh H | 66
12b 4-MeOPh 4-MeOPh Me80
12c 4-MePh 4-MeOPh Mg82
129 Ph 4-MeOPh Me67
12h 4-BrPh 4-MeOPh Me73
12d 4-MePh 3,4-(MeQPh | Me | 81
12m 4-MeOPh 3,4-(Me@Qph| Bn | 60
12f 4-MePh 4-MeOPh Bn 69

3.Conclusions

In summary we have described a two-step processetpospecifically preparing unsymmetrical
1,2,3,4-tetrasubstituted pyrrole$2] in good yield from benzyl ketones via acetic aciddiated
condensation of the corresponding vinylogous ami@ewith N-substituted glycine derivative8)(
Additionally, a step wise process involving the atean of the vinylogous amide exchanged
materials {0) with refluxing acetic acid was found to produde trespective pyrroles thereby
helping to clarify the nature of the one pot, pigrfmrming reaction. Since N-unsubstituted pyrroles
could not be made by the acetic acid mediated ydléevinylogous amides8) were converted to
an isomeric mix ofB-halovinylaldehydes 13) via reaction with phosphorous oxychloride.
Subsequent reaction of the crude isomp+ialovinylaldehydesi@) with both N-unsubstituted and
N-substituted glycines in refluxing DMF producedsymmetrical 2,3,4-trisubstituted pyrrolel)
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and unsymmetrical 1,2,3,4-tetrasubstituted pyrr¢l®3, repectively in good yield. The isolation,

characterization and individual conversion of E @dhloroenals to a 2,3,4-trisubstituted pyrrole
(12c) establishes viability of both isomers to be sgsbdly converted to the desired product. In an
overall sense a very compact sequence of reacti@s shown to regiospecifically produce
functionalized, unsymmetrical, polysubstututed pls thereby making it possible for rapid
generation of various libraries of compounds begtire pyrrole scaffold.

4. Experimental

4.1 General

All chemicals were used as received from the mantufar (Aldrich Chemicals and Fisher
Scientific). All solvents were dried over 4 angstronolecular sieves prior to their use. NMR
spectra were obtained on either a Bruker 300 MHectspmeter, or a Bruker 500 MHz
spectrometer in either CD£lIds-DMSO or @-acetone solutions. IR spectra were recorded on a
Nicolet Avatar 320 FT-IR spectrometer with an HABRachment. High resolution mass spectra
were obtained on a Shimadzu IT-TOF mass spectronagtéhe University of Richmond. Low
resolution GC-MS spectra were obtained on a Shim&R 5050 instrument. Melting points and
boiling points are uncorrected. Chromatographidfjgations were carried out on a Biotage SP-1
instrument or a Biotage Isolera instrument (bothigoed with a silica cartridge). Gradient elution
with ethyl acetate/hexane was accomplished in attances. The reaction products were normally
eluted within the range of 4-8 column volumes afagit with a gradient mixture of 60-80% ethyl
acetate in hexane. TLC analyses were conductedlioa glates with hexane/ethyl acetate as the

eluant. All purified reaction products gave TLC uks, flash chromatograms, andC NMR
spectra consistent with a sample purity of >95%.

4.1.1 1-(2,4-Dimethoxyphenyl)-2-p-tolylethanone (7a). Into a 100 mL round bottom flask
equipped with magnetic stirring was placed 4-talgléc acid (0.524 g, 3.61 mmol) along with 15
mL of dry dichloromethane (DCM). To this mixture tiwviice bath cooling was added 1,3-
dimethoxybenzene (0.542 g, 3.61 mmol) and 4.33 L33 mmol) of a 1.00 M solution of triflic
anhydride in anhydrous DCM. The resulting mixturasvstirred overnight, diluted with 20 mL of
saturated aqueous bicarbonate and extracted witl (BCx 20 mL). The DCM solution was dried
over anhydrous sodium sulfate, filtered throughrietl glass funnel and the filtrate was then
passed through a short plug of silica gel and thg was then washed with 50 mL of ethyl acetate.
The combined filtrates were concentrated/acuoto yield a dark grey solid (0.918 g, 94% yield),
which exhibited the following physical propertieap 63-65 °C;'H NMR (500 MHz, CDC}) &
7.81 (d,J = 8.7 Hz, 1H), 7.12 (broad s, 4H), 6.53 (dd; 8.7 Hz,J = 2.3 Hz, 1H), 6.47 (d] = 2.3
Hz, 1H), 4.25 (s, 2H), 3.91 (s, 3H), 3.87 (s, 3 .33 (s, 3H)*C NMR (75 MHz, CDC}) &
198.0, 164.5, 160.6, 135.9, 133.1, 132.6, 129.8,01221.0, 105.2, 98.4, 55.5, 55.4, 49.5 and 21.0;
IR (neat) 1665 ciy HRMS (ES, M+Na)n/zcalcd for G7H1g03Na 293.1148, found 293.1158.

4.1.2 2-p-Tolyl-1-(2,3,4-trimethoxyphenyl)ethanone (7b). This material was prepared in a
manner identical to the previous examfla) with the exception that 1,2,3-trimethoxybenzens wa
used as the aromatic hydrocarbon component insteh®-dimethoxybenzene in which case a dark
oil (0.379 g, 71% yield) was obtained. This mategdhibited the following physical properties: bp
146-147 °C at 0.54 tortH NMR (300 MHz, CDC}) & 7.46 (d,J = 9.0 Hz, 1H), 7.12 (broad s, 4H),
6.70 (d,J = 9.0 Hz, 1H), 4.25 (s, 2H), 3.96 (s, 3H), 3.913d), 3.89 (s, 3H) and 2.33 (s, 3HJC
NMR (75 MHz, CDC}) 6 196.6, 157.3, 153.8, 142.1, 136.1, 132.1, 12929.11, 126.0, 125.8,
107.2, 61.6, 60.9, 56.1, 48.9 and 21.1; IR (ne&§0lcn’; HRMS (ES, M+Na)m/z calcd for
Ci8H2004Na 323.1254, found 323.1236.



4.1.3 1-(3,4-Dimethoxyphenyl)-2-p-tolylethanone (7c). This material was prepared in a manner
identical to the previous examp(éa) with the exception that 1,2-dimethoxybenzene wsedias
the aromatic hydrocarbon component instead of lyfthoxybenzene in which case a dark oil
(89% vyield) was obtained, which exhibiteddt NMR spectrum identical to the reported vafdes
'H NMR (300 MHz, CDCJ) 6 7.68 (ddJ = 8.3 Hz,J = 2.0 Hz, 1H), 7.58 (dJ = 2.0 Hz, 1H), 7.18
(d,J = 8.1 Hz, 2H), 7.14 (d) = 8.1 Hz, 2H), 6.89 (d) = 8.3 Hz, 1H), 4.22 (s, 2H), 3.95 (s, 3H),
3.93 (s, 3H) and 2.34 (s, 3H).

4.1.4 1-(4-Methoxyphenyl)-2-phenylethanone (7d). This material was prepared in a manner
identical to the previous examp{éa) with the exception that methoxybenzene was usetthas
aromatic hydrocarbon component and phenyl acettt\aas used as the acyl component. A solid
(98% yield) was obtained, which exhibitedtd NMR spectrum identical to the reported valdes
'H NMR (500 MHz, CDC}) 4 8.02 (d,J = 10.0 Hz, 2H), 7.31 (m, 5H), 6.95 @= 10.0 Hz, 2H),
4.26 (s, 2H) and 3.88 (s, 3H).

4.1.5 2-(4-Bromophenyl)-1-(4-methoxyphenyl)ethanone (7€). This material was prepared in a
manner identical to the previous exampla) with the exception that 4-bromophenyl acetic acid
was used as the acyl component. A solid (81% yield$ obtained, which exhibited'sl NMR
spectrum identical to the reported vaftietH NMR (300 MHz, CDCJ) 5 7.99 (d,J = 8.9 Hz, 2H),
7.46 (d,J = 8.4 Hz, 2H), 7.15 (dJ = 8.4 Hz, 2H), 6.95 (d) = 8.9 Hz, 2H), 4.20 (s, 2H) and 3.89
(s, 3H).

4.1.6 1-(4-Methoxyphenyl)-2-p-tolylethanone (7f). This material was prepared in a manner
identical to the previous examp(éa) with the exception that 4-tolyl acetic acid wagdigs the
acyl component. A solid (98% vyield) was obtainethjch exhibited aH NMR spectrum identical
to the reported valu&s *H NMR (500 MHz, CDCJ) & 8.01 (d,J = 8.8 Hz, 2H), 7.18 (d) = 8.1
Hz, 2H), 7,14 (d,) = 8.1 Hz, 2H), 6.94 (d] = 8.8 Hz, 2H), 4.21 (s, 2H), 3.88 (s, 3H) and 2.84 (
3H).

4.1.7 2-(4-Chlorophenyl)-1-(4-methoxyphenyl)ethanone (7g). This material was prepared in a
manner identical to the previous exampla) with the exception that 4-chlorophenyl acetic acid
was used as the acyl component. A solid (90% yield$ obtained, which exhibited'sl NMR
spectrum identical to the reported vafdetH NMR (300 MHz, CDCJ) 5 7.99 (d,J = 8.9 Hz, 2H),
7.31 (d,J = 8.5 Hz, 2H), 7.21 (d, J = 8.5 Hz, 2H), 6.95 (&, 8.9 Hz, 2H), 4.22 (s, 2H) and 3.89 (s,
3H).

4.1.8 1-(4-Methoxyphenyl)-2-(2,3,4-trimethoxyphenyl)ethanone (7h). This material was
prepared in a manner identical to the previous @kar(ra) with the exception that 2,3,4-
trimethoxyphenyl acetic acid was used as the asgiponent. A solid (71% yield) was obtained
after flash purification on A Biotage Isolera instrent with a silica column. This material exhibited
the following physical properties: mp 55-56 %€ NMR (500 MHz, CDC}) & 8.05 (d,J = 9.0 Hz,
2H), 6.96 (dJ = 9.0 Hz, 2H), 6.89 (d] = 8.5 Hz, 1H), 6.65 (dJ = 8.5 Hz, 1H),4.20 (s, 2H), 3.89
(s, 6H), 3.87 (s, 3H) and 3.85 (s, 3fC NMR (75 MHz, CDC})) 5 196.6, 163.4, 152.9, 151.7,
142.3, 130.7, 129.9, 124.9, 121.6, 113.7, 107.8,@D.7, 56.0, 55.4, and 39.2; IR (neat) 1680 cm
1 HRMS (ES, M+Na)n/zcalcd for GgHo00sNa 339.1203 found 339.1200.

4.1.9 2-(3,4-Dimethoxphenyl)-1-(4-methoxyphenyl)ethanone (7i). This material was prepared in
a manner identical to the previous exam@® with the exception that 3,4-dimethoxyphenyl acetic
acid was used as the acyl component. A dark ola(¥8eld) was obtained, which exhibited'd
NMR spectrum identical to the reported vafie¥H NMR (300 MHz, CDCJ) & 8.02 (d,J = 8.8
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Hz, 2H), 6.95 (d,J = 8.8 Hz, 2H), 6.85-6.80 (m, 3H), 4.19 (s, 2H), 3(893H), 3.88 (s, 3H) and
3.87 (s, 3H).

4.1.10 4-Dimethylamino-3-(4-methoxyphenyl)-but-3-en-2-one (8a). Into a 20 mL microwave vial
equipped with a magnetic stir bar and crimping eas added 4-methoxyphenylacetone (0.545 g,
3.32 mmol), N,N-dimethylformamide dimethyl acetal18 g, 26.6 mmol), and dimethylformamide
(5 mL). The reaction mixture was heated in a mi@ee reactor for 2 hours at 100 °C. The solvent
was removedn vacuq the crude mixture was diluted with water (30 mangd the agueous solution
was extracted with ethyl acetate (3 x 15 mL). Thenkined organic phases were washed with
aqueous lithium chloride (20 mL), dried over anlogdr sodium sulfate, and concentraitedacuo

to yield an orange solid (0.721 g, 99% yield), whiexhibited the following properties: mp 51-53
°C; 'H NMR (CDCk; 500 MHz)3 7.60 (s, 1H), 7.11 (dl = 8.5 Hz, 2H), 6.88 (dJ = 8.5 Hz, 2H),
3.85 (s, 3H), 2.72 (s, 6H), 1.95 (s, 3&C NMR (CDCE; 75 MHz) 3 27.41, 42.91, 55.11, 110.51,
113.27, 130.27, 133.03, 149.03, 158.36, and 196F {neat) 1647 cify HRMS (ES, M+H)m/z
calcd for G3H17NO, 220.1332 found 220.1300.

4.1.11 4-Dimethylamino-3-(4-methoxyphenyl)-but-3-en-2-one (8a). Into a 200 mL round bottom
flask equipped with a magnetic stir bar and reftaxdenser was added 4-methoxyphenylacetone
(3.10 g, 18.9 mmol), N,N-dimethylformamide dimetlagdetal (13.56 g, 113 mmol), and dimethyl-
formamide (15 mL). The reaction mixture was heatedreflux for 6 hours, cooled to room
temperature, and the solvent was remowedacuo The reaction mixture was diluted with water
(30 mL) and extracted with ethyl acetate (3 x 20).nilhe combined organic phases were washed
with aqueous lithium chloride (20 mL), dried overthgdrous sodium sulfate, and concentrated
vacuo to yield a substance (3.78 g, 91% yield), whichsweentical by'H NMR to 4-
dimethylamino-3-(4-methoxyphenyl)-but-3-en-2-dBa) prepared via microwave irradiation.

4.1.12 3-Dimethylamino-1,2-bis-(4-methoxyphenyl)-propenone (8b). This material was prepared

in a manner identical to the previous reflux exkar({Ba) with the exception that desoxyanisoin
was used as the ketone in which case a yellow skl obtained (2.39 g, 99% vyield), which was
identical by'H NMR analysis to a previously prepared sarhple

4.1.13 3-Dimethylamino-1-(4-methoxyphenyl)-2-p-tolyl-propenone (8c). This material was
prepared in a manner identical to the previousuxeixample(8a) with the exception that 1-(4-
methoxyphenyl)-2-p-tolyl-ethanone was used as #terle in which case an orange solid (1.31 g,
96 % vyield) was obtained. An analytical sample vwpaspared via a Biotage Isolera flash
chromatography system, which displayed the follgvproperties: mp 60-62°CH NMR (300
MHz, CDCk) 6 7.43 (d,J = 8.8 Hz, 2H), 7.34 (s, 1H), 7.08-6.97 (m, 4HY%(d,J = 8.8 Hz, 2H),
3.77 (s, 3H), 2.71 (s, 6H), 2.31 (s, 3HJC NMR (75 MHz, CDC}) 5 193.89, 160.61, 153.06,
135.62, 134.64, 134.27, 131.87, 130.93, 128.36,771211.73, 55.19, 43.42, 21.18; IR (neat) 1629
cm* HRMS (ES, M+H)m/zcalcd for GoH21NO, 296.1645 found 296.1640.

4.1.14 3-Dimethylamino-2-p-tolyl-1-(2,3,4-trimethoxyphenyl)-propenone (8d). This material
was prepared in a manner identical to the previeflax examplg8a) with the exception that 2-p-
tolyl-1-(2,3,4-trimethoxyphenyl)ethanone was usedhee ketone. The crude material was dissolved
in a minimal amount of ethyl acetate and filterebtigh a short plug of silica with a 3:2 mixture of
hexane/ethyl acetate (100 mL) followed by ethyltaise (75 mL) and acetonitrile (25 mL). The
solvent from the second fraction was remowed/acuoto yield an orange solid (0.614g, 54 %
yield). An analytical sample was prepared via at&je Isolera flash chromatography system
which displayed the following properties: mp 62-641H NMR (300 MHz, CD{) 6 7.16 (s, 1H),
7.10 (broad s, 4H), 6.94 (d, J = 8.5 Hz, 1H), &3] = 8.5 Hz, 1H), 3.90 (s, 3H), 3.87 (s, 3HBE63.
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(s, 3H), 2.70 (s, 6H), 2.33 (s, 3H); 13C NMR (75 KMKCDCE) 6 193.02, 154.14, 153.74, 150.79,
141.82, 135.70, 133.48, 131.81, 129.82, 128.19,3¥2313.32, 106.95, 61.76, 60.84, 55.98, 43.32,
21.14; IR (neat) 1636; HRMS (ES, M+H)/zcalcd for GiH2sNO,4 356.1856 found 356.1850.

4.1.15 1-(3,4-Dimethoxyphenyl)-3-dimethylamino-2-p-tolylpropenone (8e). this material was
prepared in a manner identical to the previousixefixample(8a) with the exception that 1-(3,4-
dimethoxyphenyl)-2-p-tolyl-ethanone was used ask#tene in which case an orange solid (1.12 g,
91 % vyield) was obtained. An analytical sample waepared via a Biotage Isolera flash
chromatography system, which displayed the follgyimoperties: mp 128-129 °G4 NMR (300
MHz, CDCk) & 7.45 (s, 1H), 7.12 (dd, = 8.3 Hz,J = 2.0 Hz, 1H), 7.05 (broad s, 4H), 6.98 Jd;

2.0 Hz, 1H), 6.74 (dJ = 8.3 Hz, 1H), 3.87 (s, 3H), 3.72 (s, 3H), 2.7.784), 2.33 (s, 3H)}*C NMR

(75 MHz, CDC}) 6 193.41, 152.82, 150.15, 147.81, 135.67, 134.9@.183 131.92, 128.40,
122.73, 112.70, 111.42, 109.72, 55.80, 55.65, 42443; IR (neat) 1622; HRMS (ES, M+R)/z
calcd for GoH23NO3 326.1751 found 326.1765.

4.1.16 1-(2.4-Dimethoxyphenyl)-3-dimethylamino-2-p-tolyl-propenone (8f). This material was
prepared in a manner identical to the previousixefixample(8a) with the exception that 1-(2,4-
dimethoxyphenyl)-2-p-tolyl-ethanone was used ask#tene in which case an orange solid (1.29 g,
95 % vyield) was obtained. An analytical sample vpaspared via a Biotage Isolera flash
chromatography system, which displayed the follgvipectral properties: 134-135°& NMR
(300 MHz, CDCY) 6 7.23 (s, 1H), 7.10 (dl = 8.2 Hz, 1H), 7.05-6.95 (m, 4H), 6.38 (dds 8.2 Hz,

J = 2.3 Hz, 1H), 6.32 (dJ = 2.3 Hz, 1H), 3.73 (s, 3H), 3.65 (s, 3H), 2.6460d), 2.26 (s, 3H)*C
NMR (75 MHz, CDC#%) 6 193.64, 160.94, 157.47, 153.09, 135.40, 133.88,9113 129.78, 127.91,
125.19, 113.31, 104.15, 98.60, 55.57, 55.29, 4234.6; IR (neat) 1622 ¢ HRMS (ES, M+H)
m/zcalcd for GoH23NO3 326.1751 found 326.1695.

4.1.17 2-(4-Bromophenyl)-3-dimethylamino-1-(4-methoxyphenyl)-propenone  (8g). This
material was prepared in a manner identical tgptieeious reflux exampléBa) with the exception
that 2-(4-bromophenyl)-1-(4-methoxyphenyl)-ethanovees used as the ketone in which case an
orange solid (1.29 g, 95 % vyield) was obtained.afalytical sample was prepared via a Biotage
Isolera flash chromatography system, which displagiee following properties: 103-104°CH
NMR (300 MHz, CDC}) 6 7.41 (d,J = 8.8 Hz, 2H), 7.36 (d] = 8.4 Hz, 2H), 7.30 (s, 1H), 7.01 (d,
J=8.4 Hz, 2H), 6.77 (d] = 8.9 Hz, 2H), 3.77 (s, 3H), 2.70 (s, 6H}C NMR (75 MHz, CDC)) &
193.58, 160.81, 153.61, 136.82, 133.86, 133.61,8630130.68, 120.04, 112.97, 110.52, 55.25,
43.65; IR (neat) 1629 cfm HRMS (ES, M+H)m/z calcd for GgH:sNO.Br 360.0594 found
360.0600.

4.1.18 2-(4-Chlorophenyl)-3-dimethylamino-1-(4-methoxyphenyl)-propenone  (8h). This
material was prepared in a manner identical tgptieeious reflux exampléBa) with the exception
that 2-(4-chlorophenyl)-1-(4-methoxyphenyl)-ethaeornas used as the ketone in which case a
yellow solid (1.20 g, 99 % vyield) was obtained. amalytical sample was prepared via a Biotage
Isolera flash chromatography system, which displaye following properties: mp 113-116°t]
NMR (300 MHz, Acetoneds) 6 7.44 (d,J = 8.8 Hz, 2H), 7.33-7.26 (m, 3H), 7.17 M= 8.5 Hz,
2H), 6.87 (d,J = 8.8 Hz, 2H), 3.82 (s, 3H), 2.77 (s, 6} NMR (75 MHz, Acetonels ) 5 192.23,
160.83, 153.30, 137.29, 134.44, 133.64, 131.02,6B3A27.22, 112.83, 110.01, 54.74, 42.87; IR
(neat) 1629; HRMS (ES, M+H)/zcalcd for GgH1gNO,Cl 316.1099 found 316.1099.

4.1.19 3-Dimethylamino-1-(4-methoxyphenyl)-2-phenylpropenone (8i). This material was
prepared in a manner identical to the previousuxeixample(8a) with the exception that 1-(4-
methoxyphenyl)-2-phenylethanone was used as then&ein which case an 85 % vyield of a
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semisolid was obtained, which displayed an idehtisaNMR spectrum to the reported vallfes
:'H NMR (300 MHz, CDC}) § 7.44 (d,J = 8.9 Hz, 2H), 7.41 (s, 1H), 7.31 — 7.13 (m, 561),7 (d,
J=8.9 Hz, 2H), 3.80 (s, 3H), 2.75 (s, 6H).

4.1.20 3-Dimethylamino-1-(4-methoxyphenyl)-2-(2,3,4-trimethoxyphenyl)-propenone (8j). This
material was prepared in a manner identical tgptlegious reflux exampléa) with the exception
that 1-(4-methoxyphenyl)-2-(2,3,4-trimethoxyphergthanone was used as the ketone in which
case an orange solid (2.29 g, 83 % yield) was péthiAn analytical sample was prepared via a
Biotage Isolera flash chromatography system, whiisplayed the following properties: mp 85-86
°C;'™H NMR (300 MHz, CDC}) 5 7.51 (d,J = 8.7 Hz, 2H), 7.31 (s, 1H), 6.87-6.78 (m, 3HBE4(d,

J = 8.7 Hz, 1H), 3.87 (s, 3H), 3.84 (s, 3H), 3.833H), 3.76 (s, 3H), 2.75 (s, 6H)Y'C NMR (75
MHz, CDCk) 6 194.17, 160.67, 153.78, 152.80, 152.37, 142.18,508 130.65, 127.69, 124.27,
112.87, 107.33, 106.77, 60.73, 60.37, 55.93, 5%1258; IR (neat) 1630; HRMS (ES, M+Id)/z
calcd for GiH2sNOs 372.1805 found 372.1824.

4.1.21 3-Dimethylamino-2-(3,4-dimethoxyphenyl)-1-(4-methoxyphenyl)propenone (8k). This
material was prepared in a manner identical tgptlegious reflux exampléa) with the exception
that 2-(3,4-dimethoxyphenyl)-1-(4-methoxyphenylyatone was used as the ketone in which case
an orange solid (1.06 g, 85 % yield) was obtaidedanalytical sample was prepared via a Biotage
Isolera flash chromatography system, which disglaye following properties: mp 68-70 °&
NMR (500 MHz, CDC}) 6 7.46 (d,J = 8.7 Hz, 2H), 7.37 (s, 1H), 6.82 — 6.77 (m, 361),2 (ddJ =

8.1, 1.9 Hz, 1H), 6.69 (d, = 1.9 Hz, 1H), 3.89 (s, 4H), 3.82 (s, 4H), 3.814(d), 2.77 (s, 7H)}*C
NMR (75 MHz, CDC}) 6 193.95, 160.64, 152.99, 148.18, 147.54, 134.20,863 130.27, 124.44,
115.50, 112.81, 111.56, 110.53, 55.85, 55.79, 5%2B5.; IR (neat) 1628; HRMS (ES, M+ht)z
calcd for GoH23NO,4 342.1700 found 342.1716.

4.1.22 {[2-(4-M ethoxyphenyl)-3-oxo-but-1-enyl|methylamino}acetic acid ethyl ester (10d). Into

a 100 mL round bottom flask equipped with a magrtir bar and a reflux condenser was added 4-
dimethylamino-3-(4-methoxyphenyl)-but-3-en-2-one8@ g, 13.0 mmol), sarcosine ethyl ester
hydrochloride (5.01 g, 32.6 mmol) and ethanol (30.mThe reaction mixture was heated at reflux
for 4 hours. The solvent was removadvacuq the crude reaction mixture was diluted with water
(50 mL), and the aqueous solution was extractet watihyl acetate (3 x 20 mL). The combined
organic phases were washed with brine (20 mL),ddoeer anhydrous sodium sulfate, and
concentratedn vacuoto yield a dark orange oil (3.44 g, 91%), whichhieited the following
properties: bp 104-105 °C at 0.45 tditt NMR (CDCk, 300 MHz)3 7.52 (s, 1H), 7.11 (d, J = 8.6
Hz, 2H) 6.87 (d, J=8.6 Hz, 2H), 4.13 (q, 7.1 Hz,)2B183 (s, 3H), 3.69 (s, 2H), 2.78 (s, 3H), 1.95
(s, 3H), 1.25 (t, J= 7.1 Hz, 3H*C NMR (CDCE; 75 MHz) 5 13.94, 27.35, 42.56, 55.05, 55.50,
61.08, 112.02, 113.42, 129.29, 132.76, 148.47,588168.61, and 197.28; IR (neat) 1742 and
1658 cm'; HRMS (ES, M+H)m/zcalcd for GeH21NO4 292.1543 found 292.1513.

4.1.23 {[2-(4-Methoxyphenyl)-3-oxo-but-1-enyllmethylamino}acetic acid ethyl ester via
microwave heating (10d). Into a 20 mL microwave vial equipped with a magnetir bar and a
crimping cap was added 4-dimethylamino-3-(4-metipirgnyl)-but-3-en-2-one (0.652 g, 2.97
mmol), sarcosine ethyl ester hydrochloride (1.14.42 mmol), and ethanol (10 mL). The reaction
mixture was heated in a microwave reactor for 2ré@ 100 °C. The solvent was removed
vacuq the crude mixture was diluted with water (30 nad the aqueous solution was extracted
with ethyl acetate (3 x 20 mL). The combined oigghases were washed with brine (20 mL),
dried over anhydrous sodium sulfate, and concesttiatvacuoto yield a dark orange oil (0.774 g,
89 % vyield), which was identical By4 NMR (CDCk, 300 MHz) 7.52 (s, 1H), 7.11 (d, J=8.6 Hz,
2H) 6.87 (d, J=8.6 Hz, 2H), 4.13 (q, 7.1 Hz, 2HB3(s, 3H), 3.69 (s, 2H), 2.78 (s, 3H), 1.95 (s,
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3H), 1.25 (t, J= 7.1 Hz, 3H)] to {[2-(4-methoxyph#r3-oxo-but-1-enyl]-methylamino}acetic acid
ethyl ester prepared via normal heating.

4.1.24 {[3-(4-M ethoxyphenyl)-3-oxo-2-p-tolylpropenyl]methylamino}acetic acid ethyl ester
(10a). This material was prepared in a manner identic#théoreflux exchange examp(l#&0d) with

the exception that 3-dimethylamino-1-(4-methoxyphe8-p-tolylpropenone was used as the
vinylogous amide in which case the crude product passed through a short plug of silica using
100 mL of a 30:70 ethyl acetate:hexane mix folldeg two 100 mL portions of ethyl acetate. The
second 100 mL fraction was concentrate@acuoyield to yield an orange oil (1.00 g, 64% vyield).
An analytical sample was prepared on a Biotageetadllash chromatography system to yield a
yellow oil, which displayed the following propersiebp 160-161°C @ 0.285 torft{ NMR (300
MHz, CDCk) 6 7.49 (d,J = 8.8 Hz, 2H), 7.23 (s, 1H), 7.07 (s, 4H), 6.78J¢& 8.8 Hz, 2H), 4.14
(9,3 =7.1 Hz, 2H), 3.78 (s, 3H), 3.70 (s, 2H), 2.743d), 2.32 (s, 3H), 1.24 (8, = 7.1 Hz, 3H).;
%C NMR (75 MHz, CDCJ) & 194.47, 168.80, 160.91, 152.44, 136.06, 133.88,813 131.58,
131.07, 128.57, 113.59, 112.87, 61.26, 56.38, 551277, 21.20, 14.09; IR (neat) 1737 and 1586
cm’; HRMS (ES, M+H)m/zcalcd for GoH»sNO, 368.1858 found 368.1856.

4.1.25 {[3-(3,4-Dimethoxyphenyl)-3-oxo-2-p-tolyl pr openyl|methylamino}acetic acid ethyl ester
(10b). This material was prepared in a manner identicdéhé previous reflux examp(@0d) with
the exception that 1-(3,4-dimethoxyphenyl)-3-diny&imino-2p-tolylpropenone was used as the
vinylogous amide in which case the crude producs warified using a Biotage Isolera flash
chromatography system to yield a yellow solid (9.9054% yield), which displayed the following
properties: mp 87-88 °CH NMR (500 MHz, CDC} ) § 7.33 (s, 1H), 7.17 (dd,= 8.3 Hz J= 2.0
Hz, 1H), 7.09 (s, 4H), 7.05 (d,= 2.0 Hz, 1H), 6.78 (d] = 8.3 Hz, 1H), 4.18 (q] = 7.1 Hz, 2H),
3.89 (s, 3H), 3.77 (s, 3H), 3.75 (s, 2H), 2.783(d), 2.34 (s, 3H), 1.28 (] = 7.1 Hz, 3H).**C
NMR (75 MHz, CDC}) 6 194.06, 168.79, 152.34, 150.43, 147.92, 136.08,063 133.76, 131.59,
128.57, 122.82, 113.27, 112.61, 109.75, 61.26,06%8.67, 42.72, 21.15, 14.07.; IR (neat) 1740
and 1556 cm; HRMS (ES, M+H)m/zcalcd for GsH,7NOs 398.1962 found 398.1961.

4.1.26 {[2,3-Bis(4-methoxyphenyl)-3-oxopropenyl]methylamino}acetic acid ethyl ester (10c).
This material was prepared in a manner identicahéprevious reflux exampld0d) with the
exception that 3-dimethylamino-1,2-bis(4-methoxypHipropenone was used as the vinylogous
amide in which case a dark orange solid (1.46 &p 98Id) was obtained. An analytical sample
was prepared via a Biotage Isolera flash chromafgr system yielding a yellow solid, which
displayed the following properties: mp 98-99 *H;NMR (300 MHz, CDC} ) & 7.45 (d,J = 8.6
Hz, 2H), 7.19 (s, 1H), 7.07 (d,= 8.6 Hz, 2H), 6.74-6.79 (m, 4H), 4.10 (o= 7.1Hz, 2H), 3.74 (s,
6H), 3.68 (s, 2H), 2.70 (s, 3H), 1.20 Jt= 7.1 Hz, 3H);"*C NMR (75 MHz, CDC}) & 194.53,
168.82, 160.90, 158.30, 152.60, 133.81, 132.72,0131129.05, 113.33, 113.16, 112.89, 61.24,
56.33, 55.20, 55.11, 42.67, 14.07; IR (neat) 1746 ¥625 crit ; HRMS (ES, M+H)m/zcalcd for
C22H25NOs 384.1805 found 384.1832.

4.1.27 {Methyl-[3-ox0-2-p-tolyl-3-(2,3,4-trimethoxyphenyl)propenyl]amino}acetic acid ethyl
ester (10e). This material was prepared in a manner identicahéoprevious reflux exampl@0d)
with the exception that 3-dimethylamino-2-p-toly(4,3,4-trimethoxyphenyl)propenone was used
as the vinylogous amide in which case a dark oraswe (1.41g, 93%) was obtained. An
analytical sample was prepared via a Biotage ladlash chromatography system, which exhibited
the following properties: 54-56 °GH NMR (500 MHz, CDCY) § 7.11 (broad s, 4H), 6.96 (d,=

8.6 Hz, 1H), 6.64 (d) = 8.6 Hz, 1H), 4.13 (q] = 7.1 Hz, 2H), 3.91 (s, 3H), 3.88 (s, 3H), 3.87 (s
3H), 3.66 (s, 2H), 2.77 (s, 3H), 2.34 (s, 3H), (89 = 7.1 Hz, 3H)..*C NMR (75 MHz, CDC}) &
193.78, 168.55, 154.01, 153.42, 151.01, 141.89,2636.32.78, 131.59, 129.41, 128.51, 123.57,
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115.11, 106.90, 61.87, 61.25, 60.93, 56.04, 2112104.; IR (neat) 1742 and 1578 tmHRMS
(ES, M+H)m/zcalcd for G4H29NOg 428.2068 found 428.2110.

4.1.28 Benzyl-[3-(4-methoxyphenyl)-3-oxo-2-p-tolyl-propenyl]amino}acetic acid ethyl ester
(20f). Into a 100 ml round bottom flask equipped with #usecondenser and a stir bar was added
(3-dimethylamino-1-(4-methoxyphenyl)-2-p-tolylpropme (0.755 g, 2.56 mmol), N-benzyl
glycine ethyl ester (.985 g, 5.12 mmol), ethand (&l), and trifluoroacetic acid (0.329 ml, 5.12
mmol). The reaction mixture was heated to reflueroight, cooled to room temperature, and the
solvent was removeth vacuoto yield a crude yellow oil. Purification on adsage Isolera
automated flash chromatography system (hexane/ettgtiate gradient) produced a yellow solid
(0.820 g, 72% yield), which displayed the followipgoperties: 92-93 °C*H NMR (300 MHz,
CDCl) 6 7.52 (d,J = 8.7 Hz, 2H), 7.44 (s, 1H), 7.40-7.30 (m, 3H197(dd,J = 7.7, 1.8 Hz, 2H),
7.09 (s, 4H), 6.81 (d] = 8.8 Hz, 2H), 4.31 (s, 2H), 4.08 @~ 7.2 Hz, 2H), 3.83 (s, 3H), 3.58 (s,
2H), 1.20 (tJ = 7.1 Hz, 3H)*C NMR (75 MHz, CDC}) & 194.74, 168.75, 160.98, 152.27, 136.34,
135.94, 133.77, 133.67, 131.41, 131.04, 128.91,8428.28.07, 127.98, 113.92, 113.03, 112.96,
61.13, 59.63, 55.24, 51.39, 21.23, 14.02.; IR (n&@87 and 1586 cif) HRMS (ES, M+H)m/z
calcd for GgH2oNO,4 444.2169 found 444.2136.

4.1.29 {Benzyl-[2,3-bis(4-methoxyphenyl)-3-oxo-propenyl]amino}acetic acid ethyl ester (10g).

This material was prepared in a manner identicahéoprevious exampl@0f) with the exception
that 3-dimethylamino-1,2-bis-(4-methoxyphenyl)-pgopne was used as the vinylogous amide in
which case a yellow solid (0.637 g, 84% yield) wastained, which displayed the following
properties: 89-91 °C*H NMR (300 MHz, CDCJ) 6 7.52 (d,J = 9.0 Hz, 2H), 7.44 (s, 1H), 7.40-
7.29 (m, 3H), 7.17 (dJ = 9.0, 2H), 7.12 (dJ = 9.0 Hz, 2H), 6.82 (d] = 9.0 Hz, 2H), 6.79 (d] =

9.0 Hz, 2H), 4.31 (s, 2H), 4.08 (@~ 7.2 Hz, 2H), 3.82 (s, 3H), 3.79 (s, 3H), 3.612d), 1.21 (tJ

= 7.2 Hz, 3H).;C NMR (75 MHz, CDCJ) 5 194.85, 168.78, 160.99, 158.52, 152.36, 135.96,
133.77, 132.60, 131.04, 128.85, 128.83, 128.08,9727113.62, 113.57, 112.98, 61.16, 59.52,
55.24, 55.14, 51.45, 14.02. IR (neat) 1749 and 1386 HRMS (ES, M+H) calcd for §HooNOs
460.2118 found 460.2128.

4.1.30. 4-(4-M ethoxyphenyl)-1,3-dimethyl-1H-pyrrole-2-carboxylic acid ethyl ester (12a) and
2-(4-methoxyphenyl)-3-oxo-butyraldehyde (11) under base mediated conditions. Into a 100 mL
three neck round bottom flask equipped with a magséir bar and reflux condenser under an inert
atmosphere was placed dry THF (30 mL) sodium hwdi(@.137 g, 3.40 mmol) and {[2-(4-
methoxyphenyl)-3-oxo-but-1-enyllmethylamino}aceticid ethyl ester (0.500 g, 1.72 mmol). The
reaction mixture was stirred at room temperatureroight, brought to neutral pH with acetic acid
and diluted with water (50 mL). The aqueous pheas extracted with ethyl acetate (3 x 20 mL)
and the combined organic phases were washed with (20 mL), dried over anhydrous sodium
sulfate, and concentratéu vacuoto yield a dark oil, which byH NMR analysis was suggestive of
a 60:40 mixture of 4-(4-methoxyphenyl)-1,3-dimethl-pyrrole-2-carboxylic acid ethyl esfeand
2-(4-methoxyphenyl)-3-oxo-butyraldehy¢fk ).

4.1.31. 2-(4-Methoxyphenyl)-3-oxobutyraldehyde (11). Into a 100 mL round bottom flask
equipped with a magnetic stir bar and a rubberuseptias placed {[2-(4-methoxyphenyl)-3-oxo-
but-1-enyl]-methylamino}-acetic acid ethyl ester41 g, 4.85 mmol), 25 % by weight aqueous
sodium hydroxide (2 mL), THF (15 mL) and water (d#). The reaction mixture was stirred
overnight at room temperature, brought to neutkaivgth acetic acid, and diluted with water (50
mL). This mixture was then extracted with ethyl tate (3 x 20 mL) and the combined organic
phases were washed with brine (20 mL), dried onéiydrous sodium sulfate and concentrated
vacuoto yield a dark oil (0.886 g, 95 %). An analytic@mple was prepared via a Biotage Isolera
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flash chromatography system and it displayed thieviing properties: mp. 43-45 °CH NMR
(300 MHz, CDC} ) 6 15.33 (dJ = 6.5 Hz, 1H), 8.20 (d] = 6.5 Hz, 1H), 7.14 (d] = 8.7 Hz, 2H),
6.94 (d,J = 8.7 Hz, 2H), 3.85 (s, 3H), 2.09 (s, 3#}C NMR (75 MHz, CDC}) § 193.40, 178.98,
159.05, 131.33, 127.37, 116.94, 114.08, 55.28,824 (neat) 2559 cih 1645 cril; HRMS (ES,
M+H) m/zcalcd for GiH1205 193.0859 found 193.0841.

4.1.32. 4-(4-Methoxyphenyl)-1,3-dimethyl-1H-pyrrole-2-car boxylic acid ethyl ester (12a) in a
stepwise reaction. Into a 100 mL round bottom flask equipped with agnetic stir bar and a reflux
condenser was placed {[2-(4-methoxyphenyl)-3-oxt-benyllmethylamino}acetic acid ethyl
ester (0.500 g, 2.28 mmol) and glacial acetic gtkbl mL). The reaction mixture was heated at
reflux overnight. The crude reaction mixture wastdd with ethyl acetate (35 mL), washed with
saturated aqueous sodium bicarbonate solution Z8 L) and brine (20 mL), and dried over
anhydrous sodium sulfate. The organic phases e@mbined and concentratedvacuoto yield a
brown oil (0.440 g, 94% vyield). From this materiah analytical sample was prepared via flash
chromatography on a Biotage Isolera system usingxane/ethyl acetate gradient, which yielded a
yellow solid that displayed the following propestienp 49-51°C*H NMR (300 MHz, Acetonel)

0 7.27 (d,J = 8.8 Hz, 2H), 6.99-6.91 (m, 3H), 4.31 (= 7.1 Hz, 2H), 3.90 (s, 3H), 3.81 (s, 3H),
2.36 (s, 3H), 1.37 () = 7.1 Hz, 3H) °C NMR (75 MHz, Acetonelk) & 161.58, 158.30, 129.49,
127.71, 126.98, 125.82, 124.30, 120.41, 113.771,6%4.62, 36.79, 13.93, 11.82; IR (neat) 1685
cm’; HRMS (ES, M+H)m/zcalcd for GeH 1dNO3274.1438 found 274.1412.

4.1.33. 3,4-Bis(4-methoxyphenyl)-1-methyl-1H-pyrrole-2-car boxylic acid ethyl ester (12b) in a
stepwise reaction. This material was prepared in a manner identicéhéoprevious examplg2a)
with the exception that {[2,3-bis(4-methoxyphen$Haxo-propenyllmethylamino}acetic acid ethyl
ester was used as the exchanged vinylogous amigdiah case a brown oil (0.451 g, 95%) was
obtained. An analytical sample was prepared vi@raated flash chromatography on a Biotage
Isolera system using a hexane/ethyl acetate griadibiich yielded a yellow solid that was identical
by 'H analysis to 3,4-bis-(4-methoxyphenyl)-1-methii-pyrrole-2-carboxylic acid ethyl ester
previously prepared by our grotp.

4.1.34. 3-(4-M ethoxyphenyl)-1-methyl-4-p-tolyl-1H-pyrrole-2-car boxylic acid ethyl ester (12c)

in a stepwise reaction. This material was prepared in a manner identicahéprevious example
(12a) with the exception that {[3-(4-methoxyphenyl-3-oxg2olyl-propenyl]-methylamino}acetic
acid ethyl ester was used as the exchanged vinytogmide and the crude reaction mixture was
filtered through a short plug of silica using a $dlution of ethyl acetate:hexane (120 ml) in which
case a brown-orange solid (0.349 g, 81% yield) a@sined. An analytical sample was prepared
via automated flash chromatography to yield a yellsolid, which displayed the following
properties: mp 102-103 °GH NMR (500 MHz, CDC}) & 7.14 (d,J = 8.7 Hz, 2H), 7.03-6.96 (m,
4H), 6.93 (s, 1H), 6.84 (d,= 8.7 Hz, 2H), 4.10 (g} = 7.2 Hz, 2H), 3.99 (s, 3H), 3.84 (s, 3H), 2.29
(s, 3H), 1.03 (tJ = 7.2 Hz, 3H);"*C NMR (75 MHz, CDC{) & 161.88, 158.34, 135.28, 131.74,
131.69, 130.66, 128.83, 128.34, 127.96, 126.68,1124 20.70, 112.90, 59.60, 55.18, 37.53, 21.02,
13.84; IR (neat) 1686 chif HRMS (ES, M+Na)n/zcalcd for GoH23NO; 372.1570 found 372.1579.

4.1.35. 3-(3,4-Dimethoxyphenyl)-4-p-tolyl-1-methyl-1H-pyrrole-2-carboxylic acid ethyl ester
(12d) in a stepwise reaction. This material was prepared in a manner identicah#o previous
example (12a) with the exception that {[3-(3,4-dimethoxyphenykle-2p-tolyl-propenyl]-
methylamino}acetic acid ethyl ester was used ass#tetanged vinylogous amide in which case a
brown solid (0.378 g, 88%) was obtained. An anedjtisample was prepared via flash
chromatography on a Biotage Isolera system usingxane/ethyl acetate gradient, which yielded a
yellow solid that displayed the following propesienp 114-117 °C*H NMR (300 MHz, CDC} )
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5 6.98 (s, 4H), 6.90 (s, 1H), 6.83-6.73 (M, 3H),04@, J = 7.1 Hz, 2H), 3.95 (s, 3H), 3.88 (s, 3H),
3.74 (s, 3H), 2.27 (s, 3H), 1.03 {t= 7.1 Hz, 3H):*C NMR (75 MHz, CDC}) & 161.79, 148.01,
147.79, 135.26, 131.65, 130.64, 128.81, 128.67,9127.26.63, 124.09, 123.06, 120.67, 114.46,
110.49, 59.57, 55.78, 55.73, 37.43, 20.99, 13R4nkat) 1687 cify HRMS (ES, M+Na)n/zcalcd

for CpsHosNO, 402.1676 found 402.1693.

4.1.36. 1-Benzyl-3,4-bis-(4-methoxyphenyl)-1H-pyrrole-2-car boxylic acid ethyl ester (12€) in a
stepwise reaction. This material was prepared in a manner identicéhéoprevious exampl@2a)
with the exception that {benzyl-[2,3-bis-(4-methgxyenyl)-3-oxo-propenyllamino}acetic acid
ethyl ester was used as the exchanged vinylogoudeaim which case a light yellow solid was
obtained (0.367 g, 80% yield), which displayed tbkowing properties: mp 128-129 °C(500
MHz, CDCk) é 7.36 (t,J = 10.0 Hz, 2H), 7.31 (1] =10.0 Hz, 1H), 7.25 (d] = 10.0 Hz, 2H), 7.16
(d,J =10.0 Hz, 2H), 7.02 (d] = 10.0 Hz, 2H), 6.99 (s, 1H), 6.85 @+ 10.0 Hz, 2H), 6.74 (dl =
10.0 Hz, 2H), 5.61 (s, 2H), 4.03 @~ 7.1 Hz, 2H), 3.84 (s, 3H), 3.77 (s, 3H), 0.96)(¢ 7.1 Hz,
3H).; **C NMR (75 MHz, CDGCJ) § 161.70, 158.36, 157.88, 138.20, 131.80, 130.99.1R?
128.66, 128.30, 127.49, 127.13, 125.80, 124.37,382A13.60, 112.92, 59.67, 55.19, 55.15, 52.72,
13.73; IR (neet) 1689 cmHRMS (ES, M+Na)n/zcalcd for GgH2/NO, 464.1832 found 464.1854,

4.1.37. 1-Benzyl-3-(4-methoxyphenyl)-4-p-tolyl-1H-pyrrole-2-carboxylic acid ethyl ester (12f)

in a stepwise reaction. This material was prepared in a manner identicéhéoprevious procedure
(12a) with the exception that {benzyl-[3-(4-methoxypher$toxo-2-p-tolyl-propenyllamino}acetic
acid ethyl ester was used as the exchanged vinytogmide in which case an orange solid (0.598,
88% yield) was obtained. This material displayeel fifllowing properties: mp 89-8C; 'H NMR
(300 MHz, CDC}) 6 7.40 — 7.29 (m, 3H), 7.31(d,= 10.0 Hz, 2H), 7.25 (d] = 9.0 Hz, 2H), 7.01
(s, 1H), 6.99 (s, 4H), 6.84 (d,= 9.0 Hz, 2H), 5.60 (s, 2H), 4.02 @@= 7.1 Hz, 2H), 3.83 (s, 3H),
2.28 (s, 3H), 0.95 (tJ = 7.1 Hz, 3H).;"*C NMR (75 MHz, CDC}) & 161.70, 158.38, 138.17,
135.36, 131.77, 131.63, 131.11, 128.82, 128.66,3128.27.97, 127.49, 127.13, 126.07, 124.64,
120.41, 112.91, 59.68, 55.19, 52.75, 21.03, 13R3neat) 1693 ciy, HRMS (ES, M+Na) calcd
for CogH>7/N0O3448.1883 found 448.1848.

4.1.38 4-(4-Methoxyphenyl)-1,3-dimethyl-1H-pyrrole-2-carboxylic acid ethyl ester (12a) by a
one-pot reaction. Into a 100 mL round bottom flask equipped with egmetic stir bar and a reflux
condenser was placed 4-dimethylamino-3-(4-methoaggh-but-3-en-2-one (0.500 g, 2.28 mmol),
sarcosine ethyl ester hydrochloride (0.876 g, 51#fol), and glacial acetic acid (15 mL). The
reaction mixture was heated at reflux overnight #rel crude reaction mixture was diluted with
ethyl acetate (35 mL), washed with saturated agusodium bicarbonate (3 x 20 mL) and brine
(20 mL), and dried over anhydrous sodium sulfatéterAfiltration the organic phase was
concentratedn vacuoto yield a brown oil (0.507 g, 81%). An analytisample was prepared via
flash chromatography on a Biotage Isolera systemgua hexane/ethyl acetate gradient, which
yielded a yellow solid, which was identical By NMR to 4-(4-methoxyphenyl)-1,3-dimethyHt
pyrrole-2-carboxylic acid ethyl estél?2a) prepared via the stepwise route.

4.1.39 3,4-Bis-(4-methoxyphenyl)-1-methyl-1H-pyrrole-2-carboxylic acid ethyl ester by a one-

pot reaction (12b). This material was prepared in a manner identic#héoprevious exampld2a)

with the exception that 3-dimethylamino-1,2-bisréthoxyphenyl)propenone was used as the
vinylogous amide in which case automated flash mlatography yielded a yellow solid (0.426 g,
73 %), which was identical b{H NMR to a sample of 3,4-bis-(4-methoxyphenyl)-1tyé 1H-
pyrrole-2-carboxylic acid ethyl est&¥2b) previously prepared by our grotp.
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4.1.40 3-(4-Methoxyphenyl)-4-p-tolyl-1-methyl-1H-pyrrole-2-carboxylic acid ethyl ester by a
one-pot reaction (12c). This material was prepared in a manner identicahéoprevious example
(12a) with the exception that 3-dimethylamino-1-(4-metipienyl)-2-p-tolyl-propenone was used
as the vinylogous amide in which case an orangel $01530 g, 86% vyield) was obtained. An
analytical sample was prepared via automated tthsbmatography to yield a yellow solid, which
was identical byH NMR to 3-(4-methoxyphenyl)-4-p-tolyl-1-methyHtpyrrole-2-carboxylic acid
ethyl (12c) prepared via the stepwise route.

4.1.41 3-(3,4-Dimethoxyphenyl)-4-p-tolyl-1-methyl-1H-pyrrole-2-carboxylic acid ethyl ester
(12d) by a one-pot reaction. This material was prepared in a manner identicah® previous
example (12a) with the exception that 3-dimethylamino-1-(3,4-dthexyphenyl)-2-p-tolyl-
propenone was used as the vinylogous amide in wdd@sh a brown solid (0.464 g, 87% yield) was
obtained. An analytical sample was prepared vishflehromatography on a Biotage Isolera system
using a hexane/ethyl acetate gradient yieldingllawesolid, which was identical b{H NMR to 3-
(3,4-dimethoxyphenyl)-4-p-tolyl-1-methylHtpyrrole-2-carboxylic acid ethyl estét2d) prepared
via the stepwise route.

4.1.42 3-(4-M ethoxyphenyl)-1-methyl-4-phenyl-1H-2-car boxylic acid ethyl ester in a one-pot
reaction (12g). This material was prepared in a manner identicahto previous examplgl2a)
with the exception that 3-dimethylamino-1-(4-metyoixenyl)-2-phenyl-propenone (0.689 g, 2.45
mmol) was used as the vinylogous amide in whicle @soily solid (0.591 g, 72%) was obtained.
An analytical sample was prepared via flash chrograiphy on a Biotage Isolera system using a
hexane/ethyl acetate gradient in which case awedldid was obtained and displayed the following
properties: : mp 85-87 °CH NMR (300 MHz, CDCY) § 7.22 — 7.06 (m, 7H), 6.95 (s, 1H), 6.84 (d,
J = 8.8 Hz, 2H), 4.10 (q) = 7.1 Hz, 2H), 4.00 (s, 3H), 3.83 (s, 3H), 1.03)(t 7.1 Hz, 3H);**C
NMR (75 MHz, CDC}) 6 161.87, 158.45, 134.74, 131.81, 130.76, 128.28,1R? 126.89, 125.77,
124.17, 120.85, 112.97, 59.66, 55.17, 37.56, 13R9neat) 1689 cily HRMS (ES, M+Na)m/z
calcd for GjH2:NO3 358.1414 found 358.1432.

4.1.43 4-(4-Bromophenyl)-3-(4-methoxyphenyl)-1-methylpyrrole-2-car boxylic acid ethyl ester
(12h) in aone-pot reaction. This material was prepared in a manner identicatht® previous
example(12a) with the exception that 2-(4-bromophenyl)-3-dimédtmyino-1-(4-methoxyphenyl)
propenone was used as the vinylogous amide in wtasle a brown solid (0.500 g, 87%) was
obtained. An analytical sample was prepared vishflehromatography on a Biotage Isolera system
using a hexane/ethyl acetate gradient, yieldingla gellow solid, which displayed the following
properties: mp 148-149 °G NMR (300 MHz, CDC}) 5 7.29 (d,J = 8.7 Hz, 2H), 7.11 (d] = 8.7
Hz, 2H), 6.99-6.90 (m, 3H), 6.85 (@~ 8.7 Hz, 2H), 4.10 (q] = 7.1 Hz, 2H), 3.99 (s, 3H), 3.84 (s,
3H), 1.03 (tJ = 7.1 Hz, 3H)}*C NMR (75 MHz, CDC}) 5 161.73, 158.51, 133.67, 131.68, 131.20,
130.60, 129.60, 127.82, 126.61, 122.95, 121.02,6619113.04, 59.72, 55.19, 37.60, 13.83; IR
(neat) 1685 ci; HRMS (ES, M+Na)m/zcalcd for G;H,oNOsBr 436.0519 found 436.0488.

4.1.44 4-(4-Chlorophenyl)-3-(4-methoxyphenyl)-1-methylpyrrole-2-carboxylic acid ethyl ester
(12i) by a one-pot reaction. This material was prepared in a manner identicah® previous
example(12a) with the exception that 2-(4-chlorophenyl)-3-dimg#mino-1-(4-methoxyphenyl)-
propenone was used as a the vinylogous amide inhwdase a brown solid (0.535 g, 91%) was
obtained. An analytical sample was prepared vishflehromatography on a Biotage Isolera system
using a hexane/ethyl acetate gradient, which yieklgellow solid, which displayed the following
properties: mp 134-135 °G4 NMR (300 MHz, CDCJ) & 7.19-7.08 (m, 4H), 7.00 (d,= 8.5 Hz,
2H), 6.93 (s, 1H), 6.85 (d,= 8.5 Hz, 2H), 4.10 (g] = 7.1 Hz, 2H), 3.98 (s, 3H), 3.83 (s, 3H), 1.03
(t, J = 7.1 Hz, 3H)!*C NMR (75 MHz, CDG}) & 161.74, 158.50, 133.20, 131.68, 131.55, 130.63,
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129.25, 128.26, 127.85, 126.64, 122.96, 120.98,0B1%9.71, 55.19, 37.59, 13.82; IR (neat) 1685
cm’; HRMS (ES, M+Na)m/zcalcd for GiH2gNOsCl 392.1024 found 392.1037.

4.1.45 4-(3,4-Dimethoxyphenyl)-3-(4-methoxyphenyl)-1-methylpyrrole-2-carboxylic acid ethyl
ester (12)) in a one-pot reaction. This material was prepared in a manner identicsthéoprevious
example (12a) with the exception that 3-dimethylamino-2-(3,4-dithexyphenyl)-2-(4-
methoxyphenyl)-propenone was used as the vinylogoude in which case a brown solid (0.450 g,
91%) was obtained. An analytical sample was prepare flash chromatography on a Biotage
Isolera system using a hexane/ethyl acetate griadutich yielded a yellow solid, which displayed
the following properties: mp 102-104 °@4 NMR (500 MHz, CDCJ) & 7.15 (d,J = 8.7 Hz, 2H),
6.94 (s, 1H), 6.86 (d] = 8.7 Hz, 2H), 6.75 (broad s, 2H), 6.52 (broadH), 4.10 (qJ = 7.1 Hz,
2H), 4.00 (s, 3H), 3.85 (s, 3H), 3.82 (s, 3H), 3(853H), 1.03 (tJ = 7.1 Hz, 3H);"*C NMR (75
MHz, CDCk) 6 161.82, 158.40, 148.33, 147.18, 131.79, 130.58,58 127.49, 126.29, 123.85,
120.68, 119.81, 113.00, 111.80, 111.08, 59.61,8%3.35, 55.26, 37.51, 13.82; IR (neat) 1680
cm’; HRMS (ES, M+Na)m/zcalcd for GsH2sNOs 418.1625 found 418.1656.

4146 4-(2,3,4-Dimethoxyphenyl)-3-(4-methoxyphenyl)-1-methylpyrrole-2-carboxylic  acid
ethyl ester (12Kk) in a one pot reaction. This material was prepared in a manner identicahé&o
previous examplé¢l2a) with the exception that 3-dimethylamino-2-(2,3,4adthoxyphenyl)-2-(4-
methoxyphenyl)propenone (0.323g, 0.87 mmol) wasd asethe vinylogous amide in which case an
orange solid (0.280 g, 76%) was obtained. An aiw@tsample was prepared via flash
chromatography on a Biotage Isolera system usihgxane/ethyl acetate gradient and a yellow
solid was obtained, which displayed the followirggerties: mp 58-60 °C*H NMR (300 MHz,
CDCl) 6 7.11 (d,J = 8.9 Hz, 2H), 6.98 (s, 1H), 6.79 @= 8.9 Hz, 2H), 6.59 (d] = 8.6 Hz, 1H),
6.46 (d,J = 8.6 Hz, 1H), 4.11 (¢J = 7.1 Hz, 2H), 3.98 (s, 3H), 3.84 (s, 3H), 3.813), 3.80 (s,
3H), 3.60 (s, 3H), 1.06 (11 = 7.1 Hz, 3H)*C NMR (75 MHz, CDGC}) & 161.89, 158.19, 152.22,
151.67, 142.19, 131.67, 128.55, 128.41, 125.99,1821119.79, 119.36, 112.68, 106.78, 60.78,
60.40, 59.59, 55.85, 55.15, 37.58, 13.89; IR (n&é85 cnt; HRMS (ES, M+Na)m/z calcd for
C24H27NOg 448.1731 found 448.1725.

4.1.47 1-Benzyl-4-(4-methoxyphenyl)-3-methylpyrrole-2-carboxylic acid ethyl ester (121) by a
one-pot reaction. Into a 100 mL round bottom flask equipped with metgnstir bar and reflux
condenser was added 4-dimethlamino-3-(4-methoxygjent-3-en-2-one (0.500 g, 2.23 mmol),
N-benzylglycine ethyl ester (0.881 g, 4.56 mmot)d acetic acid (20 mL). The reaction mixture
was heated at reflux overnight, cooled, and theesdlwas removed vacuo The crude mixture
was then filtered through a short plug of silicahna 20:80 mixture of ethyl acetate:hexane. The
solvent was removeith vacuoto yield a brown oil (0.489 g, 61% vyield). An aytatal sample was
prepared via automated flash chromatography ta ydbrown solid, which exhibited the following
properties: mp 54-56°CH NMR (500 MHz, CDC}) 6 7.33 (t,J = 10.0 Hz, 2H), 7.26-7.30 (m, 3H),
7.15 (d,J = 10.0 Hz, 2H), 6.95 (d] = 10.0 Hz, 2H), 6.87 (s, 1H), 5.56 (s, 2H), 4.88)(= 7.1 Hz,
2H), 3.85 (s, 3H), 2.42 (s, 3H), 1.32 Jt= 7.1 Hz, 3H);"*C NMR (75 MHz, CDC}) 5 161.99,
158.22, 138.55, 129.76, 128.55, 127.58, 127.35,282726.82, 126.37, 125.21, 120.10, 113.84,
59.68, 55.29, 52.72, 14.37, 12.51; IR (neat) 1688";cHRMS (ES, M+Na)m/z calcd for
CoH23NO3372.157Gound 372.1581.

4.1.48 1-Benzyl-3-(3,4-dimethoxyphenyl)-4-p-tolylpyrrole-2-carboxylic acid ethyl ester (12m)
by a one-pot reaction. This material was prepared in a manner identicah&previous example
(121) with the exception that 1-(3,4-dimethoxyphenyl)iidthylamino-2-p-tolyl-propenone was
used as the vinylogous amide in which case a ye#oidd (0.440 g, 60% vyield) was obtained,
which displayed the following properties: mp 4448 *H NMR (500 MHz, CDC}) § 7.37 (t,J =
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7.4 Hz, 2H), 7.31 (d) = 7.4 Hz, 1H), 7.26 (d] = 7.4 Hz, 2H), 7.03 (s, 1H), 7.00 (broad s, 4H356

— 6.78 (M, 3H), 5.61 (s, 2H), 4.05 (B= 7.1 Hz, 2H), 3.91 (s, 3H), 3.77 (s, 3H), 2.2931), 0.98

(t, J = 7.1 Hz, 3H).%C NMR (75 MHz, CDCJ) & 161.68, 147.99, 147.78, 138.09, 135.41, 131.56,
131.09, 128.81, 128.66, 128.57, 127.92, 127.52,1827125.96, 124.65, 123.06, 120.36, 114.41,
110.43, 59.69, 55.81,52.72, 29.70, 21.02, 13.84nkRt) 1693 cih HRMS (ES, M+Nan/zcalcd

for CogH2oNO, 478.1989 found 478.2026.

4.1.49 1-Benzyl-3,4-bis-(4-methoxyphenyl)-1H-pyrrole-2-car boxylic acid ethyl ester (12€) by a
one-pot reaction. This material was prepared in a manner identicahéoprevious exampl@?2l)
with the exception that 3-dimethylamino-1,2-bispiéthoxyphenyl)-propenone was used as the
vinylogous amide in which case a yellow solid (@35} 58 % yield) was obtained and displayed a
proton NMR spectrum identical to the pyrrole preghby the stepwise process: (500 MHz, CCI

& 7.36 (t,J = 10.0 Hz, 2H), 7.31 (§ =10.0 Hz, 1H), 7.25 (d] = 10.0 Hz, 2H), 7.16 (d] = 10.0

Hz, 2H), 7.02 (dJ = 10.0 Hz, 2H), 6.99 (s, 1H), 6.85 @= 10.0 Hz, 2H), 6.74 (d] = 10.0 Hz,
2H), 5.61 (s, 2H), 4.03 (d,= 7.1 Hz, 2H), 3.84 (s, 3H), 3.77 (s, 3H), 0.9@ & 7.1 Hz, 3H).

4.1.50 1-Benzyl-3-(4-methoxyphenyl)-4-p-tolylpyrrole-2-carboxylic acid ethyl ester (12f) in a
one-pot fashion. This material was prepared in a manner identicahéprevious examplél2l)
(221) with the exception that 3-dimethylamino-1-(4-metobxenyl)-2-p-tolyl-propenone was used
as the vinylogous amide in which case a yellowds@i502 g, 67% yield) was obtained, which was
identical by 'H NMR analysis to 1-benzyl-3-(4-methoxyphenyl)-4epyl-1-1H-pyrrole-2-
carboxylic acid ethyl ester prepared via the stepygirocessH NMR (300 MHz, CDC}) 6 7.42 —
7.29 (m, 3H), 7.25 (d] = 7.2 Hz, 2H), 7.17 (d] = 8.6 Hz, 2H), 7.01 (s, 1H), 6.99 (s, 4H), 6.85)d

= 8.7 Hz, 2H), 5.61 (s, 2H), 4.03 @ 7.1 Hz, 2H), 3.84 (s, 3H), 2.29 (s, 3H), 0.96)@& 7.1 Hz,
3H).

4.1.51. 4-(4-M ethoxyphenyl)-1,3-dimethylpyrrole-2-carboxylic acid ethyl ester (12a) from 2-(4-
methoxyphenyl)-3-oxo-butyraldehyde (11). Into a 100 mL round bottom flask equipped with a
magnetic stir bar and a reflux condenser was pla:éd-methoxyphenyl)-3-oxo-butyraldehyde
(0.482 g, 2.51 mmol), sarcosine ethyl ester hydarate (0.963 g, 6.27 mmol), and glacial acetic
acid (15 mL). The reaction mixture heated at refiwrernight and the crude reaction mixture was
diluted with ethyl acetate (35 mL), washed withusated aqueous sodium bicarbonate (3 x 20 mL)
and brine (20 mL), and dried over anhydrous sodsuifate. The organic phase was concentrated
in vacuo and then filtered through a short plug of silicaing a 35:65 mixture of ethyl
acetate:hexane (100 mL). The eluent was concedtirateacuoto yield a brown oil (0.377 g, 55%)
and an analytical sample was prepared via flasbnecatography on a Biotage Isolera system using
a hexanelethyl acetate gradient, which yielded Ilwesolid. This material was identical By
NMR to 4-(4-methoxyphenyl)-1,3-dimethyHtpyrrole-2-carboxylic acid ethyl este(12a)
prepared via the stepwise route.

4.1.52 (E/Z) 3-Chloro-3-(4-methoxyphenyl)-2-p-tolyl-propenal (13c). Into a 100 ml round
bottom flask equipped with a magnetic stir bar wixed 3-dimethylamino-1-(4-methoxyphenyl)-
2-p-tolyl-propenong(3.69 g, 12.5 mmol), anhydrous dichloromethane 8P and phosphorous
oxychloride (1.17 ml, 12.5 mmol) was added dropwisethe stirred solution and the reaction
mixture was stirred overnight at room temperattitee reaction mixture was quenched by addition
of saturated aqueous, sodium bicarbonate (20 nd)tha biphasic mixture was stirred for 30
minutes. The phases were separated and the aquem@se was extracted with additional
dichloromethane (2 x 15 ml) and the combined orphases were filtered through a short plug of
silica with a 30:70 mixture of ethyl acetate:hexaibe organic phase was then concentrated
vacuoto yield an orange solid (3.362 g, 94 % vyield)jakhby '"H NMR was a 4:1 mixture of E:Z
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iIsomers. The crude product was separated intowbeidgomers by flash chromatography with a
hexane/ethyl acetate gradient in which case thewimg materials were obtained: (E isom#&B¢c-

1): white solid; 117-118 °C*H NMR (300 MHz, CDC}) & 9.69 (s, 1H), 7.54 (d] = 8.8 Hz, 2H),
7.28 (d,J = 8.3 Hz, 2H), 7.20 (d] = 8.3 Hz, 2H), 7.00 (d] = 8.8 Hz, 2H), 3.91 (s, 3H), 2.42 (s,
3H).; °C NMR (75 MHz, CDCJ) & 190.06, 161.87, 154.98, 140.03, 138.19, 132.14,383
129.76, 129.00, 128.11, 113.99, 55.53, 21.38.;n&t) 1665 cm. HRMS (ES, M+Na) calcd for
C17H1502Cl 309.0653 found 309.0657. (Z isom@&Bc-2): yellow oil; bp 109-110 °C @ 0.300 torr;
'H NMR (300 MHz, CDCY) § 10.58 (s, 1H), 7.27 (d,= 8.3 Hz, 2H), 7.08 (d] = 8.3 Hz, 2H), 6.90
(d,J = 8.9 Hz, 2H), 6.73 (d] = 8.9 Hz, 2H), 3.79 (s, 3H), 2.32 (s, 3} NMR (75 MHz, CDCJ)

6 191.58, 160.82, 150.27, 137.69, 136.37, 131.58,263 130.46, 129.52, 129.09, 113.37, 55.28,
21.24.; IR (neat) 1676 cmHRMS (ES, M+Na) calc for GH150,Cl 309.0653 found 309.0647.

4.1.53 3-(4-Methoxyphenyl)-4-p-tolyl-1H-pyrrole-2-carboxylic acid ethyl ester (12c) from the
E-chloroenal isomer (13c-1). Into a nitrogen flushed 3-neck, round bottom flaskiipped with a
magnetic stir bar, and a reflux condenser was gla@e-3-chloro-3-(4-methoxyphenyl)-2-p-
tolylpropenal (0.500 g, 1.65 mmol), glycine ethgter HCI (.346 g, 2.48 mmol), 4A molecular
sieves (10 g), and anhydrous DMF (60 ml). The reaanixture was heated at reflux for 4 hours,
cooled to room temperature, and the solvent wasvethin vacuo The crude solid was dissolved
in a minimal amount of dichloromethane and filtetadbugh a short plug of silica with a 50:50
mixture of ethyl acetate:hexane. The solvent wasxedin vacuoto yield a brown solid (0.488 g,
83% vyield), which exhibited the following propegi82-83 °C;'H NMR (500 MHz, CDC{) 6 9.16
(s, 1H), 7.22 (dJ = 8.7 Hz, 2H), 7.08 (d] = 3.1 Hz, 1H), 7.03 (s, 4H), 6.86 (@= 8.7 Hz, 2H),
4.22 (q,d = 7.1 Hz, 2H), 3.84 (s, 3H), 2.31 (s, 3H), 1.21J(t 7.1 Hz, 3H).;*C NMR (75 MHz,
CDCl3) 6 161.43, 158.55, 135.51, 131.97, 131.83, 129.08,912 128.21, 126.83, 126.57, 120.46,
119.85, 113.02, 60.16, 55.16, 21.09, 14.20.; IRtjn8346 and 1689 cm-1; HRMS (ES, M+Na)
calcd for GiH21NO3358.1414 found 358.1424.

4.1.54 3-(4-Methoxyphenyl)-4-p-tolyl-1H-pyrrole-2-carboxylic acid ethyl ester (12c) from the
Z-chloroenal isomer (13c-2). This material was prepared in a manner identicaht previous
example(13c-1) with the exception that (Z)-3-chloro-3-(4-methoxwgplyl)-2-p-tolyl-propenal was
used as the starting material in which case a bisnlid (0.062 g, 68 % yield) was obtained, which
was identical by'H NMR to 3-(4-methoxyphenyl)-4-p-tolyl-1H-pyrrole€arboxylic acid ethyl
ester prepared from (E) 3-chloro-3-(4-methoxyphe@yp-tolyl-propenal.

4.1.55 3,4-Bis(4-methoxyphenyl)-1H-pyrrole-2-carboxylic acid ethyl ester (12n) from the
chloroenal isomer mix. Into a 100 ml round bottom flask equipped with agmetic stir bar was
added 3-dimethylamino-1,2-bis-(4-methoxyphenyl)gmgne (0.800 g, 2.57 mmol) and anhydrous
dichloromethane (20 ml). To the stirred solutionsvaalded phosphorusoxy chlori@®251 mL,
2.70 mmol) dropwise. The reaction mixture was atirrat room temperature overnight and
quenched by addition of saturated aqueous sodigarlimnate (20 mL). The biphasic mixture was
stirred for 30 minutes, the phases were separatedtlde aqueous phase was extracted with
dichloromethane (2 x 15 mL). The combined orgariages were filtered through a short plug of
silica using a 30:70 mixture of ethyl acetate:hex@r00 ml). The eluent was concentrategdacuo

to yield a white solid (0.705 g, 91% vyield). A gort of this crude material (0.604 g, 2.00 mmol),
glycine ethyl ester hydrochloride (0.418 g, 3.00 ayydA molecular sieves (10 g) and anhydrous
DMF (60 ml) were added to a nitrogen flushed 25Q 8vneck round bottom flask equipped with a
reflux condenser and a magnetic stir bar. The mixtuas heated at reflux overnight before, cooled
to room temperature and the solvent was remavegcuo This crude material was then filtered
through a short plug of silica using a 50:50 migtwf ethyl acetate:hexane and the eluent was
concentrateéh vacuoto yield a brown solid (0.494 g, 84% yield), whistas identical byH NMR
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to 3,4-bis-(4-methoxyphenyl)H-pyrrole-2-carboxylic acid ethyl ester previousisepared by our
group' by a different procedure.

4.1.56 3-(3,4-Dimethoxyphenyl)-4-p-tolyl-1H-pyrrole-2-caboxylic acid ethyl ester (120) from
the chloroenal isomer mix. This material was prepared in a manner identicalht® previous
example (12n) with the exception that 3-dimethylamino-1-(3,4-dthexyphenyl)-2-p-
tolylpropenone was used as the vinylogous amide. drade reaction product was dissolved in
ethyl acetate and passed through a short plugatbrdiaceous earth. After concentration of the
filtrate in vacuoan orange solid (.307 g, 59% vyield) was obtaivaach displayed the following
properties: 60-62C; *H NMR (300 MHz, CDCY) 6 9.25 (s, 1H), 7.08 (d] = 5.0 Hz, 1H), 7.03 (s,
4H), 6.87 (ddJ = 5.0 Hz,J = 1.0 Hz, 1H), 6.83 (s, 1H), 6.81(d,= 1.0 Hz, 1H) ,4.23 (1= 7.1
Hz, 2H), 3.91 (s, 3H), 3.73 (s, 3H), 2.34 (s, 3HR1 (t,J = 7.1 Hz, 3H)..**C NMR (75 MHz,
CDCls) 6 161.07, 147.93, 135.62, 131.61, 129.49, 129.08,862 128.20, 127.61, 126.80, 123.26,
119.94, 119.78, 114.45, 110.42, 60.11, 55.75, 52693, 14.25.; IR (neat) 1683 chHRMS
(ES, M+Na) calcd for &H»3NO, 388.1534 found 388.1519.

4.1.57 3-(4-M ethoxyphenyl)-4-p-tolyl-1H-pyrrole-2-car boxylic acid ethyl ester (12p) from the
chloroenal isomer mix. This material was prepared in a manner identicahéoprevious example
(12n) with the exception that 3-dimethylamino-1-(4-metiolenyl)-2-p-tolyl-propenone was used
as the vinylogous amide in which case a brown s@i804 g, 85% vyield) was obtained, which
displayed the following properties: 82-83 &t NMR (500 MHz, CDCJ) & 9.16 (s, 1H), 7.22 (dl

= 8.7 Hz, 2H), 7.08 (d] = 3.1 Hz, 1H), 7.03 (s, 4H), 6.86 @= 8.7 Hz, 2H), 4.22 (g] = 7.1 Hz,
2H), 3.84 (s, 3H), 2.31 (s, 3H), 1.21 Jt= 7.1 Hz, 3H).;**C NMR (75 MHz, CDC}) 5 161.43,
158.55, 135.51, 131.97, 131.83, 129.06, 128.92,2128 26.83, 126.57, 120.46, 119.85, 113.02,
60.16, 55.16, 21.09, 14.20.; IR (neat) 1689 cm-RM$ (ES, M+Na) calcd. for £H»1NO3
358.1414 found 358.1424.

4.1.58 4-(4-M ethoxyphenyl)-3-methyl-1H-pyrrole-2-carboxylic acid ethyl ester (12q) from the
chloroenal isomer mix. This material was prepared in a manner identicahéoprevious example
(12n) with the exception that 4-dimethylamino-3-(4-metyotxenyl)-but-3-en-2-one was used as
the vinylogous amide in which case a viscous breaiid (0.219 g, 45% vyield) was obtained. An
analytical sample was prepared via a Biotage lacértomated flash chromatography system in
which case a tan solid was obtained and exhibitedfollowing properties: mp 157-159°¢t
NMR (500 MHz, CDC}) 6 9.10 (s, 1H), 7.34 (dl = 8.7 Hz, 2H), 6.99 (d] = 2.8 Hz, 1H), 6.96 (d,

J = 8.7 Hz, 2H), 4.35 (q) = 7.1 Hz, 2H), 3.86 (s, 3H), 2.43 (s, 3H), 1.3(t 7.2 Hz, 3H);**C
NMR (75 MHz, CDC}#) ¢ 161.52, 157.96, 130.07, 128.76, 128.42, 123.4@,3B2 115.19, 113.96,
60.20, 55.29, 14.50, and 12.71; IR (neat) 1671;afRMS (ES, M+Na)m/zcalcd for GsH17/NOs
282.1101 found 282.1113.

4.1.59 3-(4-Methoxyphenyl)-4-phenyl-1H-pyrrole-2-carboylic acid ethyl ester (12r) from the
chloroenal isomer mix. This material was prepared in a manner identicahéoprevious example
(12n) with the exception that 3-dimethylamino-1-(4-metingphenyl)-2-phenylpropenone was used
as the vinylogous amide. After purification of tbeide product via a Biotage Isolera automated
flash chromatography system a white solid (0.5086§6 yield) was obtained, which displayed the
following properties: mp 133-134°GH NMR (300 MHz, CDCJ) & 9.19 (s, 1H), 7.27 — 7.11 (m,
7H), 7.10 (dJ = 3.1 Hz, 1H), 6.85 (d] = 8.8 Hz, 2H), 4.23 (q] = 7.1 Hz, 2H), 3.84 (s, 3H), 1.21
(t, J = 7.1 Hz, 3H);*C NMR (75 MHz, CDC}) § 161.36, 158.58, 134.74, 131.95, 129.11, 128.33,
128.16, 126.66, 126.62, 125.98, 120.49, 119.94,02130.19, 55.17, and 14.18; IR (neat) 1663
cm’; HRMS (ES, M+Na)n/zcalcd for GoH1gNO3;344.1252 found 344.1257.
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4.1.60 4-(4-Bromophenyl)-3-(4-methoxyphenyl)-1H-pyrrole-2-car boxylic acid ethyl ester (129)
from the chloroenal isomer mix. This material was prepared in a manner identicéhéoprevious
example(12n) with the exception that 2-(4-bromophenyl)-3-dimé#myino-1-(4-methoxyphenyl)-
propenone was used as the vinylogous amide in wdash a brown solid (0.578 g, 85% yield) was
obtained. An analytical sample was prepared viaosaBe Isolera automated flash chromatography
system to yield a tan solid, which displayed thiofaeing properties: 141-142 °CH NMR (300
MHz, CDCk)) 6 9.41 (s, 1H), 7.33 (d, = 8.4 Hz, 2H), 7.19 (d] = 8.7 Hz, 2H), 7.08 (d] = 3.1 Hz,
1H), 6.99 (dJ = 8.4 Hz, 2H), 6.87 (d] = 8.7 Hz, 2H), 4.22 (q] = 7.1 Hz, 2H), 3.84 (s, 3H), 1.20
(t, J = 7.1 Hz, 3H)C NMR (75 MHz, CDGJ) 5 161.14, 158.71, 133.68, 131.85, 131.28, 129.85,
128.95, 126.15, 125.52, 120.18, 119.95, 113.1265%5.17, 14.15.; IR (neat) 1661 ¢nHRMS
(ES, M+Na) calcd for gH;sNO3Br 422.0362 found 422.0411.

4.1.61 4-(3,4-Dimethoxyphenyl)-3-(4-methoxyphenyl)-1H-pyrrole-2-carboxylic acid ethyl ester
(12t) from the chloroenal isomer mix. This material was prepared in a manner identicah&
previous examplg12n) with the exception that 3-dimethylamino-1-(3,4-dihexyphenyl)-2-p-
tolyl-propenone was used as the vinylogous amidehith case a red-brown solid (0.413 g, 66%
yield) was obtained. An analytical sample was preppavia a Biotage Isolera automated flash
chromatography system to yield a light orange sefiich displayed the following properties: 51-
53 °C;'™H NMR (300 MHz, CDCJ) & 9.25 (s, 1H), 7.23 (d] = 8.7 Hz, 2H), 7.05 (d] = 3.0 Hz,
1H), 6.87 (dJ = 8.7 Hz, 2H), 6.80-6.73 (m, 2H), 6.57 (s 1.7 Hz, 1H), 4.21 (g = 7.1 Hz, 2H),
3.86 (s, 3H), 3.83 (s, 3H), 3.58 (s, 3H), 1.20(t 7.1 Hz, 3H)}*C NMR (75 MHz, CDC}) &
161.34, 158.56, 148.38, 147.34, 131.95, 128.87,5727126.98, 126.28, 120.10, 120.01, 119.84,
113.07, 112.01, 111.18, 60.13, 55.80, 55.39, 53.225.; IR (neat)1685 clhHRMS (ES, M+Na)
calcd for GaH23NOs 404.1468 found 404.1492.

4.1.62 3,4-Bis-(4-methoxyphenyl)-1-methylpyrrole-2-carboxylic acid ethyl ester (12b) via a
chloroenal intermediate. Into a 100 ml round bottom flask equipped with agmetic stir bar was
added 3-dimethylamino-1,2-bis-(4-methoxyphenyl)gaaone (0.800 g, 2.57 mmol) and anhydrous
dichloromethane (20 ml). To the stirring solutiomsrvadded phosphorousoxy chlor{@251 ml,
0.270 mmol) dropwise. The reaction mixture wasretirat room temperature overnight and
guenched by addition of saturated aqueous sodigardmnate (20 mL). The biphasic mixture was
stirred for 30 minutes before the phases were atggghiand the aqueous phase was extracted with
dichloromethane (2 x 15 mL). The combined orgamages were then filtered through a short plug
of silica using a 3:7 mixture of ethyl acetate:hex@100 ml). The eluent was concentratedacuo

to yield a white solid (0.705 g, 91% vyield). A port of this crude material (0.448 g, 1.48 mmol),
and a magnetic stir bar. The mixture was heate@ftax overnight and allowed to cool to room
temperature. The solvent was remowvegacuo,and the crude material was filtered through a short
plug of silica using a 1:1 mixture of ethyl acethgxane (120 ml) and the eluent was sarcosine
ethyl ester (0.341 g, 2.22 mmol), 4 angstrom mad&csieves (10 g) and anhydrous DMF (60 ml)
were added to a nitrogen flushed 250 mL, 3-neckpdobottom flask equipped with a reflux
condenser concentrat@dvacuoto yield an orange solid (0.433 g, 80% yield), ethwas identical

by '"H NMR analysis to 3,4-bis-(4-methoxyphenyl)-1-méfiyyrole-2-carboxylic acid ethyl ester
previously prepared by our grotp.

4.1.63 3-(4-M ethoxyphenyl)-4-p-tolyl-1-methylpyrrole-2-car boxylic acid ethyl ester (12c) via a
chloroenal intermediate. This material was prepared in a manner identic#thégorevious example
(12b) with the exception that 3-dimethylamino-1-(4-metoltenyl)-2-p-tolyl-propenone was used
as the vinylogous amide in which case a brown g0lid97 g, 82% yield) was obtained, which was
identical by'H NMR analysis to 3-(4-methoxyphenyl)-4-p-tolyl-lethylpyrrole-2-carboxylic acid
ethyl ester prepared via the acetic acid cyclizationditionsH NMR (500 MHz, CDCJ) & 7.14
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(d,J = 8.7 Hz, 2H), 7.03-6.96 (m, 4H), 6.93 (s, 1HB4(d,J = 8.7 Hz, 2H), 4.10 (¢] = 7.2 Hz,
2H), 3.99 (s, 3H), 3.84 (s, 3H), 2.29 (s, 3H), 1(03 = 7.2 Hz, 3H).

4.1.64 3-(4-M ethoxyphenyl)-1-methyl-4-phenylpyrrole-2-car boxylic acid ethyl ester (12g) via a
chloroenal intermediate. This material was prepared in a manner identic#hégorevious example
(12b) with the exception that 3-dimethylamino-1-(4-metjolenyl)-2-phenyl-propenone was used
as the vinylogous amide to produce a brown oil§9.95, 96% yield) that was purified using a
Biotage Isolera flash chromatography system tadygéeViscous yellow oil (0.414, 67%), which was
identical by'H NMR to 3-(4-methoxyphenyl)-1-methyl-4-phenylpylee?-carboxylic acid ethyl
ester prepared via the acetic acid cyclization itwne: ‘*H NMR (300 MHz, CDCJ) § 7.22 — 7.06
(m, 7H), 6.95 (s, 1H), 6.84 (d,= 8.8 Hz, 2H), 4.10 (q] = 7.1 Hz, 2H), 4.00 (s, 3H), 3.83 (s, 3H),
1.03 (t,J = 7.1 Hz, 3H)

4.1.65 4-(4-Bromophenyl)-3-(4-methoxyphenyl)-1-methylpyrrole-2-carboxylic acid ethyl ester
(12h) via a chloroenal intermediate. This material was prepared in a manner identicalht®
previous example(12b) with the exception that 2-(4-bromophenyl)-3-dimésmyino-1-(4-
methoxyphenyl)-propenone was used as the vinylogoude in which case an orange solid (0.590
g, 73% yield) was obtained, which was identical'HyNMR analysis to 4-(4-bromophenyl)-3-(4-
methoxyphenyl)-1-methylH-pyrrole-2-carboxylic acid ethyl ester prepared the acetic acid
cyclization conditions’H NMR (300 MHz, CDC}) & 7.29 (d,J = 8.6 Hz, 2H), 7.11 (d] = 8.7 Hz,
2H), 6.99-6.90 (m, 3H), 6.85 (d,= 8.7 Hz, 2H), 4.10 (qJ = 7.1 Hz, 2H), 3.99 (s, 3H), 3.84 (s,
3H), 1.03 (tJ = 7.1 Hz, 3H).

4.1.66 3-(3,4-Dimethoxyphenyl)-4-p-tolyl-1-methylpyrrole-2-carboxylic acid ethyl (12d) ester

via a chloroenal intermediate. This material was prepared in a manner identicah&previous
example (12b) with the exception that 3-dimethylamino-1-(3,4-dthexyphenyl)-2-p-tolyl-
propenone was used as the vinylogous amide in wdask a red-brown solid was obtained, which
was identical by'H NMR analysis to 3-(3,4-dimethoxyphenyl)-4-p-teldmethylpyrrole-2-
carboxylic acid ethyl ester prepared via the onegmetic acid cyclization conditionsH NMR
(300 MHz, CDC}) 6 6.98 (s, 4H), 6.90 (s, 1H), 6.83-6.73 (m, 3H)04d,J = 7.1 Hz, 2H), 3.95 (s,
3H), 3.88 (s, 3H), 3.74 (s, 3H), 2.27 (s, 3H), (03 = 7.1 Hz, 3H).

4.1.67 1-Benzyl-3-(3,4-dimethoxyphenyl)-4-(4-methoxyphenyl)-pyrrole-2-car boxylic acid ethyl
ester (12m). Into a 100 mL round bottom flask equipped with agnetic stir bar was added 1-(3,4-
dimethoxyphenyl)-3-dimethylamino-tolyl-propenone (2.642 g, 8.12 mmol) and anhydrous
dichloromethane (32 ml). To the stirred solutionsvealded phosphorous oxychlori@805 mL,
1.324 mmol) dropwise. The reaction mixture wasreirat room temperature overnight and
guenched by addition of saturated aqueous sodiwarlimnate solution (34 mL). The biphasic
mixture was stirred for 30 minutes before the phasere separated and the aqueous phase was
extracted with dichloromethane (3 x 15 mL). The bomad organic phases were then filtered
through a short plug of silica using a 3:7 mixtofeethyl acetate:hexane (100 mL). The eluent was
concentratedh vacuoto yield an orange solid (1.894 g, 73% vyield). Atmm of this crude material
(0.490 g, 1.70 mmol), N-benzyl glycine ethyl est¢.787 g, 4.07 mmol), 4 angstrom molecular
sieves (10 g) and anhydrous DMF (50 ml) were addetinitrogen flushed 250 mL, 3-neck round
bottom flask equipped with a reflux condenser amdagnetic stir bar. The mixture was heated to
reflux overnight and allowed to cool to room tengtare. The solvent was removiedvacuq the
crude material was diluted with ethyl acetate (20 and then filtered through a short plug of silica
using a 1:1 mixture of ethyl acetate:hexane (15Q.mhe eluent was concentratedvacuoto yield
material, which was dissolved in ethyl acetater®2Q and washed with 10% aqueous hydrochloric
acid (1 x 15 mL). The organic phase was dried amtentratedn vacuoto yield a dark yellow
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solid. The solid product was purified using theldsa flash chromatography system to yield a
yellow solid (0.433 g, 60% yield), which display&t following propertiestH NMR (300 MHz,
CDClg) 6 7.41 — 7.29 (m, 3H), 7.27 — 7.23 (m, 2H), 7.0213), 6.99 (s, 4H), 6.83 — 6.72 (m, 3H),
5.60 (s, 2H), 4.04 (g = 7.1 Hz, 2H), 3.91 (s, 3H), 3.76 (s, 3H), 2.283H), 0.97 (tJ = 7.1 Hz,
3H) and was identical to the same product obtaimethe acetic acid cyclization route.

4.1.68 1-Benzyl-3-(4-methoxyphenyl)-4-p-tolyl-1H-pyrrole-2-carboxylic acid ethyl ester (12f).
This material was prepared in a manner identicéihéoprevious exampld2m) with the exception
that 3-dimethylamino-1-(4-methoxyphenyl)p2olyl-propenone was used as the vinylogous amide.
The crude product was passed through a short plsidjaa with 1:3 ethyl acetate:hexane (100 mL)
in which case a light orange solid (.618 g, 69%dyievas obtained and displayed the following
properties: 89-92C: *H NMR (300 MHz, CDC} ) § 7.40 — 7.29 (m, 3H), 7.25 (d,= 1.7 Hz, 1H),
7.22 (s, 1H), 7.19 — 7.11 (m, 2H), 7.01 (s, 1HY96(s, 4H), 6.84 (d] = 8.7 Hz, 2H), 5.60 (s, 2H),
4.02 (d,J = 7.1 Hz, 2H), 3.83 (s, 3H), 2.28 (s, 3H), 0.95)(t 7.1 Hz, 3H).;*C NMR (75 MHz,
CDCl) 6 161.70, 158.38, 138.17, 135.36, 131.77, 131.68,113 128.82, 128.66, 128.30, 127.97,
127.49, 127.13, 126.07, 124.64, 120.41, 112.988%5.19, 52.75, 21.03, 13.73, 1.03.; IR (neat)
1693 cm'; HRMS (ES, M+Na) calcd for 5H,,NO3448.1883 found 448.1848.
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